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Design and Verify Circuits Faster 
Join over 20,000 customers using the affordable mixed -signal simulator 

Design faster with Electronics Workbench. 
Mix the analog and digital components and ICs 
in any combination. And with a click of the 
mouse, try 'what if' scenarios and tine tune your 
designs.The built-in SPICE simulator gives you 
real -world waveforms. 

All without programming or netlist 
syntax errors. 

And in minutes. Not hours or days. 

You'll he up and running sooner. And create 
better designs faster with Electronics Workbench. 
We guarantee it! 

INTERACTIVE IMAGE TECHNOLOGIES LTD. 
908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060 

Telephone:416-977-5550 BBS: 416-977-3540 
CompuServe: 71333,3435 E-mail: ewb@interactiv.com 

Electronics Workbench: $299 
Click & drag schematic capture 
Mixed analog/digital SPICE simulator 
Instant Bode plots and scrollable waveforms 
50 analog components with 350 models 
140 digital components and ICs in TTL and 
CMOS 
Windows, DOS and Macintosh versions 
Free unlimited technical support 
30 -day money -back guarantee 

Engineer's Pack: $ 599 
Electronics Workbench 
2,450 models 
Import/Export SPICE netlists 
Export to PCB packages 

To discover more about 117e affordable 
mixed -signal simulator, call us today at: 

800-263-5552 
Fax: 416-977-1818 
Internet: http://www.interactiv.com 
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EDITORIAL 

ARE WE ALONE? 
Ever since humans first learned about the true nature oft the 

stars, we've gazed upon the nighttime skies and wondered 

if we were unique in the universe. Could it be that we are all 

alone, or are there beings circling one of those stars, 

staring back up at their sky, and asking the same 

questions? 

Well, speculation is one thing, but scientific proof is another. 

While statistical studies indicate a high likelihood that 

intelligent life has evolved elsewhere, there has not yet 

been any solid, incontrovertible proof that such life exists. 

That's one of the reasons why NASA abandoned its work in 

this area, at congressional direction, in 1993. 

Even so, it is possible that such proof will be found within 

our lifetimes. That's because the work NASA began is 

being continued by non-profit, non -government 
organizations. The projects backed by those organizations, 
which are either underway or about to begin, will have 

access to sophisticated new search tools and will use new 

search techniques. 

If all of that excites you, then you must read "The Search 

for Extraterrestrial Intelligence" in this issue. That article 
documents the history of the search for extraterrestrial 
intelligence (or SETI), describes some earlier searches and 

the reasons why they might have failed, and looks at 

today's projects and the organizations that are running 

them. 

What's more, if you want to do more than just read about 
SETI, and you are a radio experimenter or a ham -radio 
operator, the article details ways that you can get involved 
in the search. The journey begins on page 46. 

Carl Laron 
Editor 
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By Studying at Home 

Grantham College of Engineering, 
now in our 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 -to - 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Grantham offers three separate distance - 
education programs, leading to the follow- 
ing accredited degrees; 

(I) The B.S.E.T. with Major Emphasis in 
Electronics. 

(2) The B.S.E.T. with Major Emphasis in 
Computers. 

(3) The B.S.C.S. - the Bachelor of Sci- 
ence 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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Speaking of 
Speakers 

TABLE 1 

LETTERS 
THREE-WAY THIRD - 
ORDER CROSSOVERS 
I'd like to make a few points and 
corrections regarding William R. 

Hoffman's article, "Designing 
Loudspeaker Crossovers" (Pop- 
ular Electronics, July 1995). 
Formulas for calculating circuit 
components for three-way third - 
order crossovers are usually 
given for a certain bandwidth. 
By deviating too much from the 
given bandwidth, serious inter- 
ference problems arise in the 
combined response. 

By slightly modifying Mr. 
Hoffman's formulas in his 
XDES3.BAS program to the 
ones shown in Table 1, I ob- 
tained a much more linear 
three-way, third -order crossover 
model (i.e., flatter combined re- 
sponse curve). The FX and FM 

C1= (.11/(Z4*X2))*10^6 
C2= (.29/(Z4*X2))*10^6 
C3= (.083/(Z3*FM))"10^6 
C4= (.33/(Z2*FX))*10^6 
C5= (.99/(Z2"FX))*10^6 
C6= (.21/(Z1 *(X1-17)))*10"6 
L1= ((.12"Z4)/X2)"10^,3 
L2= ((.062*Z3)/FM) * 10"3 
L3= ((.027'Z3)/FM) * 10^3 
L4= ((.36'Z2)/FX)* 10^3 
L5= ((.22*Z1)/(X1-17))*10^3 
L6= ((.086*Z1)/(X1-17))*10^3 
where FX=(X1 `)(2)^.51 and FM=(X1 "X2)^.5 

terms have been added to set 
the size of the bandwidth on the 
mid driver's bandpass filter and 
to align the crossover point to 
- 5.5 dB at the lower crossover 
frequency. The (X1-17) term is 

introduced to align the 
crossover point on the low-pass 
filter to -5.5 dB at the lower 
crossover frequency. The ad- 
justed formulas are for a given 
bandwidth on the bandpass fil- 
ter; ideally, you want X2/X1 = 8. 
For example, if you want your 
lower crossover point at 350 Hz, 
the upper crossover frequency 
should be X2 = X1"8 or 8 x 
350, which equals 2800 Hz. For 
different bandwidths, the for- 

mulas need to be slightly 
changed. 

In order for your crossover to 
yield the desired acoustic re- 
sponse, several conditions must 
be met. First, the driver's imped- 
ance is corrected with a Zobel 
circuit to a nearly constant mag- 
nitude and zero phase. Second, 
the driver's response should be 
nearly flat for a minimum of 1.5 

octaves from the crossover fre- 
quencies, down for highpass 
and up for lowpass. Finally, you 
want your drivers radiating from 
the same plane. 

One final note: Those condi- 
tions in no way guarantee a flat 
acoustic response, but provide 
a good starting point to arrive at 
an acceptable acoustic re- 
sponse. The final test is how 
the speakers sound! 

For information on BASIC 
programs for plotting crossover 
response, call 410-646-5830 
and leave a mailing address 
with your request. 
Timothy P. Bresnan 
Baltimore, MD 

SPEAKER 
CORRECTIONS 
It has come to my attention that 
there were some errors in the 
programs listed. Here are the 
corrections: 

LISTING 1: 

Lines 541-543 should end with 
"µF" instead of "mH." 

LISTING 2: 
In line 49, substitute X1 for X2. 
The line following number 160 
is, of course, line 165. 

LISTING 3: 
In line 125, "Cl" should be 
replaced with "C." 

-William R. Hoffman 

A HAPPY MUSICIAN 
Just a note to let you know how 
much I liked the "Guitar Pre- 
amp/Distortion Box" project by 
Ken Wilmott (Popular Elec- 
tronics, August 1995). His 
design sounds really good com- 
pared to a lot of commercially 

available distortion boxes that 
I've purchased. And it cost al- 
most nothing to build! 

I'm kind of new at building 
electronic projects, but after I 

finally got it put together I was 
very pleased with the sound of 
it. Now a couple of my fellow 
guitar players want me to make 
one for each of them, too. 
Thanks a lot! 
T.M. 

Omaha, NE 

HE'S GOT THE POINT 
It has been more than two years 
(April 1993) since you published 
my letter ("Plus Side of Sur- 
plus"). I am pleased to report 
that the response has been 
excellent. I encourage anyone 
needing help or advice on any 
electronic subject to write to 
Popular Electronics. 

I was surprised at how many 
people still have a warm spot in 

their hearts for the surplus gear 
on which many of us cut our 
teeth. At the time I wrote my 
letter, I had two half -working 
receivers and no parts. Thanks 
to readers' responses, I now 
have over 15 receivers, all re- 

stored to near -perfect condition, 
plus a good supply of technical 
data and spare parts. 

I know that there will be some 
who wonder why anyone would 
waste time with such antiquated 
stuff-junk, by today's stan- 
dards-but they miss the point. 
There are many avenues that 
one can take in the pursuit and 
enjoyment of our hobby. Mine 
has been the little ARC -5 re- 

ceiver. I have spent numerous 
hours with the headphones on, 
enjoying the fruits of many a 

successful restoration. Plus I 

have made new friends-and 
that is the point! 
J.B. 
Breaux Bridge, LA 

I am glad that you got the 
help you needed. If anyone else 
out there would like a hand from 
your fellow readers, you can 
write to: Letters, Popular Elec- 
tronics, 500 Bi-County Blvd., 
Farmingdale, NY 11735. 
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Professional Schematic Layout 

CircuitMaker's schematic capabilities are unmatched and include many ad- 

vanced editing features not found in similar programs. These powerful fea- 

tures minimize the time and task associated with drawing a schematic and 

insure a professional looking final product. Printout and export options are 

numerous and results are of the highest quality. But that's what people have 

come to expect from CircuitMaker. 
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Total Customer 
Satisfaction 

At MicroCode Engineering we are commit- 
ted to total customer satisfaction. When 

you purchase CircuitMaker you have the 

confidence of knowing that a trained staff 
of professionals is available to serve you 

after the sale. Our free unlimited customer 
service is second to none! Whether you 
have general or technical questions they 

will be answered promptly by a knowledge- 

able representative. 

FREE 
Functional Demo 

A free functional demo is available on the 

Internet (http://www.microcode.comX on 

CompuServe (GO MICROCODE) and on 

America Online (keyword search; 
CircuitMaker). A demo can be purchased 

directly from MicroCode Eng. for 510. 

Printed Circuit 
Board Netlist 

Output 
The PCB output capability helps 

you complete your design cycle, 
by generating a netlist that can be 

imported into any compatible PCB 

program. This is not a costly "add- 
on" product. It comes standard 
with every copy of CircuitMaker. 

PCB Program 
MicroCode Engineering also of- 
fers a CircuitMaker compatible, 
professional level, PCB layout and 

autorouting program forjust5299. 
Used in conjunction with 
CircuitMaker, Autotrax completes 

a powerful end -to -end circuit de- 

sign system. Call for details. 

Analog, Digital 
and Mixed -Mode 

Simulation 
CircuitMaker's SPICE3 based 

analog simulation is fast and 
accurate. SPICE sub circuits for 
all base level digital devices 
provides advanced mixed - 
mode simulation capability. 
Digital simulation is live and 

highly interactive. This power- 
ful simulation trio is tightly in- 
tegrated into one package and 
will confirm your circuit de- 
signs with accuracy and ease. 

Comprehensive 
Device Library 

Version 3 features a state-of-the-- 
art device browser which greatly 

simplifies the task of organizing 
and selecting devices. With its 

newly expanded device library,. 
CircuitMaker now ships with more 

devices (at no additional cost) than. 

any competing product. If you 
need :t device that isn't provided, 
CircuitMaker provides industry 
standard SPICE import and a pow- 
erful Macro capability to enable 
you to create new devices. 
eircuitMaker provides you with 
the tools to get the job done right_ 

fe 
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CircuitMaker YES YES YES YES YES YES 5299 

E'"""'"1""."4'"''"" YES NO YES NO NO NO 52'99 

t Enpn l_ YES NO YES YES YES YES 5599 

"CircuitMaker Shorts The Competition Out, 
With An Unbeatable Bottom -line" 

V OiRNv. 1.61 

1=±1- MicroCode 
il'Engineering 

573 W. 1830 N. Suite 4 
Orem, UT 84057 USA 

Phone (801) 226-4470 
FAX (801) 226-6532 

To order or request 
additional information 

call 800-419-4242 

VISA e 

Competitive upgrades are available for 
$149. Call for details. CircuitMaker is 

a registered trademark of MicroCode 
Engineering. All other trademarks are 

the property of their owners. 

CIRCLE 175 ON FREE INFORMATION CARD 
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Busy -Signal 
Buster 

E PRODUCTS 

Specifically designed to redial 
telephone numbers that seem 
to be constantly busy, the 
PowerDialer from Technology 
Arts can repeatedly dial as 
quickly as the telephone com- 
pany can process the calls-as 
fast as 25 times per minute. 
When busy signals or "all cir- 
cuits are busy" recordings are 
encountered, the PowerDialer 
immediately hangs up and tries 
again. When the call finally 
goes through, an alarm sounds 
to let the caller know. 

^"" `t"' 
v''`t"' w. 

the Rale luny Roma% Machine 

The device can be used to 
call to order tickets for popular 
concerts or sporting events, to 
enter radio contests, to make 
golf tee -off or tennis court reser- 
vations, or to get through to 
technical support lines and 
computer online services and 
bulletin boards. The Power - 
Dialer can be set to periodically 
retry unanswered phone num- 
bers. It also features the ability 
to store numbers in memory, 
advanced tone detection, and a 

built-in speaker for hands -free 
monitoring. 

The PowerDialer is much 
faster than the automatic redial 
service offered by many phone 
companies. Those. services are 
as slow as one call every five 
minutes; the PowerDialer can 
dial a busy number 125 times in 

five minutes. 
The PowerDialer telephone 

dialer costs $249. For more 

information, contact Technology 
Arts, Inc., 150 Bear Hill Road, 
Waltham, MA 02154; 
Tel. 800-600-1778; 
Fax: 617-736-1499. 

CIRCLE 99 ON FREE 
INFORMATION CARD 

PLAYSTATION 
JOYSTICK 
According to STD Entertain- 
ment, the PS Arcade joystick for 
the Sony Playstation brings the 
arcade experience right into 
your home. It features eight full- 
size fire buttons, four speeds of 
semi- and hands -free auto -fire, 
three speeds of slow motion, 
LED indicators, and an extra - 
long cord. To stand up to 
rigorous use, the base and 
joystick shaft are made of 
metal. 

14:49-4111V113.:04;, 

The PS Arcade Playstation 
joystick has a suggested retail 
price of about $59.95. For addi- 
tional information, contact STD 
Entertainment (USA), Inc., 110 
Lakefront Drive, Hunt Valley, 
MD 21030. 

CIRCLE 100 ON FREE 
INFORMATION CARD 

DATA -ACQUISITION 
MODULES 
B&B Electronics' line of serial 
data -acquisition modules comes 
in the user's choice of a 10- or 
12 -bit A/D converter, each offer- 
ing 11 channels of 0-5-VDC 
input. In addition, three digital 
inputs with a range of -30 to 
+30 VDC and three digital out- 
puts with a range of 0 to 5 VDC 
are provided. The I/O lines are 
available through a female 
DB-25 connector. Both RS -232 
modules can be port -powered. 

RS -485 modules are also of- 

-.- 
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ry 

,7* 
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~ry { OQ 4, 

fered in 10- and 12 -bit A/D 
formats. Each of the RS -232 
and RS -485 modules can be 
operated using just three com- 
mands, and each has automatic 
baud -rate detection from 1200 
to 9600 baud. Each module 
also includes demonstration 
programs in Quick Basic and a 
data -logging utility that allows 
the user to import data into 
other programs. 

The 232SDA10 and 
232SDA12 RS -232 10- and 12 - 
bit A/D converters cost $49.95 
and $59.95, respectively. The 
485SDA10 and 485SDA12 
RS -485 10- and 12 -bit A/D con- 
verters cost $54.95 and $64.95, 
respectively. For further informa- 
tion, 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; 
E-mail: techsupt@ bb-elec.com. 

CIRCLE 101 ON FREE 
INFORMATION CARD 

VIBRATING CELL - 
PHONE BATTERY 
ORA Electronics' VibraRing re- 
chargeable battery for portable 
cellular phones allows users to 
receive phone calls silently 
when they're in a meeting, at 
the theater, in a restaurant, at 
church, or in any other place 
where ringing would be intru- 
sive. Instead of the phone 
ringing when a call comes in, 
VibraRing will vibrate, just like a 

pager, silently alerting the user 
to an incoming call. Only the 
user is aware of the call. 

VibraRing features a power- 
ful, built-in vibrating motor. The 
NiCd rechargeable battery con - 

(Continued on page 88) 



What's better than speed reading? 

Speed Learning. 
Speed Learning has replaced speed reading. It's a whole new way to read and learn. It's easy 
to learn...lasts a lifetime... applies to everything you read. It may be the most productive course 
you've ever taken. 

Do you have too much to read and too 
little time to read it? Do you mentally pro- 
nounce each word as you read? Do you fre- 
quently have to go back and reread words, or 
whole paragraphs, you just finished reading? 
Do you have trouble concentrating? Do you 
quickly forget most of what you read? 

If you answer "Yes" to any of these 
questions - then here at last is the practical 
help you've been waiting for. Whether you 
read for business or pleasure, school or col- 
lege, you will build exceptional skills from this 
major breakthrough in effective reading, cre- a 

ated by Dr. Russell Stauffer at the University of 
Delaware. 

Not just "speed reading" - but 
speed reading - thinking - 

understanding - remembering - 
and - learning 

The new Speed Learning Program shows 
you, step -by -proven step, how to increase your 
reading skill and speed, so you understand 
more, remember more and use more of every- 
thing you read. The typical remark from over 
one million people taking the Speed Learning 
program is, "Why didn't someone teach me 
this a long time ago." They were no longer 
held back by their lack of skills and poor read- 
ing habits. They could read almost as fast as 
they could think. 

What makes Speed Learning 
so successful? 

The new Speed Learning Program does 
not offer you a rehash of the usual eye -exer- 
cises, timing devices, and costly gadgets you've 
probably heard about in connection with speed 
reading courses, or even tried and found inef- 
fective. 

In just a few spare minutes a day of easy 
reading and exciting listening, you discover an 
entirely new way to read and think= a radical 
departure from anything you have ever seen 
or heard about. Speed Learning is the largest 
selling self -study reading program in the world. 
Successful with Fortune 500 corporations, 
colleges, government agencies and accred- 
ited by 18 professional societies. Research 
shows that reading is 95% thinking and only 5% 

eye movement. Yet most of today's speed 
reading programs spend their time teaching 
you rapid eye movement (5% of the problem), 
and ignore the most important part, (95%) 

thinking. In brief, Speed Learning gives you 
what speed reading can't. 

Imagine the new freedom you'll have 
when you learn how to dash through all types 
of reading material at least twice as fast as you 
do now, and with greater comprehension. 
Think of being able to get on top of the ava- 
lanche of newspapers, magazines and corre- 
spondence you have to read...finishing a stimu- 
lating book and retaining facts and details 
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more clearly, and with greater accuracy, than 
ever before. 

Listen - and learn - 
at your own pace 

This is a practical, easy -to -learn pro- 
gram that will work for you - no matter how 
slow a reader you think you are now. The 
Speed Learning Program is scientifically 
planned to get you started quickly...to help you 
in spare minutes a day. It brings you a "teacher - 
on -cassettes" who guides you, instructs, and 
encourages, explaining material as you read. 
Interesting items taken from Time Magazine, 
Business Week, Wall Street Journal, Money, 
Reader's Digest, N.Y. Times and many others, 
make the program stimulating, easy and 
fun...and so much more effective. 

Executives, students, professional 
people, men and women in all walks of life from 
15 to 70 have benefitted from this program. 
Speed Learning is a fully accredited 
course...costing only 1/4 the price of less ef- 
fective speed reading classroom courses. Now 
you can examine the same easy, practical and 
proven methods at home...in your spare 
time...without risking a penny. 

Examine Speed Learning 
RISK FREE for 15 days 

You will be thrilled at how quickly this 
program will begin to develop new thinking 
and reading skills. After listening to just one 
cassette and reading the preface, you will 
quickly see how you can achieve increases in 
both the speed at which you read, and in the 
amount you understand and remember. 

You must be delighted with what you 
see, or you pay nothing. Examine this remark- 

able program for 15 days. If, at the end of that 
time you are not convinced that you would like 
to master Speed Learning, simply return the 
program for a prompt refund. (See the coupon 
for low price and convenient credit terms.) 

RISK -FREE ORDER FORM 

YES! I want to try Speed Learning for 15 days 
without risk. Enclosed is the first of 4 monthly 
payments of $32.25". If I'm not completely 
satisfied, I may return it for a prompt refund. 

O SAVE 8.00! I prefer to pay the $129.00 now, 
and save the $8.00 shipping & handling charge. I 

may still return the program for a full refund. 

Method of payment: (Federal Tax Deductible) 
O Check or money order payable to Learn 
Incorporated 

Charge to: Visa O MC O Am Ex O Discover 

Card # Exp 

Signature 

Phone ( ) 

Name 

Yll Address 

City State Zip 

'Plus $8.00 shipping and handling. U.S. funds 
only. For New Jersey residents, sales tax will 

-be added. 

(earn Dept.LPEo1. 113 Gaither Drive, 

INCORPORATED Mt. Laurel, NJ 08054-9987 7 
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Wireless pet -containment breakthrough! 

Computerized collar 
creates world's first 
sonic -controlled dog? 
Small U.S. company develops technology that uses soñ'ie waves g nd 
a microprocessor on your dog's collar to replace expensiv fencing, 
cruel chains and leashes...keeping 
your dog safe and free! 

by Charles Anton 

One of the hottest ideas in 
recent years has been electron- 
ic pet containment. Unfortu- 
nately, these systems require 
wires that have to be buried in 

your yard to create a boundary and communi- 
cate with the dog's collar. Although effective 
for some, they can cause an installation 
nightmare! 

Elexis Corporation, 
one of the major players 
in the industry, asked 
its team of engineers, 
"How can we eliminate 
the wires?" 
A smart collar. This 
simple question led to the 
development of a "smart 
collar." The computerized 
collar actually senses your 
dog nearing the sonic 
boundary by monitoring 
the strength and modula- 
tion of an ultrasonic signal 
emitted by the Sonic 
Fence emitters. Many 
months and thousands of 
dollars later, the world's 
first totally wireless pet con- 
tainment system was born! 

Unlimited range. 
Sonic Fence is the latest 
in pet containment tech- 
nology-a true break- 
through for pet owners. 
Sonic Fence creates a 

v barrier that gives your 
ó dog freedom to roam 
TS and keeps him safe at the 
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interacts with the 
Computerized collar 

sonic emitters in 

your yard. 

.. 

Mástyik-"'<" 
----- 1 aT 

The system is simple: it consists of a com- 
puterized collar and sonic emitters. A sonic 
emitter sends a signal of up to 75 feet. The con- 
tainment area is expandable to an unlimited 
range. The computerized collar interacts with 

the sonic signal of the 
emitter, sensing when 
your dog nears the bound- 
ary. The strength of the 
signal is evaluated as your 
dog nears the perimeter 
that you have defined. He 
will first receive an audi- 
ble beep. If he continues, 
a mild correction will be 
administered. 

Wireless pet 
1;1 containment 

system 
break- 
throughs... 
'Affordable. 
Costs much -less 
than installing 
an unsightly 
chain -link fence. 

Easy installation. 
No more digging up 
your yard to bury wires. 
Just place the emitters six 
inches into the ground. 

Totally portable. 
Take it with you! It's 
perfect for picnic areas 
or campsites. . 

Security. Sonic Fence 
keeps your dog within 
your yard...safe and 
out of trouble. 

Hidden barrier. Without fences or 
wires, Sonic Fence creates a hidden 
ultrasonic boundary that only your 
dog knows is there. 

within your 
same time. 

yard 

The humane solution. 
Sonic Fence will work 
with virtually any size or 
breed of dog. The correc- 
tion is similar to a static 
electricity charge, and it 
won't harm your pet in 
any way. 

Patented design. The 
Sonic Fence system oper- 
ates with a computerized 
collar and sonic emitters, 
so you get the advantages 
of pet containment with- 
out digging up your yard 
to bury wires. Installation 
is complete within min- 
utes by simp y defining 

the boundaries with the sonic emitters. Sonic 
Fence creates a boundary 20 feet thick 
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TOTAL FLEXIBILITY 
111, Design the perfect layout for your yard and 
41 your pet with Sonic Fence. The four -post lay- 

outs are perfect for typical back yards. And the 
two -post and one -post layouts are ideal for city 
lots or lots with partial fencing. Each emitter pro- 
tects 75 feet of perimeter. Add as many emitters 
as you like for umlimited coverage! Each X repre- 
sents one emitter. 

Each Sonic Fence emitter broadcasts an ul- 
trasonic signal. The Sonic Fence computerized 
collar constantly checks for the perimeter signal 
acting like a security system to keep your pet 
within the protected area. 

° 

As the signal inten- 
sifies, the collar 

will beep your dog. 

If you dog enters, 
the boundary area, 

the collar will admin- 
ister a correction. 

The system resets 
when your dog 

returns to the 
safe zone. 

- 

and 10 feet high to create the only safe zone 
in your yard for your pet. 

Sonic Fence is totally por- 
table-no more leaving your 
dog at home while you're on 
vacation or chaining him up 
at a campsite. Now he can 
freely interact with your fam- 
ily within the temporary 
barrier you establish. 

The humane alter- 
native to fencing. 

Easy training. By spending as little as 15 min- 
utes a day working with your dog, your pet 
could be fully trained in about three weeks. 
Plus, you can train as many dogs as you like on 
the same system-as long as they're each wear- 
ing a computerized collar. 
Risk -free. Sonic Fence is made in the USA and 
is backed by our exclusive risk -free home trial. 
Try it, and if you're not satisfied, return it with- 
in 90 days for a full "No Questions Asked" 
refund. It's also backed by a one-year manu- 
facturer's warranty. Most orders are processed 
within 72 hours and shipped UPS. 

Not available in stores! 
For a limited time, Sonic Fence 
is available at the factory -direct 

price of just $199! The system in- 
cludes: one sonic emitter, one computerized col- 
lar, 24 training flags, batteries for the emitter 
and collar, an installation planning diagram and 
an instructional video. 

Free emitter! To help you create your per- 
fect customized yard, we will give you a free 
emitter for every two emitters you purchase! 

Sonic Fence $199 $16 S&H 

Extra computerized collar $119 $9 S&H 

Extra emitter' (and training flags)...$89 $8 S&H 
Buy two additional emitters, get a third emitter tree! 

Please mention promotional code 624 -PL -6639. 
For fastest service, call toll -free 24 hours a day 

800-992-2966 
1,7j1 = 

To order by nail, send check or money order for the total amount in - 

chiding 5&H (VA residents add 4.5% sales tar). Or just charge it to 

your credit card, enclosing your account number and exp. date. 

INDUSTRIES 
2820 Waterford Lake Drive, Suite 106 

Midlothian, Virginia 23113. 
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GIZMO'S 
HOLIDAY GIFT 
GUIDE 

A tie for Dad? A robe for Mom? A new 

CD for each of the kids? Fruitcake? 
Are your holiday gift ideas a bit, well, 

boring? Scarves and gloves, sweaters and 

shirts, pajamas and slippers might all be 

functional, but they're not likely to add 

much cheer to your holiday. 
Perhaps your family tends to give more 

exotic presents-a hydraulic wine -opener 
for Dad, sea -shell jewelry for Mom, a glow - 
in -the dark ant farm for the kids. Definite- 
ly not boring, but they're all likely to end up 

in the closet or basement, nonetheless, 
adding to the clutter that fills your home. 

We'd like to offer a different approach 
to gift -giving. Instead of buying a bunch 
of individual goodies that are destined to 

be forgotten by spring, why not splurge on 
one big -ticket item that the whole family 
can enjoy for years to come? 

The consumer -electronics industry of- 
fers a huge selection of products that could 
make a difference in the time your family 
spends together. Many of them fall under 
the general heading of home theater-a 
projection TV, a surround -sound speaker 
system, or an A/V receiver, for instance. 
But also consider a new camcorder for 
recording family holidays and special 
events; a new VCR for watching those 
recordings as well as movies; a multime- 
dia personal computer for work, learning, 
and game -playing; or a satellite -TV sys- 

tem to expand your viewing options. 
The following pages are filled with gift 

suggestions. Some are quite practical: For 
instance, a multimedia PC with a built-in 
stereo TV and FM radio, and a re- 
mote control, would get very little 
down time at our house. Others are 

audiophile or videophile flights of 
fancy that stretch the imagination- 
and the bank book. 

There needn't be just one box 
under the Christmas tree. If you decide 
on a new PC, you could also give indi- 

vidual gifts of software or CD-ROMs. A 
new VCR could be accompanied by movies 

to reflect each person's tastes. And don't 
forget accessories! We haven't-we've in- 
cluded some inexpensive electronic "stock- 
ing stuffers" to round out your holiday gift 
giving. 

Just read on page to start your shopping. 

And happy holidays to all of you from all 

of us here at Gizmo! 

THE SKY'S THE LIMIT 
RCA's Digital Satellite System (DSS) 

made quite a splash in 1995. The I8 -inch 
satellite -dish system, offering more than 

175 channels from DirecTv and USSB, pro- 

vides a welcome alternative to cable TV. If 
your family hasn't already jumped aboard 
the DSS bandwagon, you have quite a few 
DSS systems to choose from this holi- 
day season, including three new ones 

from Sony. Sony's 
DSS lineup in- 
cludes the basic 

model SAS - 
BSI with a sin- 
gle -output 
LNB antenna; 
the step-up 
SAS-BDI, 
whose dual - 
output LNB allows 
the use of two or more 
IRDs throughout the house; 

and the advanced SAS-ADI 
(shown here), which adds an- 
other audio output, a 9 -pin low - 
speed dataport, a joystick -style uni- 
versal.remote commander, IR/RF 
capability, and a multiple -event program 
timer. Sony's 
DSS models, 
fea - 

SONY 

ture the Express Navigator on -screen menu 

system to guide viewers comfortably and 

intuitively through the extensive program 
choices. Menus can be tailored to match 
your family's viewing preferences. An op- 

tional multi -room distribution unit allows 
one antenna to feed several TVs throughout 

the house. Prices: SAS -BSI, $749; SAS - 
BD I , $849; SAS-ADI , $949. 

CIRCLE 60 ON FREE INFORMATION CARD 
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BIGGER IS BETTER... 
.. when it comes to TVs. And you 

won't find one much bigger than the 
ProScan PS80690 from Thomson Consumer 
Electronics. The rear -projection set has an 
80 -inch diagonal screen. It has more than 
sheer size going for it. An advanced 9 -inch 
optics system (as opposed to the standard 7 - 
inch system) boosts overall light output by 
more than 50%. Thomson's "RawPower" 
video amplifier generates 68 watts of "pic- 
ture power." The set also features a 55 -watt 
Dolby Pro Logic surround system with 
built in center -channel speakers and sub - 
woofer. Dual tuners allow you to view split- 
screen action, picture -in -picture (PIP), 12 
channels simultaneously in Channel Guide 
mode, and picture -outside picture, which 
delivers three "virtual motion" channels on 
one side of the screen while the main pro- 
gram is viewed in a larger window-all 
without the addition of a second video 
source. On the set's 80 -inch screen the color 
PIP inset picture is the same size as a 35 - 
inch screen! Price: $8499. 

CIRCLE 61 ON FREE INFORMATION CARD 

LARGE -SCREEN VIDEOVIEWER 
TVCRs are getting bigger, too-big 

enough to move out of the kitchen or dorm 
and into the family room. Quasar's Video - 
Viewer line now includes a 27 -inch, four - 
head, stereo model, the W2705. It features 
VCR Plus+ for easy recording, a Super - 
Black picture tube for improved contrast, 
an English/Spanish on -screen display, and 
Auto Clock Setting with automatic Day - 

light Savings Time adjust- 
ment. The TVCR can de- 
code the Extended Data ser- 
vice signal transmitted over 
the Public Broadcasting 
System, so it will always 
hold and display the correct 
local time. The VV2705 is 
equipped with MTS Hi -Fi 
stereo and Second Audio 
Program (SAP) capability. 
Price: $749.95. 

CIRCLE 62 ON FREE 

INFORMATION CARD 

WIDE RECEIVER 
You'll almost feel like 

you're in a movie theater 
when you watch a film on 
a widescreen TV, such as 
Proton's WT -3650 34 -inch 
direct -view stereo moni- 
tor/receiver. The dual -tuner 
set offers 600 lines of hori- 
zontal resolution in your choice of four dif- 
ferent formats. "Standard" is the tradition- 
al 4:3 aspect ratio; "full" enlarges the 
central image of a standard program to fill 
the wide screen; "16:9" frames letterboxed 
source material; and "zoom" allows cen- 
tral and vertical adjustment of letterboxed 
images. The dual tuner lets you watch two 
programs at once, and the picture -in -pic- 
ture mode offers a range of special effects 
including strobe, still, swap, and position. 
Price: N/A. 

CIRCLE 63 ON FREE INFORMATION CARD 

Thomson's ProScan PS80690 

11. 
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Fisher's PC5531 television 

PROJECT A POSITIVE IMAGE 
Of course, the biggest video images 

come from projectors such as Sharp's XV- 
P15U. The lightweight, compact, portable 
projector uses Sharp's single -panel LCD 
technology and a newly developed optical 
system to deliver an image that's almost 
four times brighter than previous single - 
panel models, and with improved center - 
to -corner uniformity. The short -focus lens 
allows crystal-clear images up to 100 -inch- 
es (diagonal) even when viewing at close 
range in a small room. Measuring slightly 
more than 13 X 13 inches and weighing 
just 13.6 pounds, the XV-P15U can be ceil- 
ing mounted, set on a table, or even moved 
from room to room. A speaker is built in 
for portable use, and multiple video inputs 
are provided. The wireless remote control 
is backlit for use in darkened home the- 
aters. Price: $2500. 

CIRCLE 64 ON FREE INFORMATION CARD 

PARENT POWER 
Fisher's PC5531 television might not be 

at the top of your kids' holiday wish list, 
but if you have young children and you're 
thinking of buying a new family television, 
this could be the one for you. The 31 -inch 
set features a Parental Control function that 
allows parents to select up to three chan- 
nels to block out for a total of up to nine 
hours. The kids probably won't miss those 
channels as they enjoy the PC553l's 600 
lines of horizontal resolution, MTS/dbx 

Gizmo is published by Gernsback 
Publications, Inc., 500-B Bi-County Blvd., 
Farmingdale, NY 11735. Senior Writers: 
Chris F. O'Brian and Teri Scaduto. Copyright 
1995 by Gernsback Publications, Inc. Gizmo 
is a registered trademark. All rights reserved. 
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Proton's WT -3650 34 -inch direct -view TV 

stereo and SAP reception, picture -in -pic- 
ture, surround -sound circuitry, front -firing 
speakers in a double -baffle cabinet, on- 
screen picture control, and pre-programmed 
universal remote control. Price: $949.95. 

CIRCLE 65 ON FREE INFORMATION CARD 

SMALL BUT SWEET 
The LCD -410 personal color television 

from Marantz is proof that good things can 
come in small packages. Weighing in at a 

feather -weight 13 ounces, the portable LCD 
TV features a four -inch, backlit, Thin Film 
Transistor (TFT) active -matrix color 
screen-the same type used in top-quality 
laptop computers. Its bright, crisp, high - 
contrast picture can be clearly seen from 
several feet away, allowing the whole fam- 
ily to watch at once. The LCD -410 is only 
one -inch thick when closed, so it fits easi- 

ly into a jacket pocket. It is equipped with 
A/V inputs and outputs for connection to 

a VCR or laserdisc player, and allows you 
to select widescreen (16:9) or standard (4:3) 
aspect ratios. The portable TV can be used 

for viewing on the go and as an instant 
playback monitor for camcorder users. It 
is compatible with both NTSC and the Eu- 
ropean PAL video standard, and includes 
a built-in AM/FM radio tuner. Price: $799. 

CIRCLE 66 ON FREE INFORMATION CARD 

FLOATING ON AIR 
Hitachi's VM-H81 A Hi -8 camcorder has 

a couple of unique attributes. First, it floats; 

1 

A 

Sharp's XV -P15Ú 

} 

a sealed, air -tight 
chassis gives the 
camcorder com- 
plete buoyancy. 
Second, it elimi- 
nates clumsy 
hookups to your 
TV or VCR by al- 
lowing wireless 

J ' 5 playback of video- 
tape via its "Opti- 
cal Link."A small 
transmitter built 
into the camera al- 
lows it to send 
video and stereo 
audio directly to a 

tiny receiver that is 

connected to the 
television or VCR. The wireless receiver 
comes with a small tripod to ensure easy 

pickup of the signal. The Optical Link 
beam is emitted by two LEDs. The infrared 

signal is converted by a photo diode in the 

receiver into a video and an audio signal 
for the TV set. The water/weather-resistant 
camcorder has a low -light sensitivity rat- 

ing of 2 -lux, an f1.8 lens with 
12 X (opticál) and 24 X (digi- 
tal) instant zoom, a 0.7 -inch 
color LCD viewfinder, and dig- 
ital electronic image -stabi- 
lization circuitry. Advanced 
features include a two-line, 
two -page titter; digital signal 
processing; 16:9 capability; 
digital fade and other digital 
effects; and artificial intelli- 
gence for iris and white bal- 
ance. Price: $2099. 

CIRCLE 67 ON FREE 
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OUT, OUT, 
DAMNED SPOTS 

Get rid of those annoying 
commercial spots with the RCA 
VR678HF Commercial Advance 
VCR from Thomson Consumer Elec- 
tronics. When you record a program, the 

VCR's circuitry detects and marks com- 
mercial segments on the tape. During play- 
back, it automatically skips past those seg- 

ments, allowing you to watch 
commercial -free recordings. During the 

approximately 81,4 sec- 
onds that it takes the 

VCR to fast for- 
ward through three 
minutes of corn - 
m ercials 
recorded 
ín SLP 
speed, you 

can opt to see 

a solid blue screen or 
watch the ads zoom by. 

The VCR also offers Auto 

Clock Set and VCR Plus+ simplified pro- 

gramming with End Time Adjustment, 
which al ows you to adjust the end time of 
a show that might extend beyond its sched- 

uled time slot, such as an extra -inning base- 

ball game. Cable Box Channel Control 
ends recording headaches by automatical- 
ly selecting the proper channels on most 
remote -controllable cable boxes. The 
VR678HF is compatible with the RCA 
DSS system, which sends an infrared 
command signal to the RCA satellite re- 

ceiver for time -shift recording capability. 
Price: $499. 

CIRCLE 68 ON FREE INFORMATION CARD 

3D VCR 
The PV4564 VCR from Panasonic fea- 

tures the Spatializer Audio Processor, an 

exclusive audio technology that promises 
to "transform any stereo TV into a dynamic 
source of lifelike, enveloping sound .. . 

without extra speakers and sophisticated 
surround -sound components." Developed 
by Desper Products, Spatializer technolo- 
gy brings a three-dimensional effect to 
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sound by unmasking the multiple layers of 
recorded audio from stereo sources. Every 
instrument and sound effect is perceived 
to occupy its own point in space, even if it 
is beyond the speakers' normal listening 
boundaries. Two levels of audio process- 
ing are available to suit individual tastes, 
or you can opt to bypass the Spatializer en- 
tirely. Price: $429.95. 

CIRCLE 69 ON FREE INFORMATION CARD 

SPEAKERS OF THE HOUSE 
It's easy to create a home theater with 

today's all -in -one surround -sound speaker 
systems. From AudioSource, the SS -500/ 
package conies complete with the SS -Five 
ProLogic Surround Sound processor with 
built-in center- and rear -channel amplifiers 
and remote control, the VS One video - 
shielded center -channel speaker, and a pair 

NMMq 

control, and a variable sound -delay time 
control to adjust the apparent size of the 
listening space. Price: $950, 

CIRCLE 70 ON FREE INFORMATION CARD 

SHAKE, RATTLE, AND ROLL 
Make your home theater a room -rum- 

bling affair by adding a THX A/V receiv- 
er such as the SA-TX1010 from Technics. 
The stand-alone receiver meets Lucasfilm's 
stringent THX requirements to provide full 
dynamic range with low distortion, prop- 
er stereo imaging and localization, and 
clearly understood dialog even in scenes 
with loud sound effects. The SA-TX1010 
pumps out 120 watts to all four channels 
in Home THX and Pro Logic modes, and 
125 watts each to the left and right chan- 
nels in stereo mode. Technic's Sound Stage 
Imaging adds a realistic surround effect to 

-"- - - 
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The RCA VR678HF Commercial Advance VCR 

of surround -channel speakers. The system 
even includes interconnect cables and 100 
feet of speaker wire. Price: $429.95. 

CIRCLE 115 ON FREE INFORMATION CARD 

Sony's home -theater -in -a -box solution 
is the SA-VA55, which includes two front 
and two rear speakers with a built-in sub - 
woofer and a center -channel speaker. The 
Dolby Pro Logic system features wireless 
infrared rear -channel speakers, so there's 
no need to run wires around the room. In- 
stallation takes about 10 minutes. The sys- 
tem features five surround modes, a remote 
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The PV4564 VCR from Panasonic 

stereo music, with two hall modes, a live 
mode, and a simulated surround mode. A 
help function with on -screen graphics and 
written prompts make the receiver ex- 
tremely easy to set up, test, and use. Price: 
$999.95. 
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FEEL THE MUSIC 
Now you can get a real -life lis- 

tening experience out of 
a personal stereo. Pana- 

sonic's RQ- 
SW20 fea- 
tures the 
Virtual Mo- 
tion Sound 
System 
(VMSS), 
which al- 
lows you to 
feel the mu- 
sic as well 
as hear it. A 

tiny voice - 
coil -and -spring system in the headphones 
reacts in time with the music's low-fre- 

Dealer Syst `n 

12 The AudioSource SS -5001 surround -sound speaker system 

quency response, causing the earpads to 
"move to the beat of the music." Panason- 
ic's XBS Extra Bass System boosts the 
lower frequencies for an added punch. The 
RQ-SW20 features an auto -reverse tape 
player and a quartz -synthesized digital tuner 
with 20 memory presets. Two modes of five 
AM and five FM stations allow "His" and 
"Hers" use. A rugged, water-resistant shell 
makes the personal stereo ideal for sports 
or a trip to the beach. Price: $119.95. 
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BIG SOUND, SMALL PACKAGE 
A small -size stereo system can bring the 

sound of music to a bedroom, den, kitch- 
en, or family room. Kenwood's UD-303 
mini system provides 50 watts per chan- 
nel, a three -disc CD changer, and a dual 
auto -reverse cassette deck with Dolby B 
and HX Pro. The compact system features 
Low -Level Control, which, when activated, 
boosts the treble and bass to ensure rich, 
full sound even at low volumes. Natural 
Bass keeps the music from sounding 
"boomy" at moderate and high volumes. 
The system's dynamic rotary volume con- 
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trol responds to the speed at which the vol- 
ume knob is turned. Price: $500. 
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TAPE IT TO THE MAX 
If your family still prefers cassettes to 

CDs, you might consider the RD-960BX 
cassette deck from Rotel. For your listening 
pleasure, the deck includes Dolby B and C 
noise reduction, HX Pro headroom exten- 
sion, and automatic settings for bias and 
EQ to match the type of tape being used. 
The transport mechanism features two mo- 
tors-a high -torque servo motor for cap- 
stan drive and a separate motor to ensure 
accurate tape handling when rewinding or 
fast -forwarding. The RD-960BX has a sep- 
arate, switchable MPX filter circuit to pre- 
vent audible distortions when recording 
from FM radio. The deck provides accu- 
rate recording of the wide dynamic range 
and extended frequency response of digital 
sources. Convenience features include re- 
mote control, music search, memory 
rewind, and repeat functions. The counter 
displays tape travel information in your 
choice of real time or four -digit index for- 
mats. Price: $399.90. 
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TECHNOLOGY UPDATE 
HOW DOES SHORTWAVE RADIO WORK? 

YACHT BOY 400 
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It's 7 p.m. in your Chicago hotel room 
and you're catching up on the 
news from Radio Moscow 
Whether you're home or travelling the globe, get up-to-the- 
minute news, weather, sports or music from all over the world. 

by Matthew Ziehl 

Keeping in touch with the news isn't 
easy. You can read the paper, but to get 
the latest news you have to wait until 

the next morning for the latest edition. TV news 
broadcasts are only truly up-to-date if they are 
live, otherwise the same information soon 
becomes "old news." The last way you'd keep 
yourself informed is 
the radio. The only 
way you can hear the 
news is between music 
or on a good AM sta- 
tion-if you can find 
one and tune it in. 

Radio revolution. 
Now the new Grundig 
Yacht Boy 400 AM/FM/ 
shortwave radio will 
change the way you 
think about radio. The 
Grundig world travel 
radio keeps the most 
current news and fi- 
nancial information 
coming in from all over 
the world. It broadcasts 
directly to you whether 
you're in Paris, Texas 
or Paris, France. 

The Yacht Boy 400 

is portable and small 
enough to fit into a 

jacket pocket or a 

purse and weighs on- 
ly two pounds. You can 
take it with you ab- 
solutely anywhere. It 
operates on three AA 
batteries, but also has 
a port for an external 
power source. 

Broadcasts from around the 
world. The Yacht Boy 400 is truly a 

technological innovation. To receive broad- 
casts from around the world, the Yacht Boy 400 

covers all shortwave bands (1.6-30 MHz) with- 
out gaps. To listen to your local radio station, 
simply switch to AM or FM tuning. Tune in sig- 

nals using the dial or 
the built-in keypad. 

TOP FIVE REASONS TO REPLACE YOUR' 
RADIO WITHdTHE YACHT ROY 400 

I Legendary Sound Quality. i Grundig is famous throughout tie world far its 

sound quality. The Yacht Boy 400 has a built-intele- 
%coping antenna and an external reel antenna 

3 40 Programmable Presets. 
Forty programmable memory presets allow 

far quick access to favorite station:: Plus PLL-syn- 

tiesízed tuning delivers solid frequency sta bitty. 

3 Ultra -wide Range. Continuous 
shortwave from 1.6 to 30 MHz with no to ling 

caps) covers all existing shortwave bands plus 

FM -stereo, AM and longwave. Shorter amateur, 

aeronautical and maritime two -ware commurica- 
tons can be heard. 

4Programmable Sleep Timer. 
LCD simultaneously shows tine, frequency, 

band, automatic turn -on and sleep timer. Sleep 

timer is programmable in 15 -60 -minute 

increments. It features duel alarm and 

dual clocks which show time in 24 

hour format. 

World 

0 
le 

News. 
Listen to newt 
broadcasts,inzlud- 
ing :he BBC, lb.e 

from around the world 
without commercial 

interruption. 

Plus its 40 randomly 
programmable presets 
allow for quick access 
to favorite stations. 

Clock radio. The 
Yacht Boy 400 radio 
can be programmed to 
automatically turn on 
or sound an alarm by 
using the auto on fea- 
ture. If you want to 
catch an early pro- 
gram or just wake up 
for work, simply set 
the alarm. Other fea- 
tures include sleep and 
snooze and dual alarm 
modes: radio and 
beeper. With the mul- 
ti -function Liquid 
Crystal Display (LCD) 
you can easily check 
the time in the dark. 

Use it all day long. 
Imagine your typical 

'day. It's 5 a.m. and you 
are awakened by the 
radio on your Yacht 
Boy. While you're get- 
ting ready in the bath- 
room you tune in to 
BBC London and listen 

Shortwave sig- 
nals depend on 

factors such as the 

sun, the ionosphere 
and even the earth it- 

self to broadcast 
around tire world. The 

ionosphere is a cloud- 

like layer surrounding 

the earth consisting 
of ions and electrons. 

The process by which 

these radio waves 
travel is called radio 

wave deflection and 

ionospheric propaga- 

tion. In simple terms, 

radio waves travel 
the earth by bouncing 

around. Once 

° ionosphere 

shortwave +- signals 

transmitted from 
earth, the radio 
waves travel up, 

bounce off the ionos- 

phere back down to 

earth and up again. 

This process repeats 

several times. Because 

this takes place at 
low angles, radio 
waves travel great 
distances with every 

bounce taken. 

Many of the major 

countries use short- 
wave radio to trans- 

mit broadcasts for 
worldwide listening. 

There are internation- 

al broadcasts that are 

specifically intended 

to be heard by North 

American audiences. 

to all the latest events before 
work. After your morning meet- 
ings you pick up some amateur 

radio. In the afternoon you have 
some time to catch a few minutes 

3f the soccer game between Spain and 
Italy. On the way home you flip on the 

news again, but this time it's Radio Beijing. After 
dinner you tune in to an exotic music special 
coming directly to you from West Africa. Finally, 
before bed you set the Yacht Boy alarm. 

Risk -free home trial. 
The Grundig Yacht Boy 400 l 'rld Radio & 

TV Handbook 
calls Yacht Boy 
400 "the best 
value portable 
radio on the 
world mark 

is backed by Comtrad's ex- 
clusive risk -free home tri- 
al. Try it. If you're not 
completely satisfied, return 
it within 30 days for a full 
"No Questions Asked" re- 
fund. The Yacht Boy 400 is 
also backed by a one-year manufacturer's war- 
ranty. Most orders processed within 72 hours. 

Special limited -time offer. If you order the 
Grundig Yacht Boy now you will receive it at 
the factory -direct price of only $199. In addition, 
you'll receive FREE: a carrying case, telescop- 
ing antenna and advanced external compact reel p 
antenna, three AA batteries and the Grundig ñ 
Shortwave Listening Guide. Call today to take ad- 
vantage of this limited -time offer 
Grundig Yacht Boy 400 $199 $12 S&H 

Please mention promotional code 763 -PL -6638 

For fastest service call toll -free 24 hours a day v o 

JAERRKHNS = 1 4 800-992-2966 

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 enclosing your 
account number and expiration date. 

CQMTRAD 
INDUSTRIES 

2820 Waterford Lake Drive, Suite 106 
Midlothian, Virginia 23113 
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Hitachi's VM-H81A Hi -8 
camcorder 

Si 

INFINITELY STYLISH 
As pretty to the eyes as they are to the 

ears, Compositions speaker systems from 
Infinity Systems provide a solution for 
home -theater enthusiasts who don't want 
to have to hide their components. Each tall, 
slender Prelude full -range speaker incor- 
porates an efficient, amplified, 100 -watt, 
12 -inch subwoofer in its base. The upper 
portion contains four 514 -inch drivers, two 
4 -inch drivers, and a 1 -inch dome tweeter. 
The Prelude center -channel speaker is 
matched both acoustically and aesthetical- 
ly to the full -range right- and left -channel 
speakers for seamless soundfield repro- 
duction. It contains two 5'V -inch drivers, 
two 4 -inch drivers, and a I -inch dome 
tweeter. Rounding out the home -theater 
system are Quadpole surround speakers, 
which are designed for installation flexi- 
bility. Each contains one 5 -inch driver that 
faces straight out, and two pairs of 31A -inch 
drivers that angle gently off to either side to 
provide diffuse surround audio. Price: Pre- 
lude front speakers, $3000 per pair; cen- 
ter -channel speaker, $779; surround speak- 
ers, $669 per pair. 

CIRCLE 75 ON FREE INFORMATION CARD 

SEEN, BUT NOT HEARD 
Give one family member the gift of 

sound-and everyone else the sounds of 

Kenwood's UD-303 

14 

silence-with 
Sennheiser's IS 
850 infrared digi- 
tal headphone sys- 
tem. The system 
couples the HDI 
850 dynamic 
stereo headphones 
with the world's 
first digital wire- 
less infrared trans- 
mitter, the S 850. It 
can be used with either analog or digital 
sources. The transmitter automatically 
detects and processes different digital 
sampling frequencies. Analog frequen- 
cies are digitized with a 64 -times over - 
sampling, high -resolution AID con- 
verter. An anti-aliasing filter reduces 
noise and distortion. The headphones' 
optical receiver transfers the digital sig- 
nals to a "Bitstream Continuous Cali- 
bration" converter, which converts them 
back to analog signals. A "Duofol" di- 
aphragm, consisting of two wafer- 
thin films, avoids harmonics at 
high frequencies and all but elim- 
inates tonal coloration. Price: 
$1395. 

CIRCLE 76 ON FREE 
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The Sony SA-VA55 surround -sound speaker system 
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The SA-TX1010 
from Technics 

Panasonic's RQ-SW20 

Panasonic 

CD HOME AND AWAY 
Your family can enjoy listening to CDs at home, on the 

road, and just about anywhere else with Onkyo's DX -F71. 
I The self-contained CD player includes a rechargeable bat- 

tery and power adapter for portable and at-home use. It 
comes with a pair of high -quality headphones, but can 
also be used with any set of powered speakers. For auto- 
motive use, the DX -F71 is available with a 12 -volt ciga- 
rette -lighter adapter, a cassette -adapter for in -dash use, 
and a backlit LCD control panel for night driving. Almost 
skip -free play is provided by the player's suspension sys- 



Rotel's RD-960BX cassette deck 

I 
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Compositions speaker systems from 
Infinity Systems 

tem, which provides mechanical isolation, 
along with its electronic digital anti -shock sys- 
tem, which processes and stores three seconds 
of CD data in a dedicated buffer chip. That 
buffer gives the player time to recover from the bumps and jolts 
of everyday use. The DX -F71 features the single -bit D/A con- 
verter and 8 -times oversampling found in home players, 22 - 
track random programming, three repeat -play modes, and a 
built-in equalizer with three playback options-flat; en- 
hanced, and boosted. Price: $240. 
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FIVE -IN -ONE BOOMBOX 
Mom and Dad can enjoy their extensive cas- 

sette collections, the kids can play their favorite 
CDs, and the whole family can move into the 
next age of audio with Sanyo's MDC-2000 
portable music system. The boombox for the 
'90s brings together the most popular music 
mediums of the past, present, and future-AM, 
FM, cassette, CD, and MiniDisc-in a package 
that can fill in as an audio mini -system at home or 
be carried along just about anywhere else. For easy 
CD -to -MD recording, the system features one -touch digital 
recording. You can change the order in which the tracks are 

C 

recorded, and even insert the title of the 
disc in the MD recording. One -touch syn- 
chronized dubbing from CD to tape is also 
provided. The MDC-2000 also offers 
AM/FM digital tuning, a remote control, 
dual -cone speakers, bass -enhanced sound, 
a fluorescent dot-matrix display, and a 

seven -level spectrum analyzer. Price: 
$999.99. 

CIRCLE 78 ON FREE INFORMATION CARD 

IT'S A TV! IT'S A PC! NO, IT'S 
BOTH! 

Thinking of buying a second TV for the 
den? Or maybe a new multimedia com- 
puter? How about a mini -stereo system? 

Sennheiser's IS 850 
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Packard Bell's new line of multimedia PCs 
can serve as all three, and then some. Select 
models feature built-in stereo TV and FM 
radio. You can watch TV and work at the 
same time, or input images from a VCR or 
laserdisc to be printed or stored. The tele- 
vision includes closed captioning, 1024 X 

768 maximum resolution, and stereo sound 
decoding. The FM radio has 24 program- 
mable, preset stations, automatic scan and 
manual seek modes, and alarm and sleep 
functions. TV, radio, and CD-ROM func- 
tions can be controlled with the on -screen 
media controller, the Fast Media key, or the 
included remote control. All models in the 
PC family include direct Internet access 
with seven free hours of access time; Prodi- 
gy, AOL, and CompuServe access; a built- 
in telephone answering system with pager 
service; SRS 3-D Amphitheater Sound sys- 
tem; online documentation; and a quad - 
speed CD-ROM drive. More than 40 pro- 
ductivity, entertainment, and reference titles 
are included in the PC's software bundle_ 
Packard Bell's Navigator software inter- 
face organizes all the applications, func- 
tions, and appliances into three "virtual 
multimedia environments"-the Living 
Room, the Software Room, and the Infor- 
mation Room-from which applications 
can be launched instantly. The Pentium - 
based computers come in 75-, 100-, 120-, 
and 133 -MHz models. Hard -drive storage 
starts al 540MB and increases up to 2.1GB 
with 8MB or 16MB of RAM installed on 
various models. Prices: N/A. 
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MOVABLE MULTIMEDIA 
How to add multimedia to an existing 

notebook or laptop computer? Sony's PRD- 
/55SB portable CD-ROM Discman player 
combines a sleek, double -speed, MPC-2 
CD-ROM drive with a tiny sound -box unit. 
Together, they provide everything you need 

for both multimedia computing 
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Sanyo's MDC-2000 portable music system 

and CD listening on the go. The CD-ROM Discman weighs only 10 
ounces, runs on AA batteries, and is about the size of an audio Disc - 
man. Its sound box, which is about the size of a three -by -five index 
card, provides an all -in -one multimedia solution, including a 16 -bit 
Soundblaster-compatible soundcard; a built-in speaker; audio line- 
out, headphone, and microphone jacks; and a MIDI/joystick port. 
The box connects directly to the CD-ROM Discman with no addi- 
tional' cable. Both the data and audio signals are'passed from the 
combined unit to the computer via a single PCMCIA interface. With 
two AA batteries in the player and six in the Soundbox, the system 
delivers nine hours of audio CD or 
six hours of CD-ROM playback. 
Price: $749.95. 
CIRCLE 80 ON FREE INFORMATION CARD 

SPEAKER POWER 
Perhaps your family already has 

a multimedia PC with built-in 
speakers. You can increase every- 
one's computing and listening plea- 
sure with the addition of a pair of 
multimedia speakers, such as the 
Bose MediaMates. Like speakers 
designed for music listening, the 
MediaMate speakers provide out- 
standing performance over the en - 

Packard Bell's multimedia PC 
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Bose MediaMates 
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Sony's PRD-155SB portable 
CD-ROM Discman player 
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tire audio spectrum. To accommodate CD- 
ROM use, they offer dual -source input ca- 
pability. Mixing capability lets you control 
the amount of computer sound relative to 
outboard sound. The speakers are special- 
ly equalized for close-up listening, with 
full reproduction even at low volumes. The 
slim, rectangular MediaMates take up less 
space than most diskette -storage boxes. 
They can be placed right next to or on top 
of a computer, or can be mounted right on 
the side. A headphone jack and volume 
controls are up front for easy access. Sold 
as a pair, one speaker is the "powered mas- 
ter" and the other is the unpowered auxil- 
iary. Price: $339. 
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VIRTUAL VISIONS 
Take your family on a virtual joyride, 

with Virtual i -glasses from Virtual i -O. The 
eight -ounce virtual reality (VR) headset 
features real-time head -tracking technolo- 
gy, so when you move your head to the 
right or left, up or down, the video envi- 
ronment moves with you. It can display 
two- and three-dimensional video, PC 
games, laserdisc movies, VHS tapes, and 
television programs. The headset is also 
compatible with major gaming systems in- 
cluding Nintendo, Sega, and Sony. The 
fully adjustable headphones provide high- 
fidelity stereo sound. Prices: The PC ver- 
sion with head -tracking and PC capabili- 
ties costs $799; the video -only unit for TV 
and video costs $599. 
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PC SOUNDOFF 
A multimedia PC can really be an entire 

entertainment center by itself whether you 
want to play CDs or listen to .WAV or MIDI 
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Breakthrough sonic toothbrush delivers 
31,000 brush strokes per minute... 
dissolving away stains and plaque! 
Developed by bioengineers and periodontists, Sonicare uses sonic technology to 

promote the health of even sensitive teeth and gums. It is so effective that Optiva, 
the makers of Sonicare, guarantee you a better check-up after 90 days of use! 

by Brian Greenwall 

If you're like me, you don't take proper 
care of your teeth. I admit it-I don't 
floss as frequently as my dentist recom- 
mends. Out of curiosity, last night I 

I actually timed my brushing. I was 
done in less than 30 seconds! (A recent 
dental study found that most people 
brush for an average of 50 seconds.) 

But my teeth look and feel clean, so 
what I'm doing is good enough, right? 

Wrong. Three out of every four peo- 
ple will develop gum disease, and 
most won't even know it. Today 

there is a remarkable device that can help 
combat this problem-it's called Sonicare. 

Silent attacker. Gum disease is caused by 
plaque bacteria, originating in hard -to -reach 
areas between teeth and below the gumline- 
places toothbrushes can't reach, no matter 
how well you brush. Plaque bacteria forms in 

colonies, releasing toxins that make gums 
red, swollen, tender and prone to bleed- 
ing. However, you may have gum disease 
without ante of these symptoms. If not treated, 
gingivitis can lead to periodontitis, a more 
advanced stage of gum disease that can 
lead to tooth loss. Daily cleanings to 
remove this plaque are essential to a 
healthy mouth. Sonicare, clinically proven 
to reverse gingivitis, is the perfect tool. 
A powerful weapon. Sonicare is a break- 
through product that combines up-to-date 
information on dentistry with sonic tech- 
nology. Developed by a team of dentists 
and bioengineers, it is the first high -frequency 
toothbrush to produce gentle sonic vibrations 
that turn toothpaste into a penetrating foam. 

Sonicare is the ultimate in -home dental hygiene 
system, creating 520 brush strokes a second. 

How it works. Electronics housed within the 
Sonicare handle create acoustic energy that is 

transmitted through a drive -bar and emitted 
through the high -frequency motion of the 
bristles. Laboratory studies have proven that 
these vibrations alter and weaken the hairlike 
structures that bacteria use to attach to your 
teeth and gums. Without those adhering struc- 
tures, bacteria are easily swept away. 

State-of-the-art. Sonicare's computer -con- 
trolled electronics not only regulate brushing 
frequency, but also enable the smartilnern" to 
monitor brushing time, turning Sonicare off 
after two minutes. Solid-state electronics in 
the handle, with only one moving part, also 
make Sonicaré s operation highly reliable. 

COULD YOU USE SONICARE? 

Sonic vibrations 
turn tocthpaste 
into a penetrating 
foam that reaches 
between teeth and 

below tie gumline. 

Floss daily. 

You are concerned with 
the health of your, teeth 
and gums. 

I/ You want to brighten 
your teeth, but don't want 
to use home bleaches. 

1/ You have orthodontics, 
implants, crowns, bridges 
or other dental work. 

I/ You use a special tooth- 
paste such as baking soda 
or desensitizing formula 
for sensitive teeth. 

You travel a lot and want a high - 
quality portable electric toothbrush. 

Quadpacer. Because dentists divide the 
mouth into four quadrants (upper left, upper 
right, lower left and lower right), Sonicare's 
innovative quadpacer'" feature divides the two - 
minute cycle into four 30 -second intervals. It 
will beep after each interval and pause long 
enough for you to switch quadrants. This en- 
courages users to brush all teeth surfaces even- 
ly and thoroughly. 

Sonicare's built-in rechargeable battery 
will operate for up to two weeks on a full 
charge. The Sonicare 
system includes the BENEFITS 
handle, a recharging 
base, two color -coded 
interchangeable 
brush heads, a brush 
head holder and caps 
for travel! 
Proven effective. 
Sonicare is clinically -Willi Ellis, Dental Hygienist 

proven to remove 
plaque between teeth 
and below the gum - 
line and significantly 
reverse gingivitis. It 
has been accepted by 
the American Dental 
Association. Sonicare 
removes over 80% of 
coffee, tobacco and 
tea stains. That may 
be why 92% of dental 
professionals who've 
tried Sonicare prefer 
it for their own use, 
and 98% recommend 
it to their patients. 
Guaranteed better 
check-up. Brushing, 
flossing and regular 
dental check-ups are 
equally important 
parts of your dental 
health. We believe that 
Sonicare can signifi- 
cantly improve your 
dental health. In fact, 
we guarantee that after 
using Sonicare for 90 

days, you will have a better check-up. If you and 
your dentist don't agree, simply return your 
Sonicare and receive a complete refund. 

Try it risk -free. Sonicare is backed by Corn- 
trad's exclusive risk -free home trial. Try it, and 
if you're not completely satisfied, simply 
return it within 90 days for a full refund, "No 
Questions Asked." It is also backed by a two- 
year manufacturer's warranty. Most orders are 
processed within 72 hours and shipped UPS. 

Sonicare with Quadpacer $129 stl S&H 

Additional brush head $19.95 $3 S&H 

BETTER BUY: get two heads for .. $34 $4 S&H 

Portable carrying case $17 $2 S&H 

Please mention promotional code 1001 -PL -6640. 

For fastest service, call toll -free 24 hours a day 

"Sonicare represents a 

giant leap in technology. 
It is the first product In my 

17 years of practicing 
dental hygiene that truly 
will help patients at 
home." 

Clinically proven to 
reverse gingivitis 
Whitens teeth by 
removing over 80% 
of coffee, tobacco 
and tea stains 
Recommended by 
98% of dentists who 
have tried it 
Will not irritate 
sensitive teeth, 
gums, even 
dental 
work 

AT0,11 

Prnell 

The Sonicare® sonic toothbrush is 

Accepted as an effective cleansing 

device when used as part of a program 

of good oral hygiene and regular 

professional care. Council on Scientific 

Affairs, American Dental Association. 

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). 
To charge it, enclose account number and exp. date. 

INDUSTRIES 
2820 Waterford Lake Drive, Suite 106 

Midlothian, Virginia 23113 
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Multimedia Soundpar Futuretouch 
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The Multimedia Soundpad from Futuretouch Corporation 

files. Add an FM or TV tuner board, and 
you might never leave your PC again! Un- 
fortunately, many new computer users are 
confused by the necessity of running an 
audio -mixer program to control CD audio 
functions and to get the sound configured 
properly. To the rescue is the Multimedia 
Soundpad from Futuretouch Corporation. 
The Soundpad is a credit -card -sized 21 - 

button keypad the gives PC users one -touch 
control of their computer's CD player as 
well as full audio mixing control-includ- 
ing volume, tone, balance and relative out- 
put levels. The Soundpad attaches to the 
computer's serial port and conies with soft- 
ware that contains device drivers for both 
DOS and Windows. Price: $39. 

CIRCLE 31 ON FREE INFORMATION CARD 

OUT OF THIS WORLD 
The Sega Saturn system promises to 

"take players right inside the game expe- 
rience with compelling visual, audio, and 
kinesthetic effects." It not only brings new 

interactive experiences to game players, 
but also breathes new life into their home - 
theater equipment. Its sound system uses 
two digital signal processors, surround - 
sound encoding, and QSound technology 
for sound effects. Two video -display 
processors provide high-speed video ca- 
pabilities and 3D graphics. Its arcade -style 
architecture allows for software develop- 
ment with 3D rendering, 360 -degree ac- 
tion, dynamic perspectives, and surround 

Virtual 
i -glasses from 
Virtual i -O 

sound. The game player comes with "Vir- 
tual Fighter" and a video sampler of 20 
Sega Saturn titles. Price: $399-$449. 

CIRCLE 32 ON FREE INFORMATION CARD 

GOOSENECK MIKE 
Multimedia PCs seem to be taking over 

more and more of the desktop. One of the 
culprits is the microphone that's required 
for such applications as recording digital 
sound files, or incorporating telephony fea- 
tures. To the rescue is MIDI Land, Inc's 
Free -D (Free Direction) desktop micro- 
phone. The microphone features a unique 
gooseneck design that allows it to be placed 
in perfect position. It can be attached with 
a self -stick stand and adjusted, or it can 
even be twisted to form its own base so that 
it can free -stand on the desktop. The Free - 
D supports all sound card inputs whether 
they are dynamic or condenser types. Price: 
$29.95 

CIRCLE 33 ON FREE INFORMATION CARD 

WINDOWS ON THE WORLD 
If the family receives a new multimedia 

computer for the holidays, it will un- 
doubtedly come with Microsoft Windows 
95 pre -installed. But you can bring older 
computers up to speed with Microsoft's lat- 
est Windows 95 operating -system upgrade. 
Windows 95 not only promises to be easy 
to install-it also makes installing new 
"Plug -and -play" hardware and software a 
real breeze. The new Windows 95 graphi- 
cal interface is even easier to use than Win- 
dows 3.1, the current version. Windows 95 
is a 32 -bit operating system, so it can run 
new 32 -bit software. Perhaps most impor- 
tant, Windows 95 is compatible with most 
existing Windows software packages, and 
it promises to run them in a more stable 
environment. For best performance, you'll 
want to make sure that your computer has 
at least a 486DX CPU and 8 megabytes of 
RAM. If it doesn't, perhaps you might 
want to consider adding memory and 
processor upgrades to your gift list as 
well! Price: $100. 
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L3 Interactive's Slopestyle 

ALIEN ATTRACTION 
Getting children to read-and to enjoy it-gets ever more 

difficult as other forms of entertainment compete for their at- 

tention. Broderbund's Alien Tales encourages reading among 
kids aged 9 to 13 years by exposing them to some of the great- 
est children's literature. Kids play against a celebrity panel 
of aliens who claim authorship of books from Earth. To 
match wits with those alien impostors, kids must read 
passages, answer questions, and solve puzzles to re- 
claim the famous works for their true authors. The 
CD-ROM contains some 450 passages, including plot 
synopses, excerpts, and author background from 30 lit- 

erary books. Featured titles include Char- 
lotte's Web (E.B. White), The Outsiders 
(S.E. Hinton), The Adventures of Tom 

Sawyer (Mark Twain), The Call of the Wild 
(Jack London), Around the World in Eighty 
Days (Jules Verne), and The Wind in the 
Willows (Kenneth Grahme). Price: about 
$45. 
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SNOWBOARD KNOW-HOW 

iu e11, 

Some kids will be dreaming of a white 
Christmas so they can try out their new 
snowboard. Because the weather doesn't 
always cooperate, consider giving L3 In- 
teractive's Slopestyle, a "how-to" title that 
teaches everything about snowboarding, 
from the basics to advanced maneuvers. 
The title is available for 3D0 Interactive 
Multiplayers and MPEG-compatible per- 
sonal computers. It contains more than 50 
minutes of extreme snowboarding action, 
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including 27 lessons in full -motion video- 
the disk contains more than 50 tninute's 
worth of video. The music that accompa- 
nies the lessons is from alternative rock 
bands including Jawbreaker, April's Motel 
Room, Wax, Glu Gun, Wool, and Inch. 
Price: about $45. 
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LOOKING IT UP 
Merriam-Webster's Collegiate Dictio- 

nary, Deluxe Electronic Edition on CD- 
ROM makes a practical gift for any student 
on your gift list. Available for both Macin- 
tosh and Windows, the disc contains the 
full text of the print editions of Merricmt- 
Webster's Collegiate Dictionary. Tenth Edi- 
tion and Merriam-Webster's Collegiate 
Thesaurus. That's more than 160,000 dic- 

Sirius Publishing's 3 -Ft. 6 -Pak 
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Goldstar's Multiwave II microwave ovens 

tionary entries, and 130,000 synonyms, 
antonyms, related and contrasted words, 
and idioms. More than 1000 illustrations 
and tables áre also included. The dictio- 
nary takes advantage of the computer plat- 
form in interesting ways. For example, 
information including the words, pronun- 
ciations, etymologies, part -of -speech la- 
bels, dates of first recorded use, and defin- 
itions are presented in distinct data fields, 
which can be searched individually. For ex- 
ample, you can produce a list of words first 
recorded in English in 1960. Or you can 
search fields in combination to find, for ex- 
ample, a list of slang nouns that come from 
Spanish. Hot -keys let you look up words 
while you are in other Windows applica- 
tions. Word -game lovers will appreciate the 
puzzle -solving search options. Price: $35. 
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On -Line combines words, spelling, and puzzles with an 
adventure story in an attempt to boost kids' confidence 
and improve long-term memory skills as they head up 
the treacherous Spelling River, trying to avoid lions, 
tigers, and other dangers. Sing -Along Kids, from Sirius 
Publishing puts children at center stage and lets them 
sing to their hearts' content. The words to each song are 
displayed carefully paced with music, so the kids can 
learn about reading and spelling as they sing classics like 
"She'll Be Coming Around the Mountain, "Clemen- 
tine," and eight others. Putt -Putt's Fun Pack by Hu- 

mungous contains six 
fun CD-ROM games 

designed to int- 

A YARD'S WORTH OF FUN 
Sirius Publishing provides one - 

stop CD-ROM shopping for your 
youngsters, with the 3 -Ft. 6 -Pak, 
a three -foot -long compilation of 
six best-selling, full -version CD- 
ROMs from top publishers. The in- 
cluded titles are: Lenny's Music Toons 
by Paramount Interactive, a musical ad- 
venture that teaches children the basics 
of musical notation, pitch and harmony. 
Our House, from Context Systems, is based 
on the Family Circus comic strip. It teach- 
es kids about household objects and about 
home life in past decades. Cinderella, the 
Original Fairy Tale from Discis Books in- 
creases kids' language and comprehension 
skills as the computer "reads" the entire 
story to children and explains unfamiliar 
words. Basic Spelling Tricks from Sierra 
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Aiwa's CR -A24 armband radio 

prove a kid's ability to think ahead. In- 
cluded are three-dimensional puzzles and 
classics like tic-tac-toe and checkers. Price: 
$29.95. 
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YOU'RE DOOMED! 
... unless you come up with a title that's sure to 
get your jaded teen excited when he opens his 
gifts. The Ultimate DOOM from GT Interac- 

t.ve Software is available for the IBM-PC both 
j of floppy and CD-ROM. The new, nine -level 

episode of the popular DOOM series also comes 
wi-h five free hours on DWANGO, the Dial -Up 
Wide Area Network Game Operations that links up 
millions of DOOM and DOOM II players. Sub- 
scription Prices: $20 for ten hours, or $35 for twen- 
ty hours. 
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WAVE OF THE FUTURE 
Keep your family well fed with a minimum of fuss and 

bother with one of Goldstar's Multiwave // microwave ovens. 
The Multiwave II system reduces cold spots in food by dis- 

persing microwaves more evenly. Three international food keys- 
Italian, Spanish, and Oriental-are preprogrammed for heating 

such ethnic specialties as lasagna, burritos, or sweet-and-sour chick- 
en, as well as popular brand -name frozen foods. An EZ ON key acti- 
vates the oven at programmed cook times in 30 -second intervals. The 
Auto Weight Defrost function takes the guess -work out of defrosting 
foods. A self -instruction display guides you through the programming 
process. The 900 -watt, I .5 -cubic foot MA -1523 also offers a child- 
proof safety -lock mechanism. Price: $299.95 
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TELE-PHONE/VISION 
Make easy work of managing the house- 

hold's pe sonal information needs-in- 
cluding telephone answering, electronic 
banking and bill -paying, topic -specific 
news items, local traffic and weather, sports 
scores, and daily stock and portfolio up- 
dates-with AT& T's TV Information Cen- 
ter. The device provides easy access to in- 

teractive information and telephone - 
answering services by linking the telephone 
and the television, allowing information 
delivered over regular phone lines to be 

displayed on the TV screen. A handheld 
remote control is used to operate on -screen 
menu of information and phone -answer- 
ing services, and can also control many 
brands of TVs and VCRs. Price: $329. 
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HOME VOICE MAIL 
Give your family members some priva- 

cy, with Cobra's AN -8630 digital answering 
system and cordless telephone. The an- 
swering system features one general "mail- 
box" plus four individual mailboxes for 
personal messages. It can hold six separate 
greetings and 20 -minutes of recorded mes- 
sages. Individualized access codes ensure 
privacy for each user. Calls can be screened 
from the base or the handset, and the hand- 
set can also be used to access the answering 
system. Privacy is also built into the tele- 
phone portion of the unit, where Private 
Call scrambling circuitry prevents acci- 
dental or deliberate eavesdropping on cord- 

less conversations. 
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The phone also features Cobra's Intenna system; built-in handset and base antennas leave 

nothing to bend or break. A two-way intercom system with page/find signals allows a 

person near the base to talk to someone using the handset in a different location. Price: 

$229.95. 
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STRAP ON THE SOUND 
Before you're ready to roll-or ski, jog, paddle, or 
hike-you probably put on your sunglasses and 
grab your personal stereo. Now you can elimi- 
nate some of the sports -gear clutter with Sunsound 

Cobra's AN -8630 digital answering system The EZ-CD from MacTec Products 21 



MANUFACTURER INFORMATION 

AIWA AMERICA, INC. 
800 Corporate Drive 
Mahwah, NJ 07430 
Tel. 201-512-3600 

AT&T 
5 Wood Hollow Road 
Parsippany, NJ 07054 
Tel. 201-581-3000 

AUDIOSOURCE, INC. 
1327 North Carolan Ave. 
Burlingame, CA 94010 
Tel. 415-348-8114 

BOSE CORPORATION 
The Mountain 
Framingham, MA 01701-9168 
Tel. 800-444-BOSE 

BRODERBUND SOFTWARE, INC. 
500 Redwood Blvd. 
P.O. Box 6121 
Novato, CA 94948-6121 
Tel. 415-382-4400 

COBRA ELECTRONICS CORPORATION 
6500 West Cortland Street 
Chicago, IL 60635 
Tel. 312-889-8870 

FISHER 
21350 Lassen Street 
Chatsworth, CA 91311-2329 
Tel. 818-998-7322 

FUTURETOUCH CORPORATION 
2020 East Fourth Street #152 
Santa Ana, CA 92705 
Tel. 714-558-6824 

GOLDSTAR U.S.A., INC. 
1000 Sylvan Avenue 
Englewood Cliffs, NJ 07632 
Tel. 201-816-2000 

GT INTERACTIVE SOFTWARE 
16 East 40th Street 
New York, NY 10016 
Tel. 212-679-6850 

HITACHI HOME ELECTRONICS (AMERICA) 
3890 Steve Reynolds Blvd. 
Norcross, GA 30093 
Tel. 800-241-6558 

INFINITY SYSTEMS, INC. 
20630 Nordhoff Street 
Chatsworth, CA 91311 
Tel. 818-407-0228 

Straps. Available in a range of fashion col- 
ors, they look just like the straps worn to 
prevent glasses from getting lost. But they 
add tiny earbud speaker assemblies, 
equipped with samarium -cobalt magnets 
to produce excellent high-fidelity sound. 
The straps plug into any portable radio, CD, 
or cassette player. A "tail -piece jack" al- 
lows them to be worn without the audio 
cord attachment, and provides a safety re- 
lease in case the cord gets tangled. Price: 
$24.95, plus $3 shipping and handling. 
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OPEN CD -SESAME 
If you've ever struggled to get a new CD 

out of its shrink -fit plastic wrap, you can 
appreciate the EZ-CD from MacTec Prod - 

22 ucts. The small plastic device features a 

KENWOOD USA CORP. 
P.O. Box 22745 
Long Beach, CA 90801-5745 
Tel. 310-639-9000 

L3 INTERACTIVE 
3000 West Olympic Blvd. 
Santa Monica, CA 90404 
Tel. 310-264-4188 

MACTEC PRODUCTS 
21416 Velicata Street 
Woodland Hills, CA 91364 
Tel. 800-MACTEC-1 

MARANTZ AMERICA, INC. 
440 Medinah Road 
Roselle, IL 60172 
Tel. 708-307-3100 

MERRIAM-WEBSTER INC. 
47 Federal Street 
P.O. Box 281 
Springfield, MA 01102 
Tel. 413-734-3134 

MICROSOFT CORPORATION 
One Microsoft Way 
Redmond, WA 98052-6399 
Tel. 206-882-8080 

ONKYO U.S.A. CORPORATION 
200 Williams Drive 
Ramsey, NJ 07446 
Tel. 201-825-7950 

PACKARD BELL 
1 Packard Bell Way 
Sacramento, CA 95826 
Tel. 916-388-0101 

PANASONIC 
One Panasonic Way 
Secaucus, NJ 07094 
Tel. 201-348-7000 

PROLINE/AMI CORPORATION 
P.O. Box 27632 
Denver, CO 80227-0683 
Tel. 800-325-0853 

PROTON 
13855 Struikman Road 
Cerritos, CA 90703 
Tel. 310-404-2222 

ROTEL OF AMERICA 
P.O. Box 8, 54 Concord Street 
North Reading, MA 01864-0008 
Tel. 800-370-3741 

precision blade set off -center to cut along 
the ridge of tile jewel -box spine. It severs 
both the shrink wrap and the factory seal 
in one stroke. No more searching for a knife 
or scissors-a two-piece Velcro fastener 
with adhesive backing allows you to store 
the EZ-CD for safe -keeping wherever CDs 
(or CD-ROMs) need to be opened. Price: 
$2.99. 
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COLOR -CODED COLLECTION 
Have your compact -disc and CD-ROM 

libraries gotten out of hand? Do you find 
your favorite discs mixed in with your kids' 
collections? ProLine's Compact Disc Stor- 
age Cases and their inside trays are mold- 
ed in transparent red, blue, green, smoke, 
and clear, allowing you to color -code your 

SEGA OF AMERICA 
255 Shoreline Drive 
Redwood City, CA 94065 
Tel. 800 -SEE -SATURN 

SEIKO INSTRUMENTS USA INC. 
2990 West Lomita Blvd. 
Torrance, CA 90505 
Tel. 310-517-7700 

SENNHEISER ELECTRONIC CORP. 
6 Vista Drive 
P.O. Box 987 
Old Lyme, CT 06371 
Tel. 203-434-9190 

SHARP ELECTRONICS CORPORATION 
Sharp Plaza 
Mahwah, NJ 07430-2135 
Tel. 800 -BE -SHARP 

SIRIUS PUBLISHING, INC. 
7320 East Butherus Drive, Suite 100 
Scottsdale, AZ 85260 
Tel. 800-247-0307 

SONY ELECTRONICS INC. 
1 Sony Drive 
Park Ridge, NJ 07656 
Tel. 201-930-1000 

SUNSOUND CORPORATION 
4848 South Highland Drive, Suite 248 
Salt Lake City, UT 84117 
Tel. 801-942-2425 

TECHNICS 
One Panasonic Way 
Secaucus, NJ 07094 
Tel. 20i-348-7000 

THOMSON CONSUMER ELECTRONICS 
10330 North Meridian Street 
Indianapolis, IN 46290-1024 
Tel. 317-587-4450 

UNIVERSAL ELECTRONICS INC. 
1864 Enterprise Parkway West 
Twinsburg, OH 44087 
Tel. 216-487-1110 

VIRTUAL 1-O INC. 
1000 Lenora Street, Suite 600 
Seattle, WA 98121 
Tel. 206-382-7410 

CD and CD-ROM collections. Assign a dif- 
ferent color to each type of music, or to 
each family member. Each color is avail- 
able in packs of five; multi -color five- and 
ten -packs are also offered. Price: five -pack, 
$5.95; ten -pack, $10.95. 
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ARMBAND RADIO 
Stay unencumbered with Aiwa's CR -A24 

armband radio. Designed for use while en- 
gaged in sports activities, the AM/FM 
stereo radio is worn on the arm, attached 
with a Velcro strap. The strap is reflective 
for added safety after dark. Aiwa's Super 
Bass circuitry and Power Bass headphones 
provide big sound from the tiny radio. 
Price: $30. 
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By Marc Spiwak 

A New 
Multimedia 

Keyboard 

MULTIMEDIA 
WATCH 

111 eyboards have cer- 
tainly been around as 

long as computers, and 
even longer if you want to 
be technical about it. But 

the basic computer key- 
board design hasn't really 
changed all that much 
over the years. If anything, 
most newer keyboards are 
much lighter and more 
stripped down than they 
used to be. But the basic 
layout hasn't changed. 

That's not to say that 
there haven't been several 
attempts to "update" the 
conventional keyboard, in- 

cluding ones with 

The MSK-200 multimedia keyboard, with built-in amplifie+; 
speakers, and microphone, will put an end to cluttered desktops. 

rearranged keys, split key- 
boards, and keyboards 
sculpted to fit your hands, 
but I believe that because 
most people can't touch 
type very well (myself in- 
cluded), the conventional 
layout is the one most peo- 
ple are familiar and most 
comfortable with. And for 
most, I think it's going to stay 
that way. 

Recently, however, I had 
the pleasure of testing out 
a rather unusual -looking 
keyboard, one that retains 
the traditional keyboard 
layout. It's unusual because 
it houses stereo speakers; 
power -level indicators; an 
amplifier; volume, bass, tre- 
ble, and balance controls; 
a microphone; and more. 
While it's not the sound sys- 

tem you want for an all-out, 
high -end multimedia sys- 

tem, it is perfect for some 
applications. 

A KEYBOARD WITH 
SOUND 

The Platinum Sound 
MSK-200 is the top -of -the - 
line multimedia keyboard 
from SC&T2. The MSK-200 

basically adds the amplifier, 
its controls, and power in- 
dicators to its little brother, 
the MSK-100. The MSK-200 

comes in black and in- 
cludes a matching black - 
foam rubber wrist rest. While 
the keyboard has the same 
width as a regular key- 
board, it is a bit deeper to 
accommodate its extras. 
Two 4 -inch, 16 -watt, mag- 
netically shielded speakers 
are mounted on the top left 
and right of the extended 
keyboard base. Slide con- 
trols for volume, bass, treble, 
and balance fit between 
the speakers, and LED 

power -level indicators are 
placed above the controls. 
A 13 -watt stereo amplifier 
drives the speakers. An AC 
adapter supplies power to 
the amp. 

The MSK-200 also in- 
cludes a built-in micro- 
phone so there's always 

one around when you 
need it. It also has a jack for 
an external microphone, 
which eliminates the need 
to reach around to the 
back of the sound card to 
connect one. For private 
listening, a built-in head- 
phone jack can be used 
with the pair of included 
headphones. 

Cables for all of its fea- 
tures are permanently 
connected to the key- 
board. They connect to a 
computer in the same way 
as separate peripherals 
would. It really is very con- 
venient to have an entire 
sound system complete 
with controls built into the 
keyboard. The only problem 
I have with it, and it's a very 
slight one, is that the 
monitor must be placed a 
little bit farther away from 
the keyboard than I'm used 
to. The deeper keyboard is 

also a tight fit on my 
crowded desktop. 

The MSK-200 is not in- 
tended to be the heart of a 
family -entertainment PC. 

However, that multimedia 
keyboard is the perfect 
companion for computers 
used in schools, libraries, 
and at the office, where 
separate speakers and mi- 
crophones are just asking to 
be broken, lost, or stolen. It's 

also good where desk 
space is at a premium or 
when a cluttered look is 

unacceptable. Sound qual- 
ity is more than adequate 
for such situations. 

NEW STUFF 
This being the last issue of 
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it's good that I was able to 
squeeze in the 1995 
Guiness Multimedia Disc of 
Records from Grolier Elec- 
tronic Publishing. The 
Guiness Book of Records 
has probably won more 
bets for people than any 
other-or lost them, de- 
pending on how you view 
it. The CD-ROM version of 
the book includes lists of the 
biggest, the smallest, the 
hottest, the coldest, the fast- 
est, and the slowest of 
everything there is. Every- 
thing else on record is 

there, too. The 1995 Guiness 
Multimedia Disc of Records 
contains everything from 
the book, plus video clips, 
audio, and sound effects. 
The disc has a list price of 
$ 49.95. 

I recently received the 
latest update to Books in 
Print Plus from Reed Refer- 
ence Publishing. That is 

basically a database of all 
books that are in print. A 
deluxe version of the disc 
includes 238,000 book re- 
views, and sells for about 
50% more than the one 
without reviews. The power 
of a computer and a CD- 
ROM make it easy to find 
what you are looking for. If 

there's a book in print on a 
certain subject, by a par- 
ticular author, or whatever, 
you can find it with Books in 
Print. Pricing is geared more 
toward library or retail 
book -seller use than for an 
individual. A year's subscrip- 
tion to the disc sells for 
$1095 for the regular ver- 
sion and $1595 a year for 
the version that includes the 
reviews. For that price, an 
update disc is mailed to the 
user each month. While the 
product is DOS -based only, 
a Windows version is due 
out soon. As expensive as 
this disc is, it's also one of 
the most useful CD-ROMs 
around, especially for librar- 
ies or book sellers. 

Full Throttle is a new ac- 
tion -adventure game from 

`r, . 

Visit Nile: Passage to Egypt on one of the Discovery Channel's 
CD-ROMs. 

LucasArts. The player is Ben, 
a hard-core biker gang 
leader who has been dou- 
ble crossed and framed for 
murder. Separated from his 
gang, he must hunt down 
the real killer and clear his 
name. But the world is after 
him. Blended 3D and 2D 
animation and stereo 
sound set the stage. Actor 
Mark Hamill (Star Wars) 
does the voice-over for the 
main villain in the game. 

If you like ocean life, you'll 
love Coral Reef., from 
Arnowitz Studios. This disc 
lets you descend below the 
ocean's surface and ex- 
plore its sights and sounds. 
The disc includes 60 min- 
utes of video produced by 
the creators of the NOVA 
documentaries and over 

-two hours of underwater 
sounds, narration, and mu- 
sic. There are also beautiful 
watercolors, stories, tours, 
and more. Coral Reef has a 
suggested retail price of 
$ 59.95. 

The EZ-Locator disc from 
Spica, Inc., is intended to 
help you locate online ser- 
vices and bulletin boards 
from over 3100 listings. 
Twenty four pre-sorted fields 
and key -word searches al- 
low you to quickly find what 
you are looking for. Also 
included are over 800 e- 
mail listings from Bill Clinton 

to Bill Gates. Tell Spica that 
you heard about the disc 
here and it's yours for only 
$14.95. 

More discs, that's what I 

always say. The Super 10 
Pack from Essex Interactive 
Media bundles 10 titles for 
only $29.95. There's some- 
thing for everyone in the 
family here, all ct a rock - 
bottom price. There's actu- 
ally an 11th free disc, a 
CompuServe demo CD. 
The 10 titles include That's 
Geek To Me with Dennis 
Miller's witty computer defi- 
nitions, the Simply Money 
financial -planning tool, the 
MPC Wizard multimedia test 
and tune-up disc, fun and 
games with Dandy Dino- 
saurs, Americans in Space, 
the Cascoly Picture Puzzles 
Volume 2-Birds, Double 
Doozy screen savers and 
screen art, Aviator learning 
adventure, First Strike Desert 
Storm game, and Lucy is 

Lost/Gus is Gone adventure 
game for kids. Whew! 

I.M. Meen from Simon & 
Schuster Interactive is a 
new action/learning game 
for kids ages 9 and up. 
Open Ignatius Mortimer 
Meen's book and you're 
drawn into a 36 -level laby- 
rinth of fun and games. Kids 
get to have fun while at the 
same time practicing read- 
ing and grammar skills. 
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Arnowitz Studios 
One Harbor Drive, #200 
Sausalito, CA 94965 
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Discovery Enterprises 
7700 Wisconsin Avenue 
Bethesda, MD 20814 
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INFORMATION CARD 

Essex Interactive Media 
560 Sylvan Avenue 
Englewood Cliffs, NJ 07632 

CIRCLE 52 ON FREE 
INFORMATION CARD 

Grolier Electronic Publishing, 
Inc. 

Sherman Turnpike 
Danbury, CT 06816 

CIRCLE 53 ON FREE 
INFORMATION CARD 

Jasmine Multimedia 
6746 Valjean Avenue 
Van Nuys, CA 91406 

CIRCLE 54 ON FREE 
INFORMATION CARD 

LucasArts Entertainment 
Company 
P.O. Box 10307 
San Rafael, CA 94912 

CIRCLE 55 ON FREE 
INFORMATION CARD 

Reed Reference Publishing 
121 Chanlon Road 
New Providence, NJ 07974 

CIRCLE 56 ON FREE 
INFORMATION CARD 

SC&T2 
3837 LaSalle Street 
Phoenix, AZ 85040 

CIRCLE 57 ON FREE 
INFORMATION CARD 

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

CIRCLE 58 ON FREE 
INFORMATION CARD 

Spica, Inc. 
P.O. Box 158 

Grand Marais, MN 55604 
CIRCLE 59 ON FREE 
INFORMATION CARD 

Two new titles from 
Jasmine Multimedia in- 
clude Country Vid Grid and 
Wild West. In Country Vid 
Grid, players must put 
country music videos back 
together after they have 
been broken up into a 
number of squares. The trick 

(Continued on page 85) 



NEW 
Powerful 
486DX2/ 

66 MHz MP 
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Train with the most powerful computer system available 
in home study today! All three of these NRI courses 
include a state-of-the-art 486DX2/66 MHz computer system 
with all these great features: 

Pentium Overdrive--eady 
motherboard 
Math copfocessor 

8 meg RAM 
420 meg hard drive 
3.5" floppy disk drive 
Super VGA color monitor 

Only NRI gives you the know-how and practical 
experience you need to build a top -paying career or a 

successful business of your own in this high -growth field. 

Prepare for today's 
hot new multimedia 
programming opportunities 

Pick up any computer magazine and you'll realize that multimedia is here to 
stay. If you can create the kinds of contemporary 
multimedia programs that make everything - from 
shopping to education to business presentations - easier 
and more exciting, you can expect financial success and 
job security. 

NRI's newest programming course helps you explore 
multimedia from square one, so nothing will be a mystery 
to you as you bring text and graphics to life with sound, 
animation, and photo -quality images. 

You learn how to take full advantage of 
the extraodinary capabilities of the 

486DX2/66 MHz multimedia PC 
you train with and keep. As you 
become skilled with the 

professional -level Asymetrix 
ToolBook authoring 
software also included in 

your course, you'll be 
able to add drama and 

impact to all your computer applications, ultimately 
creating the kinds of dynamic programs that will put you 
at the forefront of multimedia technology. 

Now! NRI gives you 3 great ways to make money in a computer career! 

Master Computer Programming, Multimedia 
Programming, or Computer Servicing for Sure Success 

Businesses everywhere promise solid 
employment prospects for people 
with the skills to create software for 
a Windows environment, program 
multimedia applications, or trouble- 
shoot and service a full range of 
computers and peripherals. Now, you 
can train at home for success in 
today's hottest PC careers with your 
choice of three innovative NRI 

courses ... 

0 Hands-on computer 
programming skills 
put you in demand! 

The Bureau of Labor Statistics 
forecasts that job opportunities for 
computer programmers will boom in 
the next 10 years, with as many as 

40,000 new jobs opening up by 2005. 

Only NRI gives you in -demand 
programming skills in three of 
today's top computer languages - 
QBasic, C, and Visual Basic - as 

you train with and keep state-of-the- 
art programming tools: a powerful 
486DX2/66 MHz multimedia com- 
puter system, Windows 95, and 
professional programming software. 

With NRI's 
Noi.,, unique Discovery 

RN Learning 
1. .., Method, you get hands-on programming experience 

as you learn to create the kinds of full -featured, 
powerful programs today's employers and clients 

Állyt mmsz'' demand. 

SEND 

.CD-ROM drive with sound 
card 
Speakers 
Customized CD-ROMs 
Fax/,modem 
Windows 95 
And more! 

Get in -demand 
computer servicing 
skills with NRI 
hands-on training 

No other training - in school, on 
the job alivwhere - prepares you so 

thoroughly for today's money -making 
opportunities in computer service. 
And only NRI builds meaningful 
training around the kind of powerful 
computer system you'll 
be called on to 

service and repair 
in the real world. 

As you 
I explore your 

486DX2/66 
MHz com- 
puter system - (. a" 

. 

complete with U t - 

today's most 
popular features - ' 

you'll perform hands-on experiments 
and demonstrations that bring theory 
io life, giving you a total mastery of 
computer operation, troubleshooting, 
and repair. 

What's more, your course 
includes professional -level diagnostic 
hardware and software from Ultra -X, 

today's leader in computer diag- 
nostics. Step by step, you cover every 

important servicing technique you'll need on the job - from data recovery to 
peripheral repair, virus protection, system upgrading, and much more! 

Find out more - call or write for your FREE catalog! 
Only NRI's unique courses prepare you so completely for success in today's 
top -paying, cutting -edge computer fields. Learn more about what NRI training 
has to offer: bite -sized lessons, top-notch equipment, one-on-one instruction, 
a flexible study schedule, lifetime support, and much more. Request your 
FREE catalog today! 

If the coupon is missing, write to NRI Schools, McGraw-Hill Continuing 
Education Center, 4401 Connecticut Avenue, NW, Washington, DC 20008 

CALL 1-800-321-4634, Ext. 1327 

TODAY FOR YOUR FREE CATALOG! 

Schools 
McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington DC 20008 

l f Check One FREE Catalog Only 
Computer Programming 
Multimedia Programming 
Microcomputer Servicing 

Other computer career courses: 
LAN Specialist 
Industrial Electronics & Robotics 
Electronic Music Technology 
F'C Applications Specialist 

Name Age 

Address 

City State Zip 

Accredited Member, National I lome Study Council 0018-1295 

L 
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By Dan Karagiannis 

Music Online 

NET WATCH 
Want a great way to 
get some Christmas 

shopping done without 
even leaving your home? 
Well, if you're on the Net, 
and you happen to have 
some music lovers on your 
list, then you're all set. 

This month, we'll take a 
look at three CD and tape 
stores on the World -Wide 
Web. All of the sites have 
something unique to offer, 
whether it's affordable 
prices, wide selection, or 
even images of the CDs 
and tapes you'd like to buy. 
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CDnow provides a convenient way to order over 100,000 music 
CDs (including many hard -to -find ones), and even lets von 
subscribe to more than 300 magazines. 

Following the music -store 
coverage, we'll turn our at- 
tention to some sites of 
interest to electronics hob- 
byists. In keeping with the 
music theme, this month's 
hobbyist sites deal with ev- 
eryone's favorite electronic 
instrument: the theremin, 

SHOPPING AT HOME 
First up this month is 

CDnow, a truly impressive 
site that features a selection 
of over 100,000 CDs. Other 
companies do carry that 

many titles as well, but 
when I searched for some 
hard -to -find import CDs on 
the Net, CDnow was the 
only site/store to offer them. 

When you Io on to the 
site, you'are presented with 
a few options. First of all, if 
your connection to the In- 
ternet is a bit slow or shaky, . 

you can enter a text only 
version of the store. Other- 
wise, you can enter the 
graphics -enhanced version 
of CDnow. 

The search engine of 
CDnow is simple to use; just 
type the name of the artist 
or CD or video you're look- 
ing for in the box. When the 
engine finds what you're 
looking for, it presents you 
with a link to a biography of 
the artist, album reviews, 
and even track listings. 
Some biographies even 
have a photo or photos 
(the biographies and re- 
views are compiled from 
All -Music Guide, the music 
industry's leading informa- 
tion -database provider). 

The prices are cheaper 
than you'd pay at most mu- 
sic stores, but you do have 

to pay postage and hand- 
ling. Ordering more than a 
couple of items can help 
lower the per -item cost of 
course. In the end, buying 
from CDnow should cost 
about the same as doing 
so from a reasonably 
priced music store. 

CDnow claims a delivery 
time of two to six búsiness 
days for most titles, and will 
airmail to most countries. 
The company accepts Visa, 
MasterCard, American Ex- 

press, U.S. checks, and U.S,- 

denominated money or- 
ders. 

For those who wish to pay 
with a credit-card number 
while online, CDnow pro- 
vides Netscape-secure 
transactions and PGP en- 
cryption (Don't have 
Netscape or PGP software? 
Just download either from 
the links CDnow provides. 
Customers can also phone 
or Fax their credit-card in- 
formation after placing an 
order. No credit-card 
charges are actually made 
until the order is ready to 
ship. That's a good feature 
because some import items 
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The Fastest, Easiest and Most Enjoyable way to Browse the World of Music Ioday ! 

IS, Clip Here To Enter Emuslc 

Secure Transaction Server 
Super Fast and Fun Browsing! 
Great Album Cover Graphics 

With EMUSIC, you can easily keep track of what CDs you wish 
to purchase in the future. 
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Welcome to CDworld's DISCOUNT Music Store 

With Netsite Secure Transactions 

CDs 
o On Sale.... Great Buys! 
o Hot Staff 
o Select CDs by Artist or Group, Title, or Label 
o Select CDs b Music Cate o OVER`100 000 CDs 

CD wo rld might not be as visually attractive as the other Internet 
music stores, but the site's inexpensive prices will definitely he 

attractive to your wallet. 

Help 

might not be immediately 
available, and could end 
up not being available at 
all. 

Also accessible at the 
CDnow site is the Magazine 
Warehouse. That service of- 
fers you a selection of more 
than 300 magazines at the 
guaranteed lowest prices. 
Just click on the Magazine 
Warehouse logo after en- 
tering the site. 

Next up is EMUSIC, a site 
with features similar to those 
of CDnow. The site also has 
the capability to search for 
a particular CD from a list 

of 100,000. However, as 
mentioned earlier, the site 
doesn't seem to carry many 
(if any) hard -to -find imports. 
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If that doesn't bother you, 
though, you will find EMUSIC 

to be superior to other sites 

of its kind for a couple of 
reasons. 

For starters, EMUSIC has 
images of most of its inven- 
tory available at a click of a 
selected item. That's front 
and back images of thou- 
sands of CDs, which comes 
in real handy if you just 
remember seeing a certain 
CD by an artist, but don't 
quite remember the name 
of it. 

Another great feature of 
EMUSIC, which is really easy 
to use, is its Personal Music 
Catalogue Program. That 
lets you keep track of your 
own CD collection and lets 
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Take a look at THEREMINS 

What la e Theremin? 
Where can you gee one? 
Home tech tberemin construction 
!tare Theremin Internet sites. 

Who Invented St? 
In there organized Interest? 
theremin Playing Problems 
Back to the home page. 

Help 

At left is an illustration of the author's homemade theremin It is based on a 1%1 
electronic hobbyist magazine construction article by Robert A. Moog 

T1lEREMIN SOUNDS by Clara Rockmore 

We appreciate your patience and comments. 

e,l 

Want to leans some theremin basics? This site should satisfy that 
need quite nicely. 

J 

HOT LINKS 

CDnow 
http://cdnow.com/ 

EMUSIC 
http://emusic.com/ 

CDworld 
http://cdworld.com/ 

THEREMIN 
http://www.ccsi.com/bobs/theremín.html 

Theremin Home Page 
http://wWwÑusesyanderbiltsedu/jbbarile/wwwfiles/theremin.html 
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This page is Netscape enhanced. 

The Theremin 
Invented in 1918 by Leon Theremm (1896-1993). this unique instrtanent is still popular today 

The Theremin Home Page lets von link up with all the 
information you need to build or buy a theremin. 

you generate a wish list for 
CDs you might want to get 
at a later date. Then, in 
future visits, you can simply 
access that list and order 
items from it, instead of hav- 
ing to look for those items 
online again. 

EMUSIC is definitely a site 
to keep your eyes on. In the 
future they plan on having 
downloadable sound clips 
of albums. Just like the lis- 

tening stations of music 
stores, the sound clips will 
make it possible for con- 
sumers to be certain that 
they like what they're about 
to buy. Also coming to the 
site are biographies of art- 
ists, which will make EMUSIC 
a formidable competitor to 
CDnow. 

Well, so far we've com- 
pared EMUSIC and CDnow 
on the basis of ap- 
pearance and content. But 

what about price? For the 
most part, EMUSIC has 
prices that are very close to 
CDnow. In fact, for the con- 
sumer deciding which 
company to go with, there's 
not much difference be- 
tween the two in terms of 
price. 

Our last online store, how- 
ever, is a bit on the 
cheaper side than the Iwo 
we've looked at. The site, 
CDworld, carries the subtitle 
of "The Largest Internet Dis- 
count Music Store." And it 

lives up to its name. 
I took five sample prices 

from CDnow and EMUSIC 
and compared them to the 
prices in CDworld. They 
averaged about two dollars 
cheaper in CDworld. Not 
an enormous difference, 
but if you're ordering a few 
items, it adds up. 

(Continued on page 89) 29 
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VersaTimer 
Programmable 
Power 
Scheduler 

VersaTimer 
A 7.day, Programmable Power Scheduler 
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CIRCLE 119 ON FREE INFORMATION CARD 

Work a little magic with the lights in your home when you're away with VersaTimer. 

Everyone is probably familiar 
with the common appliance 
timer. We use those to control 

lights in our homes when we're away, 
to automatically control plant and 
fish -tank lighting, and so on. Gener- 
ally, they usually turn something on 
and off only once in a 24 -hour period. 
Of course, there are also some fancier 
timer devices that have crude pro- 
gramming features to add a little vari- 
ety to timing cycles. 

There are also the specialty devices 
designed to boot or reboot a com- 
puter without you being there. Then 
there are the specialty outlet adapt- 
ers that allow you to turn on devices 
from the power switch of another. But 
wouldn't it be great if one device 
could do the work of all those others? 
There is-the timer of the future is here 
with VersaTimer from Server Tech- 
nology, Inc. 

VersaTimer is basically a program- 
mable appliance timer with three 
outlets on the back that all work in 

unison. One program controls all 
three outlets at the same time; outlets 
cannot be controlled individually. Ver- 
saTimer can supply a total current 

load of up to 10 amps. The device is 

programmed from the serial port of a 
PC. So you need a PC that runs DOS or 
Windows to program the device. Soft- 
ware that installs and runs in either 
operating system is included. 

The 7 -day timer is programmed to 
turn its outlets on and off at 15 -minute 
intervals for up to 700 control events 
per week. A program is loaded serially 
from a PC to the timer through a sup- 
plied cable or via a modem. 

With VersaTimer controlling the 
lights while you're away from home, 
there's no predictable pattern for the 
burglars to notice. You can create os 
unpredictable a lighting pattern as 
you like. You can also control appli- 
ances, such as computers, air con- 
ditioners, fans, and heaters, to turn on 
only during certain hours. That not 
only saves on power consumption; in 
the case of computers it also in- 
creases security by turning on the 
equipment only at times you specify. 

You could allow modem and fax 
transmissions only at certain times of 
the day or prevent people from turn- 
ing on your computer when you're not 
there. You could also have a compui- 

er turn on automatically for a nightly 
backup. Special features built into 
VersaTimer allow a clean, automatic 
reboot of a computer once a day. In 
another operating mode, the on/off 
switch on an appliance such as a 
monitor or lamp plugged into a 
"smart" outlet will automatically turn 
on anything else plugged into the 
other two outlets. All that versatility 
runs just $109.95. 

How It Works. Looking over the unit, 
which is the size of a small cable -con- 
verter box, the only control that you 
see is an on/off switch that turns the 
outlets on and off in the manual 
mode. A bi-color LED glows red when 
VersaTimer is in the manual mode 
and green when in its schedule 
mode. A power LED giows green 
when power is applied to the outlets. 
A grounded power -input socket on 
the side of the unit supplies power via 
an included AC line -cord. 

A telephone -style jack on the side is 

provided for a serial cable (a tele- 
phone cable, actually) that connects 
to a PC's serial port via an included 9 - 

(Continued on page 92) 



Just Published! From one of America's best-known authors on electronics repair.... 

Learn Professional Electronic Troubleshooting 
and Repair Techniques! 

A "Must Have" 

for Anyone 
eam 

Wants 
to 

Hands-on 

Techniques. p \\' ll)ti 

43 Information -Filled 
Chapters Including: 

How to use the digital multimeter 

Required electronic tests 

Isolate, locate and repair 

Servicing low -voltage power supplies 

How to signal trace various circuits 

Identifying and replacing unknown parts 

Servicing remote control devices 

How to service without a schematic 
Keeping test equipment in top shape... 
and much more! 

YOUR SATISFACTION IS ABSOLUTELY GUARANTEED! 

If you are not satisfied with your selection, simply 
return it for replacement or a full refund. We even 

pay the postage. 

Now you can have the most complete and up-to-date guide to 

professional electronics troubleshooting and repair available 

today -right at your fingertips. 

You get practical information that is extensively field tested. 

You'll learn testing techniques for resistance, current, frequency 

and solid-state components. 

You can stay up-to-date on such state-of-the-art products 

as digital audio tape, VCRs, microwave ovens, CD players 

and computers. 

You even get a full chapter on servicing imported electronics. 

Increase your level of expertise and make those tough 
repairs easily and quickly by increasing your diagnos- 
tic skills, improving your ability to read schematics and 
recognize key electronic components, developing 
sophisticated testing techniques and 
learning to make correct parts selection and replace- 
ment decisions. This massive - over 1,100 pages - 
reference is filled with hundreds of helpful photos, 
drawings and diagrams. Understand and diagnose 
today's complex consumer electronics with ease. 
Order your copy now! 

1,104 pp., 1,125 illus., #015676-X, $69.00 

FOR FASTEST SERVICE ON CREDIT CARD ORDERS 

CALL, TOLL -FREE 1 800 822-8158, 24 hours a day. 

Get a durable 
"Survival Tool" FREE 
With Your Paid Order! 

It Features: 
knife edge 

can opener 
mirror 
screw driver 
ruler 
stainless steel utensils 
wrench 
magnifying lens 

CTA 
. The McGraw-Hill Companies 

71 P.O. Box 182607 If u Columbus, OH 43218-2607 

[ [YES! Please rush my copy of Electronic Troubleshooting and 

Repair Handbook by Homer L. Davidson (#015676-X). I have 

enclosed payment of $69.00 (plus $6 S&H and any applicable tax). 

Also, please be sure to include my FREE "Survival Tool." 

Name 

Address 

City 

Zip 

State 

Phone ( ) 

PAYMENT METHOD: 

[ J Check or Money Order enclosed 

[ J Please charge my credit card: 

Acct. No. 

Exp. Date 

Signature 

4 Easy Ways 
to Order! 

1. Complete and mail the attached coupon. 3. FAX 1 614 759-3644 

2. Call toll -free 1 800 822-8158, 4. EMAIL:70007.1531 @COMPUSERVE.COM 

24 hours a day, 7 days a week or CompuServe:GO MH 

Professional books may be tax deductible. Ask your tax advisor. KEY=SPCSPEA 
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By Stephen A. Booth 

Samsung 
VR8905 Hi -Fi 

VCR 

PRODUCT 
TEST REPORTS 

There is a danger here 
of praising Samsung's 

new top -of -the -line VCR on 
account of something you 
normally do not see on your 
TV but that makes possible 
the deck's most intriguing 
feature. The unseen hero is 

the VBI-vertical blanking 
interval-a brace of 21 

scanning lines reserved for 
broadcast housekeeping 
that remain off -screen on 
correctly adjusted sets. It's 

here, concealed in the VBI, 

where Public Broadcast Sys- 

tem (PBS) stations transmit 

CIRCLE 120 ON FREE INFORMATION CARD 

Samsung's VR8905 hi-fi VCR futures the StarSight on -screen 
programming guide. 

the StarSight Telecast on- 
screen programming 
guide, the marquee attrac- 
tion in Samsung's VR8905. 

The StarSight service does 
more than list and describe 
a week's worth of TV fare at 
a time. When incorporated 
in a videocassette recorder, 
StarSight's point -and -click 
menu provides a simple 
and nearly 'idiot" -proof 
way to program a VCR for 
unattended recording. The 
VBI-borne signal even sets 
the VCR's clock automat- 
ically, and keeps it in sync 
with broadcast time. 

The combination of pro- 

gram guide and pro- 
gramming guide would be 
a formidable feature in any 
VCR. Here, it complements 
the other high -end features 
such as jog/shuttle tape 
control for pin -point editing; 
hi-fi stereo recording; a 
real-time tape counter; and 
"Skip -Search" for powering 
past any recorded com- 
mercials. 

Performance -wise, the 
VR8905 is worthy of its bells 
and whistles. Although it 
didn't set any records dur- 
ing bench tests at the 
Advanced Product Evalua- 
tion Laboratory, Samsung's 
new entry finishes well in 
the money among VCRs of 
its ambitious class. 

FEATURES 
As the StarSight system is 

both new and a value - 
adding feature of the 
VR8905, it pays to spend 
some time reviewing it. First 
off, it's something you pay 
for-a subscription service 
that's displayed and deliv- 
ered electronically instead 
of in digest -book form and 
by mail. At about a dollar a 
week, it is competitive with 
magazine -type printed 
guides, and those can't 
program your VCR for you! 

StarSight set-up couldn't 
be simpler. Everything is 

done through the com- 
bined Samsung/StarSight 
remote control (which also 
operates most TVs and ca- 
ble boxes). 

The first step is to perform 
a basic VCR -setup pro- 
cedure, which memorizes a 
roster of all the 1V channels 
you're able to receive. Next, 

you tune to the PBS station 
in your area (channel -num- 
bers and call -letters are 
listed in the owner's man- 
ual) or to the PBS channel 
assigned by your cable -D/ 
provider. When you access 
the StarSight set-up menu, 
the system analyzes the 
channel -memory and PBS 

signal and furnishes your 
StarSight registration ID. 

A toll -free call to StarSight 
completes the authorization 
process, and begins down- 
loading program 
information to the memory 
board in the VCR. The initial 
download takes 4 to 12 

hours a function of your 
PBS station's position in the 
batch -data queue, and the 
sheer quantity of seven - 
days' -worth of broadcast 
schedules and program 
descriptions. 

Throughout that vigil, you 
must keep the VR8905 
tuned to the PBS channel. 
Subsequent dumps are 
briefer=only the seventh 
day is being sent-and vir- 
tually transparent. You'll 
select a data -reception 
time that's convenient 
(when you're not watching 
TV and when your PBS sta- 
tion is operating). As a 
default, StarSight will up- 
date the files whenever 
you're tuned to PBS. 

StarSight organizes 
schedule information in a 
variety of ways. Those in- 
clude daily time -grids for all 
stations and for single sta- 
tions. You can peruse the 
telecast schedule.by genre 
(e.g., movies, news, sports, 
education, etc.) or by 
theme (e.g., comedy, 



Brand 
Model 
Price 

Video Measurements 
(SP Mode) 
Frequency response 

TABLE 1-TEST RESULTS 
Samsung 
VR 8905 VHS Hi -Fi VCR 

$550 

Signal -to -Noise Ratios 
Luminance Level 
© 100 IRE 

@ 50 IRE 

@ 10 IRE 

Chroma AM 

Chroma PM 

Audio Measurements 
(HiFi Recording) 
Output @ 0 dB (1 kHz) 
THD @ 0 dB (1 kHz) 

Flutter (DIN) 
Average 
Peak 

Signal -to -Noise Ratio 
Frequency Response (-3 dB) 
Record/Play THD (4,-10 dB) 

@100 Hz 

@1 KHz 

@ 5 KHz 

(Conventional Recording) 
Output @ 0 dB (1 KHz) 
THD @ 0 dB (1 KHz) 
Flutter (DIN) 

Average 
Peak 

Signal -to -Noise Ratio 
Frequency Response (-3 dB) 
Record/Play THD (@ -10 dB) 

@100 Hz 

@ 1 kHz 
@ 5 kHz 

MTS Stereo TV Decoder Measurements 
(Stereo Mode/Lett Channel) 
Signal -to -Noise Ratio 
(re 100% modulation) 
THD (@ 1 kHz -20 dB) 
Frequency Response* 
Separation* 

(Mono Mode) 
Signal -to -Noise Ratio 
(re 100% modulation 
THD (@ 1 kHz -20 dB) 
Frequency Response 
(re 100% modulation) 

(S.A.P. Mode) 
Signal -to -Noise Ratio 
(re 100% modulation) 
THD (© 1 kHz -20 dB) 
Frequency Response 
(re 100% modulation) 

Additional Data 
Fast Forward Time (T-120 tape) 
Fast Rewind Time (T-120 tape) 
Power Requirements 
Weight 
Dimensions (H,x W x D, inches) 

Frequency response and stereo separation 
broadcasts are measured using real -world 
relative to 100% signal modulation 

-3.37 dB @ 2.0 MHz 
-13.4 dB @ 3.0 MHz 

45.5 dB 
45.8 dB 
45.2 dB 

48.0dB 
44.3dB 

2.40 volts 
2.41% 

., 

0.002% 
0.003% 
84.7 dB 

20 Hz to 20 kHz 

0.64% 
0.36% 
1.48% 

0.49 volts 
2.90% 

0.04% 
0.06% 
50.1 dB 
90 Hz to 10.8 kHz 

0.95% 
0.48% 
1.52% 

58.4 dB 
0.19% 

'44 Hz to 10.9 kHz 
25dB 

CABLE TV 
CONVERTERS/ 

DESCRAMBLERS! 
Novavision 5600, 5700, 5800 
5 -lot C $195.00 ea. 

M-80 
10 -lot © $49.00 ea. 

TNT Original Digital Dynamite 
10 -lot ® 545.00 ea. 

PIO TRIPLE -MODE Add On 
10 -lot ® $55.00 ea. 

CALL FOR MANY OTHER 
POPULAR MODELS!! 

ALL EQUIPMENT AVAILABLE IN STOCKI 

FAST DELIVERIES! WE SHIP WITHIN 24 HOURSI 

30 DAY GUARANTEE / 1 YEAR WARRANTY 

C.O.D. till \ u=J = 
1-800-818-2282 

8 a.m. to 5 p.m. CST, Monday - Friday 

DISTRIBUTORS, INC. 
13 S. Randall Road #507, Algonquin, IL 60102 

NOTE: Conveners and Descramilers must be used according to The Federal 

Cabe Telension Consumer Protection and Competition Act of 1992 

NO ILLINOIS ORDERS ACCEPTED 

ELE RONIC 
COMPONENTS 
Whether you order 1 part or 

61.1 dB all 55,278...MOUSER stocks 
0.45% t and...ships same day!! 

CALL... (800) 992-9943 
30 Hz to 3.3 kHz 

51.7 dB 

0.81% 

64 Hz to 7.4 kHz 

2 min. 10 sec. 
1 min. 53 sec. 
17 watts 
9.75 lbs. 
3.625 x 15.625 x 13 

for Multichannel TV Sound 
reception conditions of - 20dB 

-- 
4 pUER s for your 

FREE 

CATALOG 

958 North Main St. 
Mansfield, TX 76063 

MOUSER® 
ELECTRONICS 
Sales & Stocláng Locations Nationwide 

CIRCLE 13 ON FREE INFORMATION CARD 
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drama, sci-fi, children, etc.). 
Pop-up windows list the 
time slot and channel of a 
program, and a capsule 
description including MPAA 
rating if available and ap- 
plicable. 

It's from those grids and 
windows that you program 
your time -shift recording. 
When you highlight a show 
in the grid and press "Rec- 
ord," a pop-up window asks 
how often you want to tape 
the selection (once, daily, or 
weekly) and at what tape 
speed (SP or SLP). Once 
you've made your call, that 
program becomes high- 
lighted in red on the 
program grid. Yet another 
menu keeps track of your 
recording list (up to 25 
events). If you've scheduled 
a conflict (for example, a 
time overlap), the menu will 
alert you by a question - 
mark symbol. 

StarSight anticipates 

snafus, but isn't foolproof. 
For example, if you pro- 
gram one recording 
through the StarSight menus 
and another via Samsung's 
own (and very good) on- 
screen recording guide, the 
StarSight selection takes 
precedence in any conflict. 
As with any VCR, loading a 
tape of sufficient duration is 

your responsibility. 
Here, the VR8905 has a 

neat menu that cuts you 
some slack. Whenever you 
load a blank cassette, you 
can indicate its length 
(T-120, T-160, or T-180). The 
VR8905 keeps track of re- 
maining time according to 
the record mode (SP or SLP) 

you've selected. If you se- 
lect the auto record speed, 
the VCR will decide be- 
tween modes depending 
on the amount of tape 
available and the length of 
the programmed record- 
ing. For your information, 

COPY' Y/6H/r I i 

_AID IMPORTANT PART 
OF YOUR PHOTOCOPIER 

ISN'T PART OF 
YOUR PHOTOCOPIER 

Having a machine may not permit you to photocopy 
books, journals, newsletters and magazines. 

The Copyright Clearance Center CAN. 
Contact us to find out 

how you too can COPY RIGHTISM 

COPYRIGHT CLEARANCE CENTER 
222 Rosewood Drive, Danvers, MA 01923 0 Tel. (508) 744-3350 Fax (508) 741-2318 

© 1993 Copyright Clearance Center 

the VR8905's real-time tape 
counter gives you a minutes 
and seconds readout of 
tape -time remaining and 
elapsed. 

FUNCTIONS 
The VR8905 controls ca- 

ble TV converter boxes via a 
clip -on "mouse" that serves 
as an infrared repeater. 
Both the cable controller 
and the VCR's remote con- 
trol can be programmed to 
operate virtually any brand 
of cable box and TV set (the 
brand codes are provided 
in the manual). 

As mentioned previously, 
the VR8905 is a hi-fi stereo 
deck. Besides playing pre- 
recorded tapes with hi-fi 
soundtracks, it will record 
Iwo -channel audio on its 

helical tracks and mon- 
aurally on the tape's linear 
audio track. That arrange- 
ment provides some 
flexibility in editing and 
post -production for home - 
movie enthusiasts-who 
probably will buy the 
VR8905 for its jog-dial/shut- 
tle control. 

That item is a concentric 
dial and ring located on 
the faceplate of the VCR 
(and thoughtfully replicated 
on the remote control). It 

gives you greater control 
over the movement of the 
tape beyond the usual play, 
pause, stop, and fast-for- 
ward/reverse. For example, 
you can search for a scene 
in either direction at rates 
varying from 1/3o1h and '/sth 
normal speed up through 
9 x normal. In the still 
mode, you can control 
tape movement one frame 
at a time-an important 
feature when exiting. Cam- 
corder owners should note 
that there's a set of conve- 
nient AN inputs on the 
deck's front panel. 

PERFORMANCE 
The VR8905 acquitted it- 

self nobly in electrical tests 
at APEL. You'll find the raw 

numbers in the accom- 
panying chart. Video 
resolution was par for the 
format, with frequency re- 
sponse down 13.4 dB at the 
3 -MHz point. The sharpness 
does not come at the ex- 
pense of excessive noise. 
The luminance signal-to- 
noise ratio was good: about 
45.8 dB at the 50 -IRE level. 
Color S/N was excellent at 
48 dB for AM and 44.3 for 
PM. 

For audio recording, 
noise and distortion mea- 
surements were very good 
in both the hi -fi -stereo 
mode and the conven- 
tional- or linear -audio 
section. Regarding the lat- 
ter, frequency response was 
typical, rolling off at 10.8 
kHz. 

Measurements for the 
MTS broadcast stereo de- 
coder will delight 
videophiles. The all-impor- 
tant channel separation in 
stereo reception proved 
outstanding, at 25 dB, and 
over a decently broad fre- 
quency range of 44 Hz to 
10.9 kHz. Signal-to-noise 
ratio (58.4 dB) is good, but 
could be better. Distortion is 

insignificant. 
Reception performance 

for the monaural, SAP (Sec- 
ond Audio Program) 
channel is a mixed bag: 
wide frequency response, 
which probably accounts 
for the mediocre noise and 
distortion figures. Mono re- 
ception was just the 
opposite-low noise and 
THD, but the bandwidth 
would only be satisfactory 
in a telephone or AM radio. 
Your best bet would be to 
go only with the stereo 
mode, which probably is 

the reason for buying a 
high -end machine like the 
VR8905 in the first place. 

FOR MORE INFORMATION 
Samsung Electronics 
America, Inc. 
105 Challenger Rd. 
Ridgefield Park, NJ 07662 



Just like these 
Fully Trained 
Electronics 
Professionals 

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

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

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

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

Completing the course gave me the ability 
o efficiently troubleshoot modern 

microprocessor based audio and video 
systems and enjoy a sense of job security." 
Tony Reynolds 
Service Manager/Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

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

Just ask any of the 
150,000-plús 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 

, 

NHSC . 
Laboratory 

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

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

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

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

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

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

Name 

Address 

City 

State Zip Age 

Phone No 

Check box for G.I. Bill Benefits. 
! Veteran 
t Active Duty AH72 
Cleveland Institute of Electronics, Inc. 
1776 East 17th Street 
Cleveland, OH 44114 

A School of Thousands. L A Class of One. Since 1934. 
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Want an extra Christmas dec- 
oration that doesn't shed 
needles, require water, or 

take up a lot of room? If that's the 
case, then the Electronic Xmas Tree 

described in this article is definitely for 
you. It's a simple project that is sure to 
be an eye-catching conversation 
piece when finished. 

Of course, the little Xmas Tree is not 
meant to replace the full-sized Christ- 
mas tree on your floor. But it could 
help brighten up a desktop, 
bookshelf, or some other place 
with holiday cheer by blinking 
its LEDs in a seemingly ran- 
dom fashion. 

Even though there's a 
fair number of compo- 
nents in the circuit, the 
Xmas Tree is suited to 
novices as well as 

experienced 
hobbyists. All of 
the parts are 
inexpensive 
and standard off -the -shelf items 
readily available from numerous 
sources. In fact, your junk box might 
contain most, if not all, of the compo- 
nents needed. The only drawback to 
building the Xmas Tree is that you 
might need to build a few extras for 
family and close friends) 

' t 

Circuit Description. The schematic 
diagram for the Electronic Xmas Tree 

is shown in Fig. 1. Power is supplied 
from two D batteries in series. 

The circuit uses a pair of 7556 dual 
timers, U1 and U2, to 
achieve the random blink- 
ing effect. Each half of 
each timer is used as an 
astable multivibrator (clock 
generator) set to a different 
clock speed. Slow speeds 
were selected to imitate 
the flashing bulbs used on 
real Christmas trees; the 
clock rates are 0.58, 1.02, 

1.25, and 1.77 Hz. Those four 
clock signals are delivered 
to a 74HC04 {high-speed 
CMOS) hex inverter, U3. 

Four of the inverters, U3 -a, U3 -b, U3 - 

e, and U3 -f, each receive one of the 
incoming clock signals from U1 -a, U1 - 

b, U2 -a, and U2 -b. When the inverter 
input is low, the output is high, and vice 
versa. Each inverter drives four LEDs 

interspersed around the edge of the 

CV, 

Use it to brighten 
up your home 

this Holiday Season. 

Build This 
Electronic, 
Xmas Tree 

BY GARY CLIFTON 

board; by mixing the colors of the 
LEDs, a random effect is achieved. 

The two remaining inverters, U3 -c 
and U3 -d, are used to drive the top 
LED. They are joined together in a "di- 
ode on" configuration, so when either 

or both gates are high, current flows 
through one or both of the 1N4148 

diodes, D1 and D2, to the top LED, LED 

9. In that application the top LED is off 
only when both of those gates are low. 

If one gate is low and the other is high, 
the diode comes on; if both gates are 
high, the diode gets brighter, resulting 
in a flickering effect. 

Construction. To ensure your Xmas 
Tree looks attractive, it is recom- 

mended that the project be built 
on a printed -circuit board. If you 
would like to etch your own 

board, you can use the tem- 
plate shown in Fig. 2. (Note: 

For space reasons, it is 

shown here at half size.) 

For those who would 
like to order one, the 
board is available 

from the source 
mentioned in 

the Parts List. 

When in- 

stalling the components on the 
board, use the parts -placement di- 
ogram in Fig. 3 as a guide. All three of 
the IC: in the circuit are CMOS de- 
vices aid can be damaged by care- 
less handling. For that reason, take 
precautions against static discharge. 

Begin your assembly by mounting 
the resistors. Solder them as close to 
the board as possible and clip the 
leads close to the board. Save the 
trimmed resistor leads for use as 
jumper wires, which should be in- 
stalled next as some of them would be 

difficult to install later on. 
After that, solder in the IC 

sockets with pin 1 toward 
the bottom of the Tree as 

shown in the parts -place- 
ment diagram. Do not in- 

stall the ICs at this time. 
Next install the capaci- 

tors. Remember to keep 
the tip clean on the solder- 
ing iron and avoid using ex- 

cessive solder; spacing is 

pretty tight around the ca- 
pacitors and you don't 

want to cause a short. Solder in the 
two diodes next, being sure to orient 
their bands toward the top of the Tree. 

You can now install the LEDs. The 

cathodes go toward the outside 
edge of the board and can be identi- 
fied two ways. Looking at the LED from 
the bottom, the cathode is nearest 39 
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Fig. I. This is the schematic of the 
Electronic Xmas Tree. Timers U/ and U2 
are used as astable multivibrators set to 

different clock speeds. Those clock 
signals are inverted by a 74HC04 hex 

inverter, U3, which drives groups of four 
LEDs, causing them to blink in 
seemingly random patterns. 

PARTS LIST FOR THE 
ELECTRONIC XMAS TREE 

SEMICONDUCTORS 
r' U1, U2-7556 dual timer, integrated Q 

U3-74HCO4 hex inverter, integrated 
circuit 

R12 R16 
470 470 circuit 

Dl , D2 -1N4148 small -signal 
b LED8 

switching diode LED12, 
LEDs, LED5, LED7, LEDIO, 

R23 R20 / LEDI4, LED17-Green light - 
470 4752 emitting diode 

LED15O LED2, LED4, LED8, LED11, 

LED3 LEDI3, LED16-Yellow light 
N a emitting diode 

R71 R14 / LED3, LED6, LED9, LED12, 
12 47 4 O LED15-Red light -emitting diode 

U3-1 LED6 9 RESISTORS J (All resistors are 1/4 -watt, 5% units.) 

R25 R21 Rl, R6, R8-4.7-megohm 
470 4752N R2-R5, R7-10-megohm 

LED -17Z!) ' R9-R25--47-ohm 

LED1c f CAPACITORS 
Cl, C4, C10 -0.1-µF, ceramic -disc 

R9 R15 
a º 4752 'l C2 -0.033-µF, Mylar 

Uu 
2 

Mh O C3, C6, C7, C9 -0.01-µF, Mylar 

1/6 74HC04 
3=a LED7 r C5, C8- 0.047-µF, Mylar 

1M O 
LED10 

ADDITIONAL PARTS AND 
R24 R18 MATERIALS 
4752 

LED4 /% 

LED16 

40 Fig. 2. The pattern for the Xmas Tree PC board is shown here half size. 

O BI, B2 -1.5 -volt alkaline battery, D - 
type 

Printed -circuit materials, battery 
holder (Keystone 2227 or 
equivalent), wire, solder, 
hardware, etc. 

Note: The following are available 
from DC Electronics (2334 N. 
Scottsdale Road, Scottsdale, AZ 
85257; Tel. 800-467-7736): 
complete kit of all parts, including 
the PC board-$19.95; etched and 
drilled PC board cut to shape- 
$12.95. Shipping and handling is 
$4.00. Arizona residents please 
add appropriate sales tax. 

the flat spot. Also, the cathode lead 
usually is shorter than the anode on 
new LEDs. 

The holder specified in the Parts List 

(also available from the source men- 
tioned there) is used to hold up the 
circuit board; the board can be 
wedged, standing up, between the 

(Continued on page 91) 



AIl About 

MMIC 
Amplifiers 

Though a mystery to some, the versatility and simplicity of MMIC amplifiers make 

them ideal for a variety of applications. 

Monolithic microwave inte- 
grated circuits (MMICs) are 
special IC devices that pro- 

vide decent gain from near -DC to the 
microwave region. Examples of those 
devices include the Motorola 
CA -2820, with a bandwidth of 1- to 
520 -MHz; the MAR -x series, with DC to 
1000- or DC to 2000 -MHz bandwidths; 
the Hewlett-Packard/Avantek 
MSA-0886, with a bandwidth of DC to 
3000 MHz; and special devices that 
operate up to 30,000 MHz (30 GHz). In 

this article we will concentrate on the 
MAR -x series from Mini -Circuits be- 
cause of their easy availability to 
electronics hobbyists. Thóse devices 
can be bought in small quantities 
from Ocean State Electronics (6 Indus- 
trial Drive, PO. Box 1458, Westerly, RI, 

02891; Tel. 401-596-3080, Fax 
401-596-3590). Larger quantities (25 
or more) can be more economically 
bought directly from Mini -Circuits (PO. 

Box 350166, Brooklyn, NY, 11235-0003; 
Tel. 718-934-4500). 

MMIC Physical Attributes. The 
MMIC amplifier is characterized by 
simplicity. The typical MMIC has only a 
few connections. In the case of the 
MAR -x devices, there are only four 

BY JOSEPH J. CARR 

pins. Two of them are the signal -input 
and signal -output lines. There are also 
two grounds. The two grounds are 
needed in order to distribute the lead 
inductance and therefore overcome 
the problems of stray inductance, at 
least in the ground path. 

Note that something is missing in 

the preceding; there was no mention 
of a DC -power connection. The DC 

power is applied to the MAR -x series 
through the signal output terminal 
(pin 3). 

The basic package for the MAR -x 

series is shown in Fig. 1. The IC case 
diameter is 0.085 inch (2.15 mm), 
while the 'Wingspan" of the leads is 

0.460 inch (11.68 mm). Note that the 

COLOR DOT 

BEVELED END 

1 -INPUT 
2 -GROUND 
3 -OUTPUT 
4 -GROUND 

2 

Fig. 1. Pin I of the MAR -x package is 
identified by the beveled lead and the 
colored dot. 

index for the pinout is pin no. 1, the 
input terminal. There is a color dot on 
the top of the package that indicates 
pin 1, and the flat lead wire for pin 1 is 

beveled at the far end. Mind you, that 
bevel is a bit dicey to see (at least if 

you're my age!), so use some type of 
optical aid if necessary. The color of 
the color dot indicates which MAR -x 

device is being used; more informa- 

MMIC DEVICE 

f 

PC BOARD 

Fig. 2. Although it is often surface 
mounted, the leads of the MAR -x 
package can be bent for standard 
through -hole PC -board mounting. 

1 

tion on that, as well as key specifica- 
tions for the MAR -x family can be 
found in Table 1: 

For many applications, especially 
at the upper end of the device fre- 
quency -response range, the MAR -x 

device -will be mounted directly to the 
tinned foil side of the printed circuit 41 



TABLE 1 

MAR -X SERIES MMIC DEVICES 

Device 

Dot 

Color 
Max. Freq. 

MHz 
Gain (dB) 

1 -dB 
Comp. 
(dBm) 

3rd -Order 
Intercept 

(dBm) 

Ibex 

(MA) 

Ira 
(MA) 

V1 

Volts 100 500 1000 2000 Min. 
MAR -1 Brown DC -1000 18.5 17.5 15.5 -- 13 0 15 40 17 5 
MAR -2 Red DC -2000 13 12.8 12.5 11 8.5 3 18 60 25 5 
MAR -3 Orange DC -2000 13 12.8 12.5 10.5 8 8 23 70 35 5 
MAR -4 Yellow DC -1000 8.2 8.2 8 -- 7 11 27 85 50 5 
MAR -6 White DC -2000 20 19 16 11 9 0 15 50 16 3.5 
MAR -7 Violet DC -2000 13.5 13.1 12.5 10.5 8.5 4 20 60 22 4 
MAR -8 Blue DC -1000 33 28 23 -- 19 10 27 65 36. 7.5 

board. Many hobbyists, on the other 
hand, will probably want to mount a 
MAR -x device in the traditional man- 
ner on the top side of the PC board, as 
shown in Fig. 2. 

Typical MMIC amplifiers, including 
the MAR -x series, are designed to op- 
erate into standard impedance loads 
(50 or 75 ohms). Devices in the MAR -x 
series operate with input and output 
impedances of 50 ohms, which is the 
standard for RF circuits other than 
television circuits. No impedance 
matching is needed for 50 -ohm cir- 
cuits. 

A Basic MMIC Circuit. A basic MAR - 
x circuit is shown ín Fig. 3. Input and 
output coupling are provided by a 
pair of capacitors, Cl and C2. Those 
capacitors are necessary to prevent 
DC operating levels inside the MAR -x 

from getting out, and DC in the exter- 
nal circuit from getting in. The capaci- 
tors can be ceramic -disc types up to 
about 200 MHz, but above 200 MHz, 
chip capacitors should be used be- 
cause of their lower internal induc- 
tance and higher self -resonant fre- 
quencies. Of course, chip capacitors 
could also be used below 200 MHz. 

V+ 

Fig. 3. Here is the basic MAR -x circuit 
configuration. The input voltage should 
be regulated and under +15 volts. 
Because it is often low valued, LI is 
sometimes replaced by a ferrite bead 

42 slipped over a trimmed resistor lead. 
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Fig. 4. The I -dB compression point is the point at which the actual gain departs from 
the theoretical straight-line gain by -I c/B. 

There are two ground lines for the 
MAR -x devices, and both should oe 
connected in circuits. The reason for 
using two ground leads is that the par- 
allel grounds reduce the effects of 
stray inductance. All wires have stray 
inductance, although the flat lead 
wires used at VHF and above have 
lower inductance values than the 
same -size round wires. At lower fre- 
quencies the inductance is negligi- 
ble. At higher frequencies (of which 
MMICs are capable), however, the in- 
ductive reactance is much larger. The 
effect of using a ground lead with in- 
ductance is essentially the same as 
placing an RF choke in the ground 
line! The ground track on the PC 
board should be brought as close as 

practical to the body of the IC to re- 
duce the effects of ground induc- 
tance even further. 

DC power is applied to a MMIC de- 
vice through the output terminal (pin 
3 in MAR -x devices). A current -limiting 
resistor (R1) is used between the V+ 
power -supply voltage and the output 
terminal of the device. The voltage 
obtained from Table 1 is shown as V1 in 
Fig. 3. The value of the resistor is found 
from Ohm's law: 

R1 = (V+ - V1)/ITS 

Where R1 is in ohms, V+ and V1 are in 
volts, and ITyp is the "typical" current 
value for the particular MAR -x device 
(see Table 1). 

Let's consider an example. Suppose 
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2nd ORDER 
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3rd ORDER 
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22-f1 = 13MHz 16 - 

Fig. 5. Here's the intermodulation- 
prroduct spectrum for an amplifier in 

which a 7 -MHz and a 10 -MHz signal of 
equal amplitudes has been input. 

FREQUENCY (MHz) 

we want to use a low -noise MAR -6 de- 
vice, which has an lTy, of 16 mA (0.016 

A), and wants to see 3.5 volts at the 
output (V1 it Fig. 3). To operate the 
device from a 9 -volt battery: 

R1 = (9 - 3.5)/0.016 = 344 ohms 

The calculated value of R1 is not one 
of the standard values you can actu- 
ally obtain, so select the nearest stan- 
dard value that doesn't either starve 
the device for current or ask it to han- 
dle too much. The standard value of 
330 ohms will not ask too much of the 
MAR -6, and is easily available. 

It is not a good idea to use unregu- 
lated DC power supplies, or to use 

supplies with output voltages higher 
than about + 15 volts in actual circuits. 
The best approach is to use a three - 
terminal IC voltage regulator such as 
the 78L05, 78L06, 78L08, or 78L09. Un- 

regulated or higher voltage supplies 
can easily lead to MAR -x reliability 
problems. 

The inductor in series with the re- 

sistor is optional, but is recommended 
for very wideband circuits. It serves as 
a "peaking coil" to increase gain at 
higher frequencies because its induc- 
tive reactance goes up with frequen- 
cy. The coil should have a value that 

7- 

. 4- 

3- 

20 25 

will give reactance of four times the 
output impedance (200 ohms in the 
case of the MAR -x devices) at the 
highest frequency of operation. For 

most wideband amplifiers, that 
means a pretty -low value of induc- 
tance, and as a result many MAR -x 

users opt to replace L1 with a ferrite 
bead slipped over a piece of hook- 
up wire. The wire pigtails cut from R1 

when it is mounted do nicely. The coil 
should be deleted if R1 is greater than 
or equal to 500 ohms. 

MMIC Specifications. Most of the 
specifications used for MMIC ampli- 
Piers, including the MAR -x series, are 
s`raightforward and easily under- 
stood; the MAR -x series specifications 
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Fig. 6. The point at which the gain slope for the 3rd -order IMP signal crosses the gain 

slope of the fundamental signal is called the 3rd -order intercept point. Anything over 

10 dBm is considered superb performance. 
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Fig. 7. Here's the schematic for a 
practical MAR -x circuit. Although 
specifically designed for the MAR -6, it 
can be easily adapted for use with any 
device in the series. 

are summarized in Table 1. DC operat- 
ing conditions (V1, maximum operat- 
ing current, typical operating current, 
etc.) are specified by the manufac- 
turer and are simple enough to un- 
derstand. Gain, on the other hand, is 

usually specified at different frequen- 
cies in very wideband amplifiers, so 
one must be aware of whether the 
gain is proper for your application's 
operating frequencies by noting the 
frequencies and its associated gain 
figure. The upper frequency limit is 

usually specified as the frequency at 
which gain drops -3 dB compared 
to either the low frequency gain, mid - 
band gain, or gain at some reference 
frequency (it helps to know which is 

used!). 
The minimum guaranteed gain 

might also be subject to some con- 
dition such as a maximum tempera- 
ture that is less than the "survival" 
temperature given elsewhere in the 
specification sheet. For the MAR -x de- 
vices, a note in the spec sheet indi- 
cates that the minimum gain is that 
which is found at the highest frequen- 
cy.over the entire temperature range. 

Signal levels are usually specified in 

terms of power, using decibel nota- 
tion. The unit "dBm" is standard, and 
means power decibels in which 0 
dBm is one milliwatt (1 mV) dissipated 
into a 50 -ohm resistive load (+dBm 
values are powers higher than 1 mVV, 

and - dBm are powers lower than 1 

mW). 
The maximum input signal level is 

the largest sustained signal that the 
device can safely handle. The MAR -1 

device will sustain input signals up to 
+ 10 dBm, while the others in the series 

ó 
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Fig. 8. If you want to build the circuit in Fig. 7 using a PC board, here is an 
appropriate pattern. 
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Fig. 9. Use this parts -placement diagram when mounting the components on the PC 
board. 
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sustain up to + 15 dBm, A level + 15 

dBm into 50 -ohms represents a signal 
voltage of 31,6 millivolts, which is pret- 
ty high for an RF signal in a receiver 
system. 

The maximum output signal power 
is found in a specification called the 
"1 -dB compression point" (see Fig. 4). 

At any one frequency, the gain should 
theoretically be constant. Although 
there is some dependence on the DC 
power -supply voltage used, there is 

another problem that is related to the 
input -signal drive level. Normally, the 
plot of power output versus power in- 
put is a straight line because the gain 
is constant. At some point, however, 
the gain is no longer linear, and the 
power -output vs. power -input curve 
departs from the straight line, as 
shown in Fig. 4. The "1 -dB compression 
point" is the point at which the actual 
gain departs from the theoretical 
straight-line gain by -1 dB. For the 
case shown in Fig. 3, the 1 -dB com- 
pression point occurs when the out- 
put signal is 16.25 dBm and the input 
power is +4.25 dBm. 

The dynamic range of the device is 

seen in a specification called the 

INPUT 

"Third -Order Intercept Point." All am- 
plifiers produce some distortion of the 
input signal. That is seen in the fact 
that the output signal has more har- 
monic content than the input signal. If 

an amplifier is perfect (none are), 
then an input sinewave signal of fre- 
quency f would produce an output 
spectrum of f and only f. In real ampli- 
fiers, however, there will be harmonics 
present (f, 2f, 3f, and so forth). The har- 
monics are considerably lower in am- 
plitude than the fundamental, and 
each higher harmonic is lower than 
the one before it. Thus, 2f has a lower 
amplitude than f, 3f is lower than 2f, 
and so forth. In many practical cases, 
however, only the fundamental (t) 

and first harmonic (2t) are consid- 
ered; the other harmonics are too low 
in amplitude to be of interest or con- 
cern. 

As the input signal increases to- 
wards the 1 -dB compression point, the 
distortion increases dramatically, as 
indicated by the sudden increase in 
harmonic content. A measure of that 
tendency is taken by applying a two- 
tone signal to the amplifier, and not - 

(Continued on page 93) 
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ive a Friend 
a Year of ( ectro n lcs 
Fun this CII ristmas: 

Does fighting the crowds at Christmas short-cir- 
cuit your holiday fun? Don't blow a fuse this 
year...for the friend who shares your love of 
project -oriented electronics - or a youngster 
who may need only a spark to ignite a life-long 
interest - give a gift subscription to Popular 
Electronics. 

Popular Electronics readers get the know how 
they need to build exciting, educational, and 
useful projects like these...a professional -qual- 
ity home -security system...an autoranging fre- 
quency counter...a nine -band shortwave re- 
ceiver...a radio -controlled car...a telephone 
scrambler...an aviation receiver...and even a 
robot! 

PLUS...Gizmo, our honest and straight-shoot- 
ing review of the latest consumer -electronics 
gear... Market Center, featuring mail-order 
merchants that are ready to help you in all your 
hobby activities...articles and columns cover- 
ng every aspect of the electronics hobby - 

including antique radio, shortwave listening, 
ham radio, computers, scanners, circuit de- 
sign, and more! 

SAVE MONEY...A great gift to receive, Popu- 
lar Electronics is also a great gift for you to 
give! The Special Holiday Rate saves you 
$25.05* off the newsstand price on each gift. 
You can save another $25.05* when you start or 
extend your own subscription at the same time. 
It's our "thank -you" for sharing Popular Elec- 
tronics with a friend at Christmas. 

Send no money, unless you prefer. We'll be glad 
to bill you in January, 1996. Just take a brief 
moment to go over your gift list and make sure 
you haven't forgotten anyone who might ap- 
preciate the many benefits of Popular Elec- 
tronics. Then write the names on the attached 
Gift Certificate and mail it back in the postage - 
paid reply envelope...we'll take it from there! 

Your friends will receive a handsome gift an- :1;11 tr 
nouncement card signed with your name just !:1,14:10 

before Christmas. And all through the new year) ' 
they'll remember and appreciate your thought- - 

ful gift! So don't blow a fuse...take it easy and 
enjoy the holidays. Give Christmas gifts of Pop- 
ular Electronics! 

Popular.e ronics 
'Basic sub rate -1 yr/$21.95 
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Are we alone? In this immense 
universe, with its billions of gal- 
axies, each having billions of 

suns, could ours be the only solar sys- 

tem containing intelligent life? Spec- 
ulation that there might be other 
worlds similar to ours certainly isn't 
new; the ancient Chinese and 
Greeks, for example, both pondered 
upon the idea. But what about scien- 
tific attempts to answer the question? 

As part of our quest for knowledge, 
we have been observing the stars, first 

by eye alone and later with optical, 
infrared, and radio telescopes. But for 
centuries it looked as though there 

46 

Is there intelligent life in 

the universe beyond 
Earth? Here's what 
scientists are doing to 
answer that question- 
and how you can take 
part in the research! 

BY KARL T. THURBER 

Tl.é 
Search For -" 

xtraférréstriá.l 
Intelligence 

. 

would never oe a way of telling 
whether we on Earth are unique. 
Then, around 1960, all that changed 
with the introduction of a new strate- 

gy. 
That strategy is SETI, the Search for 

Extraterrestrial Intelligence. It consists 
of the use of radio telescopes to de- 
tect electromagnetic (EM) signals of 
potentially intelligent origin from 
beyond the earth. Both an experi- 
mental science and a systematic pro- 
cess, SETI is an effort to find evidence 
of technological civilizations that 
might exist elsewhere. From a prac- 
tical standpoint, SETI is limited to our 
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own galaxy, the Milky Way-ill other 
stars are much farther away, and their 
radiation is much weaker. 

The vast majority of SETI projects in- 
volve listering for signals in the micro- 
wave region, although some visible - 
optical SET is conducted in the visible 
and near -infrared parts of the spec- 
trum. One project, for example, 
searches for very short -pulse optical 
beacons from possible extraterrestrial 
intelligences (ETIs); one problem with 
that approach is distinguishiig such 
pulses from pulsar -type stars. 

A Brief History of SETI. SETI began 
more than three decades aco when 
scientists began to "listen in- at fre- 
quencies thought most likely to reveal 
the presence of signals produced by 
artificial means. We can define the 
modern SETI era as beginning in 1959, 
when Cornell University physicists 
Giuseppi Cocconi and Philip Morrison 
published an article in Nature maga- 
zine in which they pointed out the po- 
tential for using microwave radio for 
interstellar communication. 

S+' 

f 

The first actual microwave SETI pro- 
gram was Project Ozma. That was run 
by SET pioneer Dr. Frank Drake from 
the Nctional Radio Astronomy Obser- 
vatory (NRAO) at Green Bank, WV in 
1960. For two months in the spring of 
that year Drake aimed the 26 -meter 
Green Bank radio telescope in the di- 
rection of two nearby Sun -like stars, 
Epsilon Eridani and Tau Ceti, which 
Cocconi and Morrison had sug- 
gested as possible targets. 

Drake's receiver, which had a single 
tunable channel with a 100 -Hz band- 
width, was tuned to the 1420 -MHz (21 

centimeter) hydrogen line. While 
Drake didn't detect any extrater- 
restrial signals, Project Ozma spurred 
the interest of others in the astronomi- 
cal community, most immediately the 
Soviets, who initiated a number of 
large-scale SETI programs of their 
own. 

In fcct, in the 1960s, with the Cold 
War at its peak, the Soviet Union domi- 
nated SETT, and it frequently adopted 
bold, massive, military -like search 
strategies. Rather than searching the 4 



vicinities of nearby stars, the Soviets 
used essentially omnidirectional an- 
tennas to observe large chunks of sky. 

They counted on the existence of at 
least a few very advanced civiliza- 
tions capable of radiating enormous 
amounts of power. 

Back in Me United States, at the be- 
ginning of the 1970s, NASA's Ames Re- 

search Center in Mountain View, 
California considered the technology 
required for an effective search. In 

1971, a team of outside experts pro- 
duced a comprehensive study for 
NASA. It was Project Cyclops, named 
after the mythical one -eyed giant. 

The Cyclops report analyzed SETI 

science and technology issues that 
are the foundation upon which much 
subsequent SETI work is based. The ob- 
jective was to assess what would be 
required in hardware, manpower, 
time, and funding for a realistic SETI 

effort,. using present or near -term fu- 
ture technology. 

As the perception grew that SETI 

had a reasonable prospect for suc- 
cess, Americans began again to 
search. During the 1970s, many radio 
astronomers started SETI projects, 
mostly using existing antennas and re- 
ceivers. Some of those efforts, using 
improved technology, have con- 
tinued to the present day. 

By the late -1970s, serious SETI pro- 
grams had been established at 
NASA's Ames Research Center and at 
the Jet Propulsion Laboratory (JPL) in 
Pasadena. Those groups arrived at a 
dual search strategy for large-scale 
SETI. Ames proposed to examine 1000 
Sun -like stars in a targeted search that 
would be capable of detecting weak 
or sporadic signals. JPL would system- 
atically sweep all directions in an all - 
sky survey. From those proposals, the 
systematic NASA High Resolution Mi- 
crowave Survey (HRMS) search emer- 
ged in 1988. Then, on October 12, 

1992, the 500th anniversary of Colum- 
bus' arrival in the New World, the ob- 
servations began. 

The HRMS program had Iwo com- 
plementary components, a "Tar- 
geted Search" and an "All -Sky Survey." 
The Targeted Search was to have 
been the first high -sensitivity, wide - 
band search for carriers, pulses, and 
chirps from nearby stars, covering the 
lower 2 GHz of the microwave win- 
dow. And if we guessed right as to 

48 which stars are likely candidates, the 

Many of the billions of Sun -like stars in 
our Milky Way hare their own sets of 
planets. Some might be closer in their 
characteristics to Saturn, shown here, 
but some could hare characteristic's like 
those of Earth. 

Targeted Search would offer the 
greatest chance of immediate suc- 
cess. 

The All -Sky Survey was to have been 
the first all -sky search over the entire 1 - 

to 10-GHz earth -based radio window, 
making use of NASA's existing Deep 
Space Network (DSN). It would sweep 
the entire sky that can be seen from a 
given location; moderate size anten- 
nas and no special antenna tracking 
would be needed because the sky 

rather than individual stars, would be 
surveyed. 

HRMS was to be NASA's big 1990s 

SETI effort. But in the fall of 1993 (less 
than a year after HRMS was switched 
on), Congress eliminated the funding 
from NASA's budget, ostensibly owing 
to a lack of immediate results. Both 
the Targeted Search and the All -Sky 

Search efforts were "axed." With NASA 

no longer involved, SETI researchers 
and the public saw a greatly dimin- 
ished chance to answer, within their 
lifetimes, the questions posed by SETT. 

The SETI League, SETI Institute, Plane- 
tary Society, and other nonprofit, non- 
governmental organizations are now 
privatizing SETI. The Targeted Search 
component has become Project 
Phoenix under sponsorship of the SETI 

Institute, and the All -Sky Survey will start 
up in 1996 under the SETI League. 

A Basis for SETI? Our Sun is just one 
of perhaps 400 billion stars in our gal- 
axy. Although we can't detect plane- 
tary systems optically, they evidence 
themselves in other ways. Everywhere 
we have looked for planets, we've 

found indications of their presence. In 

fact, planet formation probably is an 
essential process by which a rotating 
star dissipates some of its angular mo- 
mentum. 

Moreover, because there's no rea- 
son that the laws of physics or chemis- 
try are different elsewhere, there 
might be billions of Earth -like planets 
circling sun -like stars. Most of those 
planets are older than the earth and 
so have had more time to spawn life. 
But have any evolved intelligent life? 
SETI hopes to answer that crucial 
question. 

Data from space probes seems to 
rule out advanced life on the other 
planets in our solar system. But what 
about life beyond our own solar sys- 

tem? If solar systems can condense 
out of the interstellar medium, then 
the chemicals of life might be found 
on countless planets in those other 
systems. In fact, over the past 50 years, 
scientists have developed a theory of 
cosmic evolution that predicts that life 
is a natural phenomenon likely to de- 
velop on planets with suitable condi- 
tions. 

The Drake Equation. Arguments 
that the universe is teeming with life 
have received increasing support in 

the 34 years since they were first 
stated by noted astronomer and as- 
trophysicist Dr. Frank Drake. While not 
every scientist thinks that intelligence 
is widespread in the Milky Way, many 
of them feel that there could be civi- 
lizations out there with detectable 
transmissions. 

A mathematical attempt has been 
made at estimating the number of 
such civilizations in the Milky Way gal- 
axy. The result is the Drake, or Green 
Bank, Equation, which was devised by 
Drake in 1961 when he was at the 
NRAO. The equation rests on the basic 
assumption that life occurs only on 
planets that are fairly similar to the 
earth, and it applies solely to our own 
galaxy. Drake's equation expresses 
mathematically the relationship of 
seven hotly debated independent 
variables. Here's the_ equation: 

N= RS x fp x ne x f1 x f1 x fc x L 

Where N is the number of civilizations 
in the Milky Way galaxy whose signals 
are detectable; R5 is the rate of forma- 
tion of stars suitable for the develop- 
ment of intelligent life; fp is the fraction 



of those stars with planetary systems; 
ne is the number of planets, per solar 
system, with an environment suitable 
for life; f1 is the fraction of suitable plan- 
ets on which life actually appears; f, is 

the fraction of life -bearing planets on 
which intelligent life emerges; fc is the 
fraction of civilizations that develop a 
technology that releases detectable 
signs of their existence into space; 
and Lis the length of time such civiliza- 
tions release detectable signals into 
space. 

Cranking in the seven variables, the 
number of civilizations whose signals 
are detectable might range from 
practically zero to a million or more, 
depending on the assumptions and 
variables used. Drake himself esti- 
mates there are perhaps 10,000 ad- 
vanced civilizations in the Milky Way 
Galaxy that meet the criteria for de- 
tectable emissions. 

Regardless of the numbers you use, 
the Drake Equation is an effective tool 
for helping us to understand that life 
as we know it is the end product of a 
natural, cosmic evolution, and also for 
making us realize how much we're 
part of the vast universe surrounding 
us. It also offers us hope that, given 
resources and time, the search ulti- 
mately could prove successful. 

Interstellar Communications. 
While space travel is difficult, com- 
munication through space is relatively 
easy. In fact, electromagnetic (EM) ra- 
diation is the best and perhaps the 
only chance we have at interstellar 
communication, considering the im- 
mense distances involved (for more 
information on EM radiation and the 
EM spectrum, see my article, "Radio 
Astronomy," in the October 1995 Pop- 
ular Electronics). 

Radio waves, and all electromag- 
netic radiation, travel at the speed of 
light -300,000 kilometers per second. 
That is the fastest velocity possible. Yet 
even Proxima Centauri, our closest 
neighbor, is far enough away that light 
takes about 4 years to make the trip. In 

contrast to the speed of light, the fast- 
est space vehicle we have available 
travels at a mere 25,000 miles per 
hour, making that quite a long trip. 

While we don't know for sure that all 
species eventually develop EM com- 
munication, surely at least some do. 
Radio communication is cheap, 
quick, and easy to set up and learn. 

Ohio State University's Big Ear radiotelescope consists of two large reflectors, each 
about 100 feet high by 300 feet wide. One is a fixed parabolic reflector, show? here, 
and the other is a Likable fat reflector. 

And if we can figure it out, it's a good 
bet that technological civilizations 
more advanced than ours can do 
likewise. 

The greatest barrier to interstellar 
communications is naturally occur- 
ring noise: galactic, cosmic, quantum, 
and synchrotron sources. Radio waves 
are the choice for communication 
because radio wavelengths are rela- 
tively free of the absorption and noise 
that plagues other areas of the spec- 
trum. Radio, visible light, and near in- 
frared are the only EM radiation able 
to penetrate the earth's atmosphere. 
Besides, radio is not as easily ab- 
sorbed by interstellar gas and dust as 
are the other two, and the stars them- 
selves generally are quiet (dim) in the 
radio wavelengths. 

However, many astronomers and 
astrophysicists believe that the best ETI 

hunting ground is in the microwaves, 
especially the 1- to 10-GHz region, or 
30 centimeters to 30 millimeters. That 
is among the quietest reaches of the 
spectrum-a "window" of minimum 
sky noise and least absorption of sig- 
nals by the earth's atmosphere. Of the 
roughly 100 serious, scientific searches 
since Project Ozma in 1960, most have 
used microwaves. 

Most SETI scientists think we can nar- 
row the search spectrum. The con- 
sensus is that the 18- to 21 -cm region, 
or about 1.4 to 1.7 GHz, seems the 
most natural range to examine for sig- 
nals from ETIs. Frequencies in that 

"water -hole" region are also known as 
"magic" frequencies, and they are 
largely protected from interference 
by international agreement. The 
water -hole region gets its name from 
the two fragments (hydrogen and hy- 
droxyl) of the water molecule that 
have "radio signatures" (radiation at 
specific frequencies) in that band. 

Bernard Oliver, who headed NASA's 

SETI office, suggested scanning the re- 
gion between the two markers, the 
hydrogen and hydroxyl lines, as a po- 
tentially universal communications 
band. In 1971 he coined the term for 
that proposed communications 
band. "Where shall we seek out our 
kind?" asked Oliver. His answer was 
simple: "At the water hole, where spe- 
cies have always gathered." 

Now, surprisingly, the best approach 
to looking for ETI signals in those bands 
is not to use a broad, single -channel 
receiver that monitors the whole mi- 
crowave range simultaneously. That's 
because Ells would need truly im- 
mense power to create signals strong 
enough to be above the noise level 
on Earth. Any signals that get through 
would have to be concentrated in a 
very narrow band of frequencies, and 
a receiver used for SETI would there- 
fore need to monitor a narrow band. 

The use of ultranarrow bands of 1 to 
10 Hz is desirable. But with such ultra - 
narrow bands it would take much too 
long to use a single -channel receiver 
and scan the whole microwave 49 
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Rationale for radio SETI - 

Radio is the best and perhaps only chance we have at interstellar communication, considering the 

distances involved. Radio waves, like all electromagnetic (EM) radiation, travel at the speed of light, 

300,000 kilometers per second. This is the fastest velocity possible, and yet even Proxima Centauri. 
the closest star to our own sun is far enough away that light takes approximately four years to - 

make the journey. Most stars are much fwther away. 
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SERENDIP is the University of California at Berkeley's Space Sciences Lab SETT 
program. You can. find out what's going on at the program by checking out the group's 
Web page, shown here. 

range at each region of the sky. Far 
more preferable are multichannel re- 
ceivers that can examine millions of 
channels at the same time. So, as you 
can see, searching the entire micro- 
wave range can be difficult. But there 
are still major projects working to- 
wards that goal. 

Major SETI Projects. The world's 
longest -running SETI program, Big Ear, 

is part of the Ohio State University 
(OSU) Radio Observatory and was be- 
gun in 1973 using an eight -channel 
system. Using OSU's 110 -meter tele- 
scope, the full-time OSU search is all - 
sky and now uses 50 channels; an im- 
proved SERENDIP Ill four -million -chan- 
nel receiver is being installed (more 
on SERENDIP in a moment). OSU's 
search is run almost exclusively by vol- 
unteers and is funded by private do- 
nations. 

The OSU telescope is the size of 
three football fields. It consists of two 
large reflectors, each 100 feet high by 
300 feet wide. One is a fixed para- 
bolic reflector and the other is a tilt - 
able flat reflector. The reflectors are 
situated on opposite ends of a 300 - 
by 600 -foot -long aluminum ground 
plane. Dual feed horns are mounted 
between the reflectors on a railway 
that provides tracking. 

50 OSU scientists have also worked on 

an advanced system, Argus, which is 

named after the mythical, Greek, 
hundred -eyed monster that could 
watch all directions at once. Argus is a 
radically different radio telescope. 

In contrast, most SETI work uses con- 
ventional dish antennas optimized for 
other purposes. A major deficiency is 

that they look in only one direction at 
a time, making the detection of tran- 
sient signals unlikely and also possibly 
missing promising signals because of 
limited sky coverage. They also ignore 
most of the energy that impacts them, 
making them very inefficient. 

The Argus array, sometimes called a 
"radio camera" because it forms an 
image of the whole sky at one time, 
consists of hundreds of very small, om- 
nidirectional antennas arrayed over a 
large flat conducting surface. Those 
antennas conveniently use the exist- 
ing OSU Big Ear antenna as the 
ground plane. 

Argus would let radio astronomers 
have a more global view of the elec- 
tromagnetic environment. They could 
detect suspicious signals, from what- 
ever part of the galaxy, with Argus, 
then use Big Ear for detailed sur- 
veillance. A small, eight -element 
Argus prototype, operating at 162 
MHz, already has been built. 

Over at the University of California, 
Berkeley Space, Science Lab scientists 

have developed a SETI program: 
Search for Extraterrestrial Radio Emis- 
sions from Nearby Developed Intel- 
ligent Populations (SERENDIP). It be- 
gan in 1979 using a 100 -channel 
spectrum analyzer at the Hat Creek 
Observatory. SERENDIP instrumenta- 
tion and software also have been 
used widely in other SETI projects. 

SERENDIP is a unique "piggyback" 
SETI system, operating alongside si- 
multaneously conducted conven- 
tional radio -astronomy observations 
to share telescope time. SERENDIP Ill 

currently uses the huge, 305 -meter 
(1000 -foot) dish at the Arecibo Obser- 
vatory in Puerto Rico, which is the 
largest radio telescope in the world. 
That makes SERENDIP very cost effec- 
tive and allows it to run full-time on 
Arecibo and other world -class radi- 
otelescopes. 

Weekly, SERENDIP data is transferred 
via the Internet to the SERENDIP lab at 
Berkeley (see the "Selected Internet 
Points for SETI" box for more informa- 
tion on what SETI resources are on the 
Internet). There, researchers run the 
data through algorithms to reject ra- 
dio -frequency interference (RFI) and 
detect signals that possibly are both 
artificial and extraterrestrial. Since 
1979, SERENDIP has undergone a se- 
ries of sequential improvements. SE- 

RENDIP II ran from 1986 to 1988 and 
was thousands of times more power- 
ful than its predecessor. 

SERENDIP Ill is the first megachannel, 
high -sensitivity search at UHF The SE- 

RENDIP Ill spectrum analyzer examines 
4,2 million channels every 1.7 seconds 
in a 12 -MHz -wide band centered at 
429 MHz. It's been operating in a sky - 

survey mode at Arecibo since April, 
1992. Since then, it's logged more 
than 8000 hours of observation time 
and has probed over 70 trillion chan- 
nels. 

SERENDIP IV is due atArecibo soon; it 
will be able to observe 167 million 
channels every 1.7 seconds. That will 
boost the project's number of chan- 
nels observed per second by a factor 
of 40, and will be the most sensitive 
SETI receiver in the world. 

The Arecibo project has observed 
over 92 percent of the visible sky at 
least once and has passed over 37 
percent of the Arecibo sky at least 5 
times. In its first 3 years, SERENDIP has 
probed more "search space" than all 
previous searches combined: some 



Do you want to learn more about radio 
astronomy and SETI? Here are selected 
organizations and'publications you can 
contact for more information. 

The Astronomical Society of the Pacif- 
ic (ASP) is a scientific and educational 
organization, founded in 1889, which 
links professional and amateur astrono- 
mers, educators, and laypeople. ASP is 
the largest general astronomy society in 
the world and welcomes anyone with an 
interest in astronomy. The Society pub- 
lishes the bimonthly Mercury 
magazine, which features non -tech- 
nical articles, and a refereed monthly 
technical journal, Publications of the 
Astronomical Society of the Pacific. For 
more information, contact the The As- 
tronomical Society of the Pacific (390 
Ashton Avenue, San Francisco, CA 
94112; Tel. 415-337-1100). 

The SETI Institute (2035 Landings 
Drive, Mountain View, CA 94043: Tel. 
415-961-6633) is a nonprofit educa- 
tional and scientific corporation that 
was founded in 1984. The Institute, 
which -doesn't have a general public 
membership, serves as an institutional 
home for scientific and educational 
SETI projects. The largest research 
effort is Project Phoenix, the privately 
funded continuation of the Targeted - 
Search portion of NASA's HRMS. 

The nonprofit Planetary Society was 
founded in 1980 to promote the explora- 
tion of our solar system (and others) and 
the search for ETI. The Society has over 
100,000 members and is the largest 
non -governmental space organization 
in the world. It publishes The Planetary 
Report six times yearly and 

100 trillion radio channels, over one- 
third of the sky. 

Now, as mentioned earlier, the de- 
mise of HRMS in 1993 almost killed 
American SETI. But the notable Project 
Phoenix was reborn from the ashes of 
HRMS and undertaken by the SETI In- 
stitute. Phoenix takes advantage of 
the technology developed by NASA 
to make a sensitive and thorough sur- 
vey of nearby star systems. 

The Phoenix search strategy is to 
scrutinize approximately 1000 sun -like 
stars less than 150 light-years away for 
candidate microwave signals, from 
about 1.2 to 3.0 GHz. The project relies 
on 10 -MHz Multi -Channel Spectrum 
Analyzers (MCSAs). 

The Phoenix project is different from 
other SETI efforts in several ways: Its 

approach is systematic; it places a 
premium on sensitivity to detect very 
weak signals; it can identify terrestrial - 

RESOURCES FOR AMATEURS 

Bioastronorny News four times a year. 
The Society is supporting severalmajor 
SETI projects. META, BETA, and SE-, 
RENDIP. The combination of those three_ 
projects makes for what it believes is the_ 
most dedicated and continuous search-, 
effort on earth. For more information 
contact the Planetary Society (65 North 
Catalina Avenue, 'Pasadena, CA 
91106-2301; Tel. 818-793-5100). 

The SETI League (P.O. Box 555, Little 
Ferry, NJ 07643; Tel. 800 -TAU -SETT),` 
founded in 1994, is a membership -sup-: 
ported, educational and scientific non-_ 
profit'corporation. The League pub-_ 
lishes a quarterly newsletter, 
SearchLites. Their major effort is 
organizing and coordinating the efforts 
of experlmeñters interested in SETI and 
acting as an information clearinghouse. 
The League's All -Sky Survey will effec- 
tively continue the All Sky Survey com-, 
ponent of the canceled NASA HRMS. 

If you're interested in hands-on, radio= 
astronomy, consider joining the Society 
of Amateur Radio Astronomers (SARA). - 

The Society is inspired by the pioneer- 
ing 1930$ and 1940s work of amateur 
astronomer and amateur radio operator 
Grote Reber, W9GFZ. 

SARA was organized -in 1981 añd has 
about 275 members worldwide. 
Though small, it probably is the largest 
amateur radio astronomy group in the 
world. Its members are involved in solar 
radio astronomy, sky surveys, and SETI- 
experiments. SARA's yearly conference= 
normally is held in June at the National - 

Radio Astronomy Observatory (NRAO), 
in' Green Bank, West Virginia. Mem- 
bership inck,des a year's subscription 

based interference using a Follow Up 
Detection Device (FUDD) technique; it 
examines a broad range of frequen- 
cies (1.2 to 3.0 GHz), not just 18-21 cm; 
spectral resolution is high, typically 1 

Hz; and it can detect a wide variety of 
signal types. 

Phoenix seeks out both mono- 
chromatic carriers (continuous wave, 
or CW, signals), and intermittent car- 
riers, called pulsed signals. Special 
FUDDs are used as a sort of verification 
system: the FUDDs makes use of a sec- 
ond, remotely located radio tele- 
scope, the tandem telescope being 
used to check for and screen out ter- 
restrial interference. 

In June, project scientists com- 
pleted observations using a 64 -meter 
dish at the Parkes Observatory in New 
South Wales, Australia. For 5 months, 
the Parkes antenna scanned the 
vicinities of nearby stars from a unique 

to the SARA Newsletter. For more infor- 
mation, contact SARA (c/o Vincent Car- 
acci, 247 N. Linden St., Massapequa, 
NY 11758). 

SETIQuest is a new puc,!ication for 
SETI professionals and serious ama- 
teurs. It's devoted to SETI and is a sort of 
digest of current experiments, projects, 
and techniques used by various indi- 
viduals and organizations worldwide. 
The publication also reviews important 
SETI books and periodicals. Annual 
subscriptions (four issues) are $29 and 
can be obtained by contacting 
SETIQuest Subscriptions (Helmers 
Pt7blishing, P.O. Box 874, Peter- 
borough, NH 03458 -9989; -Tel. 
603-924-9631). 

Signals is the official newsletter of the 
Ohio Sta'e University's radiotelescope, 
Big Ear. Produced more or less monthly, 
it describes current OSU projects and 
oilers research updates, and also pre- 
sents other articles of interest to the 
SETI enthusiast. Subscriptions are $25 
per year and are available from Signals 
Newsletter, NAAPO, Subscriptions (c/o 
Otterbein College, Department of Phys- 
ics/Astronomy, Westerville,' OH 43081; 
Tel. 614-823-1516). 

Finally,. if you want to pursue radio - 
astronomy projects such as the All -Sky 
Survey, a small Georgia firm offers most 
everything from radio telescopes to am- 
plifiers, bandpass filters, feed horns, 
mixers, AID converters, noise sources, 
softwareand various "how to" publica- 
tions. Foi a brochure on available parts 
add., supplies, contact Jeff Lichtman 
(190 Jade Cove Drive, Roswell, GA 
30075: Tel. 404-992-4959). 

Southern Hemisphere vantage point. 
The gear is being tested and up- 
graded, and will be moved to 
Arecibo, probably early in 1997. Be- 
Oaue the project uses some of the 
largest radio -telescope antennas in 

the world, and because the receivers 
used are unequaled in terms of fre- 
quency coverage and signal -analyz- 
ing ability, the search promises to be 
the most comprehensive ever under- 
taken. Over the full 10 years of the 
project, about 1000 stars will have 
been targeted for a cost of about $30 
million, 

Another organization, The Plane- 
tary Society, funds Project META, the 
Megachannel ExtraTerrestrial Assay, 

which began in 1985. It's the world's 
first megachannel and ultra -high - 
spectral -resolution search at pre- 
ferred frequencies-one of the most 
thorough SETI efforts to date. The 51 
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Shown here are the SET/ Institute's state-of-the-art signal -processing systems for 
Project Phoenix. The sophisticated analysis circuitry examines all receivable channels 
approximately once per second, searching for both steady signals and pulsed 
transmissions. 

Project META is the world's first million - 
channel search. The northern sky 
component, shown here, is a 26 -meter 
diameter antenna located at Oak Ridge, 
MA. 

northern -sky -search component uses 

a 26 -meter diameter antenna lo- 
cated at Oak Ridge, MA. It has 
8,388,608 channels, plus another 
1,048,576 redundant channels to 
check up on the main ones. 

META searches the northern and 
southern skies for an intentional 

52 beacon carrier signal. META I, oper- 

ated by Harvard University, slowly 
scans the northern sky-it takes about 
eight months to scan it completely. 
META II, operated by the Argentine In- 
stitute of Radio Astronomy since 1993, 
scans the southern skies using a 30 - 
meter antenna. Both survey at the cel- 
ebrated 21 -cm wavelength and also 
at its "second harmonic" of 10.5 cm. 
The latter wavelength also is used in 
case alien beacon operators choose 
to keep the 21 -cm wavelength clear 
for radio astronomy. 

META is highly sensitive and discrimi- 
nating. It also is well -matched to the 
expected properties of an ETI signal 
that might ultimately arrive on earth: a 
"narrowband carrier" with a chang- 
ing, but predictable, "Doppler chirp 
signature." 

A more powerful search tool will be 
Harvard's BETA, the Billion -channel Ex- 

traTerrestrial Assay, which was due to 
go online in October 1995. It's a joint 
venture of the Planetary Society, 
NASA, and the Bosack/Kruger Founda- 
tion. 

BETA not only will cover a much 
greater frequency range than META, 

but it also will cure META's inflexibility by 
having two beams viewing the sky. 
And BETA, like Phoenix, also uses a third 
terrestrial antenna to identify inter- 
ference from earth -based sources. It's 

to be the first high -resolution, dual - 

SELECTED INTERNET POINTS 
FOR SETI 

The Internet is one of the most impor- 
tant astronomical resources;. it links 
students, researchers, scientists and 
others. Here are the World -Wide Web. 
URLs and e-mail addresses of selected 
SETI-related resources: 

AstroWeb Consortium (European): 
http://vilspa.esa.es:80/astroweb/as- 
tronomy.html tronomy.html 
e-mail: jdp(dvilspa.esa.es 

Astronomical Society of the Pacific: 
http://www.physics.sfsu.edu/asp/ T' 

asp.html 
e-mail: asp( stars.sfsu.edu 

Ohio State University Radio Observato- 
ry: 
http://everest.eng.ohio-state.edu/klein/ 
ro/ 
e-mail: kleint&ee.eng.ohio-state.edu 

The Planetary Society: 
http://wea.mankato.mn.us:80/tps/ - 

e-mail: tpsetgenie.geis.com 

Robert Lentz's Astro Resources 
(Northwestern University): 
http://www.astro.nwu.edu:80/1entz/as- 
tro/home-astro.html 
e-mail: lentztá rossi.astro. nwu.edu 

The SETT Institute: 
http:/www.seti-inst.edu/ 
e-mail: web@www.seti-inst.edu 

The SETT League: 
http://setil.setileague.org/home- 
pg.html 
e-mail: info Csetileague.org 

SERENDIP/University of California at 
Berkeley: 
http://albert.ssl.berkeley.edu/serendip/ 
e-mail: sereninfo@ssl.berkeley.edu 

STScI Astronomical Internet 
Resources: 
http://marvel.stsci.edu/resources.html 
e-mail: astrowebeLnrao.edu 

WebStars: Astrophysics in Cyberspace: 
http://guinan.gsfc.nasa.gov 
e-mail: StarTraxhelpcathena.gsfc. 
nasa.gov 

beam, three -antenna search that 
combines all -sky survey coverage 
with the spectral resolution of a tar- 
geted search. Equipment based on 
the more advanced SERENDIP IV de- 
sign and architecture will be used. 

BETA, which will replace the current 
system at Harvard, will increase META's 

search capability by a factor of 1000. 
It will be able to analyze 240 million 
channels simultaneously, reportedly 
making it the world's "largest" radio 
receiver. 



What Have We Found? Of the more 
than 100 searches that have been 
conducted to date, have any found 
something? The answer is no. Unfor- 
tunately, no one as yet has produced 
a single verified and convincing sig- 
nal of intelligent extraterrestrial origin. 
That supposed "lack of progress" re- 
sulted in NASA's congressionally di- 
rected termination of HRMS. 

There have, however, been a 
number of "false starts" (highly sus- 

picious beeps and blips) over the 
years, including some strong sources 
clustered near the plane of the Milky 
Way. For example, at OSU there was 
the famous "Wow!" signal found in 
1977, named from the observer's writ- 
ten comments in the margin of a 
computer printout when he noticed a 
highly suspect signal. The strong, ap- 
parently extraterrestrial 1420 -MHz sig- 
nal was only detected once, despite 
extensive searching. Its source never 
has been discovered. 

There also have been other, less - 

famous false starts. Most of those un- 
explained, transient signals have 
mostly been narrowband pulses last- 
ing less than 10 seconds. There have 
been thousands of such signals from 
all over the sky, but not from precisely 
the same direction more than once. 
Their origin is unknown, but some sus- 

pect that the signals could be ter- 
restrial interference or some sort of 
previously unknown astrophysical 
phenomenon. 

Still, some searches have found un- 
explained signals that appear to be 
more than just false starts. Because 
data collected often was processed 
long after the observations, candi- 
date signals couldn't be checked to 
see if they were extraterrestrial. Subse- 
quent observations conducted days 
to months after the original observa- 
tions have never found any of the sig- 
nals. New SETI experiments such as 
Phoenix and BETA will be able to test 
candidate signals immediately: to be 
absolutely sure that a signal is from 
another civilization, it must be inde- 
pendently verified and shown to ori- 
ginate from beyond the Solar System. 

Scientists are learning that SETI sim- 
ply isn't the kind of science that pro- 
duces immediate results. All searches 
so far have been very limited in one 
way or another. The searches faced 
limitations in sensitivity, frequency 
coverage, the types of signals they 
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could detect, and the number of stars 

or the directions of the sky that were 
observed. They also generally used 
equipment designed for other pur- 
poses. Still, SETI pioneer Drake believes 
we will detect an ETI signal by the year 
2000. 

So far, we have surveyed several 
thousand stars, for brief periods of 
time, at limited frequencies. But with 
an estimated 400 hundred billion stars 
in our galaxy, and perhaps 100 billion 
other galaxies, we have a long way to 
go before we can start drawing con- 
clusions. In fact, we haven't really 
started yet. 

What if We're Successful? If a sus- 

picious signal is detected, that might 
suggest ETI but it's not of itself con- 
clusive. To confirm that a signal is from 
another civilization, and not really 
from a satellite or terrestrial source, 
the signal must repeat and display 
constant sidereal coordinates, and at 
least two different observatories must 
be able to receive and follow up on 
the signal. As part of the confirmation 
and verification process, scientists will 
contact other observatories to investi- 
gate candidate signals using their 
own equipment and techniques. 

Once a sicnal is confirmed to be of 
extraterrestrial intelligent origin, it's ex- 

pected that the discovery will be an- 
nounced quickly and widely. A 

"Declaration of Principles Concerning 
Activities Following the Detection of 
Extraterrestrial Intelligence," en- 
dorsed by six international space or- 
ganizations, addresses how to make 
such a portentous announcement. 
The private SETI Institute also has a sim- 
ilar plan for a signal detection. 

The signal would then have to be 
examined carefully. Periodic Doppler 
variations in the signal's frequency 
would have to be considered, as 
would the type of binary or analog 
information or modulation contained 
in the signal's bandwidth. We then 
would have to interpret what informa- 
tion is present, which could be a 
lengthy task with ultranarrow band- 
width signals having very low data 
rates. 

If the signal is intentional, it probably 
will be fairly easy to decode: to send 
or receive an interstellar signal, a civi- 
lization must understand basic sci- 
ence and math. Hence, a message 
probably would use a language 
based on universal mathematical 
and physical principles. Of course, an 
advanced society's transmissions 
might not be understandable to us. 

Signals They use for their own pur- 
poses could be especially difficult to 
understand, and might have no de- 
tectable message content. 

But would we derive a practical 
benefit from SETI? Probably not from 53 



two-way interactive communications: 
the light-years of separation between 
Earth and other possible civilizations 
prohibit that. But, consider what we 
might learn from and about them if 

we're able to decode the signal. And, 
if a confirmed signal is received, 
should we respond to it? That is a big 
policy question that could have far- 
reaching consequences for many as- 
pects of both present and future 
human existence. 

Nodiscovery could stir one's imag- 
ination more than the revelation that 
we are not alone and that beings po- 
tentially far more advanced than us 

share the universe. The impact on 
how we see ourselves, our philosophy, 
and our religioús beliefs would be truly 
enormous. In fact, it could be the 
greatest discovery in history. But even 
if our SETT efforts do nothing more than 
determine that a signal exists-and 
thereby show that we are not alone- 
the effect will be profound. 

But what if no signal is ever de- 
tected? Even if the search doesn't fer- 
ret out a signal from a distant 
civilization, the effort likely will provide 
many benefits to society. The tech- 
nology developed to search for faint 
signals from distant planets could be 
applied to practical problems in any 
number of important scientific areas. 
And bear in mind that no search ever 
will establish that extraterrestrial intel- 
ligence doesn't exist, just that we 
haven't found it. 

What About Sending Signals? 
Current and projected SETI projects 
only listen for signals, they don't send 
them. However, since the early part of 
this century, humans have been unin- 
tentionally sending signals into 
space-radio, television, radar, and 
other transmissions. Already, our early 
TV transmissions have traveled over 50 
light-years. Consider what ETIs could 
learn about us if they were able to 
receive our radio and TV signals! 

Still, a few symbolic, intentional 
messages have been sent. One, sent 
in 1974 from Arecibo by Frank Drake 
and Carl Sagan, was a simple picture 
describing our solar system, elements 
important for life, the structure of the 
DNA molecule, and the form of a 
human being. The message was 
transmitted in the direction of the 
globular star cluster Messier 13, about 

54 25,000 light-years away. 
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What You Can Do for SETT. Radio 
amateurs and microwave experi- 
menters could play a pivotal role in 
SETI. On the horizon is the SETI League 
All -Sky Survey that will effectively con- 
tinue the All -Sky Survey component of 
the canceled NASA HRMS. 

The SETI League plans to conduct a 
thorough survey of the entire sky in the 
water -hole region, between 1.4 and 
1.7 GHz. The search is to be kicked off 
on Earth Day, April 20, 1996, and it will 
involve thousands of radio amateurs, 
microwave hobbyists, and digital -sig- 
nal -processing (DSP) experimenters. 

As we've seen, the water hole ex- 
tends from roughly 1420 to 1660 MHz, 

a bandwidth of 240 MHz. Monitoring it 
at a 10 -Hz resolution, there are 24 mil- 
lion channels to scan. While much 
"professional" SETI research has been 
devoted to developing megachan- 
nel, real-time spectrum analyzers, the 
band also can be approached as a 
DSP project, one in a technological 
area that amateur -radio operators 
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recently have embraced. A coordi- 
nated effort of more than 5500 par- 
ticipants will be required. 

An all -sky survey makes no assump- 
tions as to the direction to explore; it 

sweeps the entire sky that can be 
seen from a given location. No anten- 
na tracking is required, because it is 

the sky, rather than individual stars, 
that's being surveyed. That means that 
antennas can be in a "virtual transit - 
mount mode," aimed due south, let- 
ting the earth turn them, varying only 
their elevation. And because large 
antennas have a narrow beamwidth, 
the sky survey actually is better per- 
formed with dishes of modest size. 

According to Dr. H. Paul Shuch, N6TX, 

Executive Director of the League, that 
approach is ideally suited to the 
broad -based community of radio 
amateurs and microwave experi- 
menters. Shuch notes that the aver- 
age ham moon -bounce or TVRO dish 
has a beamwidth on the order of 

(Continued on page 94) 



Analyzing 
C 

Circuity 
BY JAMES E. TARCHINSKI 

If you're new to electronics, or just want to brush up on your 

knowledge of AC circuits, this tutorial's for you. 

IIn the recent blockbuster movie 
Speed, the heroine states that 
driving a huge passenger -laden 

bus is just like driving a Pinto-only big- 
ger. A similar statement could be 
made about solving alternating cur- 
rent (AC) electrical circuits: It's just like 
solving direct current circuits-only 
more difficult. Actually, difficult is the 
wrong word. Let's just say it is more 
"complex." 

To solve AC circuits, engineers and 
mathematicians generally use a 
technique called complex analysis. 
That method uses some very special 
properties of what are known as com- 
plex numbers to simplify an otherwise 
difficult task. Prior to the development 
of that technique, AC circuits were 
solved by using calculus and differen- 
tial equations. However, that was a la- 
borious process, and very prone to 
human error because of the difficult 
calculations involved. The process is 

greatly simplified by the use of com- 
plex numbers. 

In this article, we'll look at that easier 
method of solving AC circuits-by 
using complex numbers. For starters, 
though, let's examine how to solve DC 
circuits, as the basic techniques used 
there are also used in AC circuits. 

Solving DC Networks. In this article 
we will solve circuit problems by using 
repeated applications of Ohm's Law. 

We can "make do" with that law be- 
cause all of the problems have been 
designed to be relatively simple. More 

complicated circuits, such as those 
containing multiple voltage or current 
sources, will require more detailed so- 

lution methods. 
Other analysis techniques, such as 

nodal analysis or the superposition 
theorem, ccn handle any class of 
problem-even those with multiple 
sources. If you are already familiar 
with those methods for DC circuit 
analysis, after reading this article you 
should be able to apply complex 
analysis procedures to them. Hence, 
you will be able to solve AC circuits 
using the same basic steps you now 
use for DC networks. The steps are the 
same, only the type of numbers used 
will need to change. 

The simple DC circuit shown in Fig. 

1A contains a single voltage source 
driving a total of three resistors, one in 

series with a pair connected in paral- 
lel. Our goal for this example is to find 
the amount of current flowing through 
R1. 

Because of the simple nature of the 
circuit, it might be tempting for some 
readers to solve this problem "in their 
heads." However, our ultimate goal is 

to derive a process we can use for AC 

computations as well, so we'll look at 
each step of the solution in detail. 

To solve the problem with Ohm's 
Law, use the following procedure: First, 

calculate the total current supplied 
by the source, V1. Next, determine 
how much of the supplied 9 volts are 
dropped by R3 and by the R1 and R2 

parallel combination. And finally, 

knowing] the voltage across the R1/R2 

pcir, calculate the amount of current 
flowing through resistor R1. 

In parallel, the total resistance pro- 
duced by R1 and R2, which we will call 
Rp can be found by the following for- 
mula: 

Rp = (R1 R2)/(R1 + R2) = (12 x 
24)/(12 + 24) = 288/36 = 8 ohms 

The total resistance in the circuit is now 
the combination of resistors R3 and Rp 

in series. The total resistance, which 
we'll call Rt, would then be 

Rt. =R3+R=10+8= 18 ohms 

We now have a nine -volt source 
driving the equivalent resistance of 18 

ohms. Hence, by direct application of 
Ohm's Law, the total current gener- 
ated by the supply (and called It), 

would be: 

It = V,/Rt = 9/18 = 0.5 ampere 

The circuit has now been reduced 
to its simplest equivalent form: one 
voltage source in series with one re- 

sistor. From that we were able to de- 
termine the total amount of current 
flowing in the network, 0.5 amperes. 
Now we can use that information to 
work our way "back up" the equiv- 
alent circuit shown in Fig. 113. Knowing 
that there is half an ampere of current 
flowing through R3, its voltage (V3) 

drop must be: 

V3 = R31í = (10 x 0.5) = 5 volts 

If 5 volts is dropped by R3, then the R1/ 

R2 pair must drop 55 



V1=V2=V-V3=9-5=4volts 
We're almost there. Resistor R1 has a 
value of 12 ohms, and a voltage drop, 
V1, (not to be confused with V1, which 
is the voltage source) of 4 volts. 
Hence, by Ohm's Law the current 
through it (11) must be: 

I = V1/R1 = 4/12 = 0.333 ampere 
= 333 milliamperes 

And at last we have our answer: There 
is 333 mA of current flowing through 
resistor R1 of the circuit of Fig. 1A. 

The Sinewave. Now it's time to 
change gears a little bit. We've just 
seen how to solve a simple DC circuit 
using only Ohm's Law, along with a few 
basic properties of how resistors be- 
have when they are placed in series 
and parallel. Now it's time to look at 
how AC circuits are different than their 
DC counterparts. 

The main difference is that voltages 
and currents in an AC circuit are con- 
stantly changing. Luckily, they always 
change in the same manner, follow- 
ing a standard sinusoid curve as 
shown in Fig. 2. Starting at a value of 
zero at time t = 0, the sinewave in- 

creases in amplitude until it reaches a 
maximum. Then the signal starts to fall 
off, again crossing zero, and then 
plunging to a maximum negative val- 
ue, and then again increasing until it 

returns to a value of zero. That up-and- 
down process is known as one cycle 
of the sinewave. 

A total of three parameters com- 
pletely describe a sinewave. Let's now 
look at each: 

Frequency: The frequency of a 
wave is the number of cycles that are 
completed by the wave in one sec- 
ond. It is the inverse of the period of a 
sinewave, which is the length of time 
between any two corresponding 
points on contiguous waves. For ex- 
ample, if a wave reached a max- 
imum positive value at time t = 0.01 

seconds and again at t = 0.03 sec- 
onds, it would have a period of 0.02 
seconds. Because frequency is the in- 
verse of period, the wave would have 
a frequency of 1/0.02 seconds or 50 
Hz. 

Amplitude (or Magnitude): Ampli- 
tude is the maximum positive value 
the wave obtains. The sinewave 
shown in Fig. 2 has a magnitude of 
ten. It is possible for a sinewave to be 

56 offset by some value, so that its max - 
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Fig. I. Here's a simple DC circuit that 
shows how Ohm's law can be used to 
solve for the current through a given 
component. 

imum positive value is different than its 

maximum (lowest) negative value. In 

this article we will only deal with sine - 
waves that are centered about the x- 

axis, so that the Iwo "maximums" will 
always be the same, 

Phase angle: This is the most diffi- 
cult of the three parameters that de- 
fine a sinewave. It is a measure of how 
"early" or "late" one sinewave is when 
compared to another. If you compare 
the two sinewaves shown in Fig. 3, 

you'll see that they have different am- 
plitudes but the same frequency, and 
that one of them starts its increase 
about 60 degrees after the other. That 
wave is said to "lag" the other by 60 
degrees, and therefore has a phase 
angle of - 60 degrees. 

Looking at the above three param- 
eters from a mathematical perspec- 
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tive, the standard equation for a 
sinewave is: 

x(t) = Msin(360°ft + 4) [Eq. 1] 

where t is the time in seconds, x(t) is the 
wave's magnitude at time t, f is the 
wave's frequency in Hertz, M is its mag- 
nitude, and (13. is its phase angle. 

The constant value of 360 in Eq. 1 is 

needed to make certain that both 
terms inside the equation's paren- 
theses are represented in degrees, so 
that they can be added together and 
correctly interpreted by a calculator. 
For example, suppose we have a sin- 
usoidal voltage with the three param- 
eters: f = 128 Hz, M = 36 volts, and 4) 

= - 72 degrees. To find the voltage of 
that wave at any particular time, such 
as t = 0.2 seconds, we simply need to 
insert that information into the form of 
Eq. 1. We get: 

x(t) = 3ósin (360°(128)t - 72°) 
x(0.2) = 3ósin((360°)(128)(0.2) - 72°) 

x(0.2) = 3ósin(9216° - 72°) 
x(0.2) = 36sin(9144°) 
x(0.2) = 36(0.58778) 

x(0.2) = 21.16 

Hence, we see that at time t = 0.2 
seconds the voltage would be a 
positive 21.16 volts. 

When solving AC networks, it's very 
difficult to perform calculations when 
all the currents and voltages have the 
form shown in Eq. 1. When a sinusoidal 
voltage is divided by a sinusoid cur- 
rent, for instance, the result is some- 
thing related to the circuit's imped- 
ance. The trouble is that dividing one 
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Fig. 2. A sinewave is the basic waveform for both voltages and currents in an AC 
circuit. 
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Fig. 3. Here are two sinexcnves; both have the same frequency, but one "lags" the 
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trigonometric equation by another is 

no simple task, and the equations are 
very difficult to solve. 

Complex analysis is a technique 
that reduces the problem's difficulty. 
By using complex numbers, all the dif- 
ficult trigonometric functions are hid- 
den from view, and a solution can be 
obtained without the use of calculus 
or differential equations. So now lets 

turn to complex numbers-what they 
are and how they are used. 

Complex Numbers. In this section 
we'll introduce the concept of com- 
plex numbers and present two dif- 
ferent formats that they can be 
written in. For some readers this might 
be one of the most difficult sections of 
the entire article. If you fall into that 
category, don't worry. A complete un- 
derstanding of this section is not re- 

quired to actually use complex 
numbers to solve AC circuits. 

So what exactly does a complex 
number look like? Well here are three 
examples of complex numbers: 

6 + j3 
-1.3 - )2.61 

+j4.5 (which could also be written 
as 0 + j4.5) 

As you can see, a complex number 
contains two numerical components, 
which are called a real part and an 
imaginary part, respectively (be- 
cause of the imaginary part, complex 
numbers are sometimes called imag- 
inary numbers). By convention, the 
real part is usually written first, fol- 

lowed by the imaginary part, which is 

signified by the label "j" (imaginary 
parts of numbers are also labeled "i" 

in some sciences, but not in elec- 
tronics where that letter can be mis- 

taken for current). It is unfortunate that 
history selected those names, be- 
cause the word "imaginary" tends to 
make the subject sound more difficult 
than it is in reality. Better names might 
have been a horizontal part and a 

vertical part. The reason for that is 

easy to see if you look at Fig. 4. 

Figure 4 shows what is called the 
complex plane-every complex 
number ís located somewhere on it. 

The first term in the pair tells how many 
spaces right (for positive terms) or leff 
(for negative terms) from the origin 
you must move to get to a particular 
number. The second, or imaginary, 
term tells how far above (positive 
terms) or below (negative terms) the 
real axis a number is located. All three 
of the example numbers given earlier 
are also shown in Fig. 4. A line drawn 
between the origin and any point in 

the complex plane is called a phasor. 
Let's consicer the "j" used in writing 

complex numbers. That term really 
has two basic functions: First, it is used 
as a convenient separator so that it is 

perfectly clear which term is real and 
which is imaginary. Second, it turns out 
that j is a real mathematical opera- 
tion. If you multiply a phasor by the j 

term it turns out that you are really 
"rotating" that phasor counter -clock- 
wise (CCW) by 90 degrees on the 
complex plane. 

COMPLEX NUMBER 
CALCULATIONS: 
=THE EASY WAY 

it is time consuming to perform cal- 
culations -with complex numbers.. Even 
simple calculations are really two cal- 
culations: either one for the real part 
and one for the imaginary part (in rec- 
tangularcoordinates), or one for the 
magnitude and one for the angle (for 
pclar coordinates). That is slow, to say 
the least: 

One way to speed it up the process is 

to use a calculator that is designed to I 

handle complex numbers. Unfor- 
tunately, They still have a major draw- 
back: they do not have the ability to 
story numbers in memory or to use the 
parentheses keys to order the opera- 
tions you want to perform. You therefore 
erd up writing intermediate results on 
scrap paper, and when you need them 
again you have to reenter them. There is 

a faster way. 
The Complex Calculator (CMPX- 

CAL) is a DOS program that turns your 
compute- into a five -function calculator 
for complex numbers. The five func- 
tions are addition, subtraction, multi- 
plicationdivision, and "parallel imped- 
ance," which will automatically calcu- 
late the total impedance of two complex 
components in parallel. 

-.CMPX CAL is a Shareware program, 
and is available for the $10 registration 
fee (plus`$2 shipping) from Aurora Soft- 
ware (P.O. Box 080133, Rochester, MI 
48308-0733). Please specify whether 
you prefer either a 3.5-1(1.44M) or 5.25 - 
inch (360k) disk. Sorry, but no Michigan 
orders are accepted. 

Consider the phasor 2 + j1 shown 
on the complex plane of Fig. 5. If we 
rotate it 90 degrees CCW we get an- 
other phasor, -1 + j2. In the last para- 
graph it was stated that multiplying a 
phasor by a j was the same as rotating 
it CCW 90 degrees; let's see if that is 

correct. If it is, then j multiplied into 
2+j1 must be the same as -1 + j2. 

Mathematically we would say: 

1(2 + j1) _ -1 + j2 

By multiplying both parts of the 2 + j1 

number by the j term, we would get 

j2 + jj1 = -1 + j2 
j2 + j21 = -1 +j2 

The j2 terms "match up" on both sides 

of the equation, but if the two sides 

are really equal, then the j2 term must 

equal a negative one. That is true (in 

fact, that is the real definition of the "j" 

operator); as a result, all the identities 
shown in Table 1 can also be easily 57 



TABLE 1 

Í=Í 
j2 = -1 
Í2=Í2Í=-j1 

Í21n=(-1)(-1)=1 
Í'= Í'Í=j 
j` = Í'Í2 = -1 

1'=Í'Í2=(1)(-I)=-j 
I2=1'I'=(1)(1)=1 
And the pattern continues... 

Raising j to negative powers gives: 

j° =1 (anything raised to the power of 0 

equals 1) 

Í 
-, 

= 

j4 _ 
2 

= 
i1 

= -1 

17 _ . -/ t 

is it 
Again, the pattern continues 

derived. Those properties will be im- 
portant later, when they allow us to 
simplify more -complicated -looking 
terms of complex numbers. 

All of the examples so far have 
shown complex numbers in what are 
called rectangular coordinates. There 
is another notation that can be used 
called polar coordinates. There are 
pros and cons to both methods, and 
therefore we're lucky that it is relatively 
simple to convert a number from one 
notation to the other. If you've studied 
any trigonometry you probably al- 
ready know the process. 

To find a complex number on the 
complex plane using polar notation 
you would use a distance and an an- 
gle, as opposed to horizontal and ver- 
tical distances that are used in 
rectangular notation. For example, 
the number 4 + j4 (as shown in Fig. 6) 

could be located relative to the origin 
by traveling at an angle of 45 -de- 
grees counter -clockwise from the x- 

axis, and at a distance from the origin 
of 5.657 units. Therefore 4 + j4 in rec- 
tangular coordinates is the same as 
5.657/45°, which is how "5.657 units 
(generally volts or amps) at 45°" is writ- 
ten in polar coordinates. 

To convert back and forth from a 
rectangular number, X + jY, to the pol- 
ar number M LA°, the following equa- 

58 tions are used: 

M = \/X2+ Y2 [Eq. 2A] 
A = arctan(Y/X) [Eq. 2B] 

X = Mcos(A) [Eq. 3A] 
Y = Msin(A) [Eq. 3B] 

The equations might look a little in- 
timidating, but they are not too diffi- 
cult to work with. If you have a 
scientific calculator, chances are it 

has the sine, cosine, and arctangent 
(sometimes Tabled tan -1) functions on 
it. There is even a good chance that it 
will automatically perform rec- 
tangular to polar conversion-you 
might want to check your owner's 
manual. With either the calculator or 
manual method you'll want to get 
very good with the equations. As 
we're about to see, they will be used 
quite often in solving AC -circuit prob- 
lems. 

Mathematical Operations. The four 
basic mathematical functions be- 
come slightly more time consuming 
to perform with complex numbers. For 
numbers in rectangular coordinates, 
addition and subtraction are fairly 
easy while multiplication and division 
are fairly difficult. In polar coordinates 
just the reverse is true-multiplying 
and dividing are easy but addition 
and subtraction are more of a chal- 
lenge. To keep things simple, in this 
article we'll perform all the mathe- 
matical operations in whatever coor- 
dinate system works out best; that is, 

addition and subtraction in rec- 

IMAGINARY AXIS (Y-AXIS) 

6+j3 

REAL AXIS 
(X-AXIS) 

Fig. 4. Because complex numbers have 
two components, a real part and an 
imaginary part, they can not be 
illustrated by a number line. They are 
therefore shown on what is called the 
complex plane. 

-1+j2 

2+j1 

Fig. 5. In the complex plane, a rotation 
of 90 degrees is the same as a 
multiplication by j, the complex 
operator. 

tangular and multiplication and divi- 
sion in polar. 

Addition: This is the simplest of all 
operations. In rectangular coordi- 
nates, two complex numbers (or pha- 
sors) are added together by adding 
their respective parts: the real part of 
the result is the sum of the two real 
parts of the original numbers, while 
the imaginary part of the result is the 
sum of the Iwo imaginary parts of the 
original numbers. For example: 

(-3 + j5) + (14 - j7) = (-3 + 14) 

+ (+j5 - j7) = 11 - j2 

Subtraction: The same rule applies 
for subtraction as with addition: pair 
the two real parts and the two imagin- 
ary parts and perform the operation. 
The only trick with subtraction is that 
you do not inadvertently lose the 
negative sign introduced by the sub- 
traction when you get to the imagin- 
ary half of the numbers. Here's an 
example: 

(-3 + j5) - (14 - j7) _ (-3 - 
(+14)) + (+j5 - (-j7)) = -17 + 

j12 

Multiplication: In polar coordi- 
nates, multiplication of Iwo numbers 
becomes a multiplication of their 
magnitudes and an addition of their 
phase angles. For example, to multi- 
ply 3 /15° by 2 L - 60°, the magnitude 
of the result would be 6 (3 x 2) and 
the angle of the result would be - 45° 
(15° + (- 60°)). Therefore: 

(3/15°) x (2/-60°) = 6L-45° 
Division: By drawing an analogy 

with the multiplication operation, you 
can probably guess how to divide 



one complex number into another. Di- 

vide the magnitudes into one another 
to get the magnitude of the result, 

and then subtract the two phase an- 
gles. If you want to divide the number 
3.Z15° by the number 2L - 60°, you 
would divide 3 by 2, getting 1.5 for the 
magnitude, and subtract - 60° from 
15° to give 75° as the resultant phase 
angle. Therefore: 

3L15°/2L-60° = (312)Z(15° - 
(-60°)) = 1.575° 

Capacitors and Inductors. In DC 

circuits, capacitors and inductors are 
used infrequently. The reason is fairly 

simple: under pure DC excitation a 
capacitor looks like an open circuit 
and an inductor looks like a dead 
short. Those components are used to 
control either voltage or current fluc- 
tuations in DC circuits. In summary, 
they are used for filtering. Things are 
much different in AC circuits. 

When capacitors and inductors are 
excited by AC, they act a little more 
like resistors in that they impede the 
flow of current. How much they im- 

pede it is actually called the compo- 
nent's impedance, and depends on 
both the size of the component as 

well as the circuit's operating frequen- 
cy. The mathematical symbol for im- 

pedance is a capital Z. 

Ohm's Law is nearly the same for 
both DC and AC circuits, with two po- 
tential differences: One customary 
difference is that the symbol for im- 
pedance, Z, replaces the familiar 
symbol for resistance, R. Another 
change, which is less commonly used, 
is that some books will print bars over 
each of the symbols in Ohm's Law for 

AC circuits; the bars indicate that the 
voltage, current, and impedance 
terms are all complex numbers. (We 

will not use that convention in this arti- 
cle.) Putting that all together, the DC 

version of electronics' most basic law 
is: V = IR, while the AC version is V = lZ. 

Now, returning to the subject of im- 
pedance, we are ready to write the 
equations to determine the imped- 
ance values of capacitors, inductors, 
and resistors. The equations are, re- 

spectively: 

Z = 1/(j2nfC) [Eq. 4] 

Z, = j2nfL [Eq. 5] 

Zr = R [Eq. 6] 

The first thing to notice about the 

Fig. 6. Rectangular coordinates use 

horizontal and vertical distances from 
the origin to locate a point. Polar 
coordinates use an absolute distance 
from the origin at some angle to the 

positive horizontal (x) axis. Any complex 
number can be represented in either 
coordinate system. 

three equations is that the imped- 
ance of a resistor is the exact same as 

its resistance. That's certainly easy 
enough. 

The next thing to notice is that the 
impedance of both an inductor and 
a capacitor is the imaginary part of a 
complex number: the inductor carries 
a + j term while the capacitor has a 
-j term (that is the same as a 1/j term; 
again, see Table 1). As we have seen, a 
j is really a 90 -degree change in 

phase. The basic idea is that capaci- 
tors and inductors cause a phase -an- 
gle change between voltages and 
currents in an AC network. 

A third noticeable thing about the 
equations is that an inductor's imped- 
ance gets larger as its inductance, L, 

gets larger, but a capacitor's induc- 
tance actually decreases as its ca- 
pacitance, C, increases. In mathe- 
matical terms, the impedance of an 
inductor is directly proportional to its 

inductance, while the impedance of 
a capacitor is inversely proportional 
to its capacitance. 

The frequency of the circuit, f, also 
plays a role in determining imped- 
ance. Once again, with an inductor 
the impedance is directly propor- 
tional to frequency, while it is inversely 
proportional with a capacitor. There- 
fore, at a frequency of operation of 
zero (which is the same as saying it's a 
DC circuit), an inductor has no imped- 
ance-it acts like a dead short. Sim- 
ilarly, with a capacitor at a frequency 
of zero, its impedance goes very high, 

approaching infinity as a limit-it acts 
like an open. 

Complex Analysis. We now have all 
the tools we need to analyze AC cir- 
cuits. The only thing missing is a pro- 
cess to put all those tools together; 
that process is called complex analy- 
sis. 

Unlike its name, complex analysis is 

actually fairly simple, although it does 
sometimes take a considerable 
amount of time to complete the me- 
chanics of it. There are three step to 
the process: 

Step 1: Convert the problem from the 
time domain into the complex do- 
main. 
Step 2: Solve the problem using Ohm's 
Law or any other analysis technique 
that you know. 
Step 3: Convert the answer from the 
complex domain back into the time 
domain. 

Because the last step is often done 
simply to make the result more under- 
standable, it is sometimes skipped. 

Example 1. At this point, an example 
is appropriate. The circuit shown in Fig. 

7A contains two components and a 
voltage source all in series. The goal of 
this example will be to determine the 
current flowing through the circuit. 
Following Step 1 of the process, we 
need to convert the circuit into the 

r v1 

V(>)5SIN(360fr+30) 
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e 

vt 

25L+90° 

ZE 

15-j10.61 
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c 

Fig. 7. This series combination of an AC 
voltage source, a capacitor, and a 

resistor serves as our first complex 
analysis example. 59 
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complex domain. That is done one 
element at a time. Lets start with the 
voltage source. 

The voltage source has an output of 

v(t) = 25sin(360ft + 30°) 

and is operating at a frequency of 60 
Hz. In phasor (complex) notation that 
becomes 25/30°. 

Converting the resistor's value to an 
impedance is as easy as copying a 
number down and adding a complex 
value of zero. That is, a 15 -ohm resis- 
tance becomes a 15 + j0 -ohm im- 
pedance in the complex domain. 

The capacitor's impedance re- 
quires we use the equation Eq. 4, and 
plug in the values for f and C. Doing 
that, and then simplifying the expres- 
sion a bit (using the properties of Table 
1) gives: 

ZC1 = 1/(j2nfC) 
ZC1 = 1/02x(60)(250 x 10-6) 

ZC1 = 1/(j94.248 x 10-3) 

ZC1 = 10.61/j 

Zc,=O-j10.61 
We now have converted all three of 

the circuit's components into the 
complex domain. To make certain we 
now only deal in that domain, it's a 
good idea to redraw the circuit and to 
label each component with its com- 
plex impedance or supply value. For 
the example circuit, that is done in Fig. 
7B. 

Step two of the complex analysis 

C1 
L1 

10 .4H 

I(T)=5SIN(360fT+30) 
f_100Hz 

5L30° 

A 

Zc1 
0.159.15 

ZL1 
0+j251.33 

B 

si 

5L30° 

Zc1 
0-j159.15 Z RL 

177.25L+44.85 

T 
c 

Fig. 8. This second example is a more 
difficult AC circuit to solve for. It's three 
components driven by a single current 
source. 

procedure is to solve the network just 
as you would a similar DC circuit, so 
we'll follow the same method we used 
for the DC network of Fig. 1. Start by 
finding the equivalent impedance 
seen by the voltage supply. In the DC 
circuit above that was the two resistors 
in parallel, but for this circuit it's two 
complex impedances in series. 

When two (or more) complex im- 
pedances are in series they simply 
need to be added together to calcu- 
late the equivalent impedance. For 
our example that means adding the 
values of ZR1 and Zc, together. 

ZE = ZR1 + ZC1 
ZE = (15 + j0) + (0 - j10.61) 
ZE = (15 + 0) + (j0 - j10.61) 

ZE=15-¡10.61 
The circuit can now be updated with 
the new equivalent impedance, as 
shown in Fig. 7C. 

All that remains is to use Ohm's Law 
to calculate the current flowing in the 
circuit. Current is the circuit's voltage 
(25/30°) divided by its total imped- 
ance (15 - ¡10.61). To perform that 
calculation we'll convert the imped- 
ance to polar coordinates and then 
perform the division, We'll leave the 
answer in polar form, because that 
will be the easiest to convert back to 
the time domain. We get: 

M=1/X2+Y2 
M = 1/(15)2+ (-10.61)2 
M =1/225 + 112.572 

M = 1/337.572 
M = 18.373 

and 

A = arctan(Y/X) 
A = arctan(-10.61/15) 
A = arctan(-0.7073) 

A = - 35.273° 

And now, knowing that ZE = 15 - 
j10.61 is the same as ZE = 
18.373/ - 35.273°, we can perform 
the Ohm's Law calculations: 

I=V/Z 
I = 25 /30°/18.373 / - 35.273° 

I = (25/18.37311(30°) - ( - 35.273°)l 
I = 1.361/65.273° 

From all that we see that the current 
flowing in the circuit has a magnitude 
of 1.361 amps and it is at a phase 
angle of positive 65.273 degrees. 

The last step in the process is to con- 
vert the answer from complex do- 
main back into the time domain. 
Because the result is simple, and be- 

cause it is already in polar form, that 
can be done easily: 

I = 1.361/+65.273° 

becomes 

I = 1.361sin(360ft + 65.273°) 

in the time domain. 

Example 2. Although it did take 
some time, the first example was not 
that difficult. We'll now look at another 
example that will get a tad bit more 
arduous. The circuit shown in Fig. 8A 
has a capacitor in series with a paral- 
lel combination of an inductor and a 
resistor, and it is all powered by an AC 
constant -current source. The prob- 
lem: find the voltage, V1, across the 
independent current source, M. 

Step one is to convert the problem 
to the complex domain. By inspection, 
the constant -current source is con- 
verted from 5sin(360ft + 30°) to 
5/30°. Also, the resistor converts from 
250 ohms to 250 + j0. 

Converting for the capacitor, C1, 
gives: 

Z 1 = 1/(j2rrfC) 
ZC1 = 1/02n(100)(10 x 10-6)) 

Zc1 = 1/06.28310 x 10-3) 

ZC1 = 159.15/j 

Zc1=O-¡159.15 
And now converting for the inductor, 
11: 

ZL, = j2ntL 
ZL1 = j2'r(100)(0.4) 

ZL1 = ¡251.33 

ZL1 = 0 + j251.33 

Combining all those results, we end 
up with the complex domain circuit 
shown in Fig. 8B. Next we'll add the two 
parallel impedances together to find 
their equivalent complex imped- 
ance, which we'll call ZRL. That is done 
with the same formula that we used in 
the DC circuit -the equivalent im- 
pedance is the product of the two 
impedances divided by their sum. 
Finding the sum is easy, because both 
components are in rectangular com- 
ponents. To calculate their product, 
however, we need to convert them 
into polar form. 

The resistor's impedance has no 
imaginary part, so it is just 250/0°. 
Similarly, the inductor's impedance 
only has a positive imaginary part, so 
it must be 251.33/ + 90°. Both of those 
can be easily confirmed by examin- 

(Continued on page 92) 
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For most applications, the resis- 
tance ranges on digital multi - 
meters (DMMs) are usually satis- 

factory. But sometimes, extended 
ranges are needed as well. 

First of all, the ability to measure 
smaller resistances can be useful, 
both to measure low -value resistors 
and to locate poor connections. For 
example, the author found the ability 
to read resistance to 0.001 ohm very 
helpful in finding the poor grounds 
that were causing an audio power 
amplifier to have severe interference 
from AM broadcast stations. Such 
measurements can be impossible to 
do using standard DMMs, which typ- 
ically can measure and display resis- 
tances only as low as 0.1 ohm. 

Now, the upper reading of many 
DMMs is 20, 30, or 40 megohms. But 
there are also some units that only 
read up to 2 or 3 megohms, and there 
are instances when higher ranges are 
desirable. 

So what do you do to add the extra 
ranges? Build the Low -Ohms Tester 
and the Megohm Tester described in 
this article. They can be used with 
nearly any DMM to extend the resis- 
tance ranges down to 0.001 ohm and 
up to hundreds of megohms. The Low - 
Ohms Tester lets you take a direct 
reading from your DMM's display and 
simply multiply the reading by 10 or 
100. The Megohm Tester requires a 
two- or three -step calculation with a 
pocket calculator to determine the 
resistance. 

How they Work. Two basic methods 
of resistance measurement are used 
in these circuits: the constant -current 
four -wire method in the Low -Ohms 
Tester, and the constant -voltage 
method in the Megohm Tester. Both 
circuits use a three -terminal voltage 
regulator to improve accuracy and 
take advantage of the high sensitivity 
of the DC voltage ranges of DMMs 
(usually the lowest readout is 0.1 milli- 
volt, even on low-priced DMMs). 

In the four -wire constant -current 
method shown in Fig. 1, the voltage 
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Expanded 
desistance 
Ranges 
for your 

DMM 
BY BILL STILES 

With the help of these two 

simple devices your DMM 
can take readings on much 

lower or higher ranges. 

measured is directly proportional to 
the resistance. Therefore, by choosing 
a current of 10 or 100 mA, the calcula- 
tion is reduced to multiplying the volt- 
age reading by 100 or 10. An 
advantage of the four -wire method 
eliminates the effect of test -lead and 
contact resistance by using four test 
leads, two to carry the constant cur- 
rent to the resistance being mea- 
sured, and two for measuring the 

voltage across the resistance. Thus the 
voltmeter reads only the voltage drop 
across the test resistance; the voltage 
drop in the current -carrying conduc- 
tors does not affect the reading. 

Now, because it is inconvenient to 
have four test leads, the type of de- 
sign shown in Fig. 1 is used. There, each 
test lead is a two -wire cable. To make 
the circuit work properly, test clips 
connected to the leads should have 
low contact resistance (see the Con- 
struction section for more on that). 

The actual circuit for the Low -Ohms 
Tester is shown in Fig. 2. Power is sup- 
plied by a 9 -volt battery, B1. Switch S1 

allows the selection between a cur- 
rent of 10 or 100 mA. As mentioned 
earlier, that means you would either 
multiply the voltage reading by 100 or 
10, respectively, to find the resistance 
being measured. The remaining com- 
ponents make up the constant -cur- 
rent circuitry represented in Fig. 1. 

Now let's look at the constant -volt- 
age method. There, the resistance 
being measured is proportional to the 
current flowing through it. To measure 
high resistances, a sensitive current 
meter and/or a high test voltage is 

needed. The Megohm Tester uses a 
modified constant -voltage method 
(shown in Fig. 3), which lets you deter- 
mine current by measuring the volt- 
age (Vx) across a resistor (R) in series 
with another resistance being mea- 
sured (Rx). Resistor R, shown as a value 
of 1 megohm, is actually the parallel 
combination of the DMM's input resis- 
tance and a calibration resistor in the 
Tester. 

Fig. 1. Shown here is the four -wire 
constant -current method of measuring 
resistance. 



Now, it's not possible to directly 
measure V ecause the input resis- 

tance of the meter (10 megohms for 
many DMMs) would be in parallel. 
However, because V, is constant and 
V can be measured, V. can be calcu- 
lated by subtracting V from Vin. 

For two resistors in series, the volt- 
age drop across each is directly pro- 
portional to its resistance. A formula 
for the ratio is: 

Rx/R = VxN 

In this case, with resistances in 

megohms, R equals one and the for- 
mula becomes: 

Rx = V.N 

Because V. = Vin - V, the final formula 
is: 

Rx = (Vin -V )N 

where Vi is the regulated input volt- 

age and V is the measured voltage (in 

either volts or millivolts, if they are both 
the same units), and R. will be the 
resistance being measured (in 
megohms). For resistances over 100 

megohms, the simplified formula: 

RX = V,r,N 

can be used with an error of less than 
one percent. The error does increase 

at low resistances, though. An error of 

one percent in VI, or V gives an error 
of two percent in R. at 1 megohm, 
three percent at 0.5 megohm, and six 

percent at 0.2 megohm. 
Voltage VIA, must be high enough to 

produce a readable voltage across R. 

For a V1 of 6 volts (using a 9 -volt bat- 
tery and a 6 -volt regulator) and a 

DMM whose lowest valid measure - 

B1 

9V 

U1 

LM317T 

ADJ 

S1 

i 

VN 

(REGULATED) 

1Rx 

Fig. 3. This is the modified constant - 
voltage method of measuring resistance. 
It lets von determine current by 
measuring the voltage (V,.) across a 

resistor (R) in series with another 
resistance being measured (R). 

ment is 0.1 millivolt, a maximum of 600 

megohms can be measured before V 

becomes less than three digits. By 

using two 9 -volt batteries in series and 
a 15 -volt regulator, the maximum be- 
comes 1500 megohms. 

The actual circuit for the Megohm 
Tester is shown in Fig. 4. Power is sup- 

plied by a 9 -volt battery, and switch S1 

is a power switch. 
As just mentioned, different V;r, volt- 

ages can be used, so a number of 
different regulators can be used for 

U1. The component chosen for U1 de- 
termines the values used for R1 and R2 

(see the Construction section and the 
Parts List for more on that). 

Potentiometers R2 and R4 are used 
to calibrate the circuit. Resistor R3 

takes the place of the R value men- 
tioned in the earlier calculations. 

Construction. The two circuits 
should be built on separate circuit 
boards, using any standard project - 
building method; layout is not critical. 

10mA R1' 
1350 

100mA 
R5 

12.40 'SEE TEXT 

R2< 
10K 

R4 
3.3K 
41% 

a1 

R3 
2N3906 

2.2K 
O LED1' 

(TO 
DMM) / 

rf 

p 
Fig. 2. Here's the schematic for the Low -Ohms Tester. Switch SI allows the selection 

between a current of /0 or 100 mA, which means you would either multiply the voltage 

reading by 100 or /0, respectively, to find the resistance being measured. 

PARTS LIST FOR THE 
LOW -OHMS TESTER (Fig. 2) 

SEMICONDUCTORS 

Ul-L14317T adjustable -voltage 
regulator. integrated circuit 

Ql-2N3906 PNP transistor 
LED1-Low-current light -emitting 

diode (see text) 
RESISTORS 
(All resistors are V4 -watt, 5% units, 

unless otherwise noted.) 
221 -135 -ohm (see text) 
R2 -10,000 -ohm 
R3 -2200 -ohm 
R4 -3300 -ohm 
R5 -12.4 -ohm, 1% 

ADDITIONAL PARTS AND 
MATERIALS 

S1-SPDT miniature toggle or slide 
switch 

BI-9=volt alkaline battery 
Perforated board (see text), enclosure, 

9 -vast battery snap with leads, zip 
cord (18 or 20 gauge), alligator 
clips (see text). tip jacks or banana 
plugs. wire, solder, hardware. etc. - 

You could then mount the two com- 
pleted boards in the same case and, 
if you wish, power them from the same 
9 -volt battery. 

When building the Low -Ohms Tester, 

start by mounting the resistors. Then 

install Q1 and W, making sure to ob- 
serve proper orientation for each. 
Switch S1 and LED1 can be mounted 
to the case. 

To make test leads, you can use zip 

cord (18 or 20 gauge). For the test 

connectors at the end of the leads, 

don't use ordinary plated -steel al- 
ligator clips because their contact re- 

sistance is too high. Kelvin Clips, which 
are designed for four -wire resistance 
measurement, are recommended. 
The jaws of those clips are insulated 
from each other, and you can con- 
nect one wire of a test lead to each 
jaw. The drawback to Kelvin Clips is 

that they ore rather expensive; con- 
tact Hosfelt Electronics, Inc.(2700 Sun- 

set Blvd., Steubenville, OH 43952-1158; 

Tel. 800-534-6464; Fax: 800-524-5414) 
TEST for more information. 

LEADS 
An alternative to the Kelvin Clips are 

large, solid -copper alligator clips, 
which work almost as well and are 
much cheaper. They could have con- 
tact resistances of less than 0.001 

ohm, but you could have to move 
them slightly, after clipping them on 
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Fig. 4. Here's the schematic for the Megolun Tester. Because different V1,, voltages can 
be used, Ul can be either a 7805, 7806, 78L05, or 78L06. Hoge ve,; the regulator 
used determines the values used for RI and R2. 

PARTS LIST FOR THE 
MEGOHM TESTER (Fig. 4) 

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

units.) 
R1 -1200 -ohm (see text) 
R2 -1000 -ohm multi -turn trimmer 

potentiometer (Bourns 3006P 
series, Spectrol 43P series, or 
equivalent; see text) 

R3-l-megohm 
R4 -500,000 -ohm multi -turn 

trimmer potentiometer (Spectrol 
43P504, Bourns 3006P-504, or 
equivalent) 

ADDITIONAL PARTS AND 
MATERIALS 

U1-7805, 7806, 78L05, or 78L06 
voltage regulator (see text) 

LED1-Low-current light -emitting 
diode (see text) 

Sl-SPST, miniature toggle or slide 
switch 

B1 -9 -volt alkaline battery 
Perforated board (optional, see text), 

enclosure, 9 -volt battery snap with 
leads, típ jacks or banana plugs, 
wire, solder, hardware, etc. 

the object to be measured, to get the 
lowest resistance. The alligator clips 
are available from any supplier carry- 
ing Mueller clips. Hosfelt Electronics 
has them, as does Mouser Electronics 
(2401 Highway 287 North, Mansfield, 
TX 76063-4827; Tel. 800-346-6873; Fax: 

817-483-0931). 
Tip jacks can be used to connect 

the circuit to the DMM (the meter test 
prods plug into them). Or you can at- 
tach wires, ending in banana plugs, to 
the circuit and simply plug them into 
the DMM test -lead jacks. 

The LED used in the Low -Ohms Test - 

+5 -20V 

(TO 
VOLTMETER) 

Fig. 5. To determine which LM3I7T 
regulator is the best to use in the Low - 
Ohms Mete,; temporarily connect each 
available LM3I7T to this circuit. Choose 
the one whose output voltage is nearest 
to 1.24 volts. 

er is a low -current type, needing a 
current of only 2 to 2.5 mA, which ex- 
tends the life of 81. Radio Shack offers 
a low -current LED (stock number 
276-044). Another source is Digi-Key 
Corp. (PO. Box 677, Thief River Falls, MN 

56701-0677; Tel. 800-344-4539; Fax: 

218-681-3380); they have red (stock 
number HLMP-4700QT-ND) and 
yellow (HLMP-4719QT-ND) LEDs avail- 
able. 

The one -percent resistor, R5, can be 
obtained from Digi-Key, Mouser Elec- 
tronics, or numerous other sources. No 
power switch was used in the pro- 
totype, as the current is extremely low 
when the test clips are not con- 
nected. The original battery used for 
B1 has lasted for several months and is 

still working. 
Note that the value necessary for R1 

is not a standard value. You can either 
use Iwo resistors in series (for example, 
a 120 -ohm and 15 -ohm) to get the 
correct value, or use a 200 -ohm multi - 
turn trimmer potentiometer and ad- 
just it to the correct resistance. 

If an accurate voltmeter and more 
than one LM317T are available, 
slightly higher accuracy can be ob- 

Fig. 6. The circuit shown here can be 
used to check for a change in input 
resistance between the lowest DC voltage 
ranges of a DMM. 

tained on the 100-mA range. To deter- 
mine which regulator to use, tem- 
porarily connect each available 
LM317T to the circuit of Fig. 5, and 
choose the one whose output volt- 
age is nearest to 1.24 volts. That output 
will match the standard one -percent 
resistor value for R5: 12.4 ohms. Any 
source of 5- to 20 -volts DC can be 
used. 

When building the Megohm Tester, 

you have the option of not using a 
circuit board at all. The regulator, 
switch, potentiometers, and LED can 
all be mounted to the case. The leads 
of R2, R4, and U1 can be used as tie 
points for the fixed resistors. 

Note that a 7806 or 78L06 that has 
an output slightly below 6 volts can 
also be used for U1. However, you will 
have to replace R1 with an 1800 -ohm 
resistor, and R2 with a 100- or 200 -ohm 
unit. The current through R1, LED1, and 
R2 is about 2.5 mA. That is less than the 
recommended 5 mA, but it works fine. 

Again, tip jacks or banana plugs 
can be used to connect the Megohm 
tester to the DMM. Just make sure you 
label which leads connect the meter 
to which of the circuits. 

Calibration and Use. The 10-mA 
range of the Low -Ohms Tester has to 
be calibrated for the circuit to be 
accurate. There are two ways of doing 
that: One way is to connect a milliam- 
meter to the test leads and adjust R1 

for a reading of 10 mA. Or, you can 
attach one or more precision resistors 
(with values of 1 to 10 ohms) to the 
leads and adjust R1 for a correct read- 
ing. 

There are two calibration adjust- 
ments that need to be made to the 
Megohm Tester. For starters, connect 
your DMM to the Megohm Tester. Short 
the test leads (of the Megohm Tester), 
and adjust R2 for a reading of 6 volts. 

(Continued on page 90) 



Bring back some of the nostalgia 

of the golden age of radio with 

this tuning indicator. 

BY LARRY LISLE 

Anyone who enjoyed radio in 

the 1940s might remember sit- 

ting in front of a big console 
radio, watching its green, glowing, 
magic -eye tuning indicator and lis- 

tening to those great programs. Of 
course, the golden age of radio 
faded away in the fifties, taking big 
consoles and magic -eye tubes with it, 
but that doesn't mean you can't re- 

capture some of the magic of that 
bygone era. 

The Magic Eye described in this arti- 
cle lets you add a for -display -only 
magic eye (with the same green 
glow) to your modern stereo. Or, you 
can add a few parts and use your 
Magic Eye as an actual tuning indica- 
tor for an AM radio. Because the tube 
used in the project will work on AC as 

well as DC, no rectifier or filter is 

needed. For that reason, the project is 

really simple to build. And best of all, it 

really looks great in the dark while 
playing an old-time radio tape! 

Magic -Eye Tubes. Invented in the 
mid -1930s, the magic -eye tube is 

basically a triode vacuum tube with a 
fluorescent target in the dome of its 

glass envelope. The target operates 
at a positive voltage and attracts 
electrons from the cathode. As a result 

of those electrons striking the target, a 
characteristic green glow is formed. A 

"ray -control" electrode between the 
cathode and target casts a wedge- 
shaped shadow on the target, vary- 
ing from zero to about 100 degrees, 
depending on its voltage, which is de- 
termined by the voltage on the grid of 
the triode. 

In practice, the grid was connected 
to the automatic -volume -control 
(AVC) circuit of a superheterodyne re- 

ceiver. When a station was centered 
in the bandpass, the AVC voltage 
would be maximum and the eye 
would close. Magic -eye tubes were 

13i4i1c the 
agic.eye 

also used in a variety of test instru- 
ments because of their very -high in- 

put impedance and because they 
wouldn't be harmed by a momentary 
overvoltage. 

If you recall, it was mentioned that 
the tubes work on AC as well as DC. 

While that is true, when a magic eye is 

operated with AC on the plate and 
target, the tube is turned off on the 
negative peaks. That isn't noticeable, 
however, and shouldn't affect the ap- 
plication described here. 

Fig. I. The simple version of the .Magic 
Eye circuit, shown here, is a for -show - 
only unit. 

TO AVC LINE 
OF RADIO 

TO CIRCUIT 
GROUND OF RADIO 

Circuit Description. Figure 1 shows 
the schematic for the Magic Eye. The 

version of the circuit shown in that fig- 
ure can be used only for show. Trans- 

former T1 steps the 117 -volts AC from 
the wall outlet down to 12.6 -volts AC 
for the filament of the 1629 tube, V1. 

The other transformer, T2, then steps 
the voltage back up to 117 -volts AC for 
the target and plate. The two transfor- 
mers isolate the tube from the power 
lines for safety. 

Figure 2 shows how a few addi- 
tional components can be added to 
make the circuit a real tuning indica- 
tor for old radios. While the grid of the 
tube in Fig. 1 is simply grounded, in Fig. 

2 it's connected through resistor R2, 

capacitor Cl, and potentiometer R3 

to the circuit ground and AVC line of a 
radio. Potentiometer R3 lets you cali- 
brate the circuit so that the Eye will 
close when a station is tuned. 

Construction. The author's pro - 

RI 
470K 

Fig. 2. By adding a few components, you can n se the Magic Eye as a tuning indicator. 
Adjust potentiometer R3 so that the eye tube, VI, will go out when a station is tuned 

in. 

Some types of magic eyes, such as 
the 6G5 and 6U5, are getting scarce 
and expensive, and should be re- 
served to keep radios designed for 
them glowing. However, the 1629 
used in the Magic Eye described in 

this article, which was made for the 
"command -set" transmitters of World 
War II as a calibration indicator, is fairly 
plentiful. 

totype of the Magic Eye was built in an 
8- x 6- x 3 -inch project box, but it 

could just as easily be built in a wood- 
en box or in the bottom of a speaker 
enclosure. You can use any project - 
building method as well, because 
layout is not critical. However, you 
really don't need to use a circuit 
board for the project; simply use the 

(Continued on page 94) 67 



The Electronics Industry 
is looking for a lot of good people! 

Here is your chance to get in on the ground floor as an 
Associate CET. Is your job title "Electronics Service 

Technician?" Would you like to have that title? You can 
prove you qualify for the title with a CET Associate Cer- 
tificate. It can be your career door -opener and begin your 
rapid advancement! 

A technician or student of electronics with less than a 
total of four years of basic experience may take the Asso- 
ciate Level Exam. The exam is the basic electronics 
portion of the full -credit CET exam. The 75 -question, 
multiple-choice test covers basic electronics, math, DC 
and AC circuits, transistors and semiconductors, instru- 
ments, measurements and troubleshooting. A successful 
Associate CET will receive a wall certificate valid for 
four years and is eligible to join ISCET as an Associate 
Member. ISCET is the International Society of Certified 
Electronics Technicians. 

The ISCET Computer -Aided Associate -Level Study 
Guide prepares you for the Associate CET Certificate by 
randomly selecting sample questions with appropriate 
diagrams, provides multiple-choice answers, grades the 
test and provides a summary of your strong and weak 
points. 
Diskette requires IBM computer or compatible with VGA color monitor. 3.5 -in. drive anda hard -disk drive. 

r 
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CLAGGK INC. - CET Computer -Aided Study Guide Offer 
PO Box 4099, Farmingdale, New York 11735 

YES, I want to step up to a career in servicing. Here is my 
order for the CET Computer -Aided Study Guide on á 3.5 diskette. 
I am enclosing $39.95 (price includes shipping and handling 
changes) in U.S. funds. 

Bill my E VISA E MasterCard Expire Date /_/_ 
USA Bank Check E US or International Money Order 

Card No. 

Signature 

Name (Please Print) 

Address 

City State Zip 
New York residents add local sales taxes. Canadians add $6.00 per order. No foreign orders. 
Do not send cash. Checks drawn on US Bank and International Money Orders in US funds 
only. Credit card users may telephone or FAX orders. Telephone 516-293-3751 or FAX 516- 
293-3115. Price subject to change. Allow 6 to 8 weeks for delivery. 

CB06 
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Proof Positive 
that you are a Certified 
Electronics Technician 

NESDA 'ItQtfronira 

kit it hnoton by Hirer prrends that 

. uIlnn Martin 

r.-.». .~O... at, 

A New 
Computer Software Program - 

ISCET Computer -Aided 
Associate -Level Study Guide 

Prepare yourself for the 75 -question 
CET Associate Examination. Model 
examinations provide the technician 
with a study program and introduction 
to the actual examinations. The model 
examinations are automatically grad- 
ed in decimal numbers and bar graphs 
that can be outputted on your printer. 
The questions for each exam are se- 
lected randomly from a loaded data 
base-no two exams are exactly the 
same. When you answer a question, 
the correct answer is displayed and an 
explanation is given. From the print- 
outs you will determine whether you 
need more practice and in which topic 
areas, or if you are ready to take the 
real test and continue to promote your 
electronics career today! 
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By Marc Ellis 

From the 
Mailbag 

ANTIQUE RADIO 

ur regenerative re- 

ceiver project had to 

be put on hold this month 
because of the upcoming 
(just a few days away) "Ra- 

diofest 95" meet in Elgin, 

Illinois. Most of you know 
that Radiofest is one of the 
major antique -radio events 
of the season. And this year 
I'll be giving a talk there: a 

DE'VELÓ,PMEN,T .CORP. 
rOceo'nside,, L. , Í., New York , 

I!TV ANTENNA SPECIALS!!. -10 ELEMENT 
CONICAL "X" -ALL ALUMINUM..54.95; 2/58.95 

LATEST "DOUBLE -V" . , HIGH GAIN.54.95; 2/ 8.95 
STACKING BARS . . aluminum pair .98 

HARDWARE 

fi,RADIO TREASURE , , FULL 
LB. CAN of Nuts, I Screws. Lugs. cte.- 
69c 3/1.98 

W. E. SINGLE HEADSET . . hi-Imped, 5, cord 
INTERCOM TRANSFORMER 

. POWER SWITCH (AHHI 5PDT: 15A/125V . . 

G.E. PYRANOL CONDENSERS . . Imf/500V. . 

or .25mí/ 1000V; hot. lug mtg....50.49; 6/ 
PLASTIC CABINET & CHASSIS . . Handsome 

Red, Yel. Walnut or Ebony. 1] 1/ "x9"x7". . 

19 FT. WHIP ANTENNA . . 6 steel screw sects 
91/2 FT. WHIP - 3 sects 
Radio -Amplifier Steel Cabinet , 
also for Test Eqpt.. Power Sup- 
ply. Medical Or Industrial Eqpt. 
Hinged front. \Valnut, 14"r8" 
sq. $2.49 
TUBE CARTONS . plain white. 
Prices per 100. Min. f1x1x23/g ) 

-$1.20: GT(1 1/4sq.x3l/4I-$1.45; 
Med. I 1 1/2 sq. x41/41-51.65; Large 
(2x2x5) $1.98 
RUBBER SHOCK MOUNTS 
it 8. 13/a mtg. 12c; 10/ 1.10 
Heavy duty, 100 lb.. 21/2" mtg. 

49e; 
TANK PERISCOPE . . Reflector. brand new.... 
OUNCER INPUT XFMR IT/ax1440 M1 - to grid.. 
11/2 V. FIL TRANSFORMER . . 114 Amp.... 
3:1 AUDIO TRANSFORMER 2":-.:11-,x15,/s" 
#20 PUSH -BACK WIRE . . Reef. Ye!.. Blue, I31k 

100 ft. / 89c 
W-1108 FIELD WIRE , . rolls 100-400 ft. only 1/2c ft. 
74 OHM CO -AX CABLE IRG.13/UI. 20 ft. lgths 1.39 
HIGH FIDELITY CRYSTAL MIKE . . Rubber 

shock mtd. HI-imped. 11/4"x1/4 less housing 
ALUMINUM HOUSING for crystal mike 
HANDY CARBON MIKE IRS -83). Press -to -talk 
5" SPEAKER BAFFLE MOUNT , . 1/1" ma- 

sonite 19c; 6/ 

1,98 
1.29 
1.29 

2.49 

1.79 
2.49 
1.49 

!!MIDGET RELAYS!! 24V. DC. 
SPST, N.O., 280, 314"x1"xI/4" 
SPST, N.O., 8A. dble brk coot. till/,xI 3/a 

1.69 
.98 
.79 
.89 

1.29 
.15 

1.49 

1.00 

-79"i 
.89 4 

SPOT. 280-... 
(( 

tI/4""x1_:0/4"x1":.:16/µ" .98 b 
SPST. N.O., 280 tea+"xI II "x13H" 1.29 
1 

FAHNESTOCK CLIPS 34" brass .100/ 89c 
TUBE CLAMPS . . 1.1). I-:1/16 or 1-5/1(1" 9c; 

100/56.50 
"ALNICO MAGNET SPEC'AL" . . . "11-' type. 

pot. 3/4 "x3.:I "xhk' to. 49c: l;/ 2.49 
ALNICO MAGNET KIT . . Powerful liar, Block. 

By /95/, if was all over for the Tropicnutste ); as /his detail. from a 

Leotone ad of that rear suggests. The sturdy metal cabinets were 

being offered as surplus at $2.49. 

retrospective on the restor- 

ation projects that have 
been done in Antique Ra- 

dio during the almost ten 
years we have been in busi- 

ness. Wish you could all 
attend! 

It seems odd that I have 
to change the course of 
our December column be- 
cause of an event taking 
place in early August, but 
such is the time frame of 
the magazine -publishing in- 

dustry. In any case, you 
readers, never shrinking vio- 
lets, are well able to fill the 
void. Even though we had a 
mailbag column just a few 
months ago, several more 
interesting letters have al- 
ready come in. 

MORE ON THE 
MINERVA 

We said earlier that the 
Minerva Tropicmaster was 
being sold in military PXs as 

recently as the later 1940s, 

but had disappeared from 
the market -along with its 

manufacturer -soon there- 
after. Radio Historian Alan 
Douglas (Pocasset, MA) pro- 
vides the epitaph with a 
clipping from Radio and 
Television News of 
November 1951. It's an ad 
from Leotone Radio, that 
well-known surplus firm of 
old, and I'm running a de- 
tail from it here. 

The distinctive Mineva 
cabinet (there's no mistak- 
ing that speaker grill and 
schematic chart frame) is 

being offered as a "Radio - 
Amplifier Steel Cabinet" for 
$2.49. Oddly enough, the 
color is given as "walnut." 
So far, I haven't come 
across a walnut Tropic - 
master -but such a 
change might have been 
made late in the manufac- 

turing cycle to make the set 
more acceptable in the ci- 
vilian market. Elsewhere in 

the same issue, Alan high- 
lighted an item indicating 
that a gentleman named 
Ignatius Volpe, formerly with 
Minerva, had been ap- 
pointed chief engineer of 
Steelman Phonograph and 
Radio Co. 

Anyone who might have 
doubted that the Tropic - 
master was built along the 
lines of a military morale set 
should take a look at the 
photos of the Model 6000- 
BAC troop entertainment 
radio belonging to Bill Mor- 
ris of Indiana. Built under 
"USN Contract N-140 S 

70560A," it has a very sim- 
ilar cabinet, which is also 
finished in battleship gray 
and fitted with a chart 
frame on the inside of the 
front cover. The front -panel 
design of the 6000-BAC is a 
lot cruder, though. 

It's interesting to note that 
the set has a front -panel - 
mounted antenna -ground 
terminal as well as a switch 
for "6VDC-115V AC/DC" op- 
eration. There must be a 
vibropack inside, and I as- 
sume that the six volts 
would have come from an 
external battery (or possibly 
from ship's power?) be- 
cause it doesn't look as if 
there'd be room for a bat- 
tery pack of any size in the 
cabinet. 

Bill's set has been modi- 
fied, and he's looking for 
schematics, etc. so that he 
can restore it to original 
condition. He'd also like to 
get his hands on informa- 
tion relating to the SSR-5 spy 
set manufactured for the 
OSS during World War II. 

Unfortunately, I can't read 
the town name on his re - 69 
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turn address. But anyone 
who has such information 
can send it to me for inclu- 
sion in the column (and for 
forwarding to Bill if he sees 
this item and sends me his 

address). By the way, Bill is 

looking for sources for four - 
tube pre -World War II mini- 
ature personal battery 
portables like the Emerson 
640 and Emerson 
14WG438. 

RECAPPING WITH 
CLASS 

Until recently, I've resisted 
wholesale recapping of old 
sets. I hated to spoil the 
authenticity of a radio by 
removing the original units, 
with their charming typog- 
raphy and interesting logo 
designs. If the caps were 
okay, I left them in. However, 
that's really a short-sighted 
point of view. 

During the years I've 
been writing and reading 
about antique radio, I've 
come to understand that 
those decades -old paper 
caps (especially the wax - 
covered ones, which are 
more susceptible to degra- 
dation by moisture) are 
really not trustworthy. They 
can fail at any time, taking 
with them additional com- 
ponents that might be 
expensive and/or unob- 
tainable. Further, many are 
leaky without being ob- 
viously so, subtly degrading 
the performance of the set. 

I now feel that if any set is 

worth restoring it's worth re- 
capping, unless you are just 
going to put the radio up 
on a shelf and look at it. 

After reading the Antique 
Radio installment in which 
the Tropicmaster got a 
complete recap, reader 
Kurt Lamoreaux (Lomita, 
CA) wrote the following 
note, which I'll quote essen- 
tially verbatim. 

"The June 95 Antique Ra- 
dio column in Popular 
Electronics was excellent. 
'The Minerva Gets a Recap- 

The model 6000-BAC Navy "troop entertainment radio" 
belonging to Bill Morris. You'll note a strovg resemblance to the 
Minerva Tropicmaster. 

ping' outlines very good 
capacitor replacement 
techniques for restoring an- 
tique radios. In my 
experience, re -capping is 

well worth the trouble. In 

the interest of authenticity, 
the paper and wax -type 
caps can be 're -packed.' 

"First, the locations, polar- 
ities, and values are all 
recorded. Caps are then 
removed from the equip- 
ment. The wax is melted out 
carefully using a small 
sauce pan. While the paper 
tubes are still hot, the con- 
tents are pulled out. 

"Suitable replacement 
caps are obtained and in- 
serted into the empty 
tubes. Molten beeswax 
(which can be obtained 
from a beeswax candle) is 

now poured into the ends 
of the tube. The last step is 

to dip the caps into the 
molten wax several times, 
allowing them to cool be- 
tween dips. The completed 
caps are now ready to be 
reinstalled and they look 
very authentic." 

I had been aware, of 
course, that some restorers 
were melting out and re- 
placing the insides of old 
paper caps. But I'd never 
read up on the details be - 

NO STOOP, NO SQUAT, 
NO SQUINT 

Reader Raymond 
Shetrone (2313 Harvard Ave, 
Ft. Meyers, FL 33907) sends 
some very nice photos and 
a question or two. Re- 

member those "No Stoop, 
No Squat, No Squint" Philco 
ads circa 1938? They fea- 
tured a woman "with a very 
large rear end" trying to 
tune an old straight -front 
console. 

Ray has a Model 38-7, 
one of the slant -top consol- 
es Philco was marketing for 
folks who wanted to avoid 
stooping. He noticed an in- 
scription that appears to be 
in French at the bottom of 
the dial, and doesn't re- 

- 
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A close-up of 6000-BAC's front panel shows its Spartan layout. 
The 611/5 -volt power switch is under the speaker. 

cause I didn't think I'd have 
the patience to do it myself. 
However, Kurt got it all out 
on the table with a few 
well-chosen sentences, and 
makes the process sound 
fairly easy to boot. 

If you want to recap, but 
don't have the time or the 
patience to go through 
Kurt's process, here's what 
I'd recommend. Put the old 
capacitors inside a plastic 
boggle, with a note attest- 
ing their authenticity, and 
store the package inside 
the cabinet. That way an- 
other restorer (or perhaps 
you, when you're in a more 
mellow mood) can make 
the conversion later. 

member seeing anything 
similar on other Philcos. 
Could it be the name of 
the dealer? Unfortunately, 
Ray didn't copy it for us. 

Studying the photos with 
a magnifying glass, I can 
make out the words "Made 
in United States of America" 
at the bottom of the dial. 
About an inch below that is 

a three -word inscription I 

can't make out. Perhaps it's 

the mystery one that Ray 

described. Ring a bell with 
anyone? 

HELP WANTED 
The Tropicmaster articles 

caught the eye of Peter 
Maisch (816 Alderleaf Dr., 



Fuquay-Varina, NC 27526) 
because he is also restoring 
one of those sets. Peter's 

was modified (the rectifier 
tube was replaced with a 
selenum unit) and he needs 
a schematic. 

Actually, a good copy of 
the Tropicmaster schematic 
can be found in the May, 

1995 column. But anyone 
with further information 
should contact Peter di- 
rectly. 

Bill Exley (271 Northgate 
Dr., Tarpon Springs, FL 

34689) has a Silvertone AM 
radio/record player/wire re- 
corder and is enjoying 
listening to the recordings 

/ 

Raymond Sltetrone's slant -top 
Philco Model 38-7 allowed 
listeners to tune with "No 
Stoop. No Squat, No Squint." 

that came with it (family 
meetings, music of the '30s 
and '40s, an auction). Every- 
thing works fine; Bill would 
just like more background 
information on the set. 

Richard R. Ellis (2796 N 

Co. Rd. 260-E, Seymour, IN 

47274-8615) seeks sources 
of parts and construction 
specifications for different 
types of old-time crystal 
sets. Jim Dutridge (1139 

Shadowlawn, Toledo, OH 
43609) could use some ad- 
vice on reviving a Brunswick 
Balke Collender "Madrid" 
phono (circa 1923) that ap- 
pears to have a broken 

drive -motor mainspring. 
Anyone familiar with the 

Electronic Measurements 
Corp. Model 101A VOM? 
Harold W. Taylor (336 De- 
catur Ave., Apt. 5B, Bronx, NY 

10467) needs operating in- 

structions and would also 
like to know the purpose of 
the male plug set into the 
right side of the instrument's 
wooden case. Can some- 
one assist Ronald R. Care 
(104 N. Main St., Suite 214, 

Greensburg, PA 15601) with 
parts and schematics for 
Zenith R246853 Model 12- 

S-265? Chris Hodges 
(POB111 Woosung, IL 61091) 
is looking for suggestions on 
how best to market his 

Magnavox M-2A5P which is 

complete, original, and in 

nice condition. 
Denys Fredrickson (3923 

E. Funston, Wichita, KS 

67218) requires a sche- 
matic for a Jackson & Bell 

cathedral (model unknown; 

swan on speaker grill; tubes: 
3-24As and a 45). The 

model number is also un- 
known on a Zenith Trans- 

oceanic discovered by Do- 
nald LaPierre (44 Walnut Dr., 

Whitesboro, NY 13492) in an 
attic. It has flip -up and whip 
antennas and miniature 
glass tubes. He needs tech- 
nical information. 

How about schematics 
and technical information 
for a Lafayette All Band 
Radio Model HA -230 and a 
Hallicrafters Model S-86. If 

you can help, contact 
Leonard Frankenhouser, 
Unit 901, 291 Scarborough 
Dr., Conroe, TX 77304. Rick 

Newton (2384 Bellwood Dr., 

Pittsburgh, FA 15237-6634) 
needs the same for a Grun- 
dig Majestic 2120U. Ray 

Moran (3316 Guadalupe St., 

#213, Austin TX 78705, 
Phone: 512-458-1476) is le- 
gally blind but likes to'work 
on old TVs (with the help of 

very powerful eyeglasses). 
He's stumped by a 1964 

RCA color set (CTC-16E 

chassis) with vertical lin- 

earity problems. He would 
like to consult with older 
technicians who have 
worked on the model and 
also to acquire a test jig 
with appropriate adapters. 

How about a power 
transformer and schematic 
for a Telefunken S/N 11561? 

Carl Louis (1407 New York 

Ave., Brooklyn, NY; Phone: 
718-826-3212) needs them. 
Can anyone send Alan 
Johnson (2490 Sharon Way, 
Reno, NV 89509) a copy of 
the dial -stringing diagram 
for a Hallicrafters S -19R Sky 

Buddy?. Finally, Albert C. An- 
derson (5258 Cordelia Ave, 
Baltimore, MD 21215-5023) 
could use advice on jury- 
rigging a battery pack for a 
Triplett VOM/VVM, as well 
as Triplett's address, if the 
firm still exists. 

Get your copy of the 
CRYSTAL SET HANDBOOK 

THE CRYSTAL SFT 
HANDBOOK 

,r 

In 01 len,\NPIAn1N. 

Go back to antiquity and build the 
radios that your grandfather built. 
Build the "Quaker Oats" type rig. 
wind coils that work and make it 

look like the 1920's! Only $10.95 
plus 54.00 for shipping and han- 
dling. Claggk Inc., P.O. Box 4099, 
Farmingdale, NY 11735. USA 
Funds ONLY! USA and Canada- 
no foreign orders. Allow 6-8 weeks 
for delivery. MA01 

F * 1995 CATALOG * F 
OF THE WORLD'S MOST FAMOUS 

R CB ANTENNAS & ACCESSORIES R 
E - FIRESTIK CB ANTENNAS - E 

2614 E. Adams Phoenix, AZ 85034 
E Write or Call, 602-273-7151 E 

ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. WO 
Articles, Ads 8. Classifieds. 10*. 1T 

6 -Month Trial: S17.95. 1-Yr: S34.95 (551.95.1 st Class). 
A.R.C., P.O. Box 802.L14, Carlisle, MA 01741 

Phone:(508) 371-0512 VISA/MC Fax:(508) 371-7129 

r. 
I 

Learn VCR repair! Í 
i Home study. Learn high -profit repairs I 

iir F without investing in high tech instruments. 

I r Name 

Free career literature: 800.223-4532. 
Age - 

Address 

cry _ state Zip 
The School_ of VCR Repair, Dept.VRP341 

L. ` PCDI, 6065 Roswell Rd., Atlanta, GA 3032.8 .1 

.Earn $1000 
A Week While You Learri High 

Paying VCR Repair. 
Earn While You Learn .. . 

Secrets Revealed .. . 

Train at Home 
11'1 If you are able to 

r15 work with small 
1, hand tools and pos - 

_4/ ib sess average me- 
chanicalability,you 

- - could earn top dol- 
1 

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, 6301 Equitable Road, 
Kansas City, MO 64120 

Check VCR 

or another 
Nigh Paying Computer Repair,Dept. 64300 

Career TV/Satellite Dish,Dept. 31178 

Field Advance VCR Repair,Dept. 65056 

Camcorder Repair,Dept. 66066 

Fax Repair,Dept. 67066 

Printer Repair,Dept. 68065 

Since1926 Computer Programming,Dept. 35126 

Name 

FBLE9 

(Check One Box Only) 

VCR Repair,Dept. 62403 

-Address 

city 

Líate Zip J 71 
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By Jeff Holtzman 

Going Online 

COMPUTER BITS 
Here's a quick quiz for 
you to take: Which of 

the following statements 
are true: The online world is 

,fascinating. The online 
world is boring. There is lots 
of useful information online. 
The vast majority of the 
online information is gar- 
bage. There is intelligent, 
informed discussion on 
every conceivable topic. 
There is a bunch of offen- 
sive, boorish dolts who have 
no other way of getting an 
audience. It's a home for 

extremist groups. It's middlé- 
America's newest play- 
ground. 

Answers: 
A. All of the above. 
B. Some of the above. 
C. None of the above. 

If you chose A, go to the 
head of the class. The rest 
of you need to fire up those 
modems and get con- 
nected! 

GETTING CONNECTED 
In the past, there were 

TABLE 1 - ONLINE SERVICE ACTIVITIES 

Activity Description 

E-mail Essential for interacting with readers, business clients, vendors, and friends. Nearly all 
on-line services can nów exchange e-mail with each other and with Internet addresses. 
In this context, "e-mail" means ASCII text. Among members of a given service, it is often 
possible to exchange binary files, but that's not a given. Binary files can be converted to 
ASCII format for transfer, but file size increases, and the converters occasionally have 
incompatibilities. Nonetheless, the capability can be a life-saver in some situations. The 
key utilities are "UUencode" and "UUdecode." These utilities resemble PKZIP, except that 
they do not compress and expand files, but rather convert to and from ASCII. You can 
get copies from most commercial services, many Internet/Web sites, and from BBS 
systems. 

Product Support Useful for downloading drivers and patches to computer products, for interacting with 
tech support staff, and for interacting with other users, who may have already solved the 
problem I'm experiencing. 

Vendor 
Interaction 

Useful for getting product information, participating in beta programs, learning about new 
releases. 

File 

Downloading 
Occasionally useful for getting shareware and public domain program and data files. 

Research 
Information 

Commercial services offer indexed databases of textual information, including scientific 
and technical journals, popular magazines, electronic dictionaries and encyclopedias, 
business and personal information (name, address, etc.), and more. The Internet also 
contains much research information, but finding what you need is difficult, and 
attributions and citations for academic and professional work may be unavoidable, 
rendering the information all but useless. 

'Conferences, 
"Chatting," 

and CB 

Simulators 

I don't have much use for these, but many people find them entertaining. 

'Vanity Publishing It is very trendy now to have your own "home page" on the Web. Most often these - 
are silly self-indulgent sites with no value other than feeding the ego of the author. 

Advertising Early in its life, Prodigy (a joint venture of Sears and IBM) attained infamy 'for being the 
first on-line service to constantly bombard the user with advertising. This means that a 
percentage of the bandwidth you pay for is constantly used for transferring commercials 
to your PC. If you don't want the commercials, too bad. Fortunately, -the practice has not 
spread to other services. 

three basic choices: tradi- 
tional bulletin -board 
services; commercial online 
services such as America 
On-line (AO1), Byte Informa- 
tion Exchange (BIX), 

CompuServe, GENIE, MCI 
Mail, Microsoft Network 
(MSN), and Prodigy; and the 
Internet. Now, however, 
most if not all commercial 
services offer some type of 
Internet connectivity, rang- 
ing from just e-mail to full 
Internet access, and many 
BBS systems are following 
suit. 

The Internet has changed 
the rules of the online 
game, probably forever. 
Originally, the Internet was 
just a bunch of UNIX com- 
puters linked together. Using 
arcane command -line pro- 
grams, you could send files 
and e-mail, log in to re- 
mote systems, and more. 
Most of those services are 
still available, and you can 
often get GUI front ends 
that take care of some of 
the gory details for you. 

Running over the Internet 
is the World -Wide Web 
(W \M). You can access the 
Web by either character - 
based or graphical systems. 
Mosaic, Netscape and sim- 
ilar software programs are 
Windows -based GUI pack- 
ages for accessing the 
Web. They rely on underly- 
ing UNIX -based programs 
and protocols for transfer- 
ring screen -image data, 
files, and data returned as 
the result of a search. 

The graphical nature of 
the Web has made it fa- 
mous and has attracted 
huge publicity. But, in my 
opinion, it is also the weak- 
est and most abused 
feature. At first it's thrilling to 

(Continued on page 85) 



The Four-YearEIectrnics Degree 
Program ThatReaIIyHits Home! 

Bring The Technology Home With A Bachelor Of Electronics 
Engineering Degree. No Hassles. No High Cost! 
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Nows the time to prepare for a profitable career 

We've lowered the cost of 
higher education. .r 

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 at 

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 

to bréakthrQugh computer -simulated 

experiments, studéñts are exposed to 
It's true! You can earn a four-year the latest -technological advancements. 

Bachelor of Electronics Engineering All the equipment, parts, and soft - 
Technology degree today ... and Ware you need:are included -in your 
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 career headed? 

With a four-year bachelor's degree 

from World College, you call the shots 

choosing from increcñble, high -paying 

opportunities in electronics, tele- 

communications, computer, electrical ,'' 
power, and many other growing fields.. 

affordable tuition, including more than 

300 hands-on lab experiments you 

can complete in your home. 

Choose your own pace. 
Earn your bachelor's degree 

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

College onlyas 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 educatiop 

from World College. 
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Take charge of your future in electronics. 

" Four Powerful Reasons 
To Connect With 

World College Today: 

IEarn your four-year 
degree! 

ZSelf -paced 
training! 

Independent study in 
your home! 

Expert 
instruction! 

Give Me The 
Power! 
Send me a FREE 

World College course 

catalog today! 
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Address 

City 

State. Zip 

Phone ( 

Age 

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

or call 
1-804-464-4600. 

Or fax this coupon to 
V804-464-3687. 

COLLEGE 
Lake Shores Plaza 

5193 Drive, Suite 113 
Virginia Beach, VA 23455-2500 

Affiliated with 
Cleveland Institute of Electronics 
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