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MIXED -MODE PO R 
Design & Verify Faster with Electronics Workbench® 

Analog, Digital & 
Mixed Circuits 
Electronics Workbench® 
Version 4 is a fully integrated 
schematic capture, simulator 
luhd graphical waveform 
generator. It is simple to 
mix analog and digital parts 
in any combination. 

Design and Verify 
Circuits... Fast! 
Electronics Workbench's 
simple, direct interface 
helps you build circuits 
in a fraction of the time. 
Try what if' scenarios and 
fine tune your designs 
painlessly 

Electronics 
ó rkb ench 

The electronics lah it a compute, - 

More Power - 

SimuLate bigger and more 
complex circuits. Faster. 
On average, Electronics 
Workbench Version 4 is 
more than 5 times faster 
than Version 3. 

More Parts 
Multiple parts bins 
contain over twice the 
components of 
Version 3. 

More Models 
Over 350 real world analog 
and digital moc.leLs ate 
included free with 
Electronics Workbench. 
And, if you need more, an 
additional 2,000 models 
are available. 

Electronics Workbench delivers the power you need to design and verify analog, digital and true mixed 
mode circuits. Over 20,0(X) customers have already put Electronics Workbench to the test. The result: 
Better designs... Faster. And over 90% would recommend it to their colleagues. 
Electronics Workbench will save you time and money. We guarantee it.* 
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True mixed mode simulation: Simultaneous AM transmission 
digitization and pulse -code modulation of a signal. 
Trademarks are property of their respective holders_ Offer is in J.S. dollars and valid ony Is the United States and Canada. 

Call Now: 800-263-5552 
Just $299+S/H 

For Windows, DOS or Macintosh 

*30 day money -back guarantee 
Free unlimited technical support 
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908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060 
Telephone: 416-977-5550 FAX: 416-977-1818 
E-mail: ewb@interactiv.com 
CompuServe: 71333,3435 BBS: 416-977-3540 
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EDITORIAL 
GETTING CONNECTED 
It's everywhere, and no matter where you turn, you can't get 

away from ít. The "it" I am referring to is the Internet. In a 

relatively short time the Internet has evolved from an 

obscure computer network-linking students, researchers, 
scientists, and the like-into an all -encompassing entity 
whose links in some way reach, or will reach, each and 

every one of us. 

How did that happen? One contributing factor is the interest 
generated by all of the recent and ongoing "information 
superhighway" hype. Another is the development of the 
World -Wide Web. The "web" is a collection of searchable 
hypertext documents, called pages, that exist on thousands 
of computers around the world. Using a graphical interface, 
a user can "point and click" his or her way to those pages 
and gather all types of information, including images, audio, 
and even video. 

By now, you might be wondering what all that has to do with 
electronics hobbyists? The answer is plenty. The Internet 
might be the most important resource today's hobbyist 
could have. Many electronics manufacturers have web 
pages. There are also resource lists that can steer you to 
sources of new and surplus parts, information, and more. 
Then there are the newsgroup discussions covering 
electronics, electronics servicing, satellite TV, consumer 
electronics, ham radio, and much more. 

The downside to all of that is the chaos that exists on the 
Internet. Imagine a superhighway with no lane markings, 
speed limits, or traffic cops and you begin to get the idea. 
Finding exactly what you need can be difficult even for 
experts, and confusing, frustrating, and intimidating for the 
novice. 

That's about to change. In the coming months, Popular 
Electronics will do its part to help you get the most out of 

the Internet, with a special emphasis on resources for the 
electronics hobbyist. Watch for our coverage; you won't be 

disappointed. 

Carl Laron 
Editor 
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By Studying at Home 

Grantham College of Engineering, 
now in cur 45th year, is highly experi- 
enced in "distance education"-teaching 
by correspondence-through printed 
materials, computer materials, fax, 
modem, and phone. 

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

Our Engineering Technology B.S. 
Degree Program is availahle in either of 
two options: 

(1) The B.S.E.T. with Major Fm- 
phasis in Electronics, OR 

(2) The B.S.E.T. with Major Em- 
phasis in Computers. 

Our Computer Science R.S. Degree 
Program leads to the B.S.C.S.-the 
Bachelor of Science in Computer Science. 

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. 

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

Accredited by 
the Accrediting Commission of the 

Distance Education and 
Training Council 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 
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EVERYTHING OLD IS 
NEW AGAIN 

I wanted to tell you about an 
AM/FM radio that I recently 
completed, based on the Elen- 
co receiver ("Hands-on Report," 
November 1994) and the vac- 
uum -tube amplifier ("Build a 
Vacuum -Tube Amplifier," Janu- 
ary 1995). 

At first glance, the project 
looks easy: Connect a simple 
AM/FM receiver to an even sim- 
pler tube amp. But because it 

was to be a gift to my parents, 
extra care and work was re- 
quired. 

The radio is housed in a 
1930s solid walnut cabinet that I 

rescued from a friend's junk pile. 
It was in pretty bad shape, 
needing complete refinishing 
and repair to a large crack in 
the side. The front panel fea- 
tures low -voltage lighting behind 
a handmade stained glass in- 
sert. 

The lights and receiver are 
powered by 12 volts picked off 
the output of T1 in the amp's 

LETTERS 
power supply, using a common 
LM317T regulator for the re- 

ceiver. I found that the Elenco 
unit works best when the reg- 

A resourceful reader combined the information found in nro 
articles with his own ingenuity and know -hog,, to create this 
beautiful AMIFM radio housed in a restored 1930s vintage 
cabinet. 
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ulator is set at exactly 9.5 volts. 
To retain the simplicity and 
beauty of the stained glass, only 
the unmarked tuning knob is on 
the front of the set. All other 
controls are located on the back 
panel, situated in such away 
that they can be used without 
turning the unit around. I in- 
cluded a tiny muffin fan 
(available at hamfests for about 
$4) to keep everything cool. 

After adding an external an- 
tenna and speaker jack, I was 
ready to go! For my application, 
a 15-µF capacitor was shunted 
across the speaker to eliminate 
excessive high end. My speaker 
is a Radio Shadc Optimus 
XTS-40 mounted in a home- 
made cabinet built to match the 
radio. 

Total construction time was 
about 100 hours, including the 
stained glass, speaker, and re- 
finishing the cabinet. The end 
result was a beautiful piece that 
sounds stunning and looks ele- 
gant-a perfect accent to my 
parents' antique -filled Victorian - 
era home. 

Thank you, Popular Elec- 
tronics, for plotting the map for 
me! 
C.W., JR. 
Naperville, IL 

SPELLING CORRECTION 

Paul Coxwell's article, "Beyond 
Ohm's Law" (Popular Elec- 
tronics, May 1994), is well 
written and very understand- 
able. I have taught Electrical 
Engineering courses on that 
very subject (for over 35 
years-groan!). 

What struck me instantly was 
the spelling of "Kirchhoff." Just 
a minor point, but the German 
physicist spelled his name with 
2 "h"s. A beginner, seeing the 
name misspelled about 12 times 
throughout the article will be 
lead to believe that "Kirchoff" is 
correct. "Kirchhoff" is listed in 
The American College Diction- 
ary (1964 edition). 

I am not a spelling freak, so 
please accept this observation 
as a good-natured comment. 
A.C.E. 
Professor Emeritus 
Worthington, OH 

HAVES & NEEDS 

I am seeking the manual, sche- 
matic, parts list, and tube charts 
for a Band K Precision Model 
666 Dynajet tube tester. I'd ap- 
preciate any help from fellow 
Popular Electronics readers. 
LARRY COOK 
32 East South Street 
Richland Center, WI 53581 

I am trying to complete my 
collection of Fact Cards. I have 
quite a few, but I'm still missing 
the following numbers: 69-99, 
118-126, 145-147, 169-171, 
178-180,184-189,196-198, 
211-222,229-231,235-243, 
247-249, 256-264, 268-end. 
Thanks for any and all help. 
J.S. (JACK) HILBY 
Perry Technical Institute 
2011 West Washington Avenue 
Yakima, WA 98903 

I need the schematics and man- 
uals for a Sierra/Philco Model 
219B transistor checker and a 

Sylvania Model 29 tube tester. I 

will pay for any postage and 
copying costs. Thanks in ad- 
vance. 
ROBIN EVANS 
622 Stevenson St. 
Jacksonville, AR 72076-4848 la 



The FourrYearElectrønícs Degree 
Prógram ThátRéallyHits Home! 

Bring The Technology Home With A Bachelor Of Electronics 
Engineering Degree. No Hassles. No High Cost! 

Now's the time to prepare for a profitable career. 

We've lowered the cost of 
higher education. 

It's true! You can earn a four-year 

Bachelor of Electronics Engineering 

Technology degree today ... and 

prepare yourself for a high -paying 

electronics career ... without quitting 

your job or ever leaving your home. 

Because World College, an affiliate of 

the Cleveland Institute of Electronics, 

offers you the total flexibility of indepen- 

dent study programs proven effective for 

people like you who truly want to suc- 

ceed! World College independent study 

lessons help you build valuable skills e 

Mail/Fax Today 
or Call 

1-800-696-7532 

step-by-step, and expert instructors are 

personally available to you with a toll -free 

call. What a way to earn an education! 

A world of opportunity. 
Where is your carear headed? 

With a four-year bachelor's degree ` 

from World College, you call the shots]" 
choosing from incredible, high -paying' ' 

bpportunities in electronics, tele- 

communications, compLtel'electricát 

per and'many other_ growiróg fields., 

World College gives you the skills, 

the knowledge, the power to take 

advantage of your best opportunity in 

electronics. And you can do it all al 

your own pace! 

Without leaving home. 
World College continually works 

to provide its students with the most 

advanced education tools. From the 

latest equipment and reference books 

,eo -breakthrough computer -simulated. 

xperiments, students are exposed to 

the latest technological advancements. 

All the equipment, part's, and soft=- 

ware you need are included -in your 

affordable tuition,including more than 

300 hands-on lab experiments you 

can complete in your home. 

Chooseyour own pace. 
Earn your bachelor's degree 

on your time - and at your pace - 
because you pay tuition to World 

College only as you complete the 

upper -level semesters close to 

graduation. The faster you make it 

through, the less you pay. So you 

have an incentive to make your future 

happen quickly - yet the freedom 

to choose your own pace! 

Send today for your FREE 

course catalog - and give yourself that 

future you've always wanted - 
with an electronics degree education: 

from World College ' 

191. 

a\1 
_ is Vr 

Take charge óf your future in electronics. 

I - 

Four Powerful Reasons 
To Connect With 

World CóllegeToday: 

1 
Earn your four-year 
degree! 

Self -paced 
a training! 

3 Independent study in 
your home! 

Expert . instruction! 

r 
Give Me The 
Power! 
Send mº a FREE 

World College course 

catalog today! 

(Please Print Neatly) 

Name 

Address 

City 

State, Zip 

phone ( ) 

Age 

For faster service, call 
1-800-696-7532, 

or call 
O` 1-804-464-4600. 

sL 

Or fax this coupon to 
11804-464-3687. 

COLLEGE 
Lake Shores Plaza 

5193 Drive, Suite 113 

Virginia Beach, VA 23455-2500 

J 

IIIIrilrj 
Affiliated with 

Cleveland Institute of Electronics 
WAH21 



6 

Electronic 
Stamp Maker 

NEW PRODUCTS 
Brother International's P -Touch 
StampCreator is an electronic 
machine that allows consumers 
to make custom, pre -inked 
stamps instantly. The device 
eliminates the need to buy stan- 
dard stamps at stationery stores 
or special -order custom stamps 
from a printer. 
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Thé StampCreator is aimed 
at small businesses as well as 
consumers. It allows users to 
mark invoices, checks, enve- 
lopes, and documents with 
attention -grabbing messages. 
Instead of the usual "Paid in 
Full" or "Received" messages, 
documents can be marked with 
addresses, shipping instruc- 
tions, special sale notices, and 
other customized imprints. Par- 
ents can use the StampCreator 
to mark their kid's school sup- 
plies and clothing with per- 
sonalized name tags. 

The StampCreator features a 
QWERTY-style keyboard and a 
14 -character by two-line graphic 
LCD readout. Three different 
sizes of stamps can be cre- 
ated -23/4 x1,43 inches, 23/4 x 3/1 

inches, and 11/4 x3/8 inches- 
with up to nine lines of horizon- 
tal or vertical copy, in black or 
red ink. With 163 available sym- 
bols and three built-in fonts, 

users can get creative when 
designing stamps. The machine 
also comes with 20 built-in tem- 
plates and 25 pre -made 
stamps. 

Each StampCreator stamp 
unit contains a handle, a leak- 
proof, pre -filled ink pad, and a 
thin layer of.protective film. Dur- 
ing stamp creation, the 
machine's thermal head melts 
tiny holes in the film, through 
which the ink can pass when 
the handle is pressed. Each 
stamp, therefore, is like a 
custom silk-screen or stencil of 
the desired message. 

The StampCreator costs less 
than $300. For more informa- 
tion, contact Brother 
International Corporation, 200 
Cottontail Lane, Somerset, NJ 
08875-6714; Tel. 908-356-8880; 
Fax: 908-356-4085. 
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UPDATED AC/DC 
CURRENT 
TRANSFORMER 

Wavetek's CT -233A current 
transformer has been upgraded 
to allow non-invasive measure 
ment of AC and DC current up 
to 1000 amps when used with a 
standard digital multimeter, and 
improved response for AC. The 
upgrade features increased ac- 
curacy, 1 -kHz AC -frequency 
response, zero adjust to com- 
pensate for residual magnetic 
flux, and an LED battery indica- 
tor. The newly designed clamp 
jaws improve alignment and 
performance. When measuring 
current with the clamp, there is 
no need to break a circuit or 
affect the isolation, allowing for 
safe high -current measurement. 

The CT -233A converts 
sensed current into a millivolt 
(mV) output. That output is dis- 
played as a voltage, typically as 
1 mV, with 1 amp equal to 1 mV. 
Typical applications include 
testing UPS battery packs, 
measuring generator starter 
currents, motor start and run 
currents, and automobile crank- 
ing currents, and trouble- 

shooting electrical systems. 
The CT -233A AC/DC current 

transformer has a list price of 
$199. For further information, 
contact Wavetek Corporation, 
9045 Balboa Avenue, San 
Diego, CA 92123; 
Tel. 619-279-2200; 
Fax: 619-565-9558. 
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ELECTRONIC TAPE 
MEASURE 

Aimed at do-it-yourselfers, pro- 
fessional contractors, interior 
designers, and real-estate 
salespersons, the Model 
HC -500 ProTape 16 from Seiko 
Instruments is a standard -sized, 
electronic tape measure that 
acts like a calculator and a 
computer. Housed in a rugged 
polycarbonate case, it includes 
a convenient belt hook and a 
durable, 16 -foot by 3/4 -inch steel 
tape that shows 16 -inch stud 
centers, feet, inches, and metric 
units. 

The ProTape 16 measures 
accurately to Y16 of an inch. It 

features an LCD readout and 
has the ability to freeze a mea- 
surement and add cumulative 
measurements in memory. A 
"display lock" feature freezes 
the readout even after the tape 
has been retracted, and the 
CASE+ button adds the length of 

PRoTnP_ 16' 



the case for easy inside mea- 

surements. A retractable "pin- 
point anchor" can be used to 
mark circles and arcs as the 
ProTape is rotated. To conserve 
battery life, the device automat- 
ically shuts off after 30 seconds 
of inactivity. 

The Model HC -500 ProTape 
16 has a suggested price of less 
than $50. For additional infor- 
mation, contact Seiko 
Instruments, Inc., 2990 West 
Lomita Blvd., Torrance, CA 
90505; Tel. 310-517-7810. 
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"RANGEMASTER" 
DIGITAL MULTIMETER 

The Rangemaster heavy-duty, 
autoranging digital multimeter 
from Extech measures frequen- 
cy from 2 kHz to 15 MHz, 

capacitance from 2 nF to 20 µF, 

AC/DC voltage from 200 mV to 

600 volts, AC/DC current from 
20 mA to 10 amps, and resis- 
tance from 200 to 2000 

t. 
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megohms. Its basic accuracy is 

±0.8% of the reading. The 
Rangemaster also can be used 
for logic, transistor, and diode 
checks, as well as audible con- 
tinuity tests. Other features 
include a 3 -1/2 -digit LCD read- 

out, an input warning beeper to 

alert the user if the test leads 
plugged into the socket do not 

match the function selected, 
color -coded safety input jacks, 
fused protection for current in- 

puts, overload protection on all 

ranges, and a low -battery in- 

dicator. It is drop -proof to four 
feet, and meets UL 1244 and 
IEC-348 standards. 

The Rangemaster (model 

a41,11 trTITMI 

number 380262) digital multi - 

meter, complete with test leads, 
9 -volt battery, and a hard rubber 
holster with stand and wrist 
strap, costs $69. For more infor- 

mation, contact Extech 
Instruments, 335 Bear Hill 

Road, Waltham, MA 02154; 
Tel. 617-890-7440; 
Fax: 617-890-7864. 
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STABLE REAL-TIME 
CLOCK 

By adding a stable real-time 
clock to your computer, you can 

make it a reliable timekeeper. 
B&B Electronics' Model PCRTC 
ís an accurate, temperature-sta- 
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ble, real-time clock that is based 
on a highly stable oscillator cir- 

cuit. The PCRTC's clock uses a 

software driver to update the 
DOS clock every minute. That 
allows the user and all applica- 
tions to access the correct time 
without using any special corn - 
mends or function calls. 

The eight -bit short -slot 
PCRTC card, which does not 
require IRO lines, reduces your 
computer's clock error to 15 

seconds per month, or less than 
five seconds per month if oper- 
ating in a temperature -stable 
environment. When power is off, 

a 3.6 -volt lithium battery,main- 
tains the clock. A battery -status 
function lets you replace a low 

battery before the time is cor- 
rupted, and a register helps you 
log and determine the time of 
last power loss or reset. 

The PCRTC, including the 
software driver, a time -setting 
utility, and a simple command 
library on a 3.5 -inch floppy disk, 
costs $129.95. For more infor- 
mation, contact B&B Electronics 
Manufacturing Company, 707 
Dayton Road, P.O. Box 1040, 
Ottawa, IL 61350; 
Tel. 815-434-0846; 24 -hour Fax: 
815-434-7094; 24 -hour BBS: 

815-434-2927; Internet: catr- 

gst@B&B-elec.com. 
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PERSONAL SECURITY 
ALARM 

The Radio Shack Personal Se- 

curity Alarm is a robbery 
deterrent that you can carry with 

you anywhere-when jogging at 

night, or returning to your car in 

a deserted parking lot, for in- 

stance. Weighing just four 
ounces (including battery), the 

alarm can be carried in a purse 
or pocket with the handstrap. 
worn around the wrist. When 

the handstrap is pulled out, a 

110 -dB siren sounds and a 

bright strobe light flashes to 

attract attention and discourage 
thieves. If the Personal Security 
Alarm is knocked away during a 

struggle, the strap will also pull 

out. The strobe light, visible 
from both the front and sides of 

the unit, makes it easier for help 

to find you. Also, the alarm 
cannot be shut off without re- 

inserting the hand strap's pin in 

i 

the alarm slot, and the batteries 
cannot be easily removed with- 
out a screwdriver. 

If your vehicle becomes dis- 
abled, the strobe light can also 
be used to summon help with- 
out sounding the alarm. A slide 
switch activates just the strobe. 

The Personal Security Alarm 
is available for $24.99 at Radio 
Shack stores nationwide. For 

further information, contact Ra- 

dio Shack, 700 One Tandy 

Center, Fort Worth, TX 76102; 
Tel. 817-390-3300. 
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Coil Design and 
Construction 
Manual 

YOU CAN WIND 
YOUR OWN COILS? 
There's no trick to it except knowing what 
you are doing. In a unique, 106 -page book 
you can become expert in winding RF, IF, 

audio and power coils, chokes and trans- 
formers. Practically every type of coil is dis- 
cussed and necessary calculations are given 

with the mathematical data simplified for use by anyone. Get your 
copy today! 

rMail coupon to: 

Electronics Technology Today, Inc. 

P.O. Box 240 Massapequa Park, NY 11762-0240 

Please send me my copy of Coil Design and Construction Manual 
(BP160). I enclose a check or money order for $8.45 to cover the 

book's cost and shipping -and -handling expenses. NY state resi- 

dents must add local sales tax. 

Name 

Address 

City State ZIP 

All orders must be paid in U.S. funds only. Sorry, no orders ac- 

cepted outside of USA and Canada. Please allow 6-8 weeks for de - 

every. 
7 
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TECHNOLOGY UPDATE 

Space-age speaker defies 
physics by breaking the 
sound barrier 
Recoton develops wireless speaker technology 
that "clones" your stereo, providing stereo `' 
music 150 feet through walls, 
ceilings and floors. 

by Charles Anton 

f you had to name just 
one new product "the 
most innovative of the 

year," what would you 
choose? Well, at the recent International 
Consumer Electronics Show, critics gave Recoton's 
new wireless stereo speaker system the Design 
and Engineering Award 
for being the "most in- 
novative and outstand- 
ing new product." 

Recoton was able to 
introduce this whole 
new generation of 
powerful wireless 
speakers due to the 
advent of 900 MHz tech- 
nology. This newly ap- 
proved breakthrough 
enables Recoton's wire- 
less speakers to rival the 
sound of expensive 
wired speakers. 
Recently approved 
technology. In June 
of 1989, the Federal 
Communications Com- 
mission allocated a 
band of radio frequen- 
cies stretching from 902 
to 928 MHz for wireless, 
in -home product ap- 
plications. Recoton, one 
of the world's leading wireless speaker man- 
ufacturers, took advantage of the FCC ruling 
by creating and introducing a new speaker 
system that utilizes the recently approved fre- 
quency band to transmit clearer, stronger 

u> stereo signals throughout your home. 

A 

Crystal-clear sound anywhere. 
Just imagine listening to your stereo, 

TV, VCR or CD player in any room 
of your home-without running miles 

of speaker wire. Plus, you'll never have to 
worry about range because the new 900 MHz 
technology allows stereo signals to travel dis- 

tances of up to 150 feet 
through walls, ceilings 
and floors without losing 
sound quality. 

A single transmitter, 
unlimited receivers. 
The powerful transmitter 
plugs into an audio -out, 
tape -out or headphone jack 
on your stereo or TV com- 
ponent, transmitting wire- 
lessly to speakers or head- 
phones. The speakers plug 
into an outlet. One trans- 
mitter broadcasts to an un- 
limited number of stereo 
speakers and headphones. 
And since each speaker 
contains its own built-in 
receiver/amplifier, there 
are no wires running from 
the stereo to the speakers. 

Full dynamic range. 
The speaker, mounted in 
a bookshelf -sized acousti- 

cally constructed cabinet, provides a two-way 
bass reflex design for individual bass boost 
control. Full dynamic range is achieved by the 
use of a 2" tweeter and 4" woofer. Plus, auto- 
matic digital lock -in tuning guarantees opti- 
mum reception and eliminates drift. The new 

150 foot range through walls! 
ecoton gives you the freedom to lis- 
ten to music wherever you want. Your 

music is no longer limited to the room your 
stereo is in. With the wireless headphones 
you can listen to your TV, stereo or CD 
player while you move freely between 
rooms, exercise or do other activities. And 
unlike infrared headphones, you don't have 
to be in a line -of -sight with the transmit- 
ter, giving you a full 150 foot range. 

The headphones and speakers have 
their own built-in receiver, so no wires are 
needed between you and your stereo. One 
transmitter operates an unlimited number 
of speakers and headphones. 

Recoton's transmitte sends music through wall 
to wireless speakers over a 70,000 square foot area. 
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Volume 

AWARD WINNING 

Power Tuning 

WIRELESS' SPEAKER" 

Tuned ports 

2" tweeter 

4" woofer 

Individual left, right 
& mono switch and 

Individual bass boost 

control (on back) 

Size: 9"H x 6"w x 5.51 
Signal-to-noise ratio: 60 dB 

Channel Separation: 30 dB 

Two-way bass reflex design 

10 watts/channel RMS amps 

Frequency Response: 

50 Hz -15 KHz 

Don't take our word for it. Try it yourself. 
We're so sure you'll love the new award -winning 
Recoton wireless speaker system that we offer 
you the Dare to Compare Speaker Challenge. 
Compare Recoton's rich sound quality to that of 
any $200 wired speaker. If you're not completely 
convinced that these wireless speakers offer 
the same outstanding 
sound quality as wired 
speakers, simply return 
them within 90 days for 
a full "No Questions 
Asked" refund. 

Recoton's Design and 
Engineering Award 
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Breakthrough wireless speaker design 
blankets your home with music. 

technology provides static -free sound in vir- 
tually any environment. The speakers are al- 
so self -amplified; they can't be blown out no 
matter what your stereo's wattage. 
Stereo or hi-fi, you decide. These speak- 
ers have the option of either stereo or hi-fi 
sound. Use two speakers (one set on right chan- 
nel and the other on left) for full stereo sepa- 
ration. Or, if you just want to add an extra 
speaker to a room, set it on mono and listen 
to both channels on one speaker. Mono com- 
bines both left and right channels for hi-fi 
sound. This option lets you put a pair of speak- 
ers in the den and get full stereo separation or 
put one speaker in the kitchen for hi-fi sound. 

Factory -direct savings. Our factory - 
direct pricing allows us to sell more wire- 
less speakers than anyone! For this reason, 
you can get these speakers far below 
retail with our 90 -day risk - 
free home trial." 

Add headphones and 
save $100. For a lim- 
ited time, when you rz 
order two speakers and 
a transmitter, you can '° i 

add wireless headphones - 

for only $49. That's a savings of $100 off the 
price of the headphone system. This ex- 
clusive offer is available only through 
Comtrad. Your order will be processed 
within 72 hours and shipped UPS. 

Recoton transmitter $69 $7 SSH 

Recoton wireless speaker $89 $9 s8H 

Wireless headphone system $449- $9 S&H 

save $100 with special package offer-only $49 

Please mention promotional code 723-PL6625. 

For fastest service call toll -free 24 hours a day 

800-704-1201 
410 = 

To order by mail send check or money order for the total 
amount including S&H (VA residents add 4.5% sales tax). 
Or charge it to your credit card by enclosing your account 
number and expiration date. Send to: 

11117-P= 
INDUSTRIES 

2820 Waterford Lake Drive, Suite 106 
Midlothian, Virginia 23113 



Ready to Roll 
NEC READY MULTIMEDIA COMPUT- 
ER. From NEC Technologies, Inc., 1414 
Massachusetts Ave., Boxborough, MA 
01719. Tel. 518-264-8759. Price: $2699. 

Back when we were in school, having a 

home computer was not something that we 

would always admit to. In the right compa- 
ny, of course, we could talk about some 
new version of BASIC or argue the bene- 
fits of adding another two kilobytes of 
memory. Home computers then were 
strictly for hobbyists; they were fun only if 
you were a nerd. 

Things have really changed. Today, the 
PC competes with the TV as an entertain- 
ment medium. Surveys by computer man- 
ufacturers and market research firms sup- 
port the idea that computer users are 
replacing some of the hours that they used 
to spend in front of their sets with time in 
front of their computers. Even more tell- 
ing, some computer users have canceled 
premium channels to give themselves 
more time-and more money-to enjoy 
their new computer hobby. 

Don't worry too much about the TV 
industry, however. Market penetration is 

still at 98 percent, while only 37 percent of 
homes have personal computers. Nonethe- 
less, home -PC sales have soared, increas- 
ing by 28 percent between 1993 and 1994. 
They're expected by some estimates to 
double over the next four years. Almost 
half of all U.S. households are expected to 
have a PC by 1997. 

The PCs that are being bought are get- 
ting increasingly powerful, too, allowing 
them to be used for more demanding, but 
user-friendly, applications and in- 
creasingly sophisticated games. Perhaps 
the biggest factor driving sales is that par- 
ents view the computer as an essential tool 
in their children's education. 

Even though computer prices have 
dropped dramatically when considering 
performance, buying a new computer 
hasn't really gotten any easier-it can be a 

daunting task even for experienced "tech- 
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ies." Walk into your local computer super- 
store and you'll be confronted by a row of 
thirty or more systems from which to 
choose. 

How do you choose? All of the systems 
look alike and share many similarities- 
but they also have many important dif- 
ferences. The microprocessor and its 
speed are usually the most important fac- 
tors to consider when choosing a system. 
Once that is out of the way, other compo- 
nents determine a system's price/perfor- 
mance ratio. What software is bundled 
with the system? Is the system upgradea- 
ble? What other hardware and software do 
you have to buy before you can really use 

the system for what you want to do? 
Two factors are likely to sway your deci- 

sion: Choose the features that are impor- 
tant to you, and go with a company you 

know. NEC Technologies is betting that its 
new line of Ready systems will answer 
both requirements. 

NEC Technologies became a major 
player in the computer industry by con- 
centrating on portable computers, servers, 
printers, CD-ROM hardware, and graph- 
ics -display products. It is now making a 

major push into the consumer market by 
concentrating on family computing, enter- 

tainment, and the small-office/home-of- 
fice (SOHO) segments. Its offerings are 

geared toward users who are not sophisti- 
cated about assembling computer sys- 
tem:;-the new systems strive to include 
everything that a home -computer user 
could want and still be easy to use. 

NEC is counting on consumers to rec- 
ognize the NEC name and its tradition of 
quality. It backs that up by providing toll - 
free technical support, and all of the fea- 

tures that make multimedia computing 
possible-and fun. 

The new NEC Ready computers are 

available in five models, ranging in price 
from $1699 to $2999. An 80486 DX4-100 
microprocessor powers the Ready model 
5010 at the low end. A 100 -MHz Pentium 
powers the Ready 9520 at the high end. 
Other features that differ between the five 
models include the memory, hard -disk 
size, graphics capability, and external 
speakers. 

We examined the Ready 9510. That 
computer is powered by a 90 -MHz Pen- 

tium processor and comes equipped with 
16 megabytes of RAM and a 1275 -mega- 
byte hard disk drive. 

All NEC Ready computers come with 
an attractive software bundle, including 9 



SYSTEM CONFIGURATIONS 

Ready System 5010 7020 9010 9510 9520 

Processor 486-DX4 Pentium Pentium Pentium Pentium 

Speed 100 MHz 75 MHz 90 MHz 90 MHz 100 MHz 

RAM 8MB 8MB 8MB 16 MB 16 MB 

Disk Drive 540 MB 850 MB 850 MB 1275 MB 1275 MB 

Graphics 32 -bit PCI 64 -bit PCI 64 -bit PCI 64 -bit PCI 64 -bit PCI 

Audio 
16 -bit, 

wavetable- 
upgradeable 

16 -bit, 
wavetable- 

upgradeable 

16 -bit, 
wavetable- 

upgradeable 

16 -bit, 
wavetable- 

upgradeable 

16 -bit, 
wavetable 
included 

Speakers 
puickshot Quickshot Labtec 

CS -800 
Labtec 

CS -800 
Altec 

Lansing 

Price $1,699 $1,999 $2,299 $2,699 $2,999 

MS-DOS 6.22, Microsoft Windows for 
Workgroups 3.11, Microsoft BOB, Micro- 
soft Works, Microsoft Encarta95, Intuit 
Quicken, Broderbund Print Shop.Deluxe, 
MidiSoft Sound Impression, SofNet Fax - 
Works, Broderbund Arthur's Birthday 
Party, NetSoft NetCruiser, Prodigy, Amer- 
ica Online, Compuserve, and the Imag- 
ination Network. 

Microsoft Bob is intended to give first- 
time computer users a friendly "social in- 
terface" to the computer. It includes eight 
basic applications: Letter Writer, Calen- 
dar, Checkbook, Household Manager, Ad- 
dress Book, E-mail, Financial Guide, and 
GeoSafari. An in-depth review appears 
elsewhere in this issue. 

Microsoft Works is a suite of the four 
most popular computer applications. It 
contains a word processor, a spreadsheet 
with charting capability, database soft- 
ware, and a communications program. A 
simple drawing program is also included. 

Microsoft Encarta is a fascinating multi- 
media encyclopedia that combines text ar- 
ticles with videos, animations, music, and 
sound. It includes more than 26,000 arti- 
cles, more than eight hours of sound, more 
than 7000 photographs and illustrations, 
more than 800 maps, and more than 100 
animations and video clips. It's an ideal 
encyclopedia for any student. Browsing 
through it is great entertainment for the 
entire family-and much more educa- 
tional than watching TV. 

Intuit's Quicken is the de facto standard 
in home -finance software. It allows you to 
track receipts and expenditures and, in 
doing so, can give you insight into just 
where your money goes. 

Broderbund's Print Shop Deluxe CD 
Ensemble allows you to create cards, la- 
bels, envelopes, certificates, calendars, 

Gizmo is published by Gernsback Publica- 
tions, Inc., 500-B Bi-County Blvd., Farm- 
ingdale, NY 11735. Senior Writers: Chris F. 

O'Brian and Teri Scaduto. Copyright 1995 
by Gernsback Publications, Inc. Gizmo is a 

10 registered trademark. All rights reserved. 

banners, business cards, and more. Al- 
though much of the capabilities and graph- 
ics are aimed at home users, there is plenty 
available for business users as well, in- 
cluding letterheads and memo forms. 

MidiSoft Sound Impression is a Win- 
dows application that provides control 
over CD audio, MIDI devices, and WAV 
file recording, playback, and mixing. 

SofNet Fax Works is a Windows applica- 
tion that provides control over the fax, 
phone, answering -machine, and modem 
features of the computer. 

Broderbund's Arthur's Birthday Party is 
an interactive animated story for children 
between the ages of 6 and 10. A paper copy 
of Marc Brown's book is included as well. 

NetSoft NetCruiser, Prodigy, AOL, 
Compuserve, and the Imagination Net- 
work software included with the NEC 
Ready computers allow you to get started 
with the respective online services. 

The NEC Ready consumer PCs come 
with a full complement of hardware and 
accessories, too. For graphics, our com- 
puter was equipped with a Cirrus Logic 
64 -bit PCI local -bus graphics controller 
with I megabyte of video RAM (expanda- 
ble to 2 megabytes). The video controller 
is integrated onto the motherboard. Up- 
grading the video memory requires install- 
ing two 256 -kilobyte by 16 -bit video 
DRAM integrated circuits in sockets on 
the motherboard. That upgrade would al- 
low the card to display up to 256 colors at a 
resolution of 1280 x 1024 (as opposed to 
16 colors with one megabyte). The max- 
imum number of colors, 16.8 million, can 
be displayed with a maximum resolution 
of 800 x 600 when two megabytes are in- 
stalled, as opposed to 640 x 480 with one 
megabyte. 

For audio, our computer was equipped 
with a 16 -bit, Soundblaster-compatible, 
stereo sound card, which is upgradeable to 
wavetable technology. A microphone and 
a pair of Labtec CS -800 powered multi- 
media speakers round out the audio ca- 
pabilities. The sound card supports stereo 
sample rates up to 48 kHz. It contains a 

built-in amplifier with an output power of 
two watts per channel into eight -ohm 
speakers. 

The Ready telephony features include a 
14.4 kbps (kilobits per second) fax/data 
modem that doubles as a hands -free speak- 
er phone and an answering machine with 
multiple password -protected voicemail 
boxes. 

A 32 -bit, PCI-enhanced, IDE disk in- 
terface provides high-speed data transfers 
at a maximum burst rate of 10 -megabytes 
per second. Up to 4 PCI-IDE devices are 
supported by the interface, which is inte- 
grated on the motherboard. 

Two IDE devices are included with the 
Ready 9510: a 1.2 -gigabyte hard -disk 
drive and a quad -speed CD-ROM drive. 
The CD-ROM drive features a data -trans- 
fer rate of 600 kilobytes per second, with 
an access time of 250 milliseconds. That 
makes the drive MPC level 2 compatible. 
It is also compatible with multisession 
Photo CDs. 

A single 31/2 -inch floppy diskette drive 
is also included in the system. That seems 
to indicate that 51/4 -inch drives have seen 
their last days. 

The computer is housed in a mini tower 
case that is built with an eye toward quality. 
The case features three external 51/4 -inch 
drive bays; one holds the CD-ROM drive. 
The one 31/2 -inch external drive bay holds 
the floppy drive. Inside, the case has two 
additional internal 31/2 -inch drive bays, 
one of which holds the hard -disk drive. 

The case features a 200 -watt power sup- 
ply, and has two fans for cooling-one is 
an exhaust fan on the power supply, the 
other brings in air and blows it across the 
microprocessor. The microprocessor is 
heatsinked well enough that it runs cool to 
the touch. 

The main case cover is held on with four 
large thumb screws. When we first opened 
the case, we were surprised to find the 
expansion boards plugged in upside down! 
Our confusion was short-lived, however. 
The case is designed to make it easy to 
insert new expansion cards. When a panel 
on the bottom of the computer is re- 
moved-which is quite easy because it's 
held on by only one screw-clear access is 
provided to the expansion slots. 

Five slots are available-one dedicated 
32 -bit PCI slot, three ISA (industry stan- 
dard architecture) slots, and one slot that 
shares a 32 -bit PCI and an ISA slot. 

Because the NEC Ready computers are 
to be sold in retail sales channels, they 
have to be easy to set up and run. The 
Ready computers live up to their name. 

A video tape is supplied with the system 
to explain how all of the various compo- 
nents are connected together. However, 
things are labeled well enough on the case 
that the tape is a bit excessive. 

The computer is packed in one large 



box, which contains the computer along 
with another box that holds the keyboard, 
speakers, cables, and software. The key- 

board and mouse plug into the PS/2 -type 
keyboard and mouse port. Two serial ports 
and a parallel port are provided on the 

panel. 
The Ready 9510 contains a single plug- 

in expansion card, which holds the 
modem, sound card, and MIDI/joystick 
port. The sound section has line -in, line- 
out, microphone -in, and speaker -out 
jacks. 

The modem section also acts as a home 

telephone, providing full -duplex opera- 
tion with echo cancellation. When the 

computer is in its power -saving mode, an 

incoming call wakes it up so that it can 

receive either an incoming fax or incoming 
voicemail. 

The Ready computers are Energy -Star 
compliant, and offer a suspend/resume 
feature that can be set to put the computer 
to sleep after a user -definable amount of 
time, or at the touch of a button. The 

computer then awakens at a single key- 

stroke, and resumes at the same location 
where it went to sleep. The systems have 

also been designed and tested to work with 
Windows 95 when it is available. 

All of the software that is supplied with 
the ready computer is pre -installed on the 

hard drive (with the exception of Arthur's 
Birthday) so that the system is ready to go 

Good O!' Bob 
MICROSOFT BOB. From Microsoft Cor- 
poration, One Microsoft Way, Redmond, 
WA 98052; Tel. 206-882-8080. Price: 
$99. 

When it comes to using computers, 
most people fall into one of four groups. 

There are the hardcore users, who con- 
sider the computer to be an integral part of 
their work and home lives, and even a 

major source of entertainment and fun. 
They often spend their free time on the 

Internet or playing computer games. Not 
only can they learn to use new software 
with a minimum of trouble, but they might 
even do a bit of programming on their 
own, just for fun. 

Much more common are those folks 
who regularly use a computer on the job. 
They are proficient at the several tasks re- 

quired to get through the business day, for 
which they have received specific training, 
but don't understand enough about com- 
puters to translate that limited knowledge 
to other applications. For such people, 
computers represent work, not play or 
family life-they believe that computers 
belong in the office, not in the home. 

as soon as it is unpacked from the box. 

What if something goes wrong? A CD- 
ROM supplied with the system allows you 

to restore the computer to the shipping 
configuration. If the system crashes, sim- 
ply insert the supplied recovery floppy disk 

in the drive to boot it, and the restore CD- 
ROM is its drive. 

The restore program gives you several 

well thought-out options. First, you can 

refill the hard drive, which replaces the 

files currently on the system with the origi- 
nal version from the system -restore CD. 
Any changes that you made to the files are 

lost. However, all other directories and 

files remain unchanged. 
The restore program also lets you re- 

store individual files. If, for example, one 

program is damaged, but Windows is still 
operating properly, you can click on the 

Restore Individual Files icon, which lets 

you select the files to restore. 
Also, a do-it-yourself option lets you 

access MS-DOS from the CD-ROM and 

restore files using MS-DOS utilities such 

as XCOPY. Finally, a completely crashed 

system can be restored to factory set- 

tings-all existing files are deleted, and 

the drive is formatted before the files are 

reinstalled. 
The NEC Ready systems have the fit and 

finish that indicates quality. The system 

line seems well thought out, providing ca- 

pable systems at a wide range of prices. 

They are not the least expensive systems 
that you'll see when you make that trip to 
your local computer superstore, but we 

wouldn't expect the least expensive sys- 

tems to leave us as happy as we are with the 

NEC Ready computers. 
The software that is supplied with the 

systems is also well planned-it has some- 

thing for everyone from little kids to 
grownups, and from casual users to busi- 
ness users. Perhaps the only complaint we 

could make is that we would have pre- 
ferred to see Microsoft Office instead of 
Microsoft Works. Yet, considering the in- 
tended audience, Works might be the best 

solution-the Office suite would raise the 

price enough to take the system out of 
competition for many consumers. 

The hardware complement is top-notch: 
a 64 -bit PCI graphics engine is what you 

want for acceptable performance-you 
don't want a slow graphics controller tak- 
ing the steam out of a Pentium -based sys- 

tem. The easy video DRAM upgrade 
means that you can get all of the colors you 
want as well as the speed. 

The documentation is also excellent, 
and should serve both novices and "tech- 
ies" well. Yet, it's comforting to know that 

if problems arise, toll -free technical sup- 

port is available 24 hours a day, 7 days a 

week. That's just another reason why the 

NEC Ready systems stand apart from their 
competition, 
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A rapidly growing'segment of computer 
users has branched off from the work -only 
group. Spurred largely by their own chil- 
dren-who tend to fall in the hardcore 
group-they break down and buy a home 

PC. They usually turn to more experienced 
friends-or, perhaps, their own chil- 
dren-for advice and help getting started. 
Unfortunately, once their "mentor" goes 

home, they often experience frustration as 

they try to use the software they've se- 

lected. The computer ends up being moved 

from the family room to a kid's room, 
where it is used more for game -playing 
than homework. 

Finally, there are those who have never 

used a computer at all. Some simply have 

no interest in computing, and cannot visu- 

alize the role a computer might play in 

their own lives. Others might be intrigued 
by the idea of using a computer, but are put 

off by their preconceived notions of how 

difficult it will be to learn to use. 

There has never been a software inter- 11 
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Friends of Bob. Microsoft hopes that every potential computer user can find a person- 
al guide that they can enjoy interacting with. 

face that could meet the needs of such 
disparate groups of users and potential 
users. Although the Windows graphical 
user interface has made computing life 
somewhat simpler by standardizing the 
way that many functions are accessed, it 
still assumes that the user has some basic 
knowledge of computer protocols. And 
each individual program requires that the 
user learn some commands, many of 
which cannot be intuitively guessed. That 
doesn't present much of a problem for the 
experienced computer user, but novices 
can quickly be scared off by unclear, 
seemingly inexplicable commands and 
stacks of thick manuals and reference 
guides. 

Microsoft, a company whose goal is to 
see "a computer in every home," believes 
it has found a way to accomplish just that, 
by providing a user interface that anyone 
can follow. Called Bob, it goes beyond the 
graphical user interface, to provide what 

12 Microsoft calls a "Social Interface." The 

idea is that, whether they are dealing with 
people or machines, people interact so- 
cially. Furthermore, they learn better and 
faster íf they are tutored by a mentor who 
doesn't have to eventually go home. 

Microsoft Bob allows a computer to in- 
teract with its users in a social manner, via 
built-in mentors called personal guides, or 
"Friends of Bob." Those guides replace 
the usual paper reference materials. No 
manual is included with Bob, although a 

. copy of The Bob Magazine does provide 
setup information as well as some helpful 
hints for those just getting started. 

The concept behind Bob stemmed from 
two years of intensive research into the 
way that people interact with machines. 
Microsoft's team collaborated with two 
leading experts in the field, Stanford Uni- 
versity professors Clifford Nass and Byron 
Reeves, whose studies focus on the auto- 
matic, unconscious social responses that 
all users have to computer programs. 

"Our research shows that people deal 

with their computers on a social level, 
regardless of the program type or user ex- 
perience," said Nass. "People know that 
they're working with a machine, yet we 
see them unconsciously being polite to the 
computer, applying social biases, and in 
many other ways treating the computer as 
if it were a person. Microsoft Bob makes 

. this implicit interaction explicit and there- 
by lets people do what humans do best, 
which is to act socially." 

According to Microsoft, Bob-so 
named because "it is such an unassuming 
name ... easy for everyone to identify with 
and use"-is "familiar, approachable, 
and friendly" software with a "helpful, 
enjoyable, and fun personality." We don't 
believe that a program can have a person- 
ality, but each of its 14 friends can, and do. 

The Friends of Bob are a collection of 
cartoon -like animated characters that let 
you know what your options are in any 
given application, and provide tips, point- 
ers, and shortcuts as you go. Those hints 
appear in comic -strip style dialog bal- 
loons, enhancing the idea that the user is 
communicating on a social, personal level 
with the computer. 

The personal guides offer different lev- 
els of helpfulness and varying degrees of 
cuteness. The most helpful personal 
guides include Rover, a dog who wants to 
"be your best friend"; Java, an excitable, 
hard-working, caffeine -addicted dragon; 
Digger, a playful but silly worm; Shelley, 
an outdoorsy, somewhat shy turtle; and 
Hopper, a happy, eager -to -please rabbit. 
We found the last three to be well beyond 
our cuteness quotient, but they might ap- 
peal to younger children. 

For those who have had some experi- 
ence with computers, Orby the planet 
Earth figure and Blythe the firefly provide 
somewhat less help-fewer tips and sug- 
gestions. Those who prefer still fewer 
helpful interruptions might opt for Chaos, 
a sophisticated French cat; Ruby, a 
grumpy parrot who grudgingly offers min- 
imal advice; or Scuzz, a basketball -drib- 
bling rat, aimed at the MTV generation, 
who "couldn't care less about you" and 
seldom offers help. 

Experienced computer users can opt for 
the Speaker, a speaker icon with no per- 
sonality that just offers straight facts, or 
Invisible, with no help or personality at 
all. Two specialists appear only during 
specific applications: Lexi is an expert in 
finance who helps in the Checkbook ap- 
plication, and Hank the elephant appears 
during the GeoSafari game. 

By offering an assortment of distinct 
personalities, Microsoft hopes to provide 
someone for everyone so that all users will 
be able to find a mentor to suit their own 
personality as well as their level of experi- 
ence. Personally, we found the Friends of 
Bob to range from highly annoying to ac- 



Great. Gift Ideas 
TECHNOLOGY UPDATE 

500 miles from nowhere, 
it'll give you a cold drink 
or a warm burger... 
NASA space flights inspired this portable fridge that 
outperforms conventional fridges, replaces the ice chest 
and alternates as a food warmer. 

By Charles Anton 

Recognize the ice cooler in this picture? 
Surprisingly enough, there isn't one. 
What you see instead is a Koolatron, 

an invention that replaces the traditional ice 

cooler, and its many limitations, with a tech- 
nology even more sophisticated than your 
home fridge. And far better suited to travel. 

What's more, the innocent looking box be- 
fore you is not only a refrigerator, it's also a 

food warmer. 
NASA inspired por- 
table refrigerator. 
Because of space trav- 
el's tough demands, 
scientists had to find 
something more de- 
pendable and less 
bulky than traditional 
refrigeration coils and 
compressors. Their re- 
search led them to dis- 
cover a miraculous 
solid state component 
called the thermoelec- 
tric module. 

Aside from a small 
fan, this electronic 
fridge has no moving 
parts to wear out or 
break down. It's not 
affected by tilting, jar- 
ring or vibration (situ- 
ations that cause home 
fridges to fail). The 
governing module, no 
bigger than a match- 
book, actually delivers 
the cooling power of a 
10 pound block of ice. 

From satellites to station wagons. 
Thermo -electric temperature control has now 
been proven with more than 25 years of use in 

some of the most rigorous space and labora- 
tory applications. And Koolatron is the first 
manufacturer to make this technology avail- 
able to families, fishermen, boaters, campers 
and hunters- in fact anyone on the move. 

Home refrigeration has come a long way 
since the days of the ice box and the block of 
ice. But when we travel, we go back to the 
sloppy ice cooler with its soggy and sometimes 

spoiled food. No more! Now 
for the price of a good cool- 
er and one or two seasons 
of buying ice, (or about five 
family restaurant meals), all the 
advantages of home cooling are available for 
you electronically and conveniently. 
Think about your last trip. You just got 
away nicely on your long-awaited vacation. 

You're cruising com- 
fortably in your car 
along a busy interstate 
with only a few rest 
stops or restaurants. 
You guessed it... the 
kids want to stop for a 

snack. But your Kool- 
atron is stocked with 
fruit, sandwiches, cold 
drinks, fried chicken... 
fresh and cold. Every- 
body helps themselves 
and you have saved 
valuable vacation time 
and another expensive 
restaurant bill. 

Hot or cold. With the 
switch of a plug, the 
Koolatron becomes a 

Urethane food warmer for a 
casserole, burger or 
baby's bottle. It can go 
up to 125 degrees. 

And because there 
are no temperamental 
compressors or gasses, 
the Koolatron works 
perfectly under all 
circumstances, even 

upside down. Empty, the large model weighs 
only 12 pounds and the smaller one weighs 
just seven. Full, the large model holds up to 
40 12 -oz. cans and the smaller one holds six. 

Just load it up and plug it in. On motor 
trips, plug your Koolatron into your cigarette 
lighter; it will use less power than a tail light. 
If you decide to carry it to a picnic place or a 

fishing hole, the Koolatron will hold its cool- 
ing capacity for 24 hours. If you leave it 
plugged into your battery with the engine off, 
it consumes only three amps of power. 

The refrigerator from outer space._ 

The secret of the Koolatron Cooler/Warmer 

is a miniature therrno-electric. module that 

effectively replaces bulky piping coils, loud 

motors and compressors used in conven- 

tional refrigeration units. In the cool 

mode, the Koolatron reduces the outside 

temperature by 40 degrees F. At the 

switch of aplug, it becomes a food warmer, 

going up to 125 degrees. 
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Limited time 
offer. Because Comtrad is bringing this offer 
to you directly, you save the cost of middle- 
men and retail mark-ups. For a limited time 
only, you can get this advanced, portable 
Koolatron refrigera- 
tor at the introduc- 
tory price of $99. 
Call today to take 
advantage of this 
special promotional 
pricing. Most orders 
are processed with- 
in 72 hours. 
Try it risk free. 
We guarantee your 
satisfaction with 
any product from 
Comtrad Industries. 
With the Koolatron 
you get our com- 
plete "No Questions 
Asked" 30 day 
money -back guar- 
antee. Plus you get 
a full one year manufacturer's limited warran- 
ty. If you are not satisfied for any reason, just 
return the product for a complete refund. 

' v 

The versatile Koolatron is avail- 

able in two sizes. The P24A holds 

30 quarts and the smaller P9 holds 

seven quarts. An optional AC 

adaptor lets you use them in your 

rec room, patio or motel room. 

They plug into any regular outlet. 

Koolatron (P24A) holds 30 quarts $99 $16 S&H 

Koolatron (P9) holds 7 quarts $79 $8 S&H 

Optional AC Adapter (AC 10) $49 $6 S&H 

Please mention promotional code 025-11-6623. 

For fastest service call toll -free 24 hours a day 

800-992-2966 

To order by mail send check or money order for the 
total amount including S&H (VA residents add 4.5% 

sales tax). Or charge it to your credit card by en- 
closing your account number and expiration date. 

INDUSTRIES 
2820 Waterford Lake Drive Suite 106 

Midlothian, Virginia 23113 
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ceptable, but we would not consider any of 
them to be Friends of Ours. 

Besides having personalities and being 
able to interact on a social level with the 
user, the Friends of Bob are "intelligent." 
According to Microsoft, they "take notes 
on how you work and tailor suggestions to 
fit your working style and experience 
level." For instance, once you've master- 
ed one of the hints they've provided, they 
won't repeat it again. 

Bob is a family -oriented program, in- 
tended for use in the home, and uses a 
home metaphor. After entering the pro- 
gram through the "front door," the user 
can enter shared "family rooms" that are 
accessible to everyone in the family, or can 
retreat to his or her own private room with- 
in the "house." There are more than 40 
different combinations of rooms and home 
styles. Individual family members can 
also "decorate" their rooms, changing the 
furniture, the accessories, the view, and 
the icons used to represent various ap- 
plications to suit their own tastes. We 
opted for a plant -filled, airy sunroom over- 
looking the ocean for most of our work. 
Other choices include a medieval castle 
and a futuristic room that the Jetsons 
might be happy in. From within any room, 
users can access Bob programs and can 
launch any Windows- or MS -DOS -based 
applications that they have installed. 

Bob's eight built-in applications are 
home -oriented ones that each member of 
the family can use separately, or share with 
others. Intended to help a home run more 
smoothly and to help a family communi- 
cate better, they include: Letter Writer, 
Calendar, Checkbook, Household Man- 
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ager, Address Book, E -Mail, Financial 
Guide, and the GeoSafari quiz game. 
Password protection ensures that an indi- 
vidual's correspondence or personal fi- 
nances remain private. The integrated 
nature of the program allows family events 
(a trip to the circus or a wedding) to be 
entered on one person's calendar and then 
exported to everyone else's schedule, or a 
family address book can be filled in once 
and everyone can receive a copy of it. 

Letter Writer is not a full-fledged word- 
processing program. Rather, it is intended 
to facilitate the letter -writing that you 
might need to do from home-thank-you 
notes, invitations, letters to the editor, 
consumer complaints, and the like. To 
help you get started, 33 sample letters are 
included. Also included are 70 clip -art 
items and 30 borders. It's possible to 
change the type style and size, do drag - 
and -drop text editing, see a print preview, 
and do multipage viewing and editing. You 
can send your clip art -bedecked creations 
via e-mail to any other Bob user, or send 
plain text to anyone else online. Bob's 
integrated nature allows you to create 
mailing lists from your Address Book to 
send multiple copies of the same docu- 
ment, or just do a single mail merge to 
instantly send off a letter. 

More than one Address Book can be 
created by each Bob user. For instance, 
you could have a master book of all the 
family contacts, along with one book for 
your Christmas card list, another for each 
person's friends, and one for important 
numbers (gas company, fire department, 
doctor, and the like). There's also a built-in 
list of phone numbers of 500 commonly 
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Bob users can choose one of 40 styles of room to make their own, furnishing it to their 
14 own tastes and even selecting the view outside the window. 

called organizations and businesses. You 
can print out copies of any Address Book 
to keep near extension phones throughout 
the house. You can also add notes to any 
entry in the book, and include such infor- 
mation as birthdays and anniversaries. 
Those dates will automatically be trans- 
ferred to your Calendar to remind you to 
send a card or create a personal greeting on 
Letter Writer to send via e-mail. 

Bob E -Mail, which carries a base fee of 
$4.95 a month and requires a modem, 
allows you to stay in touch, online, with 
modem -equipped friends around the 
world. Standard messages can be sent to 
users of all the major online services (Pro- 
digy, America Online, the Internet, Com- 
puServe), and fancy letters, personalized 
with clip art and borders, can be sent to 
other Bob users. Bob E -Mail also includes 
tips on e-mail etiquette for new users and 
100 commonly used e-mail addresses. 

The Calendar is used to create schedules 
and "to-do" lists on personal or shared 
date books. You can note your daughter's 
soccer game or dentist appointment on 
your calendar as well as hers, so that you 
don't forget your chauffeuring duties. The 
calendar provides daily, weekly, or 
monthly views, any of which can be 
printed out to take along. You can also 
print out "to-do" lists created from Calen- 
dar entries. The Bob Calendar also in- 
cludes daily words to improve your 
vocabulary, daily "eco -tips" to improve 
your social consciousness, and informa- 
tion on the phases of the moon. Besides 
birthday reminders from the Address 
Book, notices of bills due automatically 
appear, linked from the Bob Checkbook, 
and so do reminders of household tasks 
(change smoke -alarm batteries, for in- 
stance) from the Household Manager. 

The Household Manager represents 
every user's chance to finally get orga- 
nized. It includes 14 preprogrammed cate- 
gories, including auto information, health 
and safety, home maintenance, household 
records, kitchen information, and vaca- 
tions. It's also possible to delete any of 
Bob's categories (personally, we could 
live without "Cleaning"), and add your 
own. 

In many cases, the pre -entered catego- 
ries can be personalized to meet your spe- 
cific needs. For instance, in the vacation 
category, the Household Manager will 
help you write a packing list depending on 
the type of vacation you're taking. Going 
to a wedding? Don't forget your camera 
and the gift! Camping? Bring bug spray 
and your sleeping bag. It also personalizes 
the to -do -before -leaving list (set light 
timers, turn off oven) by asking such ques- 
tions as "Do you have pets?" and "Do you 
get the newspaper delivered?" 

We liked the personal -growth category, 
which provides a place to list movies to 



see, books to read, restaurants to try-we 
could finally get rid of all the clippings 
pulled from newspapers and piled around 
the house, and could even print out lists to 

bring to the library or video store. And it 

would be good to have, all in one spot, a 
listing of credit-card numbers, the loca- 
tion of wills and birth certificates, the 
dates of our last oil change and chimney 
cleaning, and the like. Of course, it takes 
time to enter all that data, and more effort 
to keep it current and up-to-date, but at 
least Bob Household Manager offers the 
potential of getting on top of it all. Pass- 
word protection keeps the information safe 
from prying eyes. 

Similarly, Bob's two financial programs 
offer the hope of taking control of your 
money. The Checkbook is a spending 
tracker that includes an on -screen check- 
book and register that can be used in the 

same way as your paper ones, or with the 

option to pay bills electronically for a 
small monthly fee. The Checkbook also 
provides an on -screen "box," similar to 

the shoebox or letterholder that you proba- 
bly use now, in which to dump your bills. 
By including their due dates, you can re- 

ceive automatic reminders on your Calen- 
dar. Finally, the Checkbook lets you 
generate reports on savings and income, 
credit cards, bank accounts, and cash. To 

help you determine where all your money 
goes, you can track spending by category, 
using 50 pre -defined categories such as 

food, automotive, mortgage, and gifts. 

Weather or Not ... 
DESKTOP WEATHER FORECASTER 
MODEL BA -213. From Oregon Scien- 
tific, Inc.,18383 South West Boones Fer- 

ry Road, Portland, OR 97224; Tel. 
1-800-853-8883 Price: $99.95. 

We have increasingly little patience for 
what passes for television "news" these 
days-a bunch of pretty faces exchanging 
idle banter between sensationalized stories 
of random violence, political misdeeds, 
and, of course, the ever-present O.J. trial. 
We'd skip watching entirely, if not for the 
daily and five-day weather forecast. 

Unfortunately, that segment of the show 
is even more prone to inanities and mean- 
ingless chatter. First, we're subjected to "a 
look at the map," during which we're re- 

galed with tales of snowstorms in the 
Rockies, tornadoes in Kansas, heatwaves 
in Phoenix-none of which let us know 
whether or not to carry an umbrella. Then, 
before we get to hear the local forecast, 
they break for a few commercials. Finally, 
we get to hear their predictions, which 
might not necessarily come true. 

The Bob Financial Guide provides ex- 

planations of financial matters and expert 
tips for managing your various invest- 
ments, including your home, your chil- 
dren's college funds, stocks and bonds, 
savings accounts, and retirement. In addi- 
tion, it offers advice on buying a home or a 

car, estate planning, insurance, consumer 
credit, and savings strategies. The "Life's 
Milestones" category provides informa- 
tion on the financial and legal steps that 
you should take when getting married, 
having children, caring for elderly par- 

ents, or getting divorced. 
Finally, Bob GeoSafari provides educa- 

tional fun for the whole family. The multi- 
media adaptation of an award -winning 
quiz game offers an interactive way to 
learn geography. 

The eight programs, used together as an 

integrated package, can go a long way 

toward getting your household organized 
and helping you communicate better with 
other members of the family. The Calendar 
is certainly a better system for reminders 
than sticking notes on the refrigerator! 

Bob also makes computing easy and 
non -threatening by offering only those op- 
tions that are pertinent at any given mo- 
ment in your computing session. When in 

your "room," for instance, you can see the 
available applications, enter any of the ap- 
plications, drag -and -click objects to 
change your room, or enter another room 
in the house. Each of those objectives can 
be done traditionally (using the mouse to 
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click or double-click) or via the list of 
options offered by your personal guide. 
The most helpful guides will even point 
out to novice users that it's easier to click 
on an icon than to use the menu. Once you 

enter an application, the list of options 
changes to those that are of immediate 
importance to the task at hand. And the 

personal guides are always present, mak- 
ing sure that the new user doesn't get 
"stuck" and frustrated. 

The "Social Interface" provided by the 

Friends of Bob is unlikely to intimidate 
even the worst technophobe. Just the op- 
posite: The cutesy nature of the program 
might frighten off the experienced user 
instead! Of course, if you are an experi- 
enced user who would like to get your 
family involved in personal computing, 
you could simply set it up so that Bob was 

accessed through Windows. Other family 
members would double-click on the Bob 
icon to reach the "Social Interface" but 
you would never have to see a Friend of 
Bob. 

We wouldn't go out and buy Bob for our 
existing computer systems. However, if we 

were considering the purchase of a "fam- 
ily" computer to be used by family mem- 
bers who were not computer literate, we 

would favor one that included Bob (such as 

the NEC Ready 9510 reviewed elsewhere). 
Microsoft has already licensed several 
prominent OEMs, and we suspect that 
Bob will reach the public largely through 
being pre -installed on new systems. 

1 'N. 
CIRCLE'S/ ON FREE INFORMATION CARD . 

Oregon Scientific offers a way to bypass 
the television weatherman. Its Model 
BA -213 Desktop Weather Forecaster pro- 
vides up to the minute forecasts for the 
following 12- or 24 -hour period, with no 
annoying chatter. 

Like the TV forecaster, the BA -213 pre- 
sents a pretty face. Measuring a slim 7 - 

inches long by 4 -inches high by 1 -inch 
wide, the device has a fluid, Euro -style 

design that is equally at home on a desk or 

a kitchen counter. For wall mounting, the 
desktop stand detaches and stores conve- 
niently in the back of the unit. 

The most prominent front -panel feature 
is an LCD screen about 2 -inches wide by 
2V2 -inches high. The display is divided 
into four sections. At the top, the baromet- 
ric pressure trend ís indicated by an arrow 
that points up, down, or level. The top 15 



segment also displays one of five weather 
icons-sunny, partly cloudy, cloudy, 
rainy/snowy, and stormy. Each icon is easy 
to interpret-a shining sun for sunny, a sun 
and some clouds for partly cloudy, just 
clouds for cloudy, clouds with precipita- 
tion for rainy/snowy, and flashing light- 
ning -bolt indicators for stormy. The 
second segment displays the relative hu- 
midity indoors, and notes whether the 
level is wet, dry, or comfortable. The third 
section displays the indoor or outdoor tem- 
perature, and the bottom section houses 
alternating clock, calendar, and alarm dis- 
plays. 

Rounding out the front panel is a row of 
four buttons labeled MODE, ALARM, up 
arrow, and MEMORY. Those are used when 
setting the time and date and, occasion- 
ally, to operate some special functions of 
the forecaster. 

Setup is a breeze (pun intended). Once 
the three included "AAA" batteries are 
installed, the unit sets itself automatically 
within a few hours, as its built-in weather 
sensors adjust to local conditions. The 
user need only set the time and date, and 
select either the Celsius or Fahrenheit tem- 
perature scale. The wired outdoor -temper- 
ature probe plugs into a rear -panel jack. Its 
wire is thin enough to allow a window to 
close around it. You can allow the probe to 
dangle outside, or mount a nail or screw on 
the outdoor wall and affix the probe to it. 
Indoor or outdoor mode is selected using a 
slide switch on the back of the unit. 

With setup complete, the forecaster is 
ready to keep you posted on current and 
upcoming weather conditions. Built-in 
barometric, temperature, and humidity 
sensors are used to track changing condi- 
tions. By monitoring the rate and con- 
sistency of barometric pressure changes, 
the device is able to provide weather fore- 
casts that are "generally 75% accurate for 
the surrounding 20- to 30 -mile area," ac- 
cording to Oregon Scientific. 

When rapidly dropping barometric 
pressure is detected, the device uses both 
visual and audible indicators to alert the 
user to approaching storms. A storm warn- 
ing triggers flashing lightning -bolts to ap- 
pear in the upper segment of the LCD and 
sets off audible beeps. Those warning sig- 
nals activate for one minute, reset auto- 
matically, and then reactivate again every 
three minutes until the conditions im- 
prove. Once you are made aware of the 
imminent storm, you can turn off the audi- 
ble indicator manually by pressing any of 
the front -panel buttons; the lightning -bolt 
icons will continue to flash. 

The weather forecaster's built-in memo- 
ry stores the minimum and maximum in- 
door and outdoor temperature readings. 
Those can be recalled by simply pressing 
the MEMORY button in either indoor or out - 

16 door mode. The reading indicates the max- 

imum temperature recorded since the unit 
was last reset. Two presses of the MEMORY 
button recalls the minimum temperature 
stored in memory. A third press returns the 
display to the current temperature reading. 
To clear the temperature memory, the 
MEMORY button must be held for approxi- 
mately two seconds, until a beep is heard. 
Memory is also cleared-automatically- 
when the unit is switched between indoor 
and outdoor temperature modes. 

Finally, the BA -213 can serve as an 
alarm clock. Although it doesn't offer 
such features as snooze or musical 
wakeup, the alarm -clock function makes 
the forecaster an ideal addition to the bed- 
side night stand, where you'd be able to 
see the weather forecast as soon as you 
awakened. 

The manual included with the weather 
forecaster provides brief, but concise in- 
structions (in English, French, German, 
Italian, and Spanish). It also provides 
pointers on interpreting the weather -fore- 
cast symbols and storm alarms. First, of 
course, it's important to remember that the 
symbols are forecasting future conditions, 
not current ones (for which you'll just have 
to look out the window). A rising baromet- 
ric pressure trend indicates improving 
weather; a falling one forecasts worsening 
weather. In terms of indoor relative humid- 
ity, the "comfort" indicator will appear 
when the temperature is between 68°F añd 
77°F and the humidity is between 40% and 
70%. The wet indicator reflects humidity 
of more than 70%, and the dry indicator 
less than 40%, over the entire temperature 
range. 

We tested the desktop weather fore- 
caster over a period of unsettled weather 
("April showers ..." and all that). The first 
day dawned sunny and warm-the TV 
weatherman was predicting highs of 77°, 
well above average for April in New York. 
The desktop weather forecaster was pre- 
dicting rain. We thought at first that per- 
haps its sensors hadn't acclimated yet. 
But, sure enough, by 2:00 PM the skies 
had darkened and rain was falling! 

In such changeable conditions, it was 
difficult to judge the unit's accuracy. How- 
ever, the 75% accuracy rate cited is reason- 
able, based on the proven limitations of 
predicting weather solely by barometric - 
pressure trends. 

The BA -213 has other limitations. For 
instance, we would have liked an outdoor 
humidity probe. "It's not the heat, it's the 
humidity" is all too true come summer- 
time around here. Knowing how humid it 
is inside an air-conditioned home won't 
help us judge how comfortable it is out- 
side. We would also have preferred a way 
to switch between indoor and outdoor 
readings from the front panel-if the unit 
is wall mounted, getting access to the rear - 
panel switch is cumbersome. 

Wind direction and speed play a major 
role in modifying the climatic conditions 
in our seaside community, but they're not 
considered by the Desktop Forecaster. 
And, of course, the forecaster cannot pre- 
dict future temperature. Waking up to a 
reading of a steady barometer, partly 
cloudy conditions, and 55°F at 7:00 AM, 
there's no way of knowing if the day's 
weather will be partly cloudy and 65°F or 
85°E 

Perhaps a future version will add some 
additional features and increased intel- 
ligence. In the mean time, we fully appre- 
ciate how well the desktop weather 
forecaster does the job for which it is in- 
tended: providing, in one quick glance, 
the current temperature and humidity and 
the upcoming weather conditions. Con- 
sidering some of the alternatives-such as 
listening to Willard Scott wishing little old 
ladies happy birthday between weather 
predictions-we'd opt for the desktop 
weather forecaster anytime! 

Building a 
Better Mouse 
Device 
SPECTRUM RING MOUSE POINTING 
DEVICE. From: Kantek, Inc., 15 Main 
Street, East Rockaway, NY 11518. Tel. 
516-593-3212, 800-536-3212. Price: 
$ 99.95 

Back when Apple Computer launched 
its Macintosh, the computer mouse was 
looked at with scorn by "serious" comput- 
er users. Today, mice-and related point- 
ing devices-are big business. There are 
trackballs for laptops, touchpads for 
graphics input, and even mice designed 
just for kids. 

All of those pointing devices have one 
thing in common-they are two-dimen- 
sional beasts-they allow you to move a 
cursor in the x and y directions. The Spec- 
trum Ring Mouse from Kantek is another 
kind of rodent altogether, allowing full 
three-dimensional movement in the x, y, 
and z directions. It provides wireless con- 
venience, too. 

Ring Mousse consists of two main parts: 
a receiver that mounts on the computer's 
monitor, and a transmitter, which is worn 
on the index finger. The receiving unit has 
"L" -shaped arms which are designed to 
run along the top and down the side of the 
monitor. A small box, hinged on the top 
arm, protrudes from the back. It sits on top 
of the monitor, and balances the "L" so 
that no other attachment is required to hold 
it in place. A cable from the box attaches to 
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the computer's serial port. The cable ends 
in a 9 -pin connector; a 9 -pin to 25 -pin 
adapter is included in the package. 

Small ultrasonic transducers are 
mounted at each end of the L, and at the 
vertex where the arms meet. Also at the 
vertex is an infrared detector. 

The transmitter is a small, lightweight 
"ring" that is worn on the index finger, 
held in place by a Velcro band. Two but- 
tons on the transmitter are positioned so 
that they can be accessed by the thumb. An 
ultrasonic transducer is also mounted on 
the top of the ring, and an infrared emitter 
is inside. 

The receiving unit receives the ultra- 
sonic and infrared signals from the ring, 
and translates them into cursor motion. 
The ultrasonic signals are analyzed to 
track the motion of the ring. The infrared 
signals indicate button pushes. 

Installing the ring mouse is relatively 
straightforward. The receiver is plugged 
into the computer's serial port, and the 
software drivers are installed. The auto- 
mated installation program automatically 
installs Ring Mouse for both DOS and 
Windows. 

The manufacturer's suggested mini- 
mum system should have an 80386 or bet- 
ter CPU, 1 megabyte of main memory, an 

available serial port, a hard -disk drive with 
11/2 megabytes of free space, a 21/2 -inch 
disk drive, MS-DOS 3.3 or higher, and a 
VGA display (for the sample software sup- 
plied). 

As a traditional mouse, the Ring Mouse 
takes a little getting used to. Its main bene- 
fit is that it's always there, right on your 
finger-you don't have to take your hand 
off the keyboard to reach for the mouse. Of 
course, to move the cursor, you do have to 
move your hand. We found that for some 

applications, the ring mouse was very effi- 
cient-especially if we used it in combina- 
tion with keyboard shortcuts. With games, 
the Ring Mouse added a new dimension to 
the fun. 

Two Ring Mouse drivers are supplied 
for Windows. The first is for standard Ring 
Mouse operation: If you lift your hand up, 
the cursor goes up. If you put your hand 
down, the cursor goes down. Move your 
hand in front of the monitor from right to 
left, and the cursor follows. 

The second driver for Windows is called 
the Ring Mouse Desktop Mouse Emu- 
lator. In that mode, you can control cursor 
movement by moving your hand around on 
the desktop, just as you would if you were 
using a standard mouse. In essence, that 
driver turns the Ring Mouse into a two- 
dimensional mouse-you no longer have 
to lift your hand to raise the cursor just 
move your hand closer to the receiver. 

The three-dimensional capabilities of 
the Ring Mouse become evident with the 
supplied applications. The first is a. game 
called Rings. The object of the game is 
simple just toss the rings onto the poles 
as in a traditional ring -toss game. The 
game has three levels. In the first, you 
must toss as many rings as you can onto 
seven poles. In the second, the object is the 
same, but the rings and poles are colored. 
Tossing a ring onto a like -colored pole gets 
you extra points. The third level has only 
one pole, hut its position changes to a 
random location for each toss. 

For a computer game, Rings might not 
sound captivating. However, the feel of the 
game is quite impressive. The required 
hand motions are exactly those necessary 
to toss real rings. It's even possible to 
forget that you're playing a computer 
game and not tossing real rings. 

A 3-D Demo program lets you move a 

"space shuttle" around in three-dimen- 
sional space. Obstacles are provided on- 
screen so that you can move the shuttle 
around and behind them. A Draw program 
is similar to standard two-dimensional 
paint programs except that the line width 

The Ring Mouse is designed to be worn comfortably on the index finger. Its two 
buttons are within easy reach of the thumb. Note the ultrasonic transducer on the right 
of the unit. 17 
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or color can be chosen by moving the Ring 
Mouse in the third dimension. 

The Ring Mouse receiver obtains its 
power from the serial port. The transmitter 
contains a lithium watch battery. Accord- 
ing to Kantek, the battery should last about 
a year in normal use. The transmitter has a 
built-in power -down feature that shuts it 
off after about a minute since the last but- 
ton push. Simply clicking one of the hut - 
tons turns it back on. 

The Ring Mouse has a resolution of 100 
dots per inch, and a sampling rate of 50 
updates per second. Also, the receiver can 
track the transmitter up to distances of 
about three feet. 

In our tests, the Ring Mouse operated 
without a flaw-the only problem we en- 
countered was that energy -saving fluores- 
cent bulbs interfered with the receiver. 
Simply moving the light further away from 
the receiver solved the problem. 

Although we're not ready to give up our 
traditional mouse yet, the Ring Mouse is a 
nice alternative for many applications- 
particularly when you need to keep your 
eyes on the screen, and your fingers on the 
keyboard. The Ring Mouse is perfect for 
word processing, for example. However, 
specialized 3-D applications really make 
the Ring Mouse come alive. 

A Different Kind 
of Mouse 
REMOTEPOINT CORDLESS HAND- 
HELD POINTING DEVICE. From: Inter - 
link Electronics, 546 Flynn Road, 
Camarillo, CA 93012. Tel. 
805-484-1331. Price: $129. 

Gone, it seems, are the flip chart, over- 
head projector, and slide projector. To- 
day's presentation tool is the personal 
computer. 

The personal computer is a sensible tool 
to use for a presentation. After all, most 
presentations are prepared on a PC. How- 
ever, the PC has its drawbacks, too. Lap- 
top computers, for example, are ideal for 
taking a presentation on the road, but they 
can be used only in front of small au- 
diences. Computer video projectors can 
be used to give a presentation for a large 
group, but the presenter must remain teth- 
ered to the computer by a mouse cord, and 
his or her hand can't be used to make 
gestures when it must remain on the table 
top, moving the mouse. 

The solution for the presenter who 
wants to be liberated from the desktop, free 
to move naturally to drive home points, is 
the RemotePoint cordless handheld point- 
ing device from Interlink Electronics. 

RemotePoint will work on any IBM- 
PC -compatible computer running MS- 
DOS 2.0, Windows 3.0, or OS/2 2.0 or 
greater. It consists of a handheld transmit- 
ter and a desktop receiver with a 6 -foot 
cable that terminates in a 9 -pin serial con- 
nector. 

The transmitter, which is powered by 
two AAA batteries, is designed to fit com- 
fortably in any hand-both right and left. 
On the top of the RemotePoint is a circular 
VersaPoint pressure pointing pad, per- 
fectly positioned for the thumb. Below 
that is the secondary mouse button. The 
primary mouse button is on the bottom of 
the device, positioned for trigger -finger 
access. The transmitter is roughly 51/2 - 

inches long and 2 -inches wide. It weighs 
only 3 ounces with batteries. 

The receiver obtains its power from the 
serial port or mouse port. (A serial 9 -pin to 
6 -pin PS/2 mouse port adapter is included 
in the RemotePoint package.) The device 
works with a standard Microsoft mouse 
driver, but VersaPoint drivers are also in- 
cluded. The VersaPoint mouse drivers let 
you adjust the sensitivity and acceleration 
of the mouse. 

The VersaPoint pressure -pointing tech- 
nology is the key ingredient that makes 
RemotePoint work, and provides sure con- 
trol over the cursor. The key ingredient to 
VersaPoint is a four -zone force -sensitive 
resistor or FSR. 

The FSR is a resistor whose value 
changes when a force is exerted in it. 
When the FSR detects the thumb pressure, 
it sends the information to a micro - 
controller that converts the FSR's output 
into signals that control the cursor direc- 
tion and speed. The direction of the pres- 
sure controls the direction of the cursor; 
the amount of pressure controls its speed. 

RemotePoint has a range of up to 40 
feet, so it's ideal for making a presentation 
in front of a large group with a video 

projector. The device's feel is very natu- 
ral-we felt comfortable with it right away. 
At first, we made sure to set the mouse 
sensitivity and acceleration rather low un- 
til we were proficient at regulating the 
amount of thumb pressure required to 
move the cursor around where we wanted 
it. After a very short time, we were able to 
increase both factors. In fact, we ended up 
setting both the acceleration and sen- 
sitivity higher than we normally do with 
our standard mouse-and we like a fast 
mouse. 

The infrared signal emitted from Re- 
motePoint is very strong. It is not neces- 
sary to aim the device precisely at the 
receiver, so you can really be yourself dur- 
ing a presentation. The orientation of the 
receiver is also not critical. It can stand up, 
lay flat, or be mounted on either side. 

RemotePoint's transmitter has an auto- 
matic power -down feature. Pressure on the 
pressure pad wakes it up again. A pair of 
AAA batteries should last about a year. 

We liked the feel of the RemotePoint so 
much that we began using it as our stan- 
dard desktop mouse. However, we didn't 
want to have to pick up the device to access 
the primary trigger button, so we used the 
VersaPoint driver to swap the function of 
the two buttons. 

Interlink does offer several other point- 
ing devices that use the force -sensing re- 
sistor VersaPoint technology. For exam- 
ple, a wired version of the RemotePoint, 
called the ProPoint is available, as is the 
PortaPoint, a force -sensitive pointing de- 
vice that is meant to be at home either on 
the desktop or in portable and handheld 
applications. The company also works 
with original -equipment manufacturers to 
provide built-in pointing solutions in rug- 
ged environments, a great strength of Ver- 
saPoint technology because the devices 
contain no moving parts and can be sealed 
against the environment. 
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TECHNOLOGY UPDATE 

New device turns any 
electrical outlet into 
a phone jack 
Engineering breakthrough gives you unlimited 
phone extensions without wires or 
expensive installation fees 
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ou don't have to have a teenager to 
appreciate having extra phone jacks. 

Almost everyone wishes they had more 
phone jacks around the house. 

When I decided to put an office in my 
home, I called the phone company to find 
out how much it would cost to add extra 
phone jacks. Would you believe it was $158? 

No more excuses. 
Today, there are a 
thousand reasons to 
get an extra phone jack 
and a thousand excus- 
es not to get one. Now 
an engineering break- 
through allows you to 
add a jack anywhere 
you have an electrical 
outlet. Without the 
hassle. Without the ex- 
pense. And without 
the miles of wires. 

Like plugging in an 
appliance. Now you 
can add extensions 
with a remarkable new 
device called the Wire- 
less Phone Jack. It 
allows you to convert 
your phone signal into 
an FM signal and then 
broadcast it over your 
home's existing elec- 
trical wiring. 

Just plug the trans- 
mitter into a phone 
jack and an electrical 
outlet. You can then 
insert a receiver into 
any outlet anywhere in 
your house. You'll be 

able to move your phone to rooms or areas 
that have never had jacks before. 
Clear reception at any distance. The 
Wireless Phone Jack uses your home's exist- 
ing electrical wiring to transmit signals. This 
gives you sound quality that far exceeds cord- 
less phones. It even exceeds the quality of pre- 
vious devices. In fact, the Wireless Phone Jack 

has ten times the pow - 

Is the Wireless Phone Jack 
right for you? 
The Wireless Phone Jack works with 
any single -line phone device. Almost 
anyone could use it, especially if.:. 

Few jacks. You want more phone 
extensions without the hassle and ex- 

pense of calling the phone company. 

l Bad location. You have jacks, but 
not where you need them most, like 
in the kitchen, garage, home office or 
outside on the deck. 

Renting. You want to add exten- 
sions, but you don't want to pay each 

time you move. 

m Other phone devices. You have 

an answering machine, modem or fax 
machine you want to move to a 

more convenient place. 

The Wireless Phone Jack System 
consists of a 
transmitter 
(right) and a G 
receiver (left). 
One trans- 
mitter will 
operate an 
unlimited num- 
ber of receivers. 

er of its predecessor. 
Your range extends 

as far as you have elec- 
trical outlets: five feet 
or five hundred feet. If 
you have an outlet, 
you can turn it into a 

phone jack-no matter 
how far away it is. The 
Wireless Phone Jack's 
advanced companding 
noise reduction fea- 
tures guarantee you 
crystal-clear reception 
throughout even the 
largest home. 

Privacy guarantee. 
You can use The Wire- 
less Phone Jack in any 
electrical outlet in or 
around your home, 
even if it's on a differ- 
ent circuit than the 
transmitter. Each Wire- 
less Phone Jack uses 
one of 65,000 different 
security codes. You can 
be assured that only 
your receiver will be 
able to pick up trans- 
missions from your 
transmitter. 

Unlimited extensions-no monthly 
charge. Most phone lines can only handle 
up to five extensions with regular phone jacks. 
Not with the Wireless Phone Jack. All you 
need is one transmitter, and you can add as 
many receivers as you want. Six, ten, there's 
no limit. And with the Wireless Phone Jack, 
you'll never get a monthly charge for the ex- 
tra receivers. 

Works with any 
phone device. 
This breakthrough 
technology will 
fulfill all of your 
single -line phone 
needs. It has a spe- 
cial digital interface 
for use with your 
fax machine or mo- 
dem. You can even 
use it with your an- 
swering machine 
just by plugging 
it into the Wireless 
Phone Jack receiver. 

Special factory - 
direct offer. To 
introduce this new 
technology, we are 
offering a special 
factory -direct pack- 
age For a limited 
time, the transmit- 
ter is only $49. One 
transmitter works 
an unlimited num- 
ber of receivers 
priced at $49 for the 
first one and $39 for 
each additional re- 
ceiver. Plus, with 
any Wireless Phone Jack purchase, we'll throw 
in a phone card with 30 minutes of long dis- 
tance (a $30 value) for only $9.95! 

Try it risk -free. The Wireless Phone Jack 
is backed by Comtrad's exclusive 30 -day risk - 
free home trial. If you're not completely satis- 
fied, return it for a full "No Questions Asked" 
refund. It is also backed by a one-year manu- 
facturer's limited warranty. Most orders are 
processed within 72 hours and shipped UPS. 

Wireless Phone Jack transmitter $49 $4 S&H 

Wireless Phone Jack receiver $49 $4 S&H 

save $10 on each additional receiver-$39 

3o -minute long distance phone card.Sail 
$9.95 with Wireless Phone Jack purchase 

The Wireless Phonelack lets 

you add a phone, modern, 

fax machine or answering 
machine almost anywhere. 

Please mention promotional code 017 -ft -6624 . 
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For fastest service, call toll -free 24 hours day .t 

800-992-2966 
1 1 
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To arder by mail, send check or money order for the total 

amount including S&H (VA residents add 4.5% sales tax). Or o 
charge it to your credit card by enclosing your account num- 
ber and expiration date. 

INDUSTRIES 
2820 Waterford Lake Drive, Suite 106 

Midlothian, Virginia 23113 
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GIZMO NEWS 
Games Standards 

VESA, the Video and Electronics Stan- 
dards Association, has established the 
Game Developers' Advisory Council to 
address the need for game hardware stan- 
dards on the PC. 

The first task of the Council will be to 
improve game input devices. VESA plans 
to define standard interfaces for using such 
devices as 3-D joysticks, flight yokes, 
steering wheels, game pads, virtual -real- 
ity headgear, and other exotic new game 
controllers. 

"The present game -control interface- 
the joystick port-is obsolete," according 
to Ken Nicholson, Director of ATI Interac- 
tive!, a VESA member company. Express- 
ing a sense of urgency for manufacturers, 
he went on to say "When Microsoft re- 
leases Windows '95 later this year, it will 
provide the software support for a myriad 
of new game controllers." 

To kick things off, VESA will survey its 
members regarding hardware developer 
requirements for graphics and video, au- 
dio, remote -control, and system -level is- 
sues. Game developers will also give input 
regarding their needs. 

Giant Displays 
The inventor of Texas Instrument's Dig- 

ital Micromirror Device (DMD) has won 
the Eduard Rhein Foundation's Tech- 
nology Award for his work. Although his 
invention is still years away from consum- 
er application, the DMD promises to make 
huge, bright, high -resolution video dis- 
plays practical. 

Address 
Electrode 

Landing Tip 

More than 400,000 moveable micro- 
miniature mirrors are fabricated on a 
Digital Micromirror Devices from Texas 
Instruments that measures only 5/8 inch 

The Digital Micromirror Device is a 
digital light switch on a silicon chip. A 
standard DMD microchip contains more 
than 442,000 switchable mirrors on a sur- 
face that is 1/4 -inch wide. Mirrors are 
switched according to memory impulses 
stored beneath the tiny array-they tilt at 
angles of plus or minus 10 degrees to re- 
flect light into or away from an imaging 
lens. 

Texas Instruments' Digital Light Pro- 
cessing (DLP) technology integrates the 
DMD microchip with TI digital signal 
processors and memory, plus software, 
optical, and electrical components, and an 
illumination source to create a digital 
imaging subsystem. Digital light -process- 
ing technology allows traditional analog 
video to be digitally captured, manipu- 
lated, and optically reflected from the mir- 
rored aluminum surface of the DMD 
display. 

Because of the initial high manufactur- 
ing costs, the first applications of the new 
display technology will likely be large sta- 
dium -type video displays. However, the 
technology can be adapted to smaller 
screens, too. 

Digital Video Discs 
Two HDCD (high -density compact 

disc) video disc formats are battling each 
other to become the next popular video 
format. Unfortunately, the battle between 
the Toshiba/Time Warner and Sony/Phi- 
lips camps is reminiscent of the Beta vs. 
VHS format wars of more than a decade 
ago. 

Mirror 
Support Post 

Hinge 
Support Post 

Electrode 
Support Post 

on a side. The DMD is intended to re- 
place CRT and liquid -crystal light valve 
projectors for large -screen video dis- 
plays. 

A victory will, of course, be a tremen- 
dous boon to the winning company. How- 
ever, the battle will cost the industry 
tremendously, according to a market fore- 
cast by InfoTech, a multimedia market re- 
search firm that is located in Woodstock, 
VT. 

By late 1998, the U.S. installed base of 
HDCD players is expected to break the one 
million mark. But the numbers could very 
well be twice that if the standards battle 
between the formats is resolved quickly. 
On the other hand, InfoTech President 
Julie B. Schwerin, painting a somewhat 
pessimistic picture, contends that "a stan- 
dards war is in nobody's interest, but even 
without one, the readiness of consumers to 
replace VHS, a recordable medium, with a 
playback -only medium is untested. Adop- 
tion will lag even further if HDTV is not 
commercialized within the next three 
years." 

Videogames will probably be the most 
robust market for high -density discs, at 
least at first. Compatibility between com- 
petitive systems has never existed in the 
videogame product category, so yet an- 
other new format isn't seen as that large of 
an obstacle. 

High -Definition VCR 
A new, digital high -definition TV 

(HDTV) VCR standard has been endorsed 
by the HD Digital VCR Conference, 
which represents more than 50 members 
of the worldwide VCR industry. The stan- 
dard was recommended by the Con- 
ference's Advanced Television (ATV) 
Working Group. 

The ATV Working Group began de- 
veloping the recording and special -feature 
specifications last year to enable digital 
HD VCRs to record and play back the 
transmission signals of the Grand Alliance 
digital HDTV system, which is now under 
final test. 

The HD Digital VCR Conference was 
established in late 1993 to determine tech- 
nical specifications for consumer -use 
high -definition. digital VCRs. The tech- 
nical documentation of the Grand Alliance 
system was completed in February by the 
Advanced Television Standards Commit- 
tee (ATSC) under the guidance of the 
FCC's Advisory Committee on Advanced 
Television Systems. 

The development of the digital high - 
definition VCR in parallel with the de- 
velopment of the transmission of HDTV 
signals is seen as a key step forward in 
preparing for digital HDTV broadcasting 
in the U.S. 



ELECTRQNICS.WISH LIST 

Bookshelf Speakers 
The compact 141 speakers feature proprietary technology from Bose Corpora- 

tion (The Mountain, Framingham, MA 01701-9168) for lifelike sound reproduc- 
tion and are tested by computer to ensure their conformance to several 
performance parameters. The classically styled speakers will fit in any decor from 
contemporary to traditional. A full, rich stereo sound is produced by the speakers' 
4.5 -inch StarDriver transducer, which consists of a unique star -shaped butyl - 
rubber surround and mica -impregnated cone material. The surround is a frequen- 
cy -shaping element and the cone delivers smooth, extended high -frequency 
performance, eliminating the need for a separate tweeter and crossover. The 
ported cabinet design ensures deep bass extension. Price: $139 per pair. 
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Multi -Format Boombox 
For those who like to keep their listening options open, Sanyo (21350 Lassen 

Street, Chatsworth, CA 91311-2329) offers the MDC-100 a portable music system 
with AM/FM radio, cassette tape, CD player, and Mini Disc (MD) player/ 
recorder. It allows one -touch digital recording from compact disc to Mini Disc; by 
loading a blank MD and a pre-recorded CD and pressing the record button, a 

digital recording is made automatically. Record editing allows the user to 
customize the order in which tracks are recorded, and a disc -title insertion feature 
allows the name of the disc to be included in the MD recording. The MDC-100 
also offers one -touch synchronized dubbing from CD to tape, along with AM/FM 
digital tuning, dual -cone speakers, bass -enhanced sound, a fluorescent dot- 
matrix display, and a seven -band spectrum analyzer. Price: $999.99. 
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Auto Video Editor 
The V-6331 video editor from Ambico (46-23 Crane Street, Long Island City, 

NY 11101) includes an automatic mode in which the editor displays on -screen 
instructions on the TV monitor used during the editing process. The auto mode 
can be used with any camcorder with a Control -L jack. Computerized operation 
allows the user to mark up to 192 desired scenes on a videotape and delete any 
material he or she doesn't want to use on the edited version. The desired scenes 
can then be assembled in any order, regardless of the sequence in which they were 
shot. Three professional -style scene transitions are available, including cut, fade - 
to -black, and fade -to -white. Those can be combined in nine different ways for a 
varied video. Other features include video enhancement circuitry and audio 
fading. Price: $299.99. 
CIRCLE 57 ON FREE INFORMATION CARD 

Rear -Projection Monitor 
Pioneer Electronics' (2265 East 220th Street, Long Beach, CA 90810-1639) 

55 -inch PRO -107, part of the Elite line of "cinema -wide" rear projection 
monitors, is designed to significantly increase the apparent amount of video 
information from conventional NTSC programs. The rear -projection set uses 
"continuous variable expansion technology," which digitally expands the hori- 
zontal picture information of conventional 4:3 television broadcasts. That tech- 
nology, combined with less overscan, allows the picture to be projected on a space 
12% larger than that of comparably sized standard TVs and offers consumers 5% 
more video information than previously available. In addition, the PRO -107 
includes a digital zoom feature that provides the option of watching movies in the 
normal aspect ratio or in full -cinema viewing mode, in which the vertical picture 
information is expanded to fill the screen. For instance, a movie recorded in the 
letterbox format and played in full -cinema mode can be viewed with black bands 
minimized and, on some movies, virtually eliminated. The TV also comes with a 
built-in, enclosed, two-way speaker system and a removable, protective acrylic 
screen intended to prevent scratches and further eliminate noticeable scan lines. 
Price: $5500. 
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Esoteric Sounds 33,7E -rpm Turntable 

Kawai Anytime Piano 
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Fisher Mini System 
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Viacom New Media's Rocko's Modern Life 

. Record -Collector's Turntable 
Aimed at audiophile record collectors, the BES -2 turntable from Esoteric 

Sounds (4813 Wallbank Avenue, Downers Grove, IL 60515) offers two speeds: 
33.33 and 78.26 rpm. The no -frills, belt -drive turntable features a high -quality 
fixed -cartridge arm. It is fully manual; there are no automatic features to compli- 
cate operation. The high -density, polymer platter is virtually inert and provides 
excellent vibration damping. Because the platter material is impedance matched 
to the record being played, the record "almost merges with the platter." A low - 
torque motor minimizes mechanical noise. A hinged dust cover is included. Price: 
$665. 
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Quiet A Piano! 
What good is an acoustic piano that you can't hear? Well, the Anytime Piano 

from Kawai America Corp (2055 East University Drive, Compton, CA 90224) 
lets you practice playing at a real piano without waking the neighbors. The 
Anytime Piano is an acoustic/digital hybrid instrument. It contains a photo sensor 
system that determines how the notes are played electronically instead of mechan- 
ically, and it can be played either as a real piano or a digital instrument. In its 
digital mode, the piano can create three distinct instrument sounds: piano, 
harpsichord, and vibraphone. MIDI jacks allow the Anytime Piano to be con- 
nected to any external MIDI sound device. Although the unique piano is loaded 
with high-tech features, it looks just like a classic upright model. Price: n/a 
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Smart Shelf System 
The new DCS-M27 mini/shelf system from Fisher (21350 Lassen Street, 

Chatsworth, CA 91311) offers a little built-in intelligence to make it easier to use. 
A press of either the tuner, CD tape, or auxiliary selector buttons turns the system 
on and sets it to receive input from the selected source. Electronic equalization 
provides settings for pop, jazz, rock, or classical music; a dynamic bass mode can 
be used to boost the low end performance. The system offers 32 random presets for 
the AM/FM tuner, a remote control and motorized volume control, a dual cassette 
deck with full -logic controls and an electronic tape counter. A 3 -disc front - 
loading CD changer allows CDs to be changed while one is playing. The amplifier 
can deliver 50 watts of power. Price: $499. 
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StarSight-Equipped VCR 
The first VCR to include the StarSight interactive on -screen program guide is 

the four -head, stereo VR8905 from Samsung Electronics (105 Challenger Road, 
Ridgefield Park, NJ 07660). StarSight provides subscribers with an on -screen 
color grid -style guide of all scheduled television programs for the next seven days. 
Viewers can select a program of interest on the grid to call up additional informa- 
tion, such as title, plot summary, length, and critic's rating. By pressing the 
RECORD button, the VR8905 is instantly programmed to record the selected TV 
prográm without further instructions or number code input. The RECORD button 
also lets the viewer record a daily or weekly series in one easy step. Price: $549. 
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Rocko's Modern Life Videogame 
Based on the popular Nickelodeon cartoon, Rocko's Modern Life: Spunky's 

Dangerous Day a Super Nintendo game from Viacom New Media (1515 Broad- 
way, New York, NY 10036) features non-violent themes and amusing characters. 
In the game, players assume the role of Rocko,. a miniature kangaroo, who must 
protect his absent-minded dog Spunky on a journey through 16 levels of obstacles 
ranging from "grungy gripes" and garbage rats to crazed washing machines. 
Players use a variety of inventive methods to transport Spunky to the golden fire 
hydrant that punctuates each level. Price: $59.95. 
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Obtain required certification... 
Enhance your career potential... 
Improve your earning power... 

Prepare Yourself 
to Pass The 
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Licensing and 
Certification Exams! 
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Give yourself the competitive edge it takes to suc- 
ceed in the expanding world of communications. For 
the first time ever, McGraw-Hill offers you the oppor- 
tunity to thoroughly prepare yourself to pass the diffi- 
cult tests required for licensing and certification by 
major sponsoring organizations. 

Use Communications Licensing and Certification 
Examinations The Complete TAB Reference to "prep" 
yourself in a wide range of electronics subjects and con- 
centrate on the areas where you need to "brush.up." 

Practice Tests for Communications Licensing and 
Certification Examinations provides you with full-length 
practice tests that cover virtually every subject needed to 
master the actual test. Answers let you focus on your 
weak points and improve your overall knowledge. 

Much more than just a textbook, this set provides a 
focused review of the material you need to know. Fill 

out and return the coupon, or call, toll -free 
1-800-822-8158 - now - for this 

extraordinary study 
reference set. 
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Get a TAB Electronics brief 
bag, absolutely free! 

17111 TAB Electronics 
P.O. Box 182606 - - - 
Columbus, OH 43271-3033 

Please rush my 2 -volume set (#587064 -9). -Payment 

The 
electresics 

[j YES! Satisfaction Absolutely Guaranteed 
We're so sure that you'll be satisfied with your selection, of $69.90 (plus $6 S&H and applicable sales tax) is enclosed. 
we'll even pay the oostage if you decide to return it. 

I understand that if I purchase this set now, I will receive a 

TAB Electronics brief bag, absolutely free. ó PAYMENT METHOD: 

[ ] Check or Money OrderEnclosed [ ] Please charge my credit card: Name 
1 IT 

Address = 

I' ,_ [1 [1( 11 I 
- - -State Account No. City- - ó 

Expiration Date Zip Phone (- ) 
Signature P 

- a FOR FASTEST RESPONSE CALL TOLL -FREE, 1800 8224158, 24 hours a day! Key=SP85PEA 
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By Marc Spiwak 

Kids Like 
Multimedia, 

Too 

MULTIMEDIA 
WATCH 

I don't often report in 

depth on multimedia 
software for children, even 
though there is a terrific 
amount of it out there. How- 
ever, I recently became a 
father for the first time, so I 

figure it's as good a time as 
any to look at that popular 
area of CD-ROMs. 

CHILDREN'S TITLES 
To start off with, The 

Wrong -way -around World 
from Active Imagination, a 
Packard Bell subsidiary, pro- 
vides kids ages 3 to 8 with 
hours of fun, storytelling, 
and educational games. 
Stories take place in worlds 

The more the aliens learned about Alistair, 
the more they wanted to know, 

ell ,1-. - - 

Alistair and the Alien Invasion lets kids travel on a space ship 
and meet aliens. 

that just should not be, such 
as places where rain pours 
up. The disc sells for $19.95. 

I've got two titles from 
New Media Schoolhouse. 
Early Learning Center CD is 

five programs for ages 4 to 
9 on one disc; Using Money 
and Making Change, Talk- 
ing Clock, Pink Pete's ABC's, 
Vocabulary Builders, and 

Talking USA Map. The 
games use a digitized 
human voice to help kids 
learn. The disc has a retail 
price of $69. Boing Boing & 
Roger's Learning Adventure 
is an electronic board 
game for up to four players, 
ages 6 and up. Hundreds of 
trivia questions teach the 
players about science, liter- 
ature, math, history, and 
more. The title lists for $59. 

I've got three new titles 
from Paramount Interactive. 
Lenny's Multimedia Circus 
features Lenny the penguin 
as a circus ringmaster for 
children ages 5 to 11. Chil- 
dren are allowed to 
interact with Lenny and the 
circus. Lenny's Time Ma- 
chine lets children ages 5 
to 11 climb aboard Lenny 
the penguin's time machine 
and visit 15 of history's most 
exciting destinations. 
Richard Scarry's How Things 
Work in Busytown is de- 
signed for children ages 3 

to 6 and lets them learn 
how things work together in 
the community of Busytown. 

New children's titles from 
Simon & Schuster Interac- 
tive include My Favorite 
Monster and Alistair and the 
Alien Invasion. My Favorite 
Monster introduces Mooky 
the Monster and the 
characters that inhabit his 
world to children ages 4 to 
10. IGds have free reign to 
explore Mooky's house and 
play with his things. Alistair 
and the Alien Invasion lets 
kids travel on a space ship 
and meet aliens, at the 
same time building vo- 
cabulary, reading skills, and 
hand -eye coordination. The 
game uses Microsoft's new 

WinToon technology to pro- 
duce richer, more fluid 
animation. 

To wind up the children's 
titles, I've got four of them 
from IVI Publishing. Ozzie's 
World lets kids explore the 
magical world of Ozzie Ot- 
ter and learn about 
science and ecology 
through puzzles, games, 
and more. For ages 3 to 8, 
What is a Bellybutton an- 
swers a child's first questions 
about the human body. 
AnnaTommy uses anima- 
tions based on actual 
inside -the -body video foot- 
age to teach kids ages 8 
and up about basic anat- 
omy and biology. Older kids 
might like The Virtual Body, 
which offers an interactive, 
self -guided course on 
human biology and anat- 
omy. 

CD-ROM MULTIPAKS 
Before we get to the new 

stuff for this month, I want to 
comment on an observa- 
tion I've made on the 
general availability of CD- 
ROMs. The fact is, CD-ROMs 
are everywhere, and they 
are becoming quite inex- 
pensive. I recently saw an 
ad for a CD -ROM -of -the - 
month club, the kind where 
you get a bunch of them 
cheap at first and then 
have to buy x number of 
titles in the future. Bulk CD- 
ROM packs for less than 
$50 are also proliferating. 
And companies like Essex 

Entertainment have com- 
mitted themselves to selling 
lots of titles for very little 
money. 

Essex Entertainment plans 
on selling hundreds of titles 



on a wide variety of sub- 
jects with retail prices 
ranging from $9.95 to 
$14.95. Many of the titles 
have been available for a 
while, but at higher prices. 
The discs will be marketed 
through the usual software 
suppliers, as well as music 
stores and other similar out- 
lets in an attempt to get 
people to buy CD-ROMs on 
impulse. With prices that 
low, and the titles on display 
at checkout lines every- 
where, I think the plan 
might work. 

NEW STUFF 
There are 25 planes up in 

the air, 16 accidents waiting 
to happen, and only you 
stand in the way of disaster. 
Air Havoc Controller from 
Trimark Interactive is a real- 
istic air -traffic -control 
simulator that includes over 
30 minutes of 3D anima- 
tions that let the player 
witness planes taking off, 
landing, and crashing. 
Crashes include fiery explo- 
sions and blood -curdling 
screams. For $49.95, who 
could resist trying to prevent 
those violent crashes from 
happening or letting 
them crash for that matter? 

A 2 -CD set from Gametek 
commemorates the first 
twenty years of the televi- 
sion show Saturday Night 
Live. Saturday Night Live- 
The First Twenty Years'in- 
cludes over 50 Quicktime 
films of some of the best 
moments from the show 
from 1975 to 1995. From 
"The Blues Brothers" to 
"Wayne's World," all the best 
skits are here. This com- 
memorative set is a must - 
have for any fan of the 
show. 

Last but not least for soft- 
ware this month is the all- 
time best-selling trivia 
game in a multimedia edi- 
tion on CD-ROM. Parker 
Brothers' Trivial Pursuit CD- 
ROM is now being dis- 
tributed by Virgin 

What Is a HEAR] ATTACK 
Anna --- ,. iffra 

Rigid coronary artery -- - Aortic arch 

Right oh" - 
Right veneítle 

ar 
s h 

A heart altad, it a dangr. 
condition witch strikes when 
something proven', the heart 
from pumping enough blood 
through the body. 

Lett coronary artery 

--- lull veuuicle - Damaged Kenn muscle 

The Virtual Body offers an interactive, self -guided course on 

human biology and anatomy. 

Air Havoc Controller is a realistic air -traffic -control simulator 
that includes over 30 minutes of 3D animations. 

Interactive. People familiar 
with the original board 
game will be immediately 
at ease with this multimedia 
version. All the same rules 
apply except that you have 
to play on a multimedia 
computer. 

With all the new CD- 
ROMs I receive each 
month, I run out of places 
to put them. Fortunately 
some new products from 
Coast Manufacturing Com- 
pany can help me out. 
Coast has a complete line 
of CD-ROM carrying and 
storage cases. For loose 
discs that I receive, Coast's 
wallet- and album -type 
cases are just what I need. 
The discs slide into see- 
through sleeves that make 

.. 
4gnoPnrer 

ac.:ve:411 

MULTIMEDIA CD 
HOME STORAGE 
oS>F 965,....."110111111 

This CD home -storage album 
from Coast Manufacturing 
Company has 12 pages that 
can hold up to 96 discs. Refill 
pages can be added. 

browsing easy, and fin- 
gerprint -damage free. 
Pocket -sized wallet holders 
are available in sizes from 

WHERE TO GET IT ; 

Active Imagination 
P.C. Box 10870 
Canoga Park, CA 91309 

CIRCLE 66 ON FREE 
INFORMATION CARD 

Coast Manufacturing Company 
200 Corporate Boulevard South 
Yonkers, NY 10701 

CIRCLE 67 ON FREE 
INFORMATION CARD 

Essex Entertainment 
560 Sylvan Avenue 
Englewood Cliffs, NJ 07632 

CIRCLE 68 ON FREE 
- INFORMATION CARD 

Ganetek, Inc. 
2999 Northeast'191st Street 
Suite 500 
North Miami Beach, FL 33180 

CIRCLE 69 ON FREE 
INFORMATION CARD 

IVI Publishing ' 

7500 Flying Cloud Drive 
Minneapolis, MN 55344 

CIRCLE 70 ON FREE 
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New Media Schoolhouse 
P.C. Box 390 
69 Westchester Ave. - 

Pound Ridge, NY 10576 '1 
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Paramount Interactive 
1515 Broadway 
New York, NY 10036 

CIRCLE 72 ON FREE 
INFORMATION CARD 

Simon & Schuster Interactive 
1230 Avenue of the Americas 
-New York, NY 10020 

CIRCLE 73 ON FREE 
INFORMATION CARD 

Trirnark Interactive 
2644 30th Street 
Santa Monica, CA 90405 

CIRCLE 74 ON FREE 
INFORMATION CARD .. 

12 to 48 discs, and a home - 
storage album has 12 

pages that can hold up to 
96 discs (and refill pages 
can be added). A padded 
CD carrying case lets me 
carry up to 30 discs and 
their jewel boxes wherever I 

go. All of those cases are 
very affordable, with none 
of them listing for more 
than $29.95. Of course any 
of them can be used for 
audio CDs as well. 25 



Elenco 
Electronics 
LP -525K 
Logic -Probe 
Kit 

¡L_LOPROBE 
MODEL LP -525K 
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Assembly & InstruC 
Manual 
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ELENCp.,ELECTRONICS, INC. 
..2 1992 F 1,,,w, Epic b on.a. Inc 
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Build the Elenco LP -525K logic probe and add another troubleshooting 
tool to your arsenal. 

To many hobbyists, building in 
general, and kit building in par- 
ticular, lies at the very heart of 

what makes electronics fun. Hobbyists 
like to build kits of all kinds, but per- 
haps the best kits are the ones that 
end up as something useful, and what 
could be more useful to an elec- 
tronics hobbyist than a kit that yields a 
piece of test equipment? Such is the 
case with the LP -525K logic -probe kit 
from Elenco Electronics, Inc. 

Once built, the LP -525K logic probe 
can be one of the most useful tools a 
hobbyist has, especially for working 
with digital circuits. With just one 
touch, a logic probe can tell you if a 
point in a circuit is at logic high, logic 
low, or open; if a pulse train is present; 
and if so, the relative frequency of the 
pulse train. Even better, all of that utility 
is available for just $19.95. That makes 
the LP -525K one of the more afford- 
able pieces of test gear you can buy. 

26 Specifications. The LP -525K has an 

input impedance of 100 kilohms and 
is input overload protected from 30 - 
volts DC continuous and 120 -volts AC 
for 10 seconds. A switch puts the 
probe in either its TTL or CMOS mode. 
In the TTL mode, anything over 2.3 
volts is indicated as a high, while in the 
CMOS mode anything over 70 per- 
cent of Vcc is high. A TTL low is indicat- 
ed for anything under 0.8 volt, and a 

Here's how the Elenco LP -525K logic - 
probe kit looks when it is finished and 
ready for use. Its usefulness and low cost 
makes it a must for any workbench. 

CMOS low is anything under 30 per- 
cent of Vcc. The logic probe can also 
detect single pulses of at least 200 
nanoseconds and square waves of at 
least 50 nanoseconds. 

The Kit. The Elenco LP -525K is a nice 
one -evening project. The kit includes 
everything you need to build the 
probe, including a roll of solder. All you 
have to supply are a few hand tools 
and a soldering iron and, of course, 
a little of your own time. 

An instruction manual included with 
the kit gives the builder a thorough 
understanding of the probe. The 
manual begins with the probe's speci- 
fications and a parts list. A description 
of the probe's circuitry explains how 
different input signals cause the LEDs 

to light in different patterns. 
Building the probe basically in- 

volves stuffing a small single -sided PC 
board with a handful of components. 
The assembly instructions are easy to 
follow, especially for a beginner who'll 



find the thorough descriptions of all 

parts comforting, especially the re- 

sistor color codes that are given as 

each resistor is installed. The kit could 
actually be built with no knowledge of 
resistor color coding and without the 
aid of an ohmmeter. 

Once the probe is finished, the 
manual describes how to test and op- 
erate the unit. A chart is included that 
explains how to interpret the LEDs and 
how they light. Should there be any 
trouble in getting the probe to work, a 

troubleshooting chart will help clear 
up the problem. And if that doesn't 
work, Elenco Electronics is always 
there to help. 

The finished LP -525K logic probe, 
which measures about 7 inches long 
with the probe tip, will surely find a 
home on your workbench-or in your 
toolbox. Like any good logic probe, it 
is óne of the most useful tools you can 
have when working with digital cir- 

cuitry. At $19.95, ifs the perfect project 
to put away for a rainy day. And its 

small price and size make it the per- 
fect gift for any beginner in elec- 
tronics. 

For more information on the 
LP -525K logic -probe kit, contact Elen- 

co Electronics directly at the address 
given in the box below, or circle no. 

119 on the Free Information Card. 

FOR MORE INFORMATION 

Elenco Electronics, Inc. 
150 W. Carpenter Ave. 
Wheeling, IL 60090 
Tel. 708-541-3800 

RAIN FOREST 

RESCUE: To 
HELP STOP THE 

DESTRUCTION 

To contribute to 
Rain Forest Rescue. 

call 

1-800-222-5312 

;1 n, aun:a 
Artwrt):rvFoundation 

It started in America! 

The creators are the masters 
in manufacturing the finest 
video products... 
You probably don't associate VCR's with Amer- (st_AGK- 

wAIGH MiBMa, 

lean technology. Fact is, video recording has its ' >ps-'2O 

origins in America and it was 3M that brought o 1,1 
video recording out of the lab and into your liv- 
ing room. Today, 3M video tape is the choice of 
all the major networks. No other tape company 

has ever won an Oscar or an Emmy. 3M Black 

Watch tape follows in this tradition-service and 

quality go hand in hand. Here are three Black 

Watch products you should be using at home! 

Clean up! With constant playing and using of de- 

grading dry or wet cleaners, the output of your 

video tapes has slowly diminished to an unac- 

ceptable level and the VCR plays as if it has a head 

cold! The culprit is most likely clogged and dirty 

video and/or audio heads. The 3M Black WatchTM 

Head Cleaner Videocassette uses a patented mag- 

netic tape -based cleaning formation to remove 

head clogging debris. No foreign substances such 

as cloth, plastics or messy liquids and no harsh 

abrasive materials are present. The cleaner's us- 

able life is 400 cleanings or more! 

It's easy to use. Place the 3M Black WatchTMHead 

Cleaner Videocassette in the VCR and press the 

Play button. A pre-recorded message will appear 

clearly on your screen and an audible tone is heard, 

telling you that the cleaning process is now com- 

pleted. No guess work; you never over clean!. 

Priced at $19.95. 

For the VCR! Once your VCR's record and play- 

back heads are cured, and the unit plays like new, 

consider using the finest videocassette you can 

buy-the 3M Black WatchTM TI20 Hi Pro VHS 

4410 Videocassette. The 4410 is the highest per- 

forming videocassette available today for use with 

all standard format VHS recording hardwa e! 

Here's what you hear and see....A sharp. clear pic- 

ture-brightest ever colors-freedom from streaks, 

flashes and snow-outstanding high-fidelity audio 

reproduction-optimum camcorder perfor- 
mance-maintains recording integrity. 3M Black 

WatchTM video tape is 100% laser inspected to 

guarantee surface smoothness and drop -out free 

performance. Priced at $8.00 

You saw it here first! 3M Black Watch"' 0900 

8mm video tape cassette loaded into your Hi Band 

camcorder delivers the finest picture and sound 

possible in the 8mm format. Extremely fine par- 

ticles of pure iron alloyed with nickel and cobalt 

deliver a video performance exceeding 400 lines of 
horizontal resolution. You gel the advantage of an 

exceptional video image with superior audio re- 

i-- 
J 

° r,"1, . For the 
clearest 
picture's 
you ever 
record! 

production. This means your Hi 8 format cam- 

corder will produce the best video and audio def- 

inition possible. With the 3M Black WatchTM 8mm 

cassette. the recording capability and performance 

of your camcorder will be significantly enhanced. 

Priced at $14.95. 

rClaggk Inc. - 3M VHS Special Offer 
P.O. Box 4099, 
Farmingdale, 
New York 11735 

Yes, I like your offer and here is my order for 
3M Black WatchTM products! 

3M Black WatchTM 0900 Hi Band -120 
8mm Cassette 
($14.95 each) $ 

_ 3M Black WatchTM T120 Hi Pro VHS 
4410 Videocassette 
($8.00 each) $ 

3M Black WatchTM Head Cleaner 
Videocassette 
($19.95 each) $ 

Shipping and handling per order $4.00 

Total Amount in U.S. Funds only$ 

New York residents add local sales tax. 
Canadians add $6.00 per order. No foreign 
orders. Do not send cash. 

Bill my O VISA MasterCard 

Card No. 

Expire Date _/_/_ 
Signature 

Name (Please print) 

Address 

LCity State ZIP 
J 27 
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By John J. Yacono 
Technical Editor 
Windows Magazine 

Workbench 
Equipment 

VOLTAGE 

THINK TANK 
Most of this month's let- 
ters present 

interesting test -equipment 
circuits. But, before we get 
to those letters, we'll con- 
tinue our monthly tutorial by 
discussing average power 
dissipation, as promised last 
time. 

If a resistor will be subject 
to quick fluctuations in cur- 
rent or voltage, we don't 
need to use the maximum 
value of current or voltage 
to select the resistor's wat- 
tage. In most cases, the 
current and voltage peaks 
would occur only momen- 
tarily, and would be 
balanced by moments at 
which current and voltage 

Fig. 1. In a wide number of applications, current and voltage 
fluctuate as shown in this sinewave pattern. 

are at a minimum. A per- 
fect and common example 
of that is when current and 
voltage fluctuate in a pat- 
tern called a "sinewave" 
(see Fig. 1). One reason that 
is a popular waveform is 

because it resembles the 
pattern of AC electricity 
found in homes. 

If the voltage varies up 

and down as shown, then 
what value of voltage 
should we use? One might 
be tempted to say it should 
be an "average" value, but 
because each positive 
point of a sinewave has a 
corresponding negative 
point, the average is zero. 
We could do a mathemati- 
cal trick to make the whole 
waveform positive, though. 
First we "square" each val- 
ue on the wave (multiply 
each value by itself), which 
would give us all positive 
numbers. Then we take the 
average and find the 
square root of it to undo the 
effect of squaring. That is 

called "taking the root - 
mean square." 

For a voltage sinewave, 
the math yields this rela- 
tionship: 

Vrms = 0.707Vp 

where Vrms is the root -mean 
square or effective value of 
the voltage, and Vp is the 
peak voltage. The root - 
mean square value is the 
value to use for power cal- 
culations in resistive circuits. 
That same analysis can be 
applied to current: 

Irms = 0.7071p 

where Irms is the root -mean 
square or effective value of 
the current, and 1p is the 
peak current. 

To deal with sinusoidal 
current and voltage, you 
can simply substitute the 
root -mean square values of 
current and voltage into 
the equations we discussed 
last month for power, yield- 
ing: 

P= Irms2R 

P = Vrms2/R 

That way, you can deter- 
mine the appropriate 

power rating for the resistor. 
Now let's turn our atten- 

tion to the letters. My 
favorite one is the following, 
which is from a reader who 
truly understands the spirit 
of our hobby: 

A REAL PAL 
According to a letter ti- 

tled "Ultrasonic Tester" from 
the May 1995 Think Tank 
column, Christopher Fuller- 
ton would like to get his 
hands on a copy of 
Engineers Notebook, by For- 
rest Mims. I have an extra 
copy of that book, which 
Christopher can have at no 
cost. Send me his address 
and I will mail the book to 
him. 

Thank you. 
-Kenneth Overland, Lyn- 

wood, IL 

Actually, thank you! The 
address and a Think Tank 
book are on the way to you, 
and because you're being 
so generous, I'm also send- 
ing you an MCL 1010 chip 
mentioned in my first col- 
umn. 

What is really great, how- 
ever, is that you were not 
the only one to show your 
willingness to help another 
hobbyist. As of this writing, 
others answering the call 
for help by offering pho- 
tocopies and book loans 
include Steve Stallings, 
Robert Blum, Thomas W 
Grabowski, Julius G. Bekassy, 
and J. E. Hawthrone. They 
all will also receive Think 
Tank books for their kind- 
ness. 

CRYSTAL -COUPLING 
CIRCUIT 

I have found many similar 
crystal -checker circuits that 
claim to provide a valid test 
for crystals of all frequen- 
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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 Elec- 
tronics you'll find a wide variety of electronics projects to build 
and enjoy, and feature articles that inform and entertain. 

Popular Electronics brings you feature articles on technology, 

computers, test gear, and more-all designed to keep you tuned 
into the latest developments in electronics. So if you love to build 
fascinating projects , just fill out the subscription form below to 
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Fig. 2. When checking crystals or just choosing them for your 
circuits, it's all -too -easy to load them down. This circuit can act 
as a simple interface for your circuits, or allow you to measure a 
crystal's value. 

cies. However, I have not 
found those claims to be 
true, mainly because the 
coupling components in 
the circuits would alter a 
crystal's operating frequen- 
cy. 

The circuit in Fig. 2 is one 
that I have used for some 
time. It overcomes coupling 
problems, working for all 
the crystals I own (starting 
at the near -audible fre- 
quencies and going up 
from there). The output con- 
nection allows you to 
connect the circuit to other 
devices, so that it can be 
used as a signal generator 
or attached to a frequency 
counter. Crystal activity is 

indicated by the brightness 
of LED1, 

The transistors I used for 
Q1 -Q3 are Japanese -series 
parts as shown in the sche- 
matic, but if you can't find 
them, you can substitute 
ECG85 transistors for all 
three. The 3 -section, 365-pF 
tuning capacitor is of the 
type used in AM/FM radios. 

For that and other parts, 
you could probably find a 
good supply in salvaged 
AM/FM stereo units from 
garage sales or even 
neighborhood trash at the 
curbside! Elementary 
checks will give a good 
idea of the condition of 
those parts. 

-Clinton E. Willis, Orlan- 
do, FL 

Nice work. While building 
the circuit, remember to 
keep all component leads 
short. Use shielded wire for 
the connections to S1 and 
the output. Also, use only 
high -quality (low tolerance, 
zero -drift) capacitors. 

COMPONENT TESTER 
The circuit in Fig. 3 checks 

diodes, bipolar transistors, 
and SCRs, and tests for con- 
tinuity. Two sections of a 
4049, U1 -a and U1 -b, along 
with R1, R2, and C1 form a 
squarewave oscillator 
whose frequency is around 
350 Hz. Inverters U1 -c and 
U1 -d are buffers that pro- 

vide the complementary 
outputs needed for testing 
both NPN and PNP devices. 
Inverters U1 -e and U1 -f, 

along with R3, R4, and C2 
form a squarewave os- 
cillator whose frequency is 

around 2 Hz. The output of 
that oscillator is used to 
control one switch in a 
4066 quad bilateral -switch 
integrated circuit, U2 -a. That 
switch is used to gate the 
alternating signal through 
current -limiting resistor R5 to 
the "B" (base) terminal of 
the tester. Resistor R6 limits 
current to LED1 and LED2. 

To test a bipolar transistor, 
connect the emitter, base, 
and collector leads of the 
transistor to their respective 
terminals on the tester and 
press S1. If LED1 blinks, the 
transistor is a good NPN 
device; if LED2 blinks, the 
transistor is a good PNP 
device. 

To test diodes, LEDs, and 
other semiconductor junc- 
tions, connect the leads of 
the device between the E 

and C terminals of the test- 
er and press S1. If the 
device is good, LED1 or 

10 

LED2 will glow continuously. 
If LED1 glows, the anode 
(positive side) is connected 
to the "C" (collector) termi- 
nal of the tester; if LED2 
glows, the cathode (nega- 
tive side) is connected to 
the collector terminal of the 
tester. 

To test SCRs, connect the 
cathode, gate, and anode 
leads of the SCR to the E, B, 

and C terminals of the test- 
er, respectively, and press 
Si. LED1 will blink if the SCR 
is "good." 

Continuity checks can be 
made using the E and C 
terminals of the tester. 
When LED1 and LED2 are 
glowing, continuity is indi- 
cated. 

-Nelson L. Mo ye, Indi- 
anapolis, IN 

I really like all -in -one test- 
ers like that. I once made 
something similar out of a 
555 timer used as an os- 
cillator. Ifs output was sent 
through a fri-color LED to 
one terminal on the tester. 
The junction of a resistor 
divider was the other termi- 
nal. I like your circuit better, 
though, because mine 
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Fig. 3. Testing diodes, LEDs, transistors, or SCRs is a snap with 
this circuit. It can also act as a continuity tester. 
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Fig. 4. A precision voltage source is valuable for calibrating test 

equipment or sensors. This unit, which goes up to II volts, is 

good enough for most precision applications. 

could only test one semi- 
conductor junction at a 
time. 

PRECISION VOLTAGE 
SOURCE 

Figure 4 shows an ex- 

tremely handy and 
accurate voltage source 
with a temperature -com- 
pensated output from 1.00 

mV to 11.000 volts. It has 
four ranges: 1 to 11 mV; 10 

to 110 mV; 100 to 1100 mV; 

and 1000 to 11,000 mV. A 

ten -turn potentiometer (R8) 

with a 15 -turn counting 
knob is used as the multi- 
plier for the range switch, 
S1. The circuit operates from 
three 9 -volt batteries, which 
might seem like overkill, but 
they are necessary. Besides, 

mine have not been re- 
placed since 1982, when I 

first built this project. A max- 
imum output current of 10 

to 15 mA, plus the low cur- 
rent drain, lets the batteries 
last, with occasional use, for 
close to their expected 
shelf life. 

For construction, layout is 

not critical-any small 
board will do nicely. Also, 

don't let the unusual resistor 

values throw you, as they 
are easily "built' using com- 
binations of standard 1 - 

percent metal -film units. If 

you have access to a 41h - 

digit DMM, you can make 
fast work of building those 
resistors. An example is R11, 

which can be a 10,000 - 
ohm unit in series with a 

Make 
U.S. Savings Bonds 

part ofyour 
retirement savings 

program. 

:::. 'coaa000aaotc 
1. e0.1o10ov 

They're the safe, easy and affordable 
way to save for retirement. Buy U.S. 

Savings Bonds for as little as $25. Ask 

your banker or your employer about 
including U.S. Savings Bonds in your 

retirement savings program. 

For more information, write 
N.S. Savings Bonds, Washington, DC 

20226. For a recorded message of 
current rate information, call 

1-800-4US BOND 1-800-487-2663 

Take 
Stock 
inAmerica SSBONDSAVINGS` T 

A public service of this magazine 

Earn $1000 
A Week While You Learn High 

Paying VCR Repair. 
Earn While You Learn .. . 

Secret Revealed .. . 

Train at Home 
If you are able to 
work with small 
hand tools and pos- 
sess average me- 
chanicalability, you 
could earn top dol- 
lar part time or full 

time. Our learn by doing method teaches you how 

to work on VCR's without boring unnecessary 

electronic basics. 
For Free Information Package Send Coupon to: 

Foley-Belsaw Institute, 5301 Equitable Road, 

Kansas City, MO 64120 

,- =x 

'edYG 
,.. 

- 

' t 

h, 'A 

1 -Check VCR 

or another 
High Paying 

Career 
Field 

FOLE9 
BELSRW 

(Check One box Only) 

13 VCR Repair, Dept.62343 

Computer Repair, Dept.64241 

TV/Satellite Dish, Dept. 31124 

CI Advance VCR Repair, Dept. 65045 
Camcorder Repair, Dept. 66055 

Fax Repair, Dept.67055 
El Printer Repair, Dept. 68054 

Since 1926 Computer Programming, Dept. 35072 

Name 

Address 

City 

Late Zip 

31 

CIRCLE 13 ON FREE NFORMATION CARD 



100 -ohm unit, However, 
measure the actual value 
of R8 and select R6 to be 
exactly Y,o of R8's value. 

When attaching the knob 
to R8, the counter should 
be set to 1.00 with R8 at its 

minimum resistance. Ad- 
vancing R8 will multiply the 
range value by x 1.00 to 
x 11.00, as read on the 
counter dial. 

To calibrate the unit, set 
S1 to 0 volts and R8 to x 11. 

Then adjust R7 (a 10,000 - 
ohm multi -turn trim -pot) for 
a 0.0 -mV output at pin 6 of 
U2. That nulls the output - 
offset voltage. Then set R8 

to x 10 and S1 to 1000 mV 
and adjust R3 (a 5000 -ohm 
multi -turn trim -pot) for a 
10.000 -volt output at pin 6 
of U2. The instrument is now 
ready for use. 

Resistor R8 and the turns 
counter are available for 
about $16 from Circuit Spe- 

cialists (Tel. 800-528-1417). 
Integrated circuits U2 and 
U3 are also available from 
Circuit Specialists, and U1 

plus all of the resistors and 
capacitors are available 
from Johnson Shop Prod- 
ucts (Tel. 408-257-8614). 

If you do a good job 
selecting the resistors, the 
only limiting factor on over- 
all accuracy is the linearity 
of R8 itself. Most 10 -turn pots 
have a guaranteed lin- 
earity of + mi0.25 percent; 
mine appears to be better 
than +mi0.1 percent, thus, I 

get very high accuracy 
from the circuit. I've also 
never needed to recali- 
brate my circuit since it was 
built. If you dabble in ana- 
log circuitry and/or test 
instruments, this device will 
be a welcome addition to 
your bench. 

-Skip Campisi, South 
Bound Brook NJ 08880 

Once again, some really 
cool work, Skip. The circuit 
looks solid enough to cali- 
brate test equipment with. 
Thanks for the source ad- 
vice, too. 

12 -VOLT -DC AND 
CONTINUITY TESTER 

This dual -function 12 -volt - 
DC and cortinuity tester 
(see Fig. 5) is ideal for secur- 
ity -alarm installers or even 
automotive -electronics test- 
ing. Switch S1 is an SPDT 

type. When it is in position 
"A" the unit functions as a 
voltage tester that sounds 
buzzer BZ1 in the presence 
of voltage. Because the 
buzzer circuit is polarized by 
diode D1, the tester can 
also be used to identify the 
polarity of a 12 -volt DC 
source. When S1 is in posi- 
tion "B," the circuit is a 
continuity tester. 

The tester is very simple 
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Fig. 5. This 12 -volt -DC and 
continuity tester can do 
wonders around the garage, 
when installing alarms, or 
just during general 
troubleshooting. 

and inexpensive to build 
because it consists of only a 
few parts. Buzzer BZ1 can 
be any 12 -volt -DC unit. 
However, it must be capa- 
ble of oscillating at 
approximately 8 volts, be- 
cause when the circuit 
functions as a continuity 
tester, it is powered by a 9 - 
volt battery (B1) through D1, 
which drops some of the 
voltage. The diode protects 
buzzer BZ1 from damage 
due to reversed -polarity 
connections. 

Probes or alligator clips 
can be used as leads for 
the tester, When packaging 
the circuit, I kept the hous- 
ing as small and thin as 
possible so that the unit can 
be carried conveniently in 
a shirt pocket. 

-Mike Wilson, Welland, 
Ontario, Canada 

Short, sweet, and useful. 
The only thing that l might 
do different for mine is to 
use a buzzer capable of 
operating over a range of 
voltages. I've got one 
handy that works from 3 to 
24 volts, stretching the de- 
vice's applications. 

Well, that's another month 
of fun for us all. If you'd like 
to participate in this col- 
umn, and perhaps receive 
a book as a thank you, 
write to Think Tank, Popular 
Electronics, 500-B Bi-Coun- 
ty Blvd., Farmingdale, NY 
11735. 
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Build a 
Use it to rebroadcast video 

signals throughout your 
house. 

BY MARC SPIWAK 

One of the most useful gadgets 
a video enthusiast can have is 

a 1V transmitter. Such a device 
can transmit a signal from a VCR to 
any TV in a home or backyard. Imag- 
ine the convenience of being able to 
sit by the pool watching your favorite 
movie on a portable 1V with a tape or 
laserdisc playing indoors. Videotapes 
can also be dubbed from one VCR to 
another without a cable connecting 
the two machines together. Further, 

when connected to a video camera, 
a TV transmitter can be used in sur- 

veillance for monitoring a particular 
location. 

The main problem a video enthusi- 
ast has in obtaining a TV transmitter, 
though, is that a commercial unit can 
be somewhat expensive. However, we 
have some good news for all you vid- 
eo enthusiasts who are electronics 
enthusiasts as well: You can build the 
N Transmitter presented in this article 
for less than $30, in one evening! The 

easiest way to do that is to order the kit 

that's available from the source given 
in the Parts List (a custom case for the 
kit is also available). However, we pres- 
ent enough information here to build 
the TV Transmitter from scratch, if you 
wish. 

The TV Transmitter combines line - 
level audio and video signals and 
transmits the resulting signal up to 300 
feet. Although the circuit can be 
powered from a 9 -volt battery, it is 

best to use a 12 -volt DC supply during 
alignment, and also to obtain the 
maximum transmission range and 
best possible picture. Aligning the TV 

Transmitter requires no special equip- 
ment whatsoever, and it is a very sim- 
ple procedure. The Transmitter's 
output can be tuned to be received 

TV Transmitter 

..a,.,. 

on any TV channel from 2 to 6. That 

range of channels should be wide 
enough not to interfere with other 1V 

viewers who are nearby. To comply 
with FCC rules, it is mandatory that 
nearby 1V viewers are not disturbed 

J1 

VIDEO IN 

C15 - 
.001 

L2 
2.2µH 

4/"VY 
R3 
1K 

VIDEO 
GAIN 

02 
2N3904 

by the transmission. If your activities 
interfere with the reception of a li- 

censed station, regardless of the rea- 
son, you must shut down the unit. 

Circuit Description. Figure 1 is the 
schematic of the TV Transmitter circuit. 
Video signals input at jack J1 are first 

terminated by resistor R6 and cou- 
pled through capacitor C1 to clamp- 
ing -diode Dl. The clamping forces 
the sync pulses to a fixed DC level to 
reduce blooming effects. Potentiom- 
eter R3 is used to set the gain of the 
video signal; its effect is similar to that 
of ihe contrast control on a TV set. 

Bias -control R7 can be used to adjust 
the black level of the picture so that 

+9V 

01 
2N3904 

R9 

10K -----I( WY 

R7 
1K 

BIAS 

L4' 
CHANNEL 

ADJUSTMENT 

- 8- 

100 

Fig. 1. As this schematic shows, hooking up the Transmitter to other equipment is easy. 

There's a video -input jack, J1; an audio -input jack, J2; and an external -antenna jack, 
J3 (although the unit works fine with ANTI, a telescopic -whip antenna). 
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some level of signal is transmitted, 
even for a totally dark picture. That 
way, a TV receiver can maintain prop- 
er sync. As we'll get to later, potenti- 
ometers R3 and R7 are adjusted in 
conjunction for the best all-around 
performance. 

RF-transformer T1 and its internal 
capacitor form the tank circuit of a 
Hartley oscillator that's tuned to 4.5 
megahertz. Audio signals input at J2 
are coupled to the base of Q3 via C2 
and R4; the audio signal modulates 
the base signal of Q3 to form an audio 
subcarrier that's 4.5 -megahertz high- 
er than the video -carrier frequency. 
The FM modulated subcarrier is ap- 
plied to the modulator section 
through C5 and R9. Resistor R9 adjusts 
the level of the subcarrier with respect 
to the video signal. 

Transistors Q1 and Q2 amplitude - 
modulate the video and audio signals 
onto an RE -carrier signal. The operat- 
ing frequency is set by coil L4, which is 

m 

This Transmitter case designed for this project allows easy access to the circuit board 
for alignment purposes. 

Fig. 2. If you wish, you can use this foil pattern to make your own PC board for the 
TV Transmitter. 

3.5 turns of 24 -gauge enameled wire 
on a form containing a standard fer- 
rite slug. That coil is part of a Colpitts 
tank circuit also containing C7 and 
C9. The tank circuit forms Q4's feed- 
back network, so Q4 oscillates at the 
set frequency. . 

The RE output from the oscillator 
section is amplified by Q5 and Q6, 
whose supply voltage comes from the 
modulator section. Antenna match- 
ing and low-pass filtering is performed 
by C12, C13, and L1. Resistor R12 is 

optional; it is added to help match the 
output signal to any kind of antenna 
(more on that in a moment). 

Construction. Before we go on, 
while it is certainly possible to build the 
unit from scratch, unless you are an 
experienced builder and an accom- 
plished parts scrounger, it is strongly 
recommended that you purchase the 
complete kit, or, at the very least, the 

WARNING!! 
The publisher makes no representations as to. 
the legality of constructing and/or using the TV 
Transmitter referred to in this article. The con- 
struction and/or use of the transmitter de- 
scribed in this article May violate federal and/ 
or state law. Readers are advised to obtain 
independent advice as to the propriety of its 
construction and the use thereof based upon 
their individual circumstances and jurisdic- 
tion. 
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PARTS LIST FOR THE 
TV TRANSMITTER 

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

units.) 
Rl, R2, R11 -1000 -ohm 
R3, R7 -1000 -ohm trimmer 

potentiometer, PC -mount 
R4, R9, R10 -10,000 -ohm 
R5 -47,000 -ohm 
R6 -75 -ohm 
R8 -4700 -ohm 
R12 -75 -ohm (optional, see text) 

CAPACITORS 
Cl, C8 -100-1F, I6-WVDC, 

electrolytic 
C2 -2.2-µF, 50-WVDC, electrolytic 
C3-C6, C11, C14, C15 -0.001-µF, 

ceramic -disc 
C7, C9-22-pF, ceramic -disc 
C10-100-pF, ceramic -disc 
C12, C13-68-pF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

Ql-Q6-2N3904 NPN transistor 
Dl -1N914 silicon diode 
T1 -4.5 -MHz IF -can -style RF 

transformer (see text) 
L1 -0.15-11H miniature inductor 
L2, L3 -2.2-1H miniature inductor 
L4 0.14- to 0.24-µH adjustable 

slug -tuned coil (see text) 
S1-SPST pushbutton switch, 

normally open 
J1-J3-RCA jack, PC -mount 
ANTI-Telescopic-whip antenna 
B1 -9 -volt battery 
Printed -circuit materials,or board, 

battery holder and connector, pair 
of RCA' patch cords, solder, 
hardware, etc. 

Note: The following items are 
available from Ramsey Electronics, 
Inc. (793 Canning Parkway,' Victor, 
NY 14564, Tel. 716-924-4560): 
TV -6 TV Transmitter Kit (includes 
PC board and all components 
except R12)-$27.95; kit of all 
components (except R12)-$17.95; 
PC board only-$10.00; CTV 
matching -case set-$14.95. NY 
residents please add appropriate 
sales tax. 

component kit from the source men- 
tioned in the Parts List. While most of 
the parts are readily available, two 
can be a real headache to obtain. 

The 4.5 -MHz RF transformer (T1) used 
in the kit is an OEM Toko part that is not 
available via traditional sources. 
While just about any 4.5 -MHz RF trans - 
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Fig. 3. Building the project is easy if you use this parts -placement diagram. Resistor 
R12 must be tack soldered on the solder side of the board between the antenna output 
and ground. 

former that is similar to the one de- 
scribed in the article (internal 
capacitor, tapped secondary) can 
be used, such units are hard to obtain 
from hobbyist -friendly sources. If you 
are determined to go that route, your 
best bet is to contact Toko directly 
(1250 Feehanville Dr., Mt. Prospect, IL 

60056; Tel. 708-297-0070) to obtain 
the location of your nearest full -line 
distributor. Also, coil L4 is a custom unit. 
It can, however, be home made using 
the parameters given earlier. 

The 1V Transmitter should be built on 
a PC board for best performance. You 

can make a board from the foil pat- 
tern provided in Fig. 2, or use the one 
that's included with the kit. 

Parts are installed on the board as 
shown in the parts -placement di- 
agram (see Fig. 3). Pay careful atten- 
tion to the orientation of the 
transistors, electrolytic capacitors, 
and the diode. If resistor R12 (not in- 

cluded in the kit) is used, it must be 
tack: soldered on the solder side of 
the board between the antenna out- 
put and ground. That resistor should 
be installed if you intend to use any- 
thing other than the built-in whip to 
provide proper matching between 
the antenna and the circuit. 

The outline of the switch (S1) that is 

shown in Fig. 3 is the same as the one 
that comes with the kit, an SPST push- 
button switch that is normally open. 
However, you can use any kind of tog- 
gle switch as a replacement. A simple 
whip antenna mounts to the board 
with a single machine screw` the whip 
antenna is suitable for most applica- 
tions. The battery holder can be sol- 
dered to the board with scraps of 
jumper wire or mounted with double - 
sided tape or screws. 

When the board is finished, it must 
be mounted in a case. The case avail - 

(Continued on page 92) 39 
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For a short time in 1923 and 
1924, there was great interest in 
a circuit that was originally in- 

vented in 1917 by Marius Latour in 
France. That "reflex" circuit allowed 
one tube to simultaneously act as 
both a radio -frequency (RF) amplifier 
and an audio -frequency (AF) ampli- 
fier, and opened up the possibility of 
providing amplification with an af- 
fordable number of tubes. 

The reflex circuit was used in a great 
many of the early radios when tubes 
were expensive, and it was used by 
Edwin Armstrong and Harry Houck 
when they developed their famous 
AR -812 superheterodyne. One of the 
early sets that used the reflex principle 
to save one audio amplifier was the 
Trirdyn manufactured by the Crosley 
Radio Corporation in 1924. 

How the Reflex Circuit Works. The 
circuit of the Trirdyn, shown in Fig. 1, 

illustrates how simple reflex circuits 
operate. The first tube performed the 
function of an RF amplifier and, at the 
same time, amplified the AF signal 
from the detector. The antenna signal 
was coupled to the grid of the first 
tube in the usual way, through the 
tuned circuit made up of L1 and C1. 
Unlike ordinary RF amplifiers, the grid 
circuit also contained the secondary 
of the AF transformer, T1. That trans- 
former had no effect on the RF opera- 
tion of the tube because the RF signal 
was effectively connected to ground 
through C4. Similarly, the plate circuit 
contained the primary of AF trans- 
former, T2, and radio frequencies 
were bypassed through C5. There- 
fore, as far as the RF signals were con- 
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Here's how the old-time radio engineers made one 
vacuum tube do the work of two. 

BY DAVID RUTLAND 

cerned, the two tubes formed a 
receiver with a single -stage RF ampli- 
fier followed by a regenerative detec- 
tor. 

The audio -frequency output of the 
detector was coupled to the grid of 
the first tube by transformer T1. The AF 

A three -tube version of Grimes' Inverse Duplex circuit was marketed by him in kit 
form. 

signal was not affected by the RF 

tuned circuit formed by L1 and C1, or 
by the relatively small RF-bypass ca- 
pacitor, C4. The amplified AF voltage 
at the plate of the first tube passed 
through transformer T2 to the. final AF 

stage, V3. Again the inductance of 
radio -frequency coil L3 and capaci- 
tor C5 had a negligible effect on the 
AF signal. Therefore both the RF and AF 

signals passed through the first tube 
and the circuit performed as a four - 
tube set with an RF amplifier, a re- 
generative detector, and a Iwo -stage 
AF amplifier. 

Latour's Multi -stage Reflex. Latour 
extended the reflex concept beyond 
the simple one -tube reflex of the Trir- 

dyn. The block diagram in Fig. 2 shows 
how Latour planned to reflex the first 
three stages of a four -tube set. The 
antenna signal was amplified by the 
first three tubes, V1, V2, and V3, which 
were coupled by the RF transformers, 
T1, T2, and T3. The amplified signal was 
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Fig. I. One of the earliest sets to use the reflex principle was the Crosley Trirdyn. The 

schematic of that simple radio is shown here. 
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Fig. 2. This block diagram shows how the reflex circuit's inventor, Marius Latour, 

planned to extend the concept to reflex the first three stages of a four -tube set. 

then coupled to the detector, V4, 
through transformer T4. The AF signal 
from the detector was then reflexed 
back to the first tube and amplified 
along with the RF signals through the 
AF transformers, T5, T6, and T7. As you 
can see, all three amplifier tubes did 
double duty amplifying both the RF 

and the AF signals. 

Problems with Latour's Circuit. 
The Trirdyn reflexed one tube, and in 

so doing saved one tube. Latour's cir- 
cuit, on the other hand, saved three 
tubes, using just four tubes to do what 

would ordinarily have taken seven. 
Because tubes were expensive in the 
1920s most radios had only five tubes, 
so Latour's design seemed attractive 
to many radio designers. Unfor- 
tunately, it soon became apparent 
that a practical radio receiver using 
Latour's circuit was very difficult to 
build due to three major problems: 

The first was overloading. Both the 
RF and AF signals were amplified by 
the first Iwo stages. Therefore both the 
strongest RF and the strongest AF sig- 
nals passed together through the last 
reflexed tube, V3. It was not unusual for 

the combined signals to become so 

large that the tube was driven out of 
its normal operating range, causing 
the signals to interfere with each 
other.. Overloading wasn't a serious 
problem when only one stage was 
reflexed as in the Trirdyn, but became 
critical in Latour's three -tube circuit 
and was more difficult to avoid. 

Latour's circuit was also prone to re- 

generation, or positive feedback. Any 
residual RF signal appearing at the 
output of the detector, V4, would im- 
mediately be passed back to V1 and 
amplified over again. That feedback 
would cause the whole set to oscil- 
late. 

Finally, Latour's circuit easily picked 
up stray interference from household 
power wiring. Like an unshielded mi- 
crophone lead, the antenna would 
pick up the 60 -Hz power -line frequen- 
cy. Although that frequency could not 
pass through the RF transformers, it 

was I eadily amplified by the three au- 
dio stages. An objectionable hum 
would then appear in the audio out- 
put. 

Overcoming the Problems. The 
drawbacks of the Latour circuit were 
overcome by a reflex circuit de- 
veloped by David Grimes, an elec- 
trica:-engineering graduate of fhe 
University of Minnesota. Like Latour's 
circuit, Grimes' "Inverse Duplex" circuit, 
shown in Fig. 3, used three amplifier 
stages, V1, V2, and V3, followed by the 
detector, V4. However, instead of con- 
necting the AF signal from the detec- 
tor back to the first tube, Grimes sent it 

to the third tube, V3. From V3 the AF 

signal went through T6 back to the 
second tube, V2, and then through T5 

to the first tube, V1. That circuit solved 
the three basic design problems out- 
lined earlier. Let's see how: 

In Grimes' circuit, unlike Latour's, the 
third tube amplified the weakest AF 

signal and the strongest RF signal. The 

first tube amplified the weakest RE sig- 
nal and the strongest AF signal. In that 
way, the signal levels were more even- 
ly distributed between the tubes and 
they were less prone to overloading. 

In Latour's circuit, much care had to 
be taken to ensure that any residual 
RF signal from the detector was very 
small, or the whole set would oscillate. 
Grimes' circuit reduced the possibility 
of oscillations by connecting the de- 
tector output, not to the first tube, but 41 



to the tube immediately preceding 
the detector. Therefore, the overall 
gain back to the detector was re- 
duced and oscillations were more 
easily prevented. 

Finally, in Latour's circuit the three 
stages of AF amplification, cascaded 
from the antenna to the detector, 
readily amplified the 60 -Hz household 
power -line frequencies. The Inverse 
Duplex design cascaded the AF am- 
plifier in the 'reverse direction so that 
the first tube, connected to the anten- 
na, was the final AF stage. The 60 -Hz 
power -line frequency from the anten- 
na was therefore amplified only by 
that one stage and the hum was not 
audible. 

Commercial Sets. A three tube ver- 
sion of Grimes' Inverse Duplex was 
marketed by him in kit form and, to- 
wards the end of 1923, Sleeper Radio 
used the circuit in their Monotrol re- 
ceiver. The receiver circuit used un - 
tuned RF transformers between 
stages, relying solely on the tuned 
loop antenna for selectivity. As a result, 
only one tuning control was required, 
hence the name "Monotrol." The sen- 
sitivity or volume control was provided 
by a rheostat in series with the tuned 
loop -antenna circuit and the grid of 
the first tube. That resistance reduced 
the signal but did not reduce the 
loop's selectivity. By reducing the 
strong signals before the first amplifier 
stage, the reflex amplifiers were pre- 
vented from overloading. 

Using a Crystal Detector. Other 
variations on the reflex circuit were 
generated by an announcement of a 
"$225 Reflex Prize Contest" in the 
magazine Radio News. The an- 
nouncement encouraged experi- 
menters to build a reflex set around a 
crystal detector and a single tube. The 
crystal detector eliminated the need 
for a separate detector tube and 
freed the single tube so that it could 
provide a stage of both RF and AF 

For More Information 

This article is based on a chapter 
from the book Behind the Front Panel by 
David Rutland, available for $18.95 plus 
$2.00 shipping and handling from Wren 
Publishers, P. 0. Box 1084, Philomath, 
OR 97370. 
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Fig. 3. The problems that arose from Latour's design were overcome by the Grimes 
Inverse Duplex circuit. A block diagram for that circuit is shown here. 
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Here's a view of the DeForest D -I0 reflex 
radio with its large loop antenna. 

amplification. Regeneration could 
even be added to the RF amplifier to 
increase the sensitivity. Many experi- 
menters responded with ingenious 
designs to try to win the prize. The edi- 
tors said that they had tested many 
good circuits but there still must be 
some that are even better. 

Commercial sets using a crystal de- 
tector were made by the Electrical 
Research Laboratories, ERLA, in 1923. 
Their set, the Superflex, used three 
tubes and a crystal detector. The first 
stage was a straightforward RF ampli- 

fier. It was followed by a reflex stage 
that performed as both an RF and AF 

amplifier. The third tube provided an 
additional stage of AF amplification. 

De Forest Reflex. The crystal detec- 
tor in ERLA's Superflex did not provide 
any amplification and so most man- 
ufacturers of reflex sets used a tube 
detector. Lee De Forest, the inventor 
of the triode tube, was looking for a 
company to manufacture radios, and 
in 1922 he bought Radio Craft That 
company had been founded by 
Frank M. Squire, who had previously 
been a draftsman with well known 
manufacturer A. H. Grebe and Co. 
Squire was introduced to reflex circuits 
by William Preiss who had worked on 
them with the Navy during World War I. 
Preiss called himself "father of reflex," 
although Latour already had his pat- 
ent in 1917. Squire designed the De - 
Forest D7 receiver, and it was on the 
market by late 1922. The set used 
three tubes reflexed to give the same 
performance as five. 

Squire kept improving the reflex sets 
and brought out new models with 
more tubes. By 1925 they were making 
the 017, which was a five -tube re- 
ceiver with one reflexed AF stage. Two 
RF amplifiers preceded the reflex 
stage providing a total of three RF- 

amplifier stages. A large loop anten- 
na and tuning capacitor formed the 
input circuit of the first RF stage, which 
was coupled through a tuned RF 

(Continued on page 88) 
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Ihave played electric guitar for 
many years, and have often toyed 
with ideas for circuits that would 

modify the sounds that come out of 
my amp. As most guitar players know, 

there are many guitar effects avail- 
able commercially. And, because 
most of those are relatively afford- 
able, I have never been too inter- 
ested in duplicating them. So, you 
might ask, why would I build some- 
thing as simple as the Guitar Preamp/ 
Distortion Box described in this article? 

It all began when my brother gave 
me a Fender Super Reverb tube amp 
for Christmas. I tried to coax a little 

rock-and-roll distortion out of it, but it 
turned out that turning up the volume 
was the only way I could get it to 
sound "heavy." Well, needless to say, it 

didn't take the neighbors long to start 

complaining about the excessive 
noise. So I figured there were Iwo pos- 

sible solutions to the problem: I could 
either place a heavy-duty resistive at- 
tenuator between the amp output 
and the speakers, or build a distortion 
box. I opted for the latter. 

My first guitar distortion -box project 
was a neat design based on an op - 
amp, but I was never happy about its 

appetite for batteries. I had once built 
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Give your guitar - 
and -amp setup the heavy, 

grunge edge it needs 
for today's music. 

BY KEN WILLMOTT 

a guitar preamplifier to fit inside a 

Fender Stratocaster, and it had the 
same problem. However, an FET pre - 
amp I built for a friend's banjo worked 
great, largely because of its amazing 
battery life. That convinced me that I 

would have to consider a low -power 
design for my new Preamp/Distortion 
Box. The resulting prototype draws 
only 65-µA from a 9 -volt battery, al- 
lowing it to run continuously off the 
battery for a few months (as I learned 
by accident when I forgot to turn the 
unit off). 

. 

A Word on Distortion. There is an 
almost religious debate about distor- 
tion, usually in the context of whether 
tubes are superior to transistors in mu- 

sical -instrument applications. Indeed, 
in this solid-state era, tube guitar amps 
(most notably those made by Mar- 

4 nt 

shall) are often preferred by guitarists 
in hard -rock bands. According to 
them, a tube amp that has warmed 
up for a good half hour "really 
screams." 

Well, in terms of electronics theory, 
the basic difference between a tran- 
sistor amp and a tube (especially a 
triode) amp, is that the transfer func- 
tion of a tube is "softer." In other words, 

as a signal approaches its maximum 
limit in a tube amp, it does so smoothly, 

compared to the "brick wall" re- 
sponse of a transistor. Also, the asym- 
metry of a tube circuit tends to 
generate more even harmonics than 
odd ones and that contributes to the 
difference in sound. 

It occurred to me that a tube -like 

response was what I wanted for my 
design. Right away, a transfer function 
that I had admired in college' pop- 
ped into my mind-that of the bipolar 
differential amp, or "long-tailed pair." 
It has the nice property of "saturating" 
gradually rather than suddenly, as in 

the case of a single transistor, and 
does that for both positive- and nega- 
tive -going signals. 

Circuit Description. Figure 1 shows 
the schematic for the Guitar Preamp/ 43 
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Fig. 1. Here's the circuit diagram for the Preamp. Basically, there are two stages that 
the input signal goes through: Transistor QI is in a common -emitter configuration with 
a gain of 24 dB. That drives the following stage, where the amplified signal is fed to 
the differential pair composed of Q2 and Q3. 

Distortion Box. Transistor Q1 is a low - 
noise transistor in a common emitter 
configuration with a gain of 24 dB. 
That gain boosts the guitar signal to a 
sufficient level to drive the following 
stage, where the amplified signal is 

fed to the differential pair composed 
of Q2 and Q3, which is biased as a 
limiter. 

The RC network made up of R5 and 
C3 performs several functions. For 
one, it allows the differential pair to 
get its DC bias from the output of Q1, 
by low-pass filtering the AC signal at 
the base of Q3. The network also pro- 
vides an approximately 30 -mV offset 
between the bases of Q2 and Q3, 
which is crucial to obtaining a higher 
percentage of even harmonics at low 
signal amplitudes. Last but not least, 
the RC network forces Q3 to turn on 
gradually when power is first applied. 
That prevents turn -on transients from 
reaching the output, which is impor- 
tant because the Preamp will most 
likely be switched on and off while 

1-1/8 INCHESS--10-j 

Fig. 2. If you plan on using a PC board 
to build the Preamp, use this full-size 

44 template to etch your own. 

Install the resistors on the board first; 
to keep the board as small as possi- 
ble, the resistors mount vertically. Try to 
leave a space between the end of 
each resistor and the board. Then, sol- 
der the rest of the on -board compo- 
nents, making sure to check the 
orientation of the transistors and ca- 
pacitor C4. 

Once the board is built, proceed 
with the off -board wiring and shield- 
ing. Again, refer to Fig. 3. The switch 
and jacks mount on the project en- 
closure itself, so it would be easiest to 
do the wiring inside the enclosure 
(any reasonably sized project en- 
closure can be used). Just drill the 
holes for the jacks and switch, mount 
the components, and then measure 
how long each piece of hookup wire 
should be: At this point in the project's 
assembly, you could (if you wish) re- 
place toggle -switch S1 with a foot - 
switch for easier operation while you 
are playing guitar. 

I S1 -a 
_ I 

S1 -b 

+ Bi 

Fig. 3. Off -board wiring could get tricky, unless you follow this parts -placement 
diagram. 

I-1 
C4 C3 

-C2- 
R7 

{ 

Cl 

1 

j 

plugged into the guitar amp. 
Capacitors Cl and C2 AC couple 

the input and output signals to the 
circuit. Bypass -capacitor C3 is intend- 
ed to stabilize the battery voltage and 
prevent turn-off transients by supply- 
ing power long enough for audio 
switching to occur. Resistor R7 is of a 
relatively low value, both in order to 
match the "on" and "off" signal levels, 
and to reduce noise on the signal 
path between the unit and the amp. 

Construction. The author's pro- 
totype for the Preamp was built on a 
perforated board, but for those who 
wish to make a printed -circuit board, 
a template is provided in Fig. 2, If you 
do build the circuit on the PC board, 
use the parts -placement diagram in 
Fig. 3 as a guide. 

1 

When the project is finished you 
could apply labeling or dry -transfer 
decals to give the Guitar Preamp/Dis- 
tortion Box a professional look. A per- 
manent pen was used to label the 
jacks and switch on the author's pro- 
totype; decals were used for the "Pre - 
amp" logo. Spray any labels with a 
clear sealant to protect them. 

Checkout and Use. Connect the 
unit to a guitar and an amplifier, and 
turn on the power. Turn the guitar vol- 
ume down quite low, and adjust the 
amp's volume so that you hear a 
clean, fairly undistorted guitar sound. 
Then, increase the guitar's volume un- 
til the distortion also increases (you 
might have to turn the volume down a 
little at the amp). While playing an 

(Continued on page 89) 
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BUILD THIS 
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CALIBRATOR 
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Many oscilloscopes do not 
have an internally gener- 
ated calibration signal. 

Sure, some older models have 1 -volt, 

peak -to -peak, 60 -Hz calibrator out- 
puts; however, those outputs are little 
more than clipped, 60 -Hz sinewaves, 
and are not precise enough for cal- 
ibration purposes. For that reason, you 

might want to build and use the 
Oscilloscope Calibrator described in 

this article. The unit provides an accu- 
rate squarewave of 1 -volt -DC peak - 
to -peak, at a frequency of 1 kHz, 

which can be used to check the ver- 

tical gain and horizontal time base of 
your oscilloscope. 

The Calibrator can also be used to 
adjust scope -probe compensation 
and can serve as a signal source for 

checking the transient response of 
audio equipment. It is battery 
powered for portability and is rela- 
tively insensitive to voltage fluctua- 
tion-the frequency output remains 
constant at a battery voltage of any- 
where from 7.7- to 9.8 -volts DC. Also, 

the minimal 2-mA current draw en- 
sures long battery life. 

Circuit Description. Figure 1 shows 

the schematic diagram for the Cal- 
ibrator. The oscillator portion of the 
Calibrator consists of two sections of a 
4049 CMOS hex inverter (U2 -a and 
U2 -b), and timing components C2, R2, 

R3, and R4. That portion of the circuit 
determines the output frequency. The 

exact frequency value can be found 
using the formula: 

f = 2.2C2(R2 + R3) 

Assume that pin 5 of U2 -b is initially 
low, causing the output at pin 4 of U2- 

P-, . ,.,.. Use it to check your scope's vertical 
gain and horizontal time base. 

b to be high, Because the input at pin 
3 of U2 -a is also high, the output at pin 
2 of U2 -a is therefore low. The high 
output at pin 4 charges C2 through R2 

and R3. When the voltage across C2 
gets to the high input threshold at pin 
6 of U2 -c, the output at pin 4 and the 
input at pin 3 will go low. That causes 
the output of pin 2 to go high. Be- 

cause the voltage across C2 cannot 
change instantly, the voltage at the 
input of U2 -b is greatly increased to 
approximately 150% of battery volt- 
age. That positive feedback reverses 
the logic level at the maximum rate 
that the CMOS gate is capable of 
achieving. 

With the logic levels reversed on U2 - 

J1 

CAL OUT 

J2 
COMMON 

a and U2 -b, C2 is charged in the other 
direction, with the voltage at pin 5 

decreasing. When the C2 voltage 
gets to the low input threshold at pin 6, 

the output at pin 4 and the input at pin 
3 will go high. That causes the output 
at pin 2 to go low. Again, the voltage 
across C2 cannot change instantly, 
and the voltage at the input of U2 -b is 

reduced to about 50% of battery volt- 
age. That once again reverses the 
logic level at the maximum rate. 

Resistor R4 limits the input current to 
U2 -b when the voltage across C2 ex- 

ceeds that of the power -supply rails, 

thereby protecting the gate -input di- 
odes. The resistor also prevents the 
RC -timing circuit from being loaded 

r---- 
-iv, 

yV 

W 
RN1 

4700 x 5 

U1 

LM336Z 

R1 

2.2K "j> D1 

1N4148 

U2 -c 

---- F 
Si B1 

POWER 9V 

1/6 4049 

10 

U2 -d 
1/6 4049 

12 

U2 -e 

1/6 4049 

15 

Cl 
.1 R2 

39K 

U2 -a U2 -b 

1/6 4049 1/6 4049 

R3 
10K 

FREQUENCY w 

--r1AA- 
R4 

1MEG 

11 

4 

C2 
.01 

U2 -f 
1/6 4049 8 

Fig. I. Here's the schematic for the Oscilloscope Calibrator. To lower the long-term 
drift of the oscillator portion of the circuit, use a 2% metal -oxide resistor for R2, and 
a Mylar capacitor for C2. 45 



1-13/16 INCHES 

F.g. 2. Use this template to etch your 
own Calibrator PC board. 

down by those internal diodes, which 
would tend to round off the edges of 
the squarewave. That results in a 50% - 
duty -cycle squarewave whose fre- 
quency is relatively independent of 
the battery voltage. 

The squarewave output from pin 2 is 

connected to the parallel -con- 
nected inputs of the four remaining 
inverters in the 4049, whose outputs 
are also connected in parallel. When 
the squarewave output of the 4049 is 

low, U1, the LM336Z 2.5 -volt DC refer- 
ence (available from several hobbyist 
sources, including Digi-Key, P.O. Box 

J2 J1 

(11: 

R4 

4 

-C1- 

Fig. 3. When mounting the components 
on the board, use this parts -placement 

46 diagram as a guide. 

677, Thief River Falls, MN 56701-0677; 
Tel. 800-344-4539), is turned on 
through R1 and D1. That causes the 
Calibrator's output squarewave to go 
high. 

The combined current -sink ca- 
pability of U2 -c through U2 -f is over 14 

mA. Only 2 mA of that capability is 

used, assuring a very fast rise time for 
the output squarewave. In order to 
provide the 1 -volt -DC, calibration out- 
put voltage, a 2% resistor network, 
RN1, is used. Each of the five elements 
in RN1 is rated at 470 ohms. The net- 
work is tapped at 40% of its overall 
resistance to provide the desired 1 - 

volt -DC output at jack J1 (CAL out)- 
jack J2 is the COMMON. 

When the squarewave output is 

high, the cathode of D1 is pulled to 
within 1/2 -volt of the 9 -volt DC supply. 
Therefore, no residual current flows 
through RN1 or U1, and the Calibrator 
output is a true zero. Waveform flat- 
ness is more than adequate due to 
both the 0.2 -ohm, dynamic, "on" im- 
pedance of the LM336Z, and the 
complete turn-off of the drive current 
during a high output from the four 
drivers, U2 -c -U2 -f. 

The voltage accuracy of the 
squarewave is maintained within 1% 

by U1. While the value of the network 
resistance is specified at 2%, the vari- 
ations between each resistor element 
in the network are much smaller. That 
accurate voltage division provides a 
precise output -voltage level. Output 
impedance is approximately 1000 
ohms. 

The output squarewave depends 
greatly on the current through RN1, so 
a large filter capacitor is not required 
for the 9 -volt battery, B1. Capacitor Cl 
is used to provide glitch filtering for U2 

during logic transitions. 

Construction. The author's pro- 
totype circuit was wire -wrapped on a 
perforated board. Layout of the parts 
is not critical, and for that reason, any 
standard project -building method 
can be used. However, for those who 
wish to build the Calibrator on a 
printed -circuit board, a foil pattern is 

shown in Fig. 2. Follow the parts - 
placement diagram shown in Fig. 3 if 

you choose to make your own PC 
board. 

In keeping with good assembly 
practice, install the least -sensitive 
parts first, followed by the more-sen- 

PARTS LIST FOR THE 
OSCILLOSCOPE 
CALIBRATOR 

SEMICONDUCTORS 
Ul-LM336Z precision 2.5 -volt DC 

reference, integrated circuit 
(Jameco 23771 or equivalent) 

U2-4049 CMOS hex -inverter, 
integrated circuit 

D1 -1N4148 silicon diode 

RESISTORS 
(All fixed resistors are, 1 -watt, 5% 

units, unless otherwise noted.) 
R1 -2200 -ohm 
R2 -39,000 -ohm, metal -oxide, 1% 

R3 -10,000 -ohm trimmer 
potentiometer (see text) 

R4-1-megohm 
RN1-470-ohm x 5, 2% resistor 

network 

ADDITIONAL PARTS AND 
MATERIALS 

C1 -0.1-µF, ceramic -disc capacitor 
C2 -0.01-µF, Mylar capacitor 
S1-SPST mini toggle switch 
J1, J2-Binding post 
B1 -9 -volt battery - 

Printed -circuit materials, project 
enclosure, battery snap with leads, 
wire, solder, hardware, etc. 

sitive parts. Install the battery con- 
nector, an IC socket for U2, and the 
switch, followed by the potentiome- 
ters and jacks. Next, mount the other 
passive parts-resistors first, then ca- 
pacitors. To keep long-term drift in the 
oscillator portion of the circuit to a 
minimum, C2 should be a Mylar ca- 
pacitor, R2 should be a 2% metal -ox- 
ide timing resistor, and R3 should be a 
wire -wound multi -turn trimmer poten- 
tiometer. Finally, install D1, U1, and U2. 

Double check the orientation of the 
polarized components, and if you 
aren't using a PC board, double 
check your wiring. 

Depending on the sensitivity of your 
scope, you might need a higher refer- 
ence voltage for the Calibrator. If that 
is the case, keep the following possi- 
ble customization in mind when build- 
ing the unit. Connect two LM336Zs in 

series, and use a reduced value re- 
sistor for R1 to maintain 1 mA in the 
divider and the LM336Zs. That will pro- 
vide a reference based on 5 -volts DC. 

Checkout and Calibration. The out- 
put voltage of the Calibrator can be 

(Continued on page 91) 
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This time around we add multimedia peripherals to our PC. 

BY MARC SP1WAK 

IIf you've been following this occa- 
sional series on PC servicing and 
hardware upgrades, then you 

know what we started with: a very 
basic and stripped down 486 SX/25 

that was included as Dart of a PC ser- 

vicing course available from Heathkit. 
See the box at the end of this article 
for more information on that course. 

We added memory to the unit in 

one installment (Popular Electronics, 
April 1995). That brought the ma- 
chine's RAM up to E megabytes,,in- 
creased video memory to a total of 2 

megabytes, and added a secondary 
cache of 128K. In the second install- 

ment (Popular Electronics, June 
1995) we added a 51/4 -inch floppy 
drive (something that some people 
still need these days!) and a second 
hard drive to bring the PC's total stor- 

age capacity up to around 300 
megabytes-nothing to laugh at just 

yet, but nothing worth bragging 
about either. 

Most of what has been covered so 

far is included as part of the course, 
but this month we will turn our atten- 
tion to a subject that is not: multi- 
media upgrades. While our trainer PC 

now has enough memory and stor- 

age space to be considered ade- 

quate for multimedia, it really lacks 
the CPU horsepower necessary for 
multimedia both because of low 
speed and the absence of a numeric 
co -processor. That's probably at least 

one of the reasons why Heathkit did 
not cover multimedia hardware. But 

we're us:ng the machine as a demon- 
stration platform only, and it's perfectly 
suited for that job. 

The Right Stuff. We'll be adding a 
CD-ROM drive and a sound card to 
turn our plain -old PC into an MPC 
(Multimedia PC). If you're still reading 
along, then you probably have a 

47 
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A sound card looks pretty much like any other expansion card, but what sweet music it 
makes. 

computer at home that doesn't al- 
ready have those features, and are 
thinking of adding them. 

If you are in the market for a com- 
pletely new machine, you should only 
consider a computer that already 
contains multimedia hardware. That is 

both the easiest and the least -expen- 
sive way of obtaining a multimedia - 
equipped computer. With mail-order 
and local "computer -barn" -type out- 
lets selling 486 DX2/66's with 8 Megs of 
RAM, half -gig hard drives, double - 
speed CD-ROMs, sound cards, 14.4 
modems, 15 -inch monitors, speakers, 
microphones, software, and more, all 
for around the $1500 mark, one would 
be crazy to buy anything less. 

Anyway, you should have at least a 
486 DX to bother with multimedia- 
an SX is just too slow. Not that most 
software doesn't run on one. As a mat- 
ter of fact, many games are more sta- 
ble on the upgraded SX-25 that we'll 
describe in a moment than on my 
"old" DX2/50, due to the DX2/50's "di- 
nosaur" non -local -bus, 256 -color vid- 
eo system-the games just run slower 
on the 25. 

Many new games, however, will not 
run at all on an SX. Some software 
wants at least a 486/66, and some- 
times even a Pentium is recom- 
mended for best performance. There- 
fore, if you have anything less than a 
486 DX, you're probably better ad- 
vised to opt for an entire new system 
rather than investing time and money 

in the old one. If you still want to add 
multimedia hardware to a 486 SX-or, 
dread the thought, a 386 go ahead. 
The hardware is not that expensive. 
Just keep in mind that everything will 
run pretty slow, and eventually, none 
of the new software will run on it at all. 

If you are purchasing a CD-ROM 
drive for your computer, you must buy 
one that's at least a double -speed 
unit. Watch out for single -speed bar- 
gains if there are any still lurking out 

there in the dark corners of the mail- 
order zone. Very few if any of the cur- 
rent multimedia titles will run on those 
drives, and they are even too slow for 
some data searches. 

A double -speed drive spins the disc 
at double the speed of an audio CD 
player when accessing data. That 
yields access times under 300 millise- 
conds and data transfer rates of 
around 300 kilobytes per second. 
Even so, for that drive to be part of an 
MPC system, it can't expend more 
than 40 percent of the CPU's re- 
sources. That's why slow PCs have a 
tough time with multimedia, even with 
a fast drive installed. 

Today, to really speed things up, you 
might want to consider purchasing a 
quad -speed drive that spins a disc at 
four times the speed of an audio CD. 
Those are available for as little as $200 
nowadays. Quad -speed will be the 
next standard; oddball triple -speed 
drives haven't really caught on and 
will be eclipsed by the quads. 

Next, you must decide whether to 
go with a SCSI CD-ROM drive, a pro- 
prietary system, or one -of the newer 
IDE CD-ROM drives. Working with SCSI 

can be difficult, especially if you are 
trying to control a CD-ROM drive from 
an unrelated SCSI controller. If you 
purchase a multimedia upgrade 
package with its own SCSI controller 
or one built into the sound card, then 

C:\MEDVSN\mscdex.exé /D:MVCD001 /M:10 /V 
@ECHO OFF 
SET BLASTER=A220 DI -17 T1 H5 P330 
SET LSOUND=C:\SOUNDMAN 
C:\SOUNDMAN\SMWVOL 
PROMPT $P$G 
PATH C:\SOUNDMAN;C:\WINDOWS;C:\DOS;C:\MEDVSN 
LOADHIGH C:\WINDOWS\SMARTDRV.EXE /X 2048 128 
SET TEMP=C:\DOS 
SET MOUSE=C:\MOUSE 
LOADHIGH C:\MOUSE\MOUSE 
CD\ 
C:\CLUTIL\CLMODE t6=1 t8=2 t1=3 t2=1 

CD-ROM 

SOUND CARD 

Fig. 1. The changes made to the computer's AUTOEXEC.BAT file for both the CD- 
ROM drive and the sound card are shown here. 



you should have no trouble getting it 

to work with the included install soft- 
ware. Popular name -brand drives 
with proprietary controllers are fine 
too, just as long as you don't ever plan 
on replacing just the drive or just the 
controller-it will be hard to get either 
to work with other equipment. Some 
sound cards have multiple CD-ROM 
interfaces built in for popular brands; 
those usually work fine. 

The new IDE CD-ROM drives are 
easy to get to work off any IDE control- 
ler, and don't require additional inter- 
rupts. Interrupt conflicts are the single 
largest headache when it comes to 
adding peripherals; more on them a 

little later on. An IDE CD-ROM drive 
tricks the controller into thinking that 
its a hard drive. The hitch is that you 
can still only have Iwo devices con- 
nected to the IDE controller, either two 
hard drives or one hard drive and one 
CD-ROM. The new Enhanced IDE con- 
trollers can handle up to four devices, 
but it is unlikely that your older PC has 

that type of controller in it. 

The best advice when it comes to 
sound cards is to get yourself a 16 -bit 
wavetable board with direct Sound - 
blaster compatibility. Wavetable 
sound is much better than older FM - 

synthesis sound, and you don't pay 
extra for wavetable anymore. The 
Soundblaster-compatibility part will 

ensure that the board will work with 
virtually any piece of software. 

Note that there are non -Sound - 
blaster cards out there that actually 
provide superior performance (or at 
least that's the claim). However, only 
certain software packages support 
such cards. To get the benefit of their 
performance without sacrificing 
Soundblaster compatibility, it is possi- 
ble to run Iwo sound cards simulta- 
neously in the machine; however that 
is a tricky proposition, and one that is 

outside the scope of this article. 
Regardless of the card you select, if 

you are interested in doing recording 
work, look for a sampling rate of 44 
kHz. That gives you CD -quality 
sampled sound, which is what any au- 
dio enthusiast wants. To record sound 
with any sound card, you do need a 
microphone, which usually comes 
bundled with a complete multimedia 
package. You'll also need a fast com- 
puter to sample and record stereo 
sound at 44 kHz. 

Some sound cards require that you 

DEVICE=C:\DOS\HIMEM.SYS 
DEVICE=C:\DOS\EMM386.EXE NOEMS'x=d800-dbff 
BUFFERS=15,0 
FILES=40 
DOS=UMB 
FCBS=4,0 
DEVICEHIGH C:\DOS\SETVER.EXE 
DOS=HIGH 
DEVICEHIGH C:\WINDOWS\IFSHLP.SYS 
STACKS=9,256 
DEVICEHIGH=C:\SOUNDMAÑ\SMWSET.SYS 
DEVICEHIGH=C:\MEDVSN\aspi3x80.sys /MD800 
DEVICEHIGH=C:\MEDVSN\adtc-cd.sys /D:MVCD001 
DEVICEHIGH=C:\MEDVSN\ascsi.sys 
LASTDRIVE=E 

CD-ROM 
SOUND CARD 

Fig. 2. Here are the changes made to the computer's CONFIG.SYS file for both the 

CD-ROM drive and the sound card. 

add an amplifier and speakers, or 
amplified speakers. Other cards have 
an amplified output, or even both. In 

'general, the more audio inputs and 
outputs on a sound card, the better. 
Versatility is always good. 

There are many different models of 
speakers on the market intended for 
use with a PC. They are usually spe- 

cially shielded to protect your com- 
puter monitor and magnetic media 
from magnetic interference. While 
the smallest amplified speakers are 
adequate for casual use, you might 
find their power and bass response to 
be less than ideal. If that is a concern, 
opt for larger units or one of the com- 
bination satellite/subwoofer systems. 

If you are considering installing only 
a CD-ROM drive and no sound card, 
think again. You can buy an entry- 
level, double -speed package that in- 

cludes a sound card for little more 
than a drive alone costs. A complete 
multimedia upgrade package 
should contain at least a CD-ROM 
drive, a sound card, and speakers, 
and perhaps a microphone and 
some CD-ROMs to get you started. 

Another benefit of buying every- 
thing in one package is that most like- 
ly the sound card will also be the 
controller card for the CD-ROM drive. 
And you might as well have the option 

of sound when you use up an expan- 
sion slot, instead of just filling the slot 
with a controller card for the CD-ROM 
drive. Even if you don't think you'll ever 
want sound from your PC, you'll prob- 
ably appreciate it once you have a 
CD-ROM drive and discover multi- 
media. 

A multimedia upgrade package 
will include all the'necessary software 
and drivers for the CD-ROM drive and 
sound card, for both Windows and 
DOS. Software installation disks make 
installing the multimedia hardware 
easy, compared to trying to get mix - 

and -match components to work with 
one another. 

There are multimedia upgrades to 
fit every budget. If you're on a tight 
budget, you can buy a package that 
has wavetable sound, a double - 
speed CD-ROM drive, and decent 
speakers, all for less than $300. Quad - 
speed systems.are available for as lit- 

tle as $400. Keep in mind that many 
computer discount stores will install 
the hardware they sell for free or for a 
modest fee. That saves you time, and if 
the stuff doesn't work in your system 
you don't pay for it or hassle yourself 
with it. 

Of course, this is a magazine for 
"electronics activists," and there is 

nothing that is so difficult that it could 49 



A simple pair of amplified speakers like these are all you really need for a PC. 

not be tackled by a moderately -skill- 
ed hobbyist on his or her own. That 
said, lets see how you can do some 
basic multimedia upgrades for your- 
self. 

Adding CD-ROM. Installing a CD- 
ROM drive is basically a straighffor- 
ward affair. You need the CD-ROM 
drive and its controller, whether it be a 
separate expansion card, a sound 
card, an IDE controller, or whatever. 
You also need the install software that 
accompanies the hardware. 

In addition to the type of drive you 
will install, you also must decide on 
either an internal or an external 
model. All internal CD-ROM drives 
must be installed horizontally in an ex- 
ternal 51/4 -inch drive bay. A standard 
four -pin power connector plugs into 
the back of an internal drive. The drive 
also connects internally to the control- 
ler. 

It is impossible to explain the me- 
chanical details involved in installing 
an internal CD-ROM drive in all com- 
puters because of the different chas- 
sis layouts. Just as is the case with hard 
drives, older PCs usually require that 
rails be attached to the sides of a 
drive. The rails fit into slots in the sides 
of a bay. Newer, more compact ma- 
chines have drives installed without 
rails, although other hardware is often 
in the way of the mounting screws. 

If no drive bay is free, then an exter- 
nal CD-ROM drive must be used. That 

50 type of drive has its own cabinet and it 

connects externally to the back cf an 
expansion card. That is what I am in- 
stalling in the trainer PC. The trainer 
has a very compact chassis, with only 
two external bays, and one of them is 

already occupied by the 51/4 -inch 
floppy drive that I installed in the sec- 
ond installment of this series. Besides, I 

had this external drive available atthe 
time, and so that's what I used. 

The drive I installed is the Reno, Me- 
dia Vision's portable CD-ROM drive. 
That drive can be powered by bat- 
teries and it doubles as a portable 
music CD player. For desktop use it is 

powered by an AC adapter. Reno is a 
fully capable CD-ROM drive on the 
desktop or on the go. 

The drive can be controlled by any- 
thing with a SCSI2 interface, which 
many sound cards contain. I am using 
a tiny SCSI2 interface card that came 
with the drive. The card installs in a 
motherboard expansion slot and a 
cable connects from the back of the 

COMPUTER SERVICING 
COURSE 

This series of articles on PC servicing 
follows, in part, the Personal Computer 
Servicing Course offered by Heathkit. 
The $2495 cóurse includes a 486 Sí125 
PC trainer, full documentation, software, 
tools, books, upgrade parts, and more. 
ContactHeathkit (The Heath Company, 
Benton Harbor, MI 49022, Tel. 
800-253-0570) directly for more infor- 
mation. 

card to the back of the drive. The drive 
features an audio -output jack that 
can be used with either headphones 
or amplified speakers. 

Install software that comes with the 
drive configures the AUTOEXEC.BAT 
and CONFIG.SYS files to allow the 
computer to use the new drive. 
Changes to the AUTOEXEC.BAT file are 
shown in Fig. 1. The top line calls 
MSCDEX.EXE from a MEDVSN sub - 
directory. The MSCDEX.EXE (MicroSoft's 
CD-rom EXtension) program allows 
drivers that talk to the CD-ROM drive 
to communicate with DOS. Also 
changed in AUTOEXEC.BAT is an addi- 
tion to the path statement. Changes 
to the CONFIG.SYS file are shown in 
Fig. 2, and include a statement 
(x=d800-dbff) that excludes that 
portion of upper memory from use by 
EMM386, and three lines that load 
SCSI and other device drivers high. 

At this point when the computer is 

turned on, a new drive, E: in this case 
(C: and D: are already hard drives), is 

accessible. Discs placed in the new 
drive can be read and software can 
be run from it. 

Adding Sound. Installing most sound 
cards is a snap these days, especially 
if you stick to one of the better-known 
companies. I am installing Logitech's 
SoundMan Wave, a great wavetable 
sound card that I have installed and 
had working in several different ma- 
chines in less than five minutes. 
Among the features of that card are 
that there are no jumpers to set and 
all configuration is done via software. 
Also, the card is 100% Sound Blaster, 
Sound Blaster Pro, and AdLib compati- 
ble, so it has always been trouble -free. 

The card has all of the features you 
should look for to get the best results. It 
is a 16 -bit stereo card that can record 
and play back at a 44.1 -kHz sampling 
rate. It uses wavetable synthesis for 
more realistic sound than FM -synthesis 
sound cards. FM synthesis uses mathe- 
matical algorithms to create sound 
waves while wavetable synthesis uses 
short recordings of instruments stored 
in memory to interpolate the other 
notes. That sounds much better, es- 
pecially for MIDI stuff. 

Install software for the sound card 
also makes changes to AUTOEXEC.BAT 

and CONFIG.SYS. Changes to AUTO- 
EXEC.BAT are again shown in Fig. 1. The 

(Continued on page 92) 



Just like these 
Fully Trained 
Electronics 
Professionals 

"Thanks to CIE 1 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 
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'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 flexib'lily 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 
aboratory 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 CÍE! 

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. 

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 

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 

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. 
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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. 
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ERSONALIZED 
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!' 
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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 Print Clearly 

Name 

Address 

City 

State Zip Age 

Phone No. 

Check box for G.I. Bill Benefits. 
Veteran 
Active Duty AH68 

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

A School of Thousands. 
A Class of One. Since 1934. J 53 



What are the chances that, if 

you're a shortwave listener 
or 1V DX fan, you'll hear a 

signal from a distant location sec- 
onds, minutes, hours, or even days 
after it's been sent, rather than almost 
instantaneously? Or, if you're an ama- 
teur -radio operator, what are the 
odds that you'll hear your own signal, 
albeit weak, return to you long offer it's 

been sent? 
The chances are small indeed, but 

such echoes do occur. And the peo- 
ple reporting those "long -delayed 
echoes," or LDEs, are not necessarily 
the same ones who report unidenti- 
fied flying objects (UFOs) and little 
green men (LGMs). 

A close-up look at one of 
radio's all-time strangest 
unsolved mysteries. 

BY 
KARL T. THURBER, JR. 

Are LDEs Real? If someone could 
fabricate the long -accepted story of 
the Piltdown Man, or fake the amaz- 
ing photos of the Loch Ness Monster, 
why couldn't someone just as easily 

= fabricate LDEs? Most likely, many high - 
frequency (HF) LDE reports, especially 
the longer -duration ones that suggest 
an extraterrestrial connection, are in- 
deed falsified, It's fairly easy to perpe- 
trate a hoax or play a practical joke 
with HF-signal delays and echoes, es- 
pecially considering the availability of 
modern, high-tech recording and 

- playback equipment. 
But on much higher frequencies, 

and especially in the case of micro= 
waves, hoaxes are less likely. There, the 
'routine use of high -gain, narrow - 
beam antennas and the ability to 
conduct carefully controlled signal - 
path experiments minimize the hoax 
potential. 

Obviously, phony reports, practical 
jokes, and outright pseudoscientific 
scams make interpreting many LDE 

reports uncertain and difficult. But at 
the bottom line, we're left with the re - 

54 alization that at least some LDE re - 

signal echoes-especially suspicious 
echoes that persisted much longer- - 

than could be logically áccounted for 
by expected ionospheric propaga- 
tion and around -the -world signal"de= - 

lays. 

But eventually, the LDE phenomena 
came to light. In fact, there were some 
well -documented LDE reports begin-- 
ning around 1927, including some- 
where the academic and scientific__ 
communities became involved. In a, 
letter to the editor of Nature maga-_- 
zine in the November 3, 1928 issue, 

ports are genuine, and their ultimate 
solution might lead us to an under- 
standing of electrical and physical 
phenomena that we presently don't 

= have. 

Some Classic LDE Reports. Spark 
and Morse -code radio operators 
from the earliest days of radio proba- 
bly heard echoes of their own signals 
and those of. others. However, they 
didn't report them, maybe for the 
same reasons many people tend not 
to report UFOs today. Perhaps they as- 
sumed that they would be thought 
crazy, or lose their Jobs if they reported 



onds after the main PCJJ signal; he 

estimated the echo to be between Vio 

and Y o as strong as the main signal. 
Hals and Stormer couldn't understand 
why the signals didn't just die away -' 

after their around -the -world trip. 
The two Norwegians later con- 

ducted tests with the Dutch station 
and Dr. B. van der Pol of Philips Radio 
at Eindhoven, and they found the dis- 

tinct echoes again. This time the inter- 
val between the main signal and the 
echo varied between 3 and 15 sec- 
onds, with most of the echoes heard 
around 8 seconds after the main sig- 

nal. Sometimes two echoes were 
heard, 4 seconds apart. 

Professor Carl Stormer, a Norwegian 
radio scientist, reported an echo that` - 

an Oslo engineer, Jorgen Hals, had 
experienced. In the summer of 1927, 

Hals repeatedly heard echoes on the 
signals from the powerful, Dutch trans- 
mitting station, PCJJ at Eindhoven. 

At the same time Hals heard the 
station's telegraph signals directly, he 
also heard a strong echo, which he 
calculated went around the earth in 

about 'h second. That he expected. 
The strange thing was that Hals also 
heard a much weaker echo 3 sec - 

P ix el. vn 

Stormer had no real explanation for 

the anomalous delays. But he favored 
the idea that the echoes were possi- 

bly due to reflections of radio waves 
from clouds of ions or electrons at 
some distance from the earth-per- 
haps in what we now call the ex- 

osphere (the region approximately 
600 miles above the surface). 

Stormer also speculated that the 
echoes were somehow connected 
with the aurora borealis of the North- 
ern Hemisphere and the aurora aus- 

tralis of the,Southern Hemisphere, in 

which visual displays occur at heights 
ranging from about 50 to 600 miles. 

We've since learned that the auroras 
often are associated with magnetic 
storms whose forces, also guided by 
the lines of force of the earth's mag- 
netic field, periodically disrupt radio 
communications as a direct result of 
.the sun's activity. 

In the December 8,1928 Nature, Dr. 

van der Pol speculated on possible 
causes of LDEs, or "long temporal re- 

tardations of shortwave signals." Both 

he and Professor E. V. Appleton of the 
Wheatstone Laboratory in England 
thought that the echoes were related 
to long signal -transit times in the 
ionosphere. The echoes could be due 
to a slowing up and reflection of radio 
waves by a peculiar distribution of 
ionization in the ionosphere. 

In the October 1929 Proceedings of 
the Institute of Radio Engineers, Dr. PO. 

Pedersen, of the Royal Technical Col- 
lege in Copenhagen, Denmark, sug- 
gested that the geometry of the 
ionized layers of the earth's atmo- 
sphere and variations in the earth's 
magnetic field'could cause delays of 
30 or even 60 seconds. That could 
occur as the result of radio waves 
being guided along belts or bands of 
ions extending over large curved 
paths starting and ending near the 
earth. Pedersen also thought that 
even longer delays or echoes of up to 
several minutes might be the result of 
reflections from ionization bands lying 
well outside the influence of the 
earth's magnetic field. 

Five years later, in the July 1934 
Proceedings of the Institute of Radio 
Engineers, N. Janco of New York Uni- 
versify (NYU) discussed "radio echoes 
of long delay." He thought that such 
long delays were the product of sig- 
nals that repeatedly are reflected be- 
tween the E and F layers of the 
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Fig. 1. At the end of the FCC's four-year 
freeze on new TV stations, people used 
"powerful" TV DX antennas like this 
one to receive the new UHF channels the 
FCC had authorized. 

ionosphere, and that travel around 
the earth and finally back to ground. 

After a lull of about 18 years, the 
academic community again be- 
came interested in LDEs. Two scientists 
of the Cavendish Laboratory of 
Cambridge University, K. G. Budden 
and G. G. Yates, published an article 
in the Journal of Atmospheric and Ter- 

restrial Physics in 1952, summarizing 
LDE research to date. Their goal was 
to see if there was anything to the 
earlier LDE reports, thinking that such 
echoes might arise from some form of 
"ionized corpuscular streams from the 
sun." 

Unfortunately for the future of se- 
rious LDE research, their year -long 
study, involving some 27,000 test sig- 
nals using high -power transmitters on 
13.455 and 20.675 MHz, didn't result in 
their finding a single LDE. The negative 
results, while not outright debunking 
LDEs, tended to discourage further se- 
rious study of happenings that could 
easily take on some of the rather du- 
bious status of UFOs and close en- 
counters with aliens. 

There was little serious research for 
many years until, in the December 1, 

1970 Journal of Geophysical Re- 
search, controlled observations in the 
HF range of 5 to 12 MHz were reported 
by scientists E W. Crawford, D. M. Sears, 

and R. L. Bruce (from the Stanford Uni- 
versity Institute for Plasma Research). 
Unlike Budden and Yates, they were 
able to obtain and document some 
'_DEs. Helped by data from ionosonde 
measurements, they even suggested 
a new mechanism for the phe- 
nomenon. They proposed that radio 
signals might travel through the 
ionosphere at a very low velocity and 
be the result of some kind of interac- 
tion with something they called 
"beam -plasma waves." 

Little serious academic research on 
LDEs has been published since 1970, 
and few commercial spectrum users 
have reported anomalous echoes. 
But LDEs have persisted and have 
been reported in recent years in the 
amateur -radio press, especially in 
QST, the journal of the American Ra- 
dio Relay League. Much QST 
coverage has been by scientists and 
radio amateurs associated with the 
Radioscience Laboratory at Stanford 
University. Perhaps radio amateurs are 
the only ones who are interested 
enough in LDEs to still report them! 

Some Basics. Many readers of this 

MAGNETIC\ 
AXIS 

Fig. 2. Scientists believe the magnetosphere looks like a cavity carved out of the Solar 
Wind stream of plasma koing by. This model resembles the wake behind an object fixed 
in a stream, complete with a "magneto -tail" pointing away from the sun. The Solar 
Wind has a marked effect on the magnetosphere, which might result in LDEs and 
"natural radio" emissions. 

magazine are probably familiar with 
modest radio -signal delays; those are 
common and show up in several easi- 
ly explained ways. On HE most ama- 
teurs and SWLs have heard short 
echoes on received radio signals, 
and rather modest echoes are even 
responsible for "ghost" images on 1V 
sets. But is there more? 

First, the math. Radio signals travel 
at the speed of light:186,281 miles- (or 
300,000 kilometers-) per -second. 
Contrast that with the speed of sound. 
Longitudinal vibrations in the air, tak- 
ing the form of "vibrational energy," 
are propagated at about 1088 feet - 
per -second at sea level. 

If you multiply the speed of light by 
60, you'll find that light travels 
11,176,860 miles in 60 seconds-a fig- 
ure approaching interplanetary 
magnitude. However, to measure in- 
terstellar distance, the light year is nor- 
mally used. That is the distance 
traversed by light (and radio signals) 
in one year: about 5,880,000,000,000 
miles. 

To put those figures into the per- 
spective of one-way radio signal trips 
and echoes, it's about a 125 -milli - 
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second one-way trip to a geostation- 
ary relay satellite, 1.25 seconds from 
the earth to the moon, 500 seconds 
(8.3 minutes) to the sun, and from 2 to 
14 minutes from the earth to Mars, de- 
pending on their orbital positions. 

Extending our horizons further, it's 

51/2 hours to Pluto, 4 light years to the 
nearest star, and 30,000 light years 
from our sun to the center of the Milky 
Way galaxy. Double those figures for a 
two-way trip, and there is some poten- 
tial for echoes or signal delays, in- 
deed! 

Now let's turn to propagation 
basics. Radio waves are typically de- 
scribed as traveling in neat rays di- 
rectly from the transmitter to the 
receiver. But only a small fraction of 
the radiated signal reaches the re- 

ceiver directly; the rest of it goes 
elsewhere. 

Part of the signal might be bounc- 
ed off reflective objects, or bent back 
toward the earth by the ionosphere 
(at least at shortwave frequencies). At 
VHF and higher frequencies, the sig- 
nal might be "ducted" by the tro- 
posphere, the region of the earth's 
atmosphere just below the tro- 
popause, which varies in height but 
generally lies at about 25,000 to 
60,000 feet. The signal also might be 
propagated by fancier forms of duct- 
ing, or by methods that we don't un- 
derstand. When reflections are in- 
volved, it's possible that listeners might 
hear both the main signal and the 
reflected signal, and radio amateurs 
might hear their own signal and the 
reflected signal. 

Four Types of LDEs. While there are 
several different types of LDEs, we can 
classify them for purposes of discus- 
sion by the relative length of signal 
delay or echo: 

Short: These echoes really aren't 
LDEs in the strictest sense, because the 
delays are actually quite "short"-yet 
they nevertheless are echoes. Rang- 
ing from less than 0.001 second to 
about 0.15 second or so, those "milli- 
second echoes" are far more com- 
mon and easier to explain than the 
longer types. They are the types of 
echoes that early observers like 
Stormer, Hals, van der Pol, and Ap- 
pleton initially expected to hear. 

For a simple ionospheric echo, the 
expected delay is on the order of 
0.001 second or so. That is roughly the 

LOW -FREQUENCY RADIO PHENOMENA 

Atmospherics and Tweaks: Almost ev- 
eryone is familiar with the snapping, 
crackling, and popping radio "sounds' 
generated by the more than 2000 elec- 
trical storms that rage daily worldwide. 
The millions of lightning strokes gener- 
ated by those storms are sources of 
strong radioºemissions throughout the 
electromagnetic spectrum. However, 
the greatest: energy is released in the 
region from 100 Hz to 10 kHz. Those low 
frequencies tend to follow the surface of 
the earth as groundwaves, and are 
called atmospherics. 

At night, the sound of atmospherics 
could take on a semi -musical pinging or 
dripping characteristic, and so are 
known as tweaks. They're believed to be 
made by lightning impulses that travel 
and disperse in a resonant duct or 
waveguide formed by the earth's sur- 
face and the lower (D and E) layers of 
the ionosphere. The tweak effect, which 
is centered around 1.5 to 2 kHz, is sim- 
ilar to what_ happens to sound waves 
traveling in a pipeline. 

Whistlers: These sound like falling 
musical notes, and result when light- 
ning -bolt electromagnetic impulses 
travel within ducts formed by ions align- 
ed along the magnetic field lines that 
envelop the earth (in its magne- 
tosphere). Whistlers are heard a few 
seconds after the lightning stroke's fa- 
miliar "pop' of atmospherics. 

Usually, whistlers sweep downward 
in frequency from about 6 to 0.5 kHz. 
Some "natural radio" listeners have de - 

time it takes for signals to go from the 
earth to one of the layers of the 
ionosphere cnd return to earth. The 

delay will be longer if multiple 
ionospheric "hops" are involved. 

Another expected but longer delay, 
on the order of 138 milliseconds, cor- 
responds to the signal delay you 
might encounter when hearing a 
"long -path" signal from a station. The 

around -the -world signal takes consid- 
erably longer to reach you than does 
the "short path" signal, and if you hear 
both signals, you'll perceive an echo. 
Typically, those echoes are weck and 
have a characteristically raspy or wa- 
tery sound. 

TV "ghosts'-we've all seen them- 
are actually signal echoes. Those in- 
volve even shorter delays that are not 
heard but are seen on your TV screen. 
A strong direct RF signal arrives first; 

the echoes, caused by reflections 
from large objects, such as buildings, 
mountains, and airplanes, arrive a 
fraction of a second later. The result: a 

scribed them as swishy or breathy 
sounds descending in pitch over a 
period of one-half to 4 or 5 seconds. 
That's because the higher frequencies 
of the stroke travel faster in the duct and 
arrive before the lower frequencies. 
You'll hear the most whistlers in the 
hours between midnight and about an 
hour after' sunrise. In the Northern 
Hemisphere, they're best heard be- 
tween 40- and 50 -degrees North lati- 
tude. 

The Dawn Chorus: This phenomena is 
typically heard shortly after sunrise, 
and could extend well into the mid- 
morning hours. Dawn -chorus trains oc- 
cur" in bursts of chirps and squawks 
over the course of 2 to 5 seconds (the 
sound can resemble a flock of birds 
chirping, or just multiple whistlers). 
Those "trains" are produced by light- 
ning -stroke impulses interacting with 
the earth's magnetic field. 

The dawn chorus typically occurs 
several times a month during years of 
high sunspot activity, after solar flares or 
coronal ejections on the sun barrage 
the earth's magnetosphere with 
charged particles, causing a geomag- 
netic storm and producing enthralling 
auroral displays. The more severe the 
magnetic storm, the more pronounced 
the dawn chorus and the farther from 
the polar zones it occurs. You'll find that 
the chorus tends to be strongest be- 
tween sunrise and one hour after and is 
best heard by listeners living above 40 - 
degrees North latitude. 

visible, annoying ghost -video image. 
Also, if you're a broadcast -band 

(BCB) listener, you might have experi- 
enced echoes by listening to a net- 
work program simultaneously on Iwo 
radios-one tuned to a nearby sta- 
tion and the other tuned to a distant 
one. you're likely hearing the closer 
station by groundwave, and the other 
by one or more bounces. If you listen 
to the signals from both radios, you'll 
hear an echo, up to about 15 millise- 
conds if coast -to -coast distances are 
involved. You often can hear similar 
but longer echoes on telephone con- 
versations routed through a satellite; 
those are on the order of Ya second. 

Medium: Now we enter the realm 
of echoes that are apart from the ev- 
eryday type of expected, easy -to -ex- 
plain signal delay. We're no longer 
talking about millisecond delays but, 
rather, delays of several seconds or 
even longer. Remember the early 
Stormer, Hals, and van der Pol HF tests? 
In those, the interval between the 57 



main signal and the echo was 3 to 15 

seconds, with most echoes being 
heard at about 8 seconds. Some- 
times, two echoes were heard about 
4 seconds apart. 

In the 1970s, a European radio am- 
ateur, Hans Rasmussen, OZ9CR, re- 
ported the simultaneous reception of 
both ordinary, expected lunar echoes 
(about 2.6 seconds) and unantici- 
pated 4- to 5 -second echoes on the 
1296 -MHz UHF amateur band. That 
frequency is too high and the delays 
are too long to be explained easily by 
ionospheric or around -the -earth 
means. The longer delays also are too 
long to be simply the reflection of sig- 
nals off the moon, which is at a mean 
distance of 238,857 miles from the 
earth. 

Instead, something occurring some 
500,000 or more miles in space would 
have to be responsible for the 4- to 5 - 
second echoes Rasmussen observed. 
What could cause those strange but 
well -documented delays? We'll look 
at a few possibilities later. 

Long: If you recall, Pedersen sug- 
gested that the geometry of the 
ionized layers of the earth's atmo- 
sphere and variations in the earth's 
magnetic field could cause delays of 
up to 30 or even 60 seconds, because 
the waves are guided along "belts" or 
"bands" of ions that extend over large 
curved paths. Pedersen also con- 
templated even longer delays or 
echoes, up to several minutes, that 
might be the result of reflections from 
ionization bands lying outside the in- 
fluence of the earth's magnetic field. 

Such signals would have to be re- 
flected by something millions of miles 
away in space-from something 
even more distant than, say, 500,000 
miles. But a delay of even 60 seconds 
is less than the minimum delay ex- 
pected with signals traveling to the 
nearest planets, Venus and Mars (2-3 
minutes). Apparently, we have an- 
other mystery. 

Very Long: These 'Very long" LDEs 

(let's call them "VLLDEs') are different 
from the ones we discussed. They usu- 
ally aren't reported by radio amateurs 
but by 1V DXers. The TV DX reports 
claiming VLLDEs longer than 60 sec- 
onds seem to have been much more 
common in the early days of TV 
broadcasting (in the late 1940s and 

58 early 1950s) than at any other time. 
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Fig. 3. It's possible for HF signals to 
become trapped in tubular or columnar 
magnetospheric ducts-channel-like 
"waveguides" that stretch from the 
Northern to the Southern Hemispheres 
along the earth's magnetic field lines. 
Those ducts could in effect be LDE- 
causing magnerospheric "echo boxes" 
40,000 or more miles long. 

In the late 1940s, TV broadcasting 
grew by leaps and bounds. Unfor- 
tunately, the Federal Communica- 
tions Commission (FCC) placed 1V 
stations much too close together for 
good viewing when the ionosphere 
"got crazy" with sporadic -E and tro- 
pospheric propagation. By Sep- 
tember 1948, viewers were complain- 
ing about co -channel interference 
between stations. The chaos prom- 
pted the FCC to clamp a hard freeze 
on new TV -station construction per- 
mits that wasn't lifted until nearly four 
years later, when the FCC created a 
less -prone -to -interference, UHF TV 

range (initially from 475-890 MHz). 
During the four-year period, how- 

ever, a TV DX craze developed, with 
viewers using tall towers, big antennas 
(see Fig. 1), and high -gain sigral 
boosters to pull in over -the -horizon 
stations. However, they also reported 
pulling in VLLDEs. While many of those 
were simply the result of mistaken sta- 
tion IDs, and a few were outright hoax- 
es and practical jokes, the TV press 
was full of articles, some with photos, 
reportedly of long -delayed images 
from distant TV stations. There was 
even a report of one station's TV signal 
being seen many months after it had 
gone off the air! 

The Possible Causes of LDEs. Now, 
let's look at some of the possible 

causes of LDEs. More than one mech- 
anism appears to be responsible for 
the phenomenon, and many of the 
explanations, especially those relat- 
ing to solar and magnetospheric 
effects, are closely related to one an- 
other. We'll begin with the simplest 
and move to the most complex tenta- 
tive explanations: 

Ionospheric Propagation Delay: 
With the possible exception of TV 
ghost images, this is the simplest and 
most common signal delay you'll en- 
counter. For an HF ionospheric echo, 
the delay you would expect to en- 
counter is a small fraction of a sec- 
ond, around 1/4000 (.001) second, which 
is roughly the time it takes for signals to 
go from the earth to the ionosphere 
and return. "Multiple hops" from the 
higher F layers will produce some- 
what longer -delayed echoes. (The 
ionosphere's lowest D layer extends 
up to about 55 miles above the earth; 
above it is the E layer, or Kennelly - 
Heaviside layer, from 55-100 miles. Still 
higher are the two subsidiary layers in 
the F region, called the Appleton 
layer, which is roughly 100 to several 
hundred miles above the surface.) 

Simultaneous Long- and Short - 
Path Reception: On HE most ama- 
teurs and SWLs have heard longer 
echoes on received signals. That de- 
lay, about 1/7 second, corresponds to 
what you might hear, either as an am- 
ateur or an SWL, when you're hearing 
both short- and long -path signals 
from a DX station, The around -the - 
world signal takes considerably lon- 
ger to reach you; if you receive both 
signals simultaneously, you hear an 
echo. 

That is primarily an HF happening, 
and there's nothing mysterious about 
it. If you're a radio amateur, you can 
increase your chances of hearing 
LDEs on your own signals if you try your 
favorite band just as it's opening for DX 
propagation. Another time to try is in 
the typically disturbed atmospheric 
period, known ,as the "grayline," 
around sunrise and sunset. Pause for' 
several seconds between transmis- 
sions to listen for echoes. But you 
might have a long wait: some re- 
searchers estimate that an active ra- 
dio amateur might hear as little as 
one HF IDE per year! 

Ionospheric and Magnetospheric 
Ducting: For short- and medium -du- 
ration HF LDEs, both types of ducting, 



THE ELECTROMAGNETIC 
SPECTRUM 

If you want to listen for LDEs and "nat- 
ural radio" sounds, it's important to 
know how they fit in, spectrum -wise. For 

the record, the total usable electromag- 
netic spectrum generally is considered 
to extend from a few hertz (Hz) to ap- 
proximately 300 gigahertz (GHz). Sci- 
entists break upthat almost unimagina- 
bly immense range of frequencies into 
smaller groupings or ranges for discus- 
sion and ease of understanding. 

The spectrum is often arbitrarily clas- 
sified into nine frequency -bands. Most 
of those bands are each ten times as 
high in frequency as the band lying just 
below in the spectrum. The lowest 
range is the group of frequencies known 
as the ultra -low ,frequencies (ULF), 
which spans zero to 3 Hz. Just above 
ULF lie the extremely low frequencies 
(ELF); they cover 3 Hz to 3 kHz. Above 
that, from 3 to 30 kHz, are the very -low 
frequencies (VLF). Climbing higher, 
next are the low frequencies (LF), from 
30 to 300 kHz, which are the "top end" 
of what are considered the longwaves. 

From 3 to 30 MHz are the high fre- 
quencies'(HF). Above them are the very - 
high frequencies (VHF), from 30 to 300 
MHz. The ultra -high frequencies (UHF) 
extend from 300 to 3000 MHz, or 3 GHz. 
From 3 to 30 GHz are the super -high 
frequencies (SHF), and from 30 to.300 
GHz, the extremely high frequencies 
(EHF). 

Radio astronomers and SETI inves- 
tigators are concerned mainly with UHF 
and higher frequencies. They conduct 
most of their work in the promising 
spectrum region between wavelengths 
of 1 millimeter (just below the infrared 
region) and 30 centimeters (radio as- 
tronomers prefer to use wavelength 
rather`than frequency designators). 
That is the so-called ...cosmic window" 
of minimum sky noise. Signals on lon- 
ger wavelengths (lower frequencies) 
tend to be obscured by background 
galactic noise; shorter wavelengths 
(higher frequencies) are obscured by 
photon noise. The ,cosmic window is 

narrowed for radiotelescopes on earth, 
the upper half of the window being par- 
tially obscured by the, earth's atmo- 
sphere. 

ionospheric and magnetosphere, are 
possible LDE explanations. One idea 
has it that signals become trapped in 

a duct, possibly between the E and F 

regions of the ionosphere. By that rea- 
soning, the signals might circle the 
world several times, traveling back 
and forth repeatedly from one end of 
the ionospheric duct to the other. 

LDEs on VHF and higher frequencies 
are harder to explain in terms of the 
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Fig. 4. There are five points in the 
earth's orbit where a body can revolve 

without being disturbed by the earth's 
gravitation. The closest two of those 
Lagrangian points, LP I and LP 2, are 
about 750,000 miles from Earth. That 
distance makes it seem likely that 
frequently occurring 8 -second LDEs are 
caused by reflection from large 
concentrations of plasma at those points. 

ionosphere. That is because the 
ionosphere is essentially transparent 
to VHF UHF and microwave signals. So 

the explanation for higher -frequency, 
longer -duration reflections might lie 

elsewhere, perhaps in the realm of 
magnetospheric (rather than 
ionospheric) ducting. The magne- 
tosphere is a magnetic envelope that 
shelters the earth from the ionized 
blast of the Solar Wind by deflecting it. 
The ionosphere lies much closer to the 
earth, but there is considerable coup- 
ling between the two, both electric 
and magnetic (see Fig. 2). 

One magnetospheric-based ex- 
planation holds that signals might be- 
come trapped in tubular or columnar 
magnetospheric ducts, channel -like 
"waveguides" that stretch from the 
northern to the southern hemispheres 
along the earth's magnetic field lines. 

Those ducts might ín effect be "echo 
boxes" 40,000 or more miles long (see 
Fig. 3). Many LDEs of 4 seconds or less 

reported by amateurs on the 75-, 80-, 

and 160 -meter bands might be the 
result. 

Plasma -Cloud Reflections: An- 
other possible explanation, especially 
for LDEs on VHF and higher, as well as 

some of the longer -duration LDEs, has 

been advanced. It holds that ionized 
clouds of electrons (often called plas- 
ma or solar clouds) located in space 
and the earth's magnetosphere, 
might be responsible for signal reflec- 
tion. 

When a gas is heated by intense 

temperatures, its individual atoms col- 
lide and knock electrons free. That re- 

sults in a collection of positively 
charged ions and free, negatively 
charged electrons. In other words, the 
gas is said to be ionized; when a siza- 

ble number of atoms are ionized, the 
gas is known as a plasma. That plas- 
ma-consisting of ions, electrons, and 
neutral particles-exists in and 
around the stars (including our sun) 

and throughout space. Because the 
free electrons tend to recombine with 
the ions to again form a neutral gas, a 
plcsma can be maintained only if en- 
ergy is continuously applied, such as 

from the sun. 

The many 8 -second, medium -dura- 
tion LDEs suggest that there might be 
a plasma cloud in space at a dis- 

tance from the earth of around 
750,000 miles. That also is the approxi- 
mate distance of the closest two of 
the five "Lagrangian points" (see Fig. 

4). Named for the French mathemati- 
cian, those are the five points in the 
earth's orbit where a body can re- 

volve without being disturbed by the 
earth's gravitation. The 8 -second LDEs 

could possibly be explained by reflec- 
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Fig. 5. LDEs might be caused by signals 
being reflected off of cometary particles 
in dust swarms lying some 500,000 miles 
or more in space. The swarms are also 
believed to cause the zodiacal light and 
the gegenschein. 59 
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of long delay (see Fig. 5). 
There are large areas in space that 

contain small (one-half micron) parti- 
cles that are of meteoric or cometary 
origin. Those dust swarms can last for 
hundreds of years and even form fairly 
stable orbits in the solar system. The 
swarms are believed to cause the op- 
tical phenomena known as the 

zodiacal light and the gegenschein. 
(The zodiacal light is a luminous, near- 
ly ecliptic region on the horizon, seen 
in the west after sunset or in the east 
before sunrise. The gegenschein is a 
faint patch of light about ten degrees 
in diameter that lies directly opposite 
the sun, a faint glow that you often 
can see on clear, dark nights.) 

Could those swarms be responsible 
for some of the longer LDEs? Doubters 
feel that swarms of cometary dust 
alone might not provide sufficient 
ionization to cause detectable LDEs. 

However, something else could act as 
a catalyst or "trigger" on such inter- 
stellar dust clouds. That trigger might 
be the Solar Wind. 

The Solar Wind: The Solar Wind 
might be directly or indirectly respon- 
sible for some LDEs. As an extension of 
the sun's tenuous outer atmosphere 
(the corona, which is expanding into 
space), the Solar Wind is the continu- 
ous emanation of charged particles 
from the Sun, which travel across the 
vast open expanse between the ear- 
th and the sun. It's possible that when 
the Solar Wind hits the dust swarms 
described earlier, the particles could 
become ionized sufficiently to reflect 
signals. 

The Solar Wind also impacts orbit- 
ing swarms of charged particles that 
move in broad belts around the earth 
in its magnetosphere, and appears to 
have a significant effect on some un- 
usual ELF and VLF "natural radio" emis- 
sions. In those lonely lower outposts of 
the spectrum, especially from about 
100 Hz to 10 kHz, you might hear all 
sorts of "naturally occurring emis- 
sions," or "natural radio" sounds. Those 
include what are known as whistlers, 
atmospherics, tweaks, and the dawn 
chorus (see the "Low -Frequency Ra- 
dio Phenomena" box for more infor- 
mation on each). You can easily hear 
such "sounds" on longwave radios 
and even on some long, high -gain 
audio lines. 

Those "sounds" have their origins in 
ionizing electrical emissions in, 
around, and from the earth's magne- 
tosphere. One example is lightning 
discharge, which disturbs the earth's 
magnetic field and results in the gen- 
eration of electromagnetic signals. 
The Sun's powerful Solar Wind also in- 
teracts strongly with the magne- 
tosphere. That energy can be 

(Continued on page 90 
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An assortment of precision oscillators for you to build. 

All oscillator circuits need some 
means for setting the frequen- 
cy of oscillation. In the audio 

range, resistor and capacitor (RC) el- 
ements are typically used. As the fre- 
quency rises above 20 kHz, or so, into 
the radio -frequency (RF) range, the 
components of choice for frequency 
setting are inductors and capacitors. 
But LC circuits are difficult to make with 
precision, and are subject to thermal 
drift and other problems. For opera- 
tions where "rock solid" operation on 
a single frequency is needed, a crys- 
tal -based oscillator circuit is the way 
to go. 

The semiconductors used in the cir- 
cuits in this article are commonly 
available from a wide variety of 
sources. In consideration of the types 
of reader feedback received from 
other articles, also included are part 
numbers from radio -TV -service re- 
placement lines such as ECG and 
NTE, both of which are widely avail- 
able from local electronic -parts dis- 
tributors. The NTE-xxx semiconductors 
can also be purchased from Ocean 
State Electronics (6 Industrial Drive, F. 
Box 1458, Westerly, RI, 02891; Tel. 

401-596-3080). 

Piezoelectric Crystals. Crystal res- 

onators are based on the phe- 
nomenon called piezoelectricity, 
which is the generation of an elec- 
trical potential from mechanical de- 
formation of the crystal surface. If a 
slab of the right kind of crystal at rest 

(Fig. 1A) is deformed in a certain direc- 
tion, a positive potential will appear 
across one side (Fig. 1B). And when the 
same crystal is deformed in the other 
direction, the polarity of the voltage 
across its faces reverses (Fig. 1C). 

Therefore, when the crystal is wiggled 
back and forth, an AC voltage ap- 
pears across the faces. 

The inverse action also occurs: 
when an AC voltage is applied to the 
faces of the crystal, it will deform in 

alternating directions, determined by 
the polarity. Something special hap- 
pens when the frequency produced 
by the oscillator matches the natural 
mechanical resonance of the crys- 
tal-the process become very effi- 
cient, and little energy is required to 
keep the process going. That aspect 
of piezoelectricity is the basis for 
acoustic transducers, phono pickups, 
and the crystal filters used in radio 
receiver sets. 

Here's another aspect of the phe- 
nomenon that is also sometimes seen: 
When a crystal is pinged by a mo- 

mentary pulse, it will vibrate back and 
forth at its resonant frequency, pro- 
ducing a sine -wave AC signal across 
its faces at that same frequency. Be- 

cause of losses in the crystal, the os- 
cillation dies out fairly quickly in an 
exponentially decaying manner. But if 

the pulse that pings the crystal is re- 
peated often enough to prevent the 
oscillation from dying out, then the os- 

cillation is sustained. Those are the as- 

pects of piezoelectricity that make it 

possible to use the piezoelectric crys- 
tal as a frequency -control element in 

an oscillator circuit. 
A number of different materials ex- 

hibit piezoelectric traits. Rochelle Salt 
is a very active material that produces 
a large voltage per unit of strain when 
deformed. However, while it is used in 

crystal phonograph pick-ups, 
Rochelle Salt crystal is not suitable for 
RF-crystal oscillators. It seems that the 
material is very sensitive to heat, 
moisture, aging, and mechanical 
shock. The next best material is Tour- 

maline. That material works well at all 
frequencies, and works better than 
other materials over the 3- to 90 -MHz 
range. There's only one problem with 
Tourmaline: it costs a lot, as you will 
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Fig. 1. The basics of piezoelectricity: An 
undefornked crystal (A) produces no 

potential. Deformation in one direction 
(B) produces a positive potential, while 
deformation in the other direction (C) 
produces the opposite -polarity potential: 

discover quickly enough if you buy a 
Tourmaline necklace. It seems that 
Tourmaline crystals are very popular 
as a variegated (red, yellow, green), 
semiprecious gemstone. 

The best practical material for crys- 
tals used in electronics is quartz. It be- 
haves much like `tourmaline over a 
wide frequency range, is relatively sta- 

ble, and is easily available. Although it 
is used in jewelry, it is low in cost be- 
cause it is not rare. Quartz is often 
mislabeled "Cape May Diamond," 
"Herkimer Diamond," or "Arkansas Di- 

amond" in the colorless varieties, 61 
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Fig. 2. A quartz crystal is hexagonal in 
shape (A). An axis scheme (B) is created 
in a crystal with the Z-axis reference 
being from one tip point to the other. 
Crystal slabs intended for use as 
resonators are given different "cuts" 
through the crystal body (C). 

"Topaz" (which it's not) in the yellow 
.1' variety, and "Smokey Quartz" in the 
2 variety that looks like smoked glass. 

The quartz crystal is hexagonal in 
w shape (Fig. 2A), and pointed at both 

ends if perfect; however, as shown, 
natural crystals are often broken or 

tri cut off on at least one end. As the 
crystal forms, a series of axis (Fig. 2B) 

(Ts 3 a 
0 a 

are created; note that the Z-axis, 
tz which runs from one tip point to the 
Q other, is also called the optic axis. 

Crystal slabs intended for use as reso- 
62 nators are given different "cuts" 

through the crystal body (Fig. 2C). The 
X and Y cuts are made through the X 

and Y axis, respectively. Those are not 
favored, however, because they have 
undesirable temperature charac- 
teristics. The AT cut is made at an an- 
gle of about 35 degrees from the Z 

axis. There is also a BT cut (not shown) 
that is sometimes used. The AT -cut has 
a better temperature coefficient by 
an order of magnitude, but the BT cut 
is usually thicker (which means that it is 

more robust at higher frequencies 
where AT -cut "rocks" are very thin). 

A crystal's resonant frequency is a 
function of its dimensions. The dimen- 
sions for a typical quartz -crystal reso- 
nator for a frequency of 1000 kHz (1 

MHz) are approximately 0.286 -cen- 
timeters thick, and 2.54 -centimeters 
square. If a crystal is ground to uniform 
thickness, then it will have one series - 
resonant and one parallel -resonant 
frequency. Those are fundamental 
frequencies. But if the thickness is not 
uniform, then there might be spurious 
resonances other than the funda- 
mental frequency. 

Historically, there have been two 
basic forms of mounting for a crystal. 
The older method used a pair of 
springs to hold a brass or silver -cov- 
ered -copper electrode against the 
surface of the crystal slab. World War II 

vintage "FT -243" crystal mounts (once 
popular with Novice -class hams, who 
were required to use crystal control on 
their transmitters) were of that type. 
Some people made "rubber crystals" 
by installing a pressure screw to vary 
the tension on the slab. Those devices 
allowed the frequency to be adjusted 
slightly. The other form of mount, more 
popular today, uses silver electrodes 
deposited onto the crystal surface. 
Wire connections can then be sol- 
dered to the surface. 

The equivalent circuit for a crystal 
resonator is shown in Fig. 3A, while the 
reactance vs. frequency charac- 
teristic is shown in Fig. 3B. There is a 
series resistance (R5), and a series in- 
ductance (Ls) in the circuit. The series 
capacitance (Cs) combines with the 
series inductance to form a series -res- 
onant frequency. At that frequency, 
because -X and + X, cancel each 
other, the impedance of the crystal is 

the series resistance. That is, the im- 
pedance is minimum at the series - 
resonant frequency, F5 (see Fig. 3B). 

Because there is a parallel capaci- 
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Fig. 3. In the equivalent circuit for a 
crystal resonator (A), a series -resonant 
frequency is created. The impedance of 
the circuit is a function of the frequency 
(B). 
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Fig. 4. This Colpitts, parallel -mode, 
crystal oscillator has a range of I to 20 
MHz. The circuit contains a capacitive 
voltage -divider network, consisting of CI 
and C2, which is shunted across XTALI 
to provide feedback. 

tance (Co) there will also be a paral- 
lel -resonant frequency (Fp). At that 
frequency, the impedance is max- 
imum, and a 180 -degree phase shift 
occurs. The parallel- and series -reso- 
nant frequencies are typically 1 to 15 

kHz apart. 
The design of any particular os- 

cillator is selected to take advantage 
of either a series- or parallel -resonant 
frequency. When parallel -resonant 
crystals are used, the load capaci- 
tance of the crystal has to be spec- 
ified (an external capacitance can 
alter the parallel -resonant frequency 
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Fig. 5. This parallel -mode oscillator 
uses a silicon transistor, which lets it 

operate over a slightly wider frequency 
range than a circuit that uses a 
germanium transistor. 

by a small amount). Typical values are 
20, 30, 50, 75, or 100 pF although for 
most applications a value of 30 (or 32) 
pF is specified. It is common to form a 
frequency adjuster by placing a small 
trimmer capacitor in series or parallel 
with the crystal. 

When a crystal is operated at the 
natural series- or parallel -resonant 
frequency of the oscillator, it is said to 
be a fundamental -frequency os- 
cillator. The fundamental mode is 

used up to frequencies of 20 MHz or 
so. In some cases, the oscillator is op- 
erated on or near a harmonic of the 
fundamental frequency. Those are 
called overtone oscillators, and typ- 
ically the third, fifth, or seventh over- 
tone are used over a range of 20 to 90 
MHz. When ordering overtone crys- 
tals, be sure to specify the actual op- 
erating frequency, not the apparent 
fundamental frequency. That's be- 
cause dividing the actual frequency 
of, say, a fifth -overtone crystal by five 
does not yield the parallel -mode fun- 
damental frequency. 

Crystals typically need a certain 
minimum -drive power in order to op- 
erate reliably, that is, to start when the 
circuit is turned on. But drive power 
can be overdone, and could result in 

fractures in the crystal. Crystals typ- 
ically have a maximum drive power of 
200 microwatts (µW), although those 
under 1000 kHz might have maximum 
dissipations of 100 µW. It is common 
practice to operate the crystal at 
power levels about one-half the max- 
imum in order to improve stability. 

Crystal -Oscillator Circuits. Now 

let's take a look at some oscillator cir- 
cuits that use either fundamental - 
mode or overtone -mode crystals as 

the frequency -controlling resonator 
element. All of the circuits will work 
with common, "garden-variety" sil- 

icon transistors, JFET's, or MOSFET's, with 
the exception of the TTL-based os- 

cillator circuit. 
Figure 4 shows a 1- to 20 -MHz -crys- 

tal Colpitts oscillator that is easy to 
build. It is based on an old-fashioned 
germanium NPN bipolar transistor 
and a crystal operated in the parallel 

'SEE TABLE 

A 

XTAL1 
MHz 

C2 C3 
(pF) 

0.5-3 470 820 

3-10 220 470 

10-20 120 330 

+12VDC 

RF OUT 

C3 1 
22pF 

'SEE TEXT 

c4 
33pF 

Fig. 7. This fundamental -mode, I- to 20 - 
MHz oscillator circuit is capable of 
providing 10 PPM frequency stability. 
The drive level of crystal XTALI can be 
adjusted by making R3 any value 
between 100 and 1000 ohms. 

tors Cl and C2 should be silvered - 
mica or NPO-ceramic-disc types. The 

collector of the transistor is bypassed 
to ground for RE but is at a DC poten- 
ticl of _ 5- to + 15 -volts. Output is 

taken from the emitter of the transistor 
through a 0.001-µF capacitor, C3. cs 

.01 A variation on that same circuit 
using a silicon device is shown in Fig. 5. 

That version of the parallel -mode os- 

cillator is able to operate over a 
slightly wider frequency range. Also, 

some claim that oscillators using sil- 

icon transistors might begin their os- 
cillations more reliably than ones that 
use germanium devices (like the one 

B 

Fig. 6. The fundamental oscillator 
shown here (A) has an adjustable drive 
and is designed to operate over the 500 - 
kHz to 20 -MHz range. The exact 
frequency is determined by the values of 
crystal XTALI and capacitors C2 and 
C3, typical values for which are shown 
in the table (B). 

mode. The transistor selected is the 
NTE-101 (also ECG -101), which is sold 
as a replacement for older transistors 
when repairing consumer electronic 
equipment. If you want to use the 
more common NTE-100 (also 
ECG -100), a PNP germanium unit, 
then reverse the power supply and 
apply -12 -volts DC to the collector. 

The feedback network that allows 
the circuit to oscillate is the capacitive 
voltage -divider network, consisting of 
Cl and C2, which is effectively shun- 
ted across the crystal (XTAL1). Capaci- 

Fig. 8. Here's a third -overtone -oscillator 
circuit. Using this circuit with a buffer 
amplifier is recommended. 63 



+12VDC 

Fig. 9. Like all Pierce oscillators, this 
circuit has a crystal, XTALI, connected 
between the output and input of the 
active device. 

in Fig. 4). However, the author has used 
both circuits and found no starting 
problem with either. If you discover a 
problem, then experiment with the 
values of the bias resistors and the 
feedback capacitors (C1 and C2). 

The circuit shown in Fig. 6A is de- 
signed to operate over the 500 -kHz to 
20 -MHz range, depending on the val- 
ues of the capacitors used in the 
feedback network (C2 and C3). Typ- 
ical values for those capacitors (de- 
pending upon which crystal is used) 
are given in the table in Fig. 6B. A 
frequency -trimming capacitor (C1) is 

provided to adjust the operating fre- 
quency to the exact required value. 

The circuit will operate with superior 
stability and lower harmonic distor- 
tion if the feedback resistor (R1) is re- 
placed with one of a greater value 
(the exact value can be found experi- 
mentally). However, that tactic should 
only be used when the oscillator is 

free -running. If it is keyed, or otherwise 
turned on and off, then a problem 
can occur if the value of R1 is too high. 
Under that condition, the oscillator will 
not rise to its full output amplitude as 
rapidly as when the resistor value is 

lower. Using a resistor with a value 
lower than 2200 ohms, however, 
might have the effect of overdriving 
the crystal. 

Afundamental frequency -oscillator 
circuit, that is capable of providing 10 

parts -per -million (PPM) frequency sta- 
bility, is shown in Fig. 7. In that circuit, 
the crystal is connected between the 
emitter of the transistor and the junc- 
tion point on the capacitor voltage - 
divider feedback network. Both series - 
and parallel -mode crystals can be 
used. The ratio of the feedback -net - 

64 work capacitors can be adjusted by 

trial and error for best (most stable) 
operation. 

The drive level of the crystal, XTAL1, 
can be adjusted by replacing R3 with 
a resistor of any value between 100 
and 1000 ohms. The lower the value of 
R3, the lower the crystal dissipation 
and the better the stability. Inductor L1 

is resonated to the crystal frequency 
by C4. The circuit will fail to start if that 
coil is misadjusted; it is almost always 
possible to find a setting near reso- 

+12VDC 

gg¡¡RF 

OUT 

rl 

C3 
.001 

Fig. /0. In this Miller -oscillator, the 
output tuned circuit (L1/C/) should be 
set to either a third, fifth, or seventh 
overtone. 

R1 

4700 R2 
4700 

RF 
OUT 

Fig. 11. The TTL-compatible crystal 
oscillator shown here is of the type used 
as a clock in digital circuits and 
computers. The two inputs of each gate 
of UI are connected together, so they 
operate as inverters. 

nance where the crystal oscillator will 
start reliably every time it is powered 
up. 

An overtone -oscillator circuir is 

shown in Fig. 8. Although the circuit is 

similar to the fundamental oscillator in 
Fig. 7, it produces an output frequen- 
cy at the third -overtone frequency of 
the crystal. As with the previous circuit, 
crystal -drive power can be adjusted 

by changing the value of R1 to some 
value between 100 and 1000 ohms. 

In that circuit, L2 resonates with C3, 
and must be adjusted to resonate on 
the third -overtone frequency. Set L2 to 
a point where the oscillator reliably 
starts and remains stable. That coil will 
pull the frequency somewhat, so don't 
adjust the frequency -trimmer capaci- 
tor (C7) for the final time until after the 
correct adjustment point for L2 is 
found. After that, don't change the 
setting of L2. For best results, a buffer 
amplifier is highly recommended. 

A Pierce -oscillator circuit is shown in 
Fig. 9. Like all Pierce oscillators, the 
circuit has a crystal connected be- 
tween the output and input of the ac- 
tive device. Because a JFET is used in 
the circuit, the crystal is connected 
between the drain and gate; in a cir- 
cuit using a bipolar transistor, the crys- 
tal is connected between the 
collector and base. The capacitor 
(C2) in series with the crystal is used in 
a DC -blocking function (in some low - 
voltage transistor circuits that capaci- 
tor can be eliminated, but should re- 
main for our application). 

The Miller -oscillator circuit shown in 
Fig. 10 uses a capacitor in its output 
circuit. Again, a JFET is used as the 
active device, even though a prop- 
erly biased bipolar NPN or PNP device 
can also be used. The Miller -oscillator 
circuit is identified by having the crys- 
tal in a parallel -mode connection, 
with a parallel resonant -output 
tuned -tank circuit, and no capacitive 
voltage -divider feedback network. Al- 
though the Miller oscillator is quite 
popular, it seems that it is subject to 
frequency and output -amplitude in- 
stabilities, and suffers badly from load - 
impedance variations. The setting of 
the output tuned circuit (L1/C1) is crit- 
ical to proper operation; as explained 
earlier, either a third, fifth, or seventh 
overtone should be used. 

A TTL-Compatible Oscillator. The 
circuit shown in Fig. 11 is a TTL-com- 
patible crystal oscillator-the type 
used as a clock in digital circuits and 
computers. That circuit can be built 
with any set of TTL inverters; in the case 
shown, U1 is a 7400 NAND quad two - 
input gate. Because the two inputs of 
each gate are connected together, 
they operate as inverters. Of course, 
there are four NAND gates inside each 

(Continued on page 88) 



THE DELTA -W 
CONVERSION 

PROGRAM 
\.Let your computer handle those repetitive 

. electronics calculations. 

Admit it, you've gone insane be-; 
fore. Back when you bought 
your first personal computer, 

you immediately began filling disks- 

with reams of data that had abso- _ 

lutely no business on a computer. 
Family medical records, checking-_ 
account data, and maybe even reci- 

pes were all part of that initial data 
flood. If you followed the standard 
pattern for new PC owners, as time - 

passed you slowly came to your 

BY JAMES E. TARCHINSKI 

.versión. Now the equations are safely/ 
stored on disk and can be retrieved 
and used in a matter of moments. 

As listed, the program will run on IBM 

PCs and PC -compatible computers 
that support either the BASICA or 
GWBASIC versions of BASIC. Because it 

_ uses just text display screens, however, 
the program can easily, be modified 
to run on any computer that supports 
the BASIC language(' 

senses. By now you should have d The Delta -Wye Conversion. Before 

much clearer idea of what belongs ' examining DELTA-Y.BAS in detail, let's 

on a computer and what doesn't, look at the conversion process that 
There are three primary reasons to the program automates. The two par - 

place data on a computer. If a par- - tial resistor networks shown in Fig. 1 will 

ticular application does not fat into' aid in this discussion. 

one of those categories, then con- Figure 1A shows three resistors, RA, 

ventional data -collection and cata-- . RB, and Rc, arranged in what is known 

loging methods (i.e. pen, paper, and. r as a "delta' configuration. Imagine 
books) should be used instead of 9 that those resistors are_ only d small 

computer. The three reasons are: (1)- part of a more extensive circuit and 

the information must be manipulated: 5 that the circuit is connected to the 

in a complex manner once entered, 
(2) the information changes rapidly 
and must be constantly modified,: 
and/or (3) the information might be 
difficult to locate if it is not placed on a 
computer. 

Although it clearly meets the first cri- 
teria, DELTA-Y.BAS, the BASIC program 
given in Listing 1, was originally written 
to meet the third criteria, It was written 
one Saturday morning after the aú- 
thor spent nearly 30 minutes looking in 

a number of electronics books for the 
formulas to perform a delta -Y con - 

DELTA 
CONFIGURATION 

x 

WYE 
CONFIGURATION 

x_ 

A e 

Fig. 1. A resistor network in a delta 
configuration is shown in A, while a wye 
configuration is shown in B. 

resistors. only at the three nodes la- 

beled X, Y and Z. 

Figure 1B shows another arrange- 
ment of three resistors that also con- 
nect to an external circuit only at 
nodes X; Y and Z. The resistors ín that 
figure, R1, R2, and R3, are connected 
in a "wye" (sometimes written as Just a 
"Y") configuration, 

The Delta -Wye conversion theorem 
states that if the values of resistors 

RA-Rc and R1-R3 are properly 
chosen,_the external circuit will not be 
able to distinguish which of the two 
configurations are connected to it at 
nodes X, Y, and Z. In other words, if you 
have a circuit with three resistors con- 
nected: as shown in Fig. 1B, but you 
don't 'hove the appropriate resistor 

values,youu can substitute the circuit of 
Fig. 1A if you properly choose the new 
resistorvalues. Of course, you can also 
use the transformation in the other di- 

rection when necessary. 
The DELTA-Y.BAS program auto- 

mates -the delta-wye conversion pro- 
cess by calculating the appropriate 
resistorvalues for either delta-to-wye 
or wye-to-delta conversions. It does 
the conversions based on the follow- 
ing equations: 

R1 -= (RA)(R )/(RA + RB + R J 

R2 = (RB)(Rd/(RA + RB + Rc) 

R3 = (RA)(RB)/(RA + RB + Rc) 

and 

RA = ((R1)(R2) + (R1)(R3) + 
(R2)(R3))/R2 



RB = [(R1) (R2) + (R1) (R3) + 
(R2) (R3)]/R1 

Rc = [(R1)(R2) + (R1)(R3) + 
(R2) (R3)]/R3 

Entering DELTA-Y.BAS. If you are 
not familiar with the process of enter- 
ing a BASIC program into your com- 
puter consult either your DOS manual 
or, if you have one, your BASIC book. 
The process should advance some- 
thing like the following. 

First, boot your machine from the 
DOS disk that was supplied with your 
computer. When you get to the A 
prompt, type either the command 
"BASICA" if you have a true IBM ma- 
chine, or "GWBASIC" if you have a PC 

compatible. After entering the appro- 
priate command for your machine 
press the Return key; after a few sec- 
onds you should see BASIC's "OK" 
prompt appear on the screen. 

When that prompt appears, type 
the program into the machine exactly 
as it appears in Listing 1. Be sure to 
press the Return key after you com- 
plete each line, otherwise the line will 
not be correctly recognized. 

When you finish entering the pro- 
gram immediately save it to a pre- 
viously formatted disk by executing 
the command: 

SAVE"DELTA-Y. BAS" 

Your version of the program should 
now be safely stored on disk. If you 
have access to a modem, an ex- 
ecutable version of the program, DE- 

LTA-Y.EXE, along with a text listing of it 

are available in the PE Library of our 
BBS (516-293-2283,8-N-1). 

Program Description. As shown in 
Listing 1, the DELTA-Y.BAS program con- 
sists of three main sections of code 
coupled with three support sub- 
routines. The main sections are the 
printing of the menu screen, the del- 
ta-to-wye conversion section, and the 
wye-to-delta conversion section. 

Program execution begins with the 
main menu portion of the code, 
which includes lines 1000-1310. Line 
1000 clears the program variables 
and initializes the screen to its 80 -col- 
umn, color mode of operation. Lines 
1010 through 1150 then proceed to 
print a title banner and a reference 
diagram on the screen. 

In lines 1180-1250 DELTA-Y,BAS gets 
66 down to business, printing the Main 

LISTING 1 

1000 CLEAR t WIDTH 801 SCREEN 0, 0, 0, Ot KEY OPPt CLS t COLOR 
1010 PRINT 
1020 PRINT " 
1030 PRINT " (c) 1989 by James E. Tarchineki 
1040 PRINT 
1050 COLOR 11 
1060 PRINT - 

1070 PRINT DELTA 
1080 PRINT 
1090 PRINT " /\ 
1100 PRINT / \ 

1110 PRINT / \ 

1120 PRINT Ra 1Rb 
1130 PRINT 
1140 PRINT 
1150 PRINT Rc 
1160 " 

1170 GOSUB 1690 
1180 LOCATE 17, 1: COLOR 11 
1190 PRINT "Would you like tot": COLOR 10 
1200 PRINT . 1. Convert from DELTA to WYE" 
1210 PRINT 2. Convert from WYE to DELTA" 
1220 PRINT " 3. Exit the program" 
1230 ' 

1240 COLOR llt PRINT "Your Choicei 1 t COLOR 7 

1250 INPUT " , IN$t V . ABS(VAL(IN$))t COLOR 10 
1260 IP V < 1 OR V > 3 THEN BEEP: COTO 1170 
1270 IF V . 3 THEN CLS : END 
1280 GOSUB 1690 
1290 IF V . 2 THEN 1470 
1300 ' 

1310 ' 

1320 ' DELTA -> WYE 
1330 ' 

1340 P$ . "Re": GOSUB 1610t RA . V 
1350 PS "Rb": GOSUB 1610: RB . V 
1360 PS . "Ro": GOSUB 1610: RC . V 
1370 IF RARBRC.0 THEN PRINT "ERROR: Illegal value(a).t 
'1380 ' 

1390 GOSUB 1690t LOCATE 17, 1 

10 

DELTA -Y: The Delta -Wye Calculation Program 

1.400 SABC . RA + RE + RC 
1410 R1 . RA RC / SABC: PRINT "Rl . "; Rl; " ohms." 
1420 R2 RB RC / SABC: PRINT "R2 . "1 R2, " ohms." 
1430 R3 . RA RB / SABC: PRINT "R3 . "; R3; ohms." 
1440 GOSUB 1760t COTO 1170 
1450 ' 

1460 ' 

,1470 WYE -> DELTA 

W Y E 

R3 

/ \ 

R1 R2 
/ \ 

003UB 1760: COTO 1170 

1480 ' 

1490 P$ . "Rl.: GOSUB 1610: R1 . V 
1500 P$ "R2": GOSUB 1610: R2 . V 
1510 P$ "R3": GOSUB 1610: R3 . V 
1520 IF R1R2R3.0 THEN PRINT "ERRORt Illegal value(s).": 
1530 ' 

1540 GOSUB 1690: LOCATE 17, 1 

.4550 S2 . Rl R2 + Rl R3 + R2 , R3 
1560 RA . 82 / R2: PRINT "Re . 
1570 RB . S2 / R1: PRINT "Rb 
1580 RC . 82 / R3: PRINT "Rc . 

1590 GOSUB 1760, COTO 1170 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 ' 

4700 
1710 POR I . 17 TO 23 
1720 LOCATE I, 1: PRINT STRING$(79, 
1730 NEXT I 

1740 RETURN 
1750 ' 

1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 

"7 RA; 

"; RB; 
"1 RC; 

china. 

" ohms." 
ohms." 

INPUT SUBROUTINE 

GOSUB 1760: COTO 1170 

LOCATE 21, 1: COLOR 111 PRINT="Enter the value of "; PS; 
COLOR 7: LOCATE 23,1 
PRINT "Value (Ohms):"+STRING$(20,32) :LOCATE 23,16 
INPUT.""INS: V . ABS(VAL(IN$)) 
RETURN 

CLEAR BOTTOM SUB 

32); 

PRESS ANY KEY SUB 

COLOR 7t LOCATE 23, 1 - 

PRINT "Press any key to continue...; 
INS INKEY$t IP INS 4> "" TREN 1800 
INS INKEYS: IP INS . " TREN 1810 
RETURN 

'END OF LISTING _ 

Menu (lines 1180-1240) and then in- 
putting the user's selection in variable 
V (line 1250). If an invalid response is 

entered, line 1260 catches the error 
and responds with a beep and a re- 

printing of the Main Menu. Similarly, if 
the user asks to exit the program by 
selecting item 3, the program grace- 
fully halts execution at line 1270. For a 

(Continued on page 88) 



By Marc Ellis 

Time to Read 
the Mail 

ANTIQUE RADIO 

Those readers who have 
been closely following 

our Minerva Tropicmaster 
restoration project know 
that the set is now in work- 
ing condition and are 
expecting a report on its 

realignment. Regrettably, I 

wasn't able to accomplish 
that last month. We're 
doing some home remod- 
eling involving the spaces I 

use for my office, workshop, 
and photography studio, so 

I really didn't have access 
to the required tools and 
facilities. 

s~:' 
k'ANI-.su.: 

_ 

á 
e"R 

This handsome Philco Model 46-1226 console was brought back 
to life by F. Wayne Coston. 

That being the case, this 

ís a perfect time to share 
the many letters that nave 
been accumulating. Next 
month should see us back 
on track with the comple- 
tion of the Minerva project. 

HELP WANTED 
Let's begin the way we 

usually start these "mail- 
bag" columns-with 
requests for schematics 
and/or general information 
on specific sets. Here's a list 

of readers and the sets they 
are looking for information 
on: Arthur S. Jones (775 
Ridge Rd., Lewiston, NY 

14092-1117), Fisher D-391 
"Diplomat;" Brian Carusella 
(3241 Bellefontaine, 
Houston, TX 77025-1401), 
RCA Theremin; Randall D. 

Thacker (4216 East Haro St., 

Phoenix, AZ 84044), did - 
cord stringing diagram for 
RCA 3-BX-671; Steve Riggs 
(RD. Box 949, Geneva, FL 

32732), RCA Victor "New 
Orthophonic High Fidelity" 
upright radio and record 
player; Michael Wal- 
aszewski (6629 Common- 
wealth Blvd, Parma Heights, 
OH 44130), Knight "Star 
Roamer" (4 -tube, 3 -band); 
Henry S. Wypa (3800 
Cicotte/Rear, Detroit, MI 

48210-2925), Paco Model 
1-60 tube tester; Frank I. 

Frattali (3714 Meadowvale 
Rd., Ellicott City, MD 21042), 
Jackson Electrical Instru- 
ment Model 637 Dynamic 
Output Tube Tester; Doug 
Dungan (605 School SI., F.O. 

Box 137, Clio, IA 50052J, 
Heathkit OP -1 Oscilloscope; 
John H. Rodriguez (123 

Colonels Lane, Weymouth, 
MA 02189), Hysteresis Syn- 

chronous Motor Type HC - 
CD B-2, as used in Akai reel- 
to-reel tape recorder; H.D. 

Fogle, Jr. (35 Wildwood Rd., 

Katonah, NY 10356), Elec- 
tronic Measurements Corp. 
Model 209 tube tester. 

SHOW -AND -TELL TIME 
Bill Jackson (6331 Cld For- 

syth Road, Macon, GA 

31210) recently restored a 
Columbia Phonograph Co. 
Model 31-33 radio that 
once belonged to his 

grandfather and had been 
stored in a barn for many 
years. The chassis was cov- 
ered with rust, as well as a 
thick layer of fat from hams 
that had once been stored 
overhead. Many compo- 
nents were missing, the 
tuning capacitor was bent, 
and the speaker cone was 
gone. "Many people, ini- 
tially including myself, would 
have considered it junk ... 

the more I looked at it, 

however, the more I was 
challenged-how amazing 
it would be to listen to the 
same radio that my grand- 
father had!" 

Lack of space prevents 
us from going into detail, 
but suffice it to say that Bill 

now has a working chassis. 
The cabinet is too far gone 
to restore, and Bill's brother, 
a master carpenter, is go- 
ing to duplicate it. However, 
he needs a reference for 
the speaker grille-which 
has been long since lost. 

Can someone supply a 
photo? The cabinet appar- 
ently was black, lacquered, 
and with an oriental design 
on the front. 

E Wayne Coston (1404 
Olive, Durant, OK 74701) 
sent a photo of a hand- 
some Philco Model 46-1226 
that he restored for a friend. 
The chassis was perhaps 
not as bad as the one Bill 

Jackson dealt with, but it 

sounds bad enough! Mice 
had relieved themselves on 
it-causing a short from 
one of the tube's plate pins 
to ground! 

After giving the chassis a 
good cleaning, replacing 
all caps, and lubricating the 67 
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controls, the set came to 
life. "I had forgotten how 
good these old consoles 
could sound ... needless to 
say, it was a very exciting 
event." One of the set's four 
control knobs is missing, 
and Wayne is still searching 
for a replacement. Can 
someone help? 

From time to time, Terry 
Schwartz (Shoreview, MN) 
sends us photos of some of 
his new acquisitions. The 
ones pictured in this col- 
umn don't qualify as "new" 
anymore because we've 
been holding the photo for 
over a year waiting for a 
good opportunity to show 
it. 

We antique -radio nuts 
are getting quite common, 
but Neal A. Haight (4516 
Hillsborough Dr., Castro Val- 
ley, CA 94546) is one of a 
rarer breed that specializes 
in restoring old black -and - 
white TVs. He estimates that 
"... around 90% of those 
built now lie in ashes 20-50 
feet below the ground." 
That's why he enjoys the 
challenge of finding and 
fixing those sets. His latest 
project is a 1957 Packard - 
Bell Model #8853. Can 
someone help Neal find a 
deflection yoke (Packard 
Bell #2959C or Stancor 
#DY-23A) and back (rear 
cover) for that set? 

CAPACITOR 
COMMENTS 

Bill Stiles (4599 Jarvis Rd., 
Hillsboro, MO 63050) writes 
that he found the recent 
series on the Sprague Tel- 
Ohmike capacitor checker 
interesting. However, he 
doesn't completely agree 
with a remark I made about 
the leakage -testing func- 
tion of those instruments 
being relatively unimpor- 
tant. My point was that, 
because the condition of 
most old capacitors is high- 
ly suspect, most people 
now replace them without 
bothering to check. Bill rep- 

lies: 

"... It is true that wax - 
coated capacitors should 
be replaced, no testing is 

needed. It was common, in 
the 1950s, to replace the 
smaller sizes of paper ca- 
pacitors with ceramics, 
which also are sometimes 
leaky and might require 
testing. However, the largest 
need for leakage testing 
would be for testing sets 
that had been repaired 
with the early molded ca- 
pacitors. 

"When molded capaci- 

state stereo amplifier (1962 
vintage) with Sams Pho- 
tofact sheet. 

BRITISH BABY 
BOOMER 

Paul Coxwell (Sutton -On - 
Sea, England), who contrib- 
uted the photo and 
specification of the Bush 
22 series we discussed in 
the October, 1994 column 
("A Baby Boomer From Brit- 
ain") sent some comments 
on the write-up. He noted 
that, although I pointed out 
a few of the British radio 

s 

Some gems from Terry Schwartz's collection. Top (from left): 
Crosley 635; promotional radio by Champion; Farnsworth 
ET -069. Bottom "money talks" set (Washington's mouth moves in 
sync with the audio); Zenith 6D030. 

tors were first introduced, in 
the middle 1950s, they were 
a large improvement over 
the wax -coated units, but 
they had a much shorter 
life than later (since about 
1970) units. Even then, it was 
a common practice to re- 
place all wax -coated 
capacitors. If you are restor- 
ing a set in which the 
capacitors have been re- 
placed, some of the 
replacements might be 
leaky, and a capacitor ana- 
lyzer, using a high voltage 
for testing, is the only relia- 
ble test for leakage." 

Incidentally, Bill has two 
items to give to anyone 
who will pay for shipping: A 
Hickock 288X signal gener- 
ator and a TEC S-15 solid - 

terms used on the spec 
sheet, I left out a couple of 
important ones: anode for 
"plate" and earth for 
"ground." 

Paul also fills us in on the 
Mullard tube code used by 
British manufacturers. Lim- 
ited space prevents us from 
giving all the details, but the 
first letter in the designation 
refers to the heater current 
or voltage rating; that is 

followed by one or Iwo let- 
ters referring to the type of 
tube (diode, diode -triode, 
etc.); then comes a two - 
digit number identifying the 
specific tube. The latter 
numbers are assigned in 
ranges, depending on the 
type of base (for example, 
tubes numbered 30 

through 39 have an octal 
base). 

The "U" prefix on the 
tubes that are used in the 
Bush 22 series indicates that 
they are designed for use in 
a 100-mA series string. The 
voltages dropped across 
each tube might vary from 
type to type. That's why the 
tubes in the Bush were op- 
erated in series even when 
powered by the alternate 
transformer configuration. 
Otherwise, several trans- 
former windings might have 
been needed to power 
each tube with its correct 
heater voltage. 

NOTE FROM A 
REPAIRPERSON 

A retired antique -radio 
repairperson, who asked 
that her name and address 
not be published, writes the 
following in response to my 
little profile on reader Cindy 
Cookston (February, 1995 is- 

sue). 
"Isn't it unusual that a 

writer of antique -radio col- 
umns considers 
repairwomen a rarity? 
There are many women 
doing this work. True, they 
are a minority, but by no 
means as unique as you 
insinuate. 

"You asked the back- 
ground of such women. 
Marital status and number 
of children are irrelevant. 
The pertinent attributes of a 
good repairperson are in- 
telligence, knowledge, and 
manual dexterity. This is the 
20th Century. The eras 
when women were hired 
only in low -paying menial 
jobs are over. Today 
females teach sciences in 
universities, work as engi- 
neers and technologists in 
aerospace, automotive, 
computer, television and 
medical facilities to name a 
few examples. They take 
pride in their ability to do 
meticulous tasks. 

"The beautiful cabinetry, 
unique chassis design and 
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