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Better Designs - Faster 
With the Personal Design Solution 

The Design Solution Includes: Electronics Workbench Personal Edition + EWB Layout 

Electronics 
Workbench 

Personal Edition 

Full- featured schematic capture 
and SPICE 3F circuit simulation! 
The world's best selling circuit design software. With 
analog, digital and mixed A/D SPICE simulation, a 
full suite of analyses and over 4000 devices. Imports 
netlists. Seamlessly integrated with EWB Layout or exports 
to other popular PCB programs. Still the standard for 
power and ease of use. Still the same effective price. 
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HIGH -END FEATURES 
TRUE MIXED ANALOG /DIGITAL 
FULLY INTERACTIVE SIMULATION 
PRO SCHEMATIC EDITOR 
HIERARCHICAL CIRCUITS 
VIRTUAL INSTRUMENTS 
ON- SCREEN GRAPHS 
ANALOG AND DIGITAL MODELS 
FREE TECHNICAL SUPPORT 
DC OPERATING POINT 
AC FREQUENCY 
TRANSIENT 
FOURIER 
NOISE 
DISTORTION 

30 -DAY MONEY -BACK 
GUARANTEE 

YES 
YES 
YES 
YES 
YES 
YES 
OVER 4,000 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

Electronics 

WorkbenchLayout 
Personal Edition 

Power -packed PCB layout with 
autorouting and real -time DRC! 
EWB Layout is a powerful board layout package for 
producing high- quality, multi -layer printed circuit boards. 
Offering tight integration with our schematic capture 
program, you can incorporate board layout and design 
and quickly bring well- designed boards to production. 
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POWER- PACKED FEATURES 
AUTOROUTING 
REROUTE WHILE MOVE 
LAYERS 

BOARD SIZE 
LIBRARY SHAPES 
BLIND AND BURIED VIAS 
EXTENSIVE OUTPUT 
SELECTIVE NET HIGHLIGHTING 
USER DEFINED PADS 
REAL TIME DESIGN RULE CHECK 
DENSITY HISTOGRAMS 
FREE TECHNICAL SUPPORT 
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YES 
32 ROUTING LAYERS 
50" X 50" 
OVER 3,500 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

CALL FOR INFORMATION 
AND PRICING ON OUR 

PROFESSIONAL EDITION. 

ELECTRONICS WORKBENCH Personal Edition $299.00 

EWB LAYOUT Personal Edition $299.00 

BUY 
BOTH 
AND 
SAVE 

PERSONAL DESIGN SOLUTION 
$548.00 

et'w 800 - 263 -5552 
For a free demo, visit our website 

at http: / /www.interactiv.com CompuServe: 71333,3435 / BBS:416- 977 -3540 

INTERACTIVE IMAGE TECHNOLOGIES LTD., 908 Niagara Falls Boulevard, 
#068, North Tonawanda, New York 14120-2060/Telephone 416 -977 -5550. 
TRADEMARKS ARE PROPERTY OF THEIR RESPECTIVE HOLDERS. OFFER IS IN U.S. DOLLARS AND VALID ONLY 
IN THE UNITED STATES AND CANADA. ALL ORDERS SUBJECT TO $15 SHIPPING AND HANDLING CHARGE. 

Fax: 416-977 -1818 E- mail:ewb @interactiv.com 
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C O V E R S T O R Y 

25 Smart Buses 
Melding GPS technologies with dead -reckoning capabilities allows 
urban mass -transit systems to offer riders a new level of conve- 
nience, while enabling both dispatchers and drivers to perform their 

duties more efficiently -Bill Siuru 

C O N S T R U C T I O N 

31 Build a Power -Line Monitor 
If you are concerned about the quality of the electric power deliv- 
ered to your home by the local utility, perhaps this analyzer will help 

to ease some of your concerns - Charles Hansen 

40 Build the BusyBody 
This project gives all of the convenience provided by the phone com- 

pany's automated redialing system, without incurring extra charges 

on your monthly telephone bill -Anthony J. Caristi 

P R O D U C T R E V I E W S 

17 Gizmo 
Panasonic Palmcorder, Actimates' Barney Interactive Toy -TV and 

PC Pack, plus Gizmo News 
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TECHNOLOGY UPDATE 

One scientist's vision 
revolutionizes the hearing 
industry, benefiting millions 
of people... 
Crystal Ear° uses sophisticated electronics to provide affordable, 

cosmetically -pleasing and easy -to -use hearing amplification. 

by Harold Sturman 

O ne day a friend asked my 
wife Jill if I had a hearing 
aid. "He certainly does," 

replied Jill, "Me!" After hearing 
about a remarkable new product, 
Jill finally got up the nerve to 
ask me if I'd ever thought about 
getting a hearing aid. "No way," 
I said. "It would make me look 
20 years older and cost a fortune." 
"No, no," she replied. "This is 
entirely different. It's not a hearing 
aid...it's Crystal Ear!" 

No one will know. Jill was right. 
Crystal Ear is different -not the 
bulky, old- styled body -worn or 
over -the -ear aid, but an advanced 
personal sound system so small 
it's like contacts for your ears. 
And Crystal Ear is super -sensitive 
and powerful, too. You will hear 
sounds your ears have been miss- 
ing for years. Crystal Ear will make 
speech louder, and the sound is 
pure and natural. 

I couldn't believe how tiny it is. It is 
smaller than the tip of my little finger and 
it's almost invisible when worn. There are 
no wires, no behind -the -ear devices. Put it in 
your ear and its ready -to -wear mold fits 
comfortably. Since it's not too loud or too 
tight, you may even forget that you're wearing 
it! Use it at work or at play. And if your hear- 
ing problem is worse in certain situations, use 
Crystal Ear only when you need it. 
A fraction of the price. Hearing loss is the 
world's number -one health problem, but in 
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FREQUENCY 

RESPONSE: 

2 Hz to 

6142 Hz 

HARMONIC 

DISTORTION: 
.03% at 1600 Hz 

AMPLIFICATION: 

Superior 

"tact-Aar- 

VOLUME: 

djustable 

Innovative, 
breakthrough 
technology 
solves common 
problem... 
Hearing loss, which 

typically begins 

prior to teenage 

years, progresses 

throughout one's 

lifetime. Nearly 90 

percent of people 

suffering the type 

of loss Crystal Ear 

was designed for 

choose to leave the 

problem untreated. 

Crystal Ear is now 
available to help 
these people treat 

their hearing loss 

with a small and 

very affordable 

Class I in- the -canal 

hearing amplifier 

most cases it goes completely untreated. For 
many millions of people, hearing devices are 
way too expensive, and the retail middlemen 
want to keep it that way. What's more, treating 
hearing loss the old retail way can involve 
numerous office visits, expensive testing and 
adjustments to fit your ear. Thanks to Crystal 
Ear, the "sound solution" is now affordable 
and convenient. Almost 90% of people with 
mild hearing loss, and millions more with just 
a little hearing dropoff, can be dramatically 
helped with Crystal Ear. Plus, its superior 

design is energy -efficient, so batter- 
ies can last months, not just weeks. 

You'll feel years younger! Wear 
Crystal Ear indoors, outdoors, at 
home and at work. Crystal Ear 
arrives ready to use, complete with 
batteries, two different fitting 
sleeves, a cleaning brush and even a 

carrying case. Crystal Ear is a break- 
through advance in the hearing 
device field. It is made in the USA, 
using state -of- the -art micro -manu- 
facturing techniques that cut costs 
dramatically- savings that we can 

COMPARE CRYSTAL EAR AND SEE THE DIFFERENC, 

MOST 
IN -CANAL 
BRANDS 

Require fitting Yes 

Require testing Yes 

Battery life 160 hours 
Impact resistance Average 
Whistling /feedback Frequent 
Telephone use Yes 

Retail price S1,000 -2,000 

CRYSTAL 
EAR 

No 

No 

320 hours 
Excellent 
Limited 
Excellent 
5299.85 

pass on to you. The conventional companies, 
domestic and foreign, don't like that! 
Don't be fooled by high prices. No hear- 
ing device, no matter how expensive, can 
eliminate background noise, despite claims 
by the manufacturers. Crystal Ear does not 
promise miracles -just an affordable, sound 
solution to many common hearing problems. 

DON'T TAKE OUR 
WORD FOR IT... 
"My father spent 
over $5000 on anoth- 
er brand. I showed 
him my Crystal Ear, 
he tried it, and he 
decided it worked 
better than his 
brand, even though 
it was a small 

fraction of the cost!" 
-A satisfied Crystal Ear user 

"Over 32 million Americans experience 
some loss of hearing. Though most cases go 
untreated, over 90 percent of these people 
would be disappointed to learn from their 
doctor that there is no medical or surgical 
cure. There is, however, an effective treat- 
ment: electronic amplification." 

-Dr. Dale Massad, MD 

Risk -free. Try Crystal Ear and hear what 
you've been missing. It comes with a 90 -day 
manufacturer's limited warranty as well as 
our risk -free home trial. If you're not satisfied, 
return it within 30 days for a full refund. 

Crystal Eare: 
Three credit -card payments of $99.95 $12 S&H 

If not purchasing a pair, please speedy right or left ear. 

Please mention promotional code 3461 -12423. 

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

800-992-2966 
11 Li! 
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Midlothian, Virginia 23113 3 



+WIRELESS 

OPTIONS 

Accredited B.S. Degree in 
Computers or Electronics 

by studying at Home 
Grantham College of Engineering 
offers 3 distance education programs: 

B.S.E.T. emphasis in Electronics 
B.S.E.T. emphasis in Computers 
B.S. in Computer Science 

1 

Isl lectronics Workbench Professional 5.0 
`included in our B.S.E.T curriculums 

-Approved by more than 200 Companies, 
VA and Dantes, (tuition assistance avail.) 

For your free catalog of our programs dial 

1- 800 -955 -2527 
http: / /www.grantham.edu 

GCE 
Your first step 
to help yourself 
better your future! 

Grantham College of Engineering 
34641 Grantham College Road 

Slidell, LA 70460 -6815 

4 

fr 
Davis Instruments has a complete line of weather stations 
affordable enough for home and hobby use. Connect the 
station to packet radio using shareware program available 
on Davis' Web Site and BBS. 

hatpin lucide: 
Inside & URsele Inside Humidity Instant Nlebt 
Temps Wast Oit CArtversan 

Wind Speed & A arms Outset Hunk 
Direction 

Highs & t OW5 
Dew POltt OO 

Barometer 
lìinfall Option 

Tyne & Date htelfaDePC 

For more information and 
a free catalog. call 

40, 

M -F 7 a m. to 5:30 p m Pacific Time 

FAX 1- 510-670 -0589 
- WC and VISA One-year warranty 

30 -day money -back guarantee POE0498 

Davis Instruments 
3465 Diablo Avenue, Hayward, CA 94545 -2778 www.davisnetcorn 

CIRCLE 162 ON FREE INFORMATION CARD 

Is Fiction Stranger than Truth? 
Since this is the April issue, I thought it would be fun to include a 

"tongue -in- cheek" article this month and end with a hearty "April Fool!" 

I looked around at what our previous editors had done. I pick- ed up a 

copy of "The Collected Works of Mohammed Ulysses Fips," available 
in our Gernsback Reprint Bookstore. This booklet reprints almost two 

dozen articles written by Mr. Fips, mostly over the time period 
1944 -1968, for Radio -Electronics magazine (and earlier for Radio -Craft), both maga- 

zines forerunners to our sister publication, Electronics Now. Who was this Mr. Fips? 
None other than the founder of Gernsback Publishing -Hugo Gernsback. 

Gernsback was an inventor, an innovator, and a visionary. Not only was he the founder of this 

company, but he started the electronics publishing industry. At one time, he was best known 
as the Father of Science Fiction. To this day, awards for excellence in science- fiction writing 
are called the "Hugo" (much like the Oscar is presented for motion -picture excellence). 

Although his annual April Fool articles would make those in the know laugh, other readers 

so totally accepted the valid premises he expounded that they actually attempted to con- 
struct the devices proposed. Let me share a few of Mr. Fips' "jokes" with you. 

In his article entitled the "30 -Day LP Record" (April 1961), he developed the world's longest 
playing record. He stated that in this invention, there is no physical contact between rotat- 
ing record disc and the pickup -transmission is via magnetic impulses. Interesting, but with 
the present compact disc, there is no contact between the CD and its pickup; laser tech- 
nology completes this transmission path. Although I don't believe we will see the day of the 
30 -day CD, the way we are increasing storage capacities -you can never tell! 

Another article (April 1960) described a paper -thin, vest -pocket AM radio, measuring about 
the size of a standard postcard. Today no one would think twice about an AM radio (with 
FM) as small as a credit -card. At first glance, Mr. Fips' circuit appears to be a printed cir- 
cuit board using surface -mounted components. Hmmm... 

In our last "fiction" April Fool story (April 1945), Mr. Gernsback, (now using the pen name 
Grego Banshuk -which is Hugo Gernsback with all the letters mixed around), developed the 
"Visi- Talkie." This novel project explained how to develop a portable television handset over 
which you can talk to as well as see "in full natural colors" persons using similar sets, over 
considerable distances. Today we don't think twice about closed -circuit TV transmissions, 
video transmissions using surveillance cameras, even video conferencing with satellite 
hookups between any points on Earth. Why just a little over 20 years after publishing that 
"funny article," we were talking with and seeing our astronauts as they roamed over the sur- 

face of the moon (or what about the recent transmissions from the Mars Sojourner ?). 

Just keep these "fictional stories" in mind -the foolish "April Fool" story you read today may 
turn out to be the seed of a new concept or the spark for a technology of tomorrow. 

Ed Whitman, Managing Editor 



"My TV reception is so clear, you'd think 

I had a 50 -foot antenna on my roof!" 
Emerson's ingenious new antennas are hard to spot, easy to install and 
provide clear, powerful reception of broadcast signals...without rabbikears. 

Replace your unsightly 
"rabbit ears" today! 

I'm amazed at the 
way technology 
has improved tele- 
vision. Develop- 
ments in electronic 
circuitry have re- 
sulted in TV sets 
that have sharper 
pictures, brilliant 
colors and clearer 
sound. From the 
smallest portables 
to wide -screen 

home theater systems, televisions continue to 
work better and better as optical innovations 
are introduced. Unfortunately, a television's 
picture is only as good as the broadcast it's 
receiving, and even the world's best televi- 
sions cannot make up for a weak or distorted 
signal. Antenna technology has not kept pace 
with television design, and the rabbit ears 
from the 1950's are not far removed from 
what's available today. Well, there's finally 
been a quantum leap in the design of antennas, 
and it's the result of two patented components 
developed by scientists. These improvements 
are the secret behind Emerson's revolutionary 
new antennas. 
Picture imperfect. Cable subscription 
solves the problem of getting the signal to your 
television, but storms and other factors can 
result in cable outages. If you prefer not to pay 
the rising monthly fees for cable or live in an 
area where it's not available, your picture is like- 
ly to be weak, undefined and distorted. 

One way to improve your reception would be 
to mount a large antenna on your roof. 
Unfortunately, most roof antennas 
are not particularly pleasing to 
the eye and may even be 
prohibited in the area 
where you live. Rabbit 
ear antennas don't im- 
prove your picture to 
any great degree and 
make your room look 
like something from an 
earlier decade. Most 
antennas need to be aimed 
at the source of the broadcast 
and require turning mecha- 
nisms to pick up the signal clearly. 

Whether you live miles out in the country or 
in a concrete building next door to a broadcast 
tower, bad reception can rob you of the defini- 
tion and color you were intended to see. The 
Optima antenna gives you the signal -grabbing 

power of a large antenna in an inconspicuous, 
low -profile size. 
Stealth antenna. In the past, creating an 
antenna with optimal reception meant mak- 

ing it big, with a 
large amount of sur- 
face area. This result- 
ed in products that 
were large and un- 
sightly or small and 
ineffective. Either 
way, the aesthetic 
look of your room or 
house suffered. Re- 
search and develop- 
ment tended to focus 
on the television, not 
on signal recep- 
don...until now. 

Recently, a bril- 
liant scientist in 

Your neighbors won't 
know its there unless 
you tell them. 

Colorado developed 
an antenna that 
would maximize re- 
ception without being 
overly conspicuous. 
Emerson, a leader in 

electronic technology, has now made this 
innovation available to the public. 

At a lab in Colorado, they developed two 
patented design improvements that made the 
Optima antenna possible. First, they created a 
flexible circuit board with a serpentine anten- 
na, resulting in a large surface area confined to 
a small space. Second, they developed a tech- 
nique that converts the copper shielding on 
the attached cable to an additional signal 

receiver that results in an antenna almost 
10 feet long. This greatly enhances the 

antenna's reception power and E 
Attention mini -dish own- 
ers. If you own a mini -dish 
satellite system, you are aware 
of the off -air issue and are 
probably wondering how you 

can pick up local broadcasts. 
After all, what good are hun- 

dreds of channels if you can't find 
out who won the local city council 

race? The DishmateTM harnesses the 
same technological innovations as the 
Optima TV antenna to give you a powerful 
omnidirectional antenna that is virtually 
invisible. It is compatible with a variety of 
systems and is easy to install. 

allows you to tune the antenna by simply 
moving the cable! The handmade assembly is 
encased in aircraft -grade plastic and high -den- 
sity foam. The weather- resistant cover is a 

neutral white and can be painted to match the 
color of the house or room. Plus, the omnidi- 
rectional design allows you to mount the unit 
anywhere you please. The Optima's universal 
design makes it adaptable to any component, 
and installation is a snap. Simply mount the 
antenna on a wall inside or outside the house, 
connect the cable and fasten it in place. Then 
sit back, relax and enjoy the clearest picture 
you can get from your television. 
Get the picture...risk -free. Call now to 
order the Optima Indoor /Outdoor TV 
Antenna or the DishmateTM, the small anten- 
nas that get big reception. They both come 
with a 90 -day manufacturer's limited warran- 
ty and Comtrad's exclusive risk -free home 
trial. Try them, and if you're not completely 
satisfied, return them within 90 days for a full 
"No Questions Asked" refund. 

Indoor /Outdoor Antenna $69.95 $a S &H 

DishmateTM UHFNHF Antenna $69.95 $8 S &H 

The DishmateTM Antenna will work with 18" dishes from RCA, 
Toshiba, ProScan, GE, Eurosat, Uniden, and Hughes OSSTu 
Satellite systems. 

Please mention promotional code 2832 -12424 

For fastest service. call toll -free 24 hours day 

800 -992 -2966 

To order by mail, send check or money order for the total 
amount including S &H. Ti charge it to your credit card, en- 
close your account number and expiration date. 

Virginia residents only -please include 4.5% sales tax. 

'1011e comtrad 
industries 
2820 Waterford Lake Dr., Suite 102 
Midlothian, Virginia 23113 



LETTERS 
AUTHORS' CORRECTIONS 

Regarding my "Electronic Climate 
Controller" construction article (Popular 
Electronics, January 1998), the diode 
D1 across relay RY1 should have its 
polarity reversed in the schematic (Fig. 
1, page 31). It is correct in the parts lay- 
out in Fig. 2. Also in that schematic, the 
short between pins 5 and 6 of IC3, 
angled to the right of R8, should be 
removed. Fortunately, these errors do 
not appear on the parts layout. 
-Sandeep Bagchi 
via e-mail 

I am writing in response to the cor- 
rections on the construction of my 
"DTMF Wire Tracer" (Popular Elec- 
tronics, July 1997) submitted by reader 
M.K. (Letters, February 1998). I would 
like to thank him for pointing out the 
component labeling errors and several 
errors due to the "bleeding" together of 
several pads and nearby circuit traces. 
But these faults could easily be deter- 
mined by comparing the PCB artwork to 
the published schematic diagram, 
which was drawn correctly. Therefore, I 

was surprised to learn that M.K. had to 
make circuit modifications to the PCB 
pattern in order to get his unit "up and 
running." Especially since a photocopy 
of the published artwork was used to 
etch the PCB in the original working 
prototype that appeared in the same 
article. 

Perhaps the problems described by 
M.K. are due to the substitution of a 
TIL311A LED display unit instead of the 
specified TIL311. While the TIL311 
used in the prototype has two V pins, 
with pin 1 connected to the LED anodes 
and pin 14 connected to the on -board 
hexadecimal decoder /driver, it is possi- 
ble that these two V supply pins have 
been internally connected together at 
pin 14 in the TIL311A. However, since I 

do not currently have any data available 
on the "A" version, I cannot verify this. 
Readers encountering a non -blanking 
display might wish to isolate pin 14 of 
the LED display from +5 volts. If this 
prevents the display from lighting at all, 

a jumper can be installed from the col- 
lector of transistor Q3 to the now- isolat- 

6 ed pin 14 on the LED display unit. 

On another note, the SSI -204 DTMF 
Decoder IC can be purchased from 
B.G. Micro, P.O. Box 280298, Dallas, 
TX, 75228; Tel. 800 -276 -2206; Web: 
www.bgmicro.com /. The TP5088 DTMF 
Encoder IC and the MC145436P DTMF 
Decoder IC, which is a substitute for the 
SSI -204 IC, can be purchased from 
JDR Microdevices, 1850 South 10th 
Street, San Jose, CA, 95112 -4108; Tel. 

800 -538 -5000; Web: www.jdr.com. 
-Brian Pliler 

The layout of my "Hands -on 
Approach to Op -Amp Basics" in the 
February 1998 issue looks great! There 
are a few minor corrections /additions 
which would help the reader under- 
stand and build these circuits: 

1. Page 33, first column, second para- 
graph: "Norton's Current Law" should 
read "Kirchoff's Current Law." 
2. Page 39, middle column, second 
paragraph, third sentence should read: 
"...Using the voltage divider rule, and 
given that the current drawn by the op- 
amp inputs can be neglected, the DC 
voltage at the non -inverting input is 9 

volts x [times] R2 /(R1 +R2) = 9 x 
51/(51 +430) = 0.95 volts." 
3. Similarly, page 39, third column, 
second paragraph, second sentence 
should read: "...Therefore, the op -amp 
output voltage must be 0.95 volts x 
[times] (R4 +R7) /R7 = 0.95 volts x 
(51 +15)/15 = 4.2 volts." 
4. Page 41, first column, second para- 
graph, second sentence should read: 
"...During negative half -cycles, current 
is diverted through D2, allowing C2 
[not C3] to discharge through R3 [not 
R4]." I also suggest adding the sen- 
tence, "R4 in parallel with filter capaci- 
tor C3 discharges C3 in the absence of 
RF signal." 
5. The following all have to do with 
the "Electronic Thermometer" project: 
Page 43, Fig. 12: The S2 switch con- 
nections are incorrect in the parts lay- 
out. The left- handed terminal (closest 
to J1) should be the wiper (common) of 
the switch [not C]. The middle terminal 
should be the "C" terminal [not F]. 
The right -hand terminal should be "F" 
[not common]. Since the overlay was 

not published along with the artwork, 
it's not immediately apparent which 
control does what. Starting at the end 
of the board closest to J1 /52, the 
adjustments are gain ( °F), gain ( °C), 
zero ( °F), and zero ( °C). 

As a final note, these two zero 
adjustments are quite tricky, and would 
be a lot easier to perform if R14 and 
R15 are replaced with multi -turn poten- 
tiometers. The gain adjustments are 
much less sensitive, and the specified 
single -turn pots are entirely adequate. 
-Fred Nachbaur 
via e -mail 

THE "3 -x FILES" SNAFU 
After the February 1998 issue of 

Popular Electronics went to press, a 
strange typographical error was noticed 
in the "Multimedia Watch" column. In 
the lead item on page 8, "CD -ROMs 
and Stuff," the special "x" or times sign, 
used to denote CD -ROM speed, 
appeared as the number '3." This was 
due to a "quark" in the translation of the 
original text through the QuarkXPress 
desktop program. The complete cor- 
rected text is available on the Web site. 
Sorry for any confusion we may have 
caused the reader.- Editor 

ARTICLE SUGGESTIONS 
Here are some suggestions for arti- 

cles I would like to see published in 

Popular Electronics. One good article 
would be an automatic commercial 
killer, designed around a software unit 
that could do voice print identification 
and drive a SPDT relay. When a com- 
mercial was detected, this relay would 
switch from one audio source to anoth- 
er audio source, such as a CD player, 
radio station, pink noise, etc. 

I am also very interested in ob- 
taining information on a baseband 
converter to receive commercial -free 
TV. I was able to pick up two public - 
TV stations before, but since my car- 
rier changed to digital transmissions 
to save money and satellite space, 
I am now unable to receive these 
broadcasts. 
B.S. 
via e-mail 



I have been a subscriber to Popular 
Electronics for some time now, and I 

thoroughly enjoy your magazine. My 
great love is to construct simple broad- 
cast radio AM receivers. I would like to 
see more articles on the construction of 

AM radio receivers, if possible. How 
about a design that starts with a simple 
loopstick coil and then goes to an 
NE602N IC and a toroid coil? Or, some 
easy -to -build radios with standard oscil- 
lator /transmit coils available from a vari- 
ety of mail order firms? To make it even 
simpler, how about a few articles featur- 
ing circuits using a ZN414 IC? 
Richard 
San Jose, CA 

Well Richard, it sounds like you 
know what types of designs you like. 
How about putting a project together 
(just make sure the parts are generally 
available)? But for a real simple AM 
receiver, take a look at the first circuit 
in this month's Think Tank column. - 
Editor 

ALKALINE BATTERIES 
mAh RATINGS 

I have been a reader and sub- 
scriber to Popular Electronics for 
over two decades. This is the first time 
I am writing to you. The Product Test 
Report on Alkaline Batteries in the 
January 1998 issue was very timely 
and appropriate, as we see the 
Duracell and Eveready battery battle 
heating up to unprecedented levels. I 

have over the last couple of years 
been on a small mission to find out 
which brand of battery lasts the 
longest. To accomplish this, I pursued 
obtaining the miiliamp -hour (mAh) rat- 
ings of various commonly available 
batteries. 

My efforts to extract this information 
from Eveready were met with all kinds 
of delay. The Duracell battery data is 

readily available, for the last two years 
at least, on their Web page: www.dura 
cellusa.com /. Similarly, the RadioShack 
data can be found, though a little frag- 
mented, through their Web site: http: // 
support.tandy.com /support electron 
ics /3159.html. You will not find any such 
data yet at the Eveready Web site: 
http: / /energiser.com. On their Web site, 
the Panasonic guys tout that their 
"Panasonic Plus" batteries last eight 
times longer than dry cells. However, 
after repeated e-mail and telephone 
calls asking the same question on mAh 

Size of Alkaline Battery and Capacity in rnAh 

Manufacturer D C AA AAA AA -L 9V 
Duracell 15,000 7800 2850 1150 NA 580 
Eveready 8900 7200 2450 1100 2600 500( ?) 

RadioShack 10,000 5000 1700 1000(?) NA 500 

Note: AA -L: Lithium version of AA size; ( ?): Verbal information -no written communica- 

tion; NA: Not available /not manufactured. 

ratings, I have not been able to obtain 
the data sheets. 

To easily compare the various 
"capacities" of popular alkaline batter- 
ies, the mAh ratings I refer to are sum- 
marized in the above table. 

As your article pointed out, Duracell 
comes out on top. For the D cell size, I 

would even use the RadioShack brand. 
O.M. MD 
West Bloomfield, Ml 

(Continued on page I I ) 

PC -BOARD DESIGN 
made easy 

Why have more than 25,000 
pc board designers chosen 
EAGLE as their layout tool? 

Mainly because EAGLE is so easy to 
use that you can start designing your 
own boards within a few hours. But 
there are many other good reasons! 
Check out our Web Site for a free demo 
and more detailed information. 

EAGLE 3.5 
Schematic Capture Board Layout 

Autorouter 

for Windows'95 /NT 
Windows 95 and Windows NT are registered 
trademarks of Microsoft Corporation. 
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FREE Sup. 
No Mai 

EAGLE Standard 

Board Size: 6.3 x 4 inches 
4 Signal Layers 
99 Sheets per Schematic 

398$ 

Order a FREE demo today 
and experience EAGLE first hand. 
You will be surprised! 

I1 

Cadsoft Computer. Inc., 801 S. Federal Higtlway, 6elraie h, 
Hotline (561) 274 -8355. Fax (561 ) 274 -8218. E -Mall : nfo@cadsoftusa.com 

EAGLE Light 

Board Size: 4 x 3.2 inches 
2 Signal Layers 
1 Sheet per Schematic 

100$ 
EAGLE Professional I 

Board Size: 64 x 64 Inches I 

16 Signal Layers 798$ 
99 Sheets per Schematic 

These prices include Schematic Capture and Board Layout. 

The Autorouter Module is available for 50/199/399$. 

Pay the difference for Upgrades. 
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MulTiMEdiA WATCh 
Digital Cameras, a Printer, 
and More! 
I is going to be Spring soon, and that 
111 means people will be outdoors 

enjoying themselves. Except for holi- 
days, Spring is also one of the most 
popular picture- taking times of the year. 
This season you should consider taking 
pictures the modern way -with a digital 
camera. Once you own a digital camera, 
all of the pictures you take are essen- 
tially free, so you never hesitate to snap 
an image. And sometimes a sponta- 
neous picture can turn out to be a trea- 
sure. Inexpensive ink -jet printers do a 

good job of printing color images, and 
special paper even makes them shiny. 
I've even got a special photo printer this 
month, but more on that later. 

DIGITAL CAMERA BASICS 
Digital cameras at the low -price end 

are basically point- and -shoot cameras 
combined with bells and whistles that 
would not be possible with traditional 
film -based photography. However, just 
like film -based cameras, there are 
more advanced digital cameras. At the 
$30,000 end, you're looking at a tradi- 
tional high -end SLR camera body with 
interchangeable lenses mated to an 
electronic back that replaces the film. 
Images are stored on tiny Type III PC 
Card hard drives. 

Most digital cameras have built -in 
flashes, although a flash is not always 
necessary. Sometimes a dimly -it picture 
will look better than one taken with a 
flash. However, I wouldn't buy a digital 
camera that doesn't have a flash, simply 
because there are plenty that do; and 
sometimes a flash helps. Stay away 
from gimmicky cameras, because the 
gimmicks are probably taking away from 
more important features. Anything that 
looks flimsy probably is flimsy and will 
break given enough time and handling. 

Optics and resolution are the two 
most important things when it comes 
to cameras, but even an inexpensive 
lens is good enough for a low- resolu- 
tion digital camera. A zoom lens is 

always nice. Don't settle for anything 
8 less than a 640 x 480 camera -most 

low -end cameras are of this resolution. 
The higher the resolution, the better 
the image; and there are now cameras 
with resolutions of around 1300 x 
1000 that cost under $1000. Different 
compression settings let you have 
greater image quality but store fewer 
images, or vice versa. Built -in monitors 
are used as viewfinders and to review 
and manipulate stored images- other- 
wise, they are just expensive acces- 
sories. Some digital cameras can store 
audio clips along with images, and 
many have a video output for viewing 
stored images on a TV. Some have a 
live video output from the camera, 
which can be recorded with a VCR or 
video capture card and computer. 

ITAC Systems' Personal Mouse -Trak features a 

wrist pad and trackball, along with three mouse 
buttons. 

My biggest gripe with digital cam- 
eras is how the images are stored and 
transferred to a computer. Some cam- 
eras have only built -in memory, some 
use only memory cards, and some 
have both. Cameras having only built - 
in memory generally have only a serial 
interface, which is slow. It can take 30 
seconds or more to transfer a single 
image through a serial port. If you 
don't have a notebook computer, odds 
are you don't have access to a PC- 
Card reader and can't use cameras 
that store images on tiny solid -state 
memory cards. The cards fit into Type 
II PC Card adapters that plug into 
notebook computers with compatible 
slots. Some high -end cameras even 
have built -in SCSI interfaces. 

MARC SPIWAK 
ASSOCIATE TECHNICAL EDITOR 
COMPUTER RESELLER NEWS 

While memory cards are not cheap, 
you can change the reusable cards like 
rolls of film; and reading the cards into 
a notebook computer slot or desktop 
card reader is fast and simple. A 10- 
megabyte card can hold hundreds of 
images, and you can transfer a hundred 
or so images in seconds! One camera I 

know of has a built -in PC Card interface 
that slides right into a notebook com- 
puter. Another camera uses common 
floppy disks to store images. While 
they're slow, floppy disks are an inex- 
haustible storage medium that can be 
read on any PC. I like the idea, but don't 
know how much longer I want to deal 
with floppy disks. Other cameras have 
infrared ports in addition to PC -Card 
and serial interfaces. 

Last but not least, all digital cam- 
eras run off batteries; but different cam- 
eras use different kinds of batteries. I 

like cameras that can use regular AA 
cells, even though these cameras tend 
to eat the batteries when you use the 
monitor and flash. But you can carry 
plenty of "fuel" for the camera on a trip 
or easily buy more, and you can always 
use rechargeable batteries. I'd stay 
away from cameras that use only spe- 
cial rechargeable cells, because some- 
times you're not near an AC outlet; and 
recharging always takes time. 

MOUSE -TRAK 
If you're looking for a rugged, space - 

saving pointing device for your comput- 
er, then look no further than ITAC 
Systems' Personal Mouse -Trak. This 
one -piece desktop pointing device has 
a built -in wrist pad and trackball, along 
with three mouse buttons. A single 
press of the middle button can be pro- 
grammed to execute a double click or a 

click and drag where you don't have to 
hold down the button. It can be instant- 
ly switched between right- and left- 
handed operation via a keyboard 
command. Mouse -Trak also has a built - 
in speed control for the cursor. You can 
get yourself a Personal Mouse -Trak for 
only $89. 



MEDIATRIX' AUDIOTRIX 
Mediatrix Peripherals' new Audiotrix 

3D -XG is a full- featured, professional 
quality sound card for electronic musi- 
cians. It features 16 -bit full -duplex digi- 
tal audio and Yamaha XG wavetable 
synthesis with expanded DSP effects, 
including Yamaha's proprietary 3D 
YMersion sound. The card has three 
independent DSP- effects processors, 
an 18 -bit DAC, 676 on -board instru- 
ments, 16 parameters per- effect, 21 

drum kits with up to 63 sounds per kit, 

32 -note polyphony, 11 types of reverb, 
4 megabytes of memory, and a lot 

more. Audiotrix is compatible with most 
popular sound standards and operating 
systems. It comes with a host of soft- 
ware as well. Audiotrix is a serious 
sound card for serious musicians, who 
are serious about spending the $295 it 

costs to get one! 

DESKTOP 
PHOTO PRINTER 

I've recently been making glossy 
prints of my electronic camera images 
using a neat new printer from Eiger 
Labs. The EigerMedia Photo Lab is a 

printer that uses special paper to make 
prints of electronic images that look 
just like photographs and fit right into 
photo albums. The pictures rival the 
quality of Polaroid photographs, espe- 
cially if the source image files are cho- 
sen wisely. These home -made photos 
are half the price of Polaroids, or about 
50 cents each. Polaroid film tends to 
cost about a buck a shot, while a 20- 
sheet cartridge for the EigerMedia 
Photo Lab costs about $10. 

The special photo paper is coated 
with a polyester resin called Cycolor DI 

Film, which can reproduce 16.7 million 
colors at each continuous -color pixel. 
Each pixel contains thousands of 
microscopic dye -filled spheres that are 
"popped" using a modulated -light 
exposure technique. The disposable 
photo cartridges produce continuous 
tone colors and a totally dry, smudge - 
free final image. It takes 160 seconds 
to print each 3.5- X 5 -inch sheet with a 

resolution of 640 x 480 in 16 million 
colors. Software automatically scales 
images to fit the paper. The printer and 
its bundled software will work with 
BMP, PCX, MAC, GIF, TAC, TIFF, and 
JPEG image -file formats. The printer 
has a standard parallel interface and is 

about the size of an external CD -ROM 
drive. Windows 95 is required. 

For years, scanners were the rage 

because people wanted to get images 
from their photo albums onto the In- 

ternet. Today there is a demand for 
inexpensive color printing for electronic 
images pulled off the Internet or taken 
with digital cameras. The EigerMedia 
Photo Lab is an affordable solution, with 
a suggested retail price of only $299. It 

lets you enjoy printing photos in the pri- 
vacy of your own home or office, with 
no messy ink or toner. 

THE FIRE INSIDE (MY PC) 
The Fireport 40 Dual is the latest 

product in Diamond Multimedia's 
FirePort line of SCSI adapters. The 
FirePort 40 Dual is a PCI Ultra/Ultra 
Wide SCSI host adapter designed for 
Windows 95 and Windows NT 4.0 
desktops, professional graphics and 
video editing workstations, and entry- 
level servers. The FirePort 40 Dual 
supports up to 30 UltraSCSI devices in 

a single PCI slot, and it also accommo- 
dates Fast and Narrow SCSI devices 
without sacrificing performance. 

The dual -channel design allows 
slower SCSI devices, such as CD -ROM 
and tape drives, to be connected to one 
channel; and it allows fast devices, 
such as Ultra -Wide hard drives, to be 
connected to the second channel. 
When you connect a slow SCSI device 
to an Ultra -Wide chain, the whole chain 
drops in performance; so it's good to 
keep the channels separate. Usually 
you'd use two separate SCSI adapters. 
The FirePort 40 Dual has a throughput 
up to 40 megabytes per second. The 
FirePort 40 Dual kit has an estimated 
retail price of $299.95, which includes 
the adapter, diagnostic utility software, 
SCSI ribbon cables and drivers for 
Windows 95, Windows NT, and Novell 
NetWare. 

LOTS OF NEW SOFTWARE 
Making your own music CDs and 

CD -ROM discs has never been easier 
than with the introduction of Adaptec's 
new Easy CD Creator mastering soft- 
ware. A person who barely knows how 
to use Windows 95 will have no trouble 
making and copying discs with this soft- 
ware. Easy CD Creator resulted from 
combining the best of two older prod- 
ucts, Easy -CD Pro and CD Creator, 
which used to be the two best packages 
around. So Easy CD Creator is now the 
most powerful and easy -to -use CD 
recording software available. 

IDEO INVERTER 
Create & Restore Inverted Vid 

R.C. Distributing 
552 South Ben IN 4. * 4 

.south- be .net/r,, 

For Free Information Package 

on Completed Units and Pricing 

Call 219- 236 -5776 

ANTIQUE RADIO CLASSIFIED 
Free Sample! a'5ikr ¡- 

Antique Radio's - `Ft 
Largest Circulation Monthly. IMO 
Articles, Ads & Classifieds. 

6 -Month Trial: $18.95. 1 -Yr: $38.95 $55.95 -1st Class). 
A.R.C., P.O. Box 802 -L18, Carlisle, MA 01741 

Phone:(508) 371 -0512 VISA/MC Fax:(508) 371 -7129 

..,.:......- 
Some Say Watching Tropical 
Fish Lowers Blood Pressure 

8r Relieves Stress... 

They Could Be On T0 
SllmeQhErlg 

Discover dre Caribbean aboard a Tall Ship. 
6 & 13 day adventures Iruin $650. 

For snore information call your travel agent 
or 1 -800- 327 -2601. 

v Windjammer 
Bartfoorcruises,,,, 

P.O. Box 190120, I)ent.5564 Miami Beast,, FL 33119 
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WHERE TO GET IT 
Adaptec, Inc. 
691 South Milpitas Boulevard 
Milpitas, California 95035 
408 -945 -8600 
www.adaptec. corn 
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Artbeats Software, Inc. 
PO Box 709 
Myrtle Creek, OR 97457 
800 -444 -9392 
www. artbeats. corn 
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Diamond Multimedia Systems, Inc. 
2880 Junction Avenue 
San Jose, CA 95134 
408 -325 -7000 
wwwdiamondmm.corn 
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Discovery Channel Multimedia 
7700 Wisconsin Avenue 
Bethesda, MD 20814 
800 -678 -3343 
www. planetexplorer. corn 
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Eiger Labs, Inc. 
1237 Midas Way 
Sunnyvale, CA 94086 
800- OK -EIGER 
www eigerlabs. corn 
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Grolier Interactive, Inc. 
90 Sherman Turnpike 
Danbury, CT 06816 
800 -217 -1495 
203 -797 -3530 
www.grolier.com 
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Hasbro Interactive 
50 Dunham Road 
Beverly. MA 01915 
508 -921 -3700 
www hasbro. corn 
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ITAC Systems Inc. 
3113 Benton St. 

Garland, TX 75042 
800 -533 -4822 
www. mouse -trak. corn 
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LucasArts Entertainment Company 
PO Box 10307 
San Rafael, CA 94912 
415- 472 -3400 
www lucasarts. cor 
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Mediatrix Peripherals, Inc. 
4229 Garlock Street 
Sherbrooke, Quebec 
Canada J1L 2C8 
819- 829 -8749 
www. mediatrix. corn 
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MGM Interactive 
2500 Broadway Street 
Santa Monica, CA 90404 
310- 449 -3000 
www. mgm. corn 
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Quarterdeck 
13160 Mindanao Way 
Marina del Rey, CA 90292 
800 -683 -6696 
www.quarterdeck.com 
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Sirius Publishing 
7320 East Butherus Drive, Suite 100 
Scottsdale, AZ 85260 
800 -247 -0307 
www. moviecd. corn 

CIRCLE 72 ON FREE 
INFORMATION CARD 

Virgin Interactive Entertainment 
18061 Fitch Avenue 
Irvine, CA 92714 
714- 833 -8710 
www. vie.com 
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Easy CD Creator has wizards that 
guide the user through the CD cre- 
ation process, and there's even a pro- 
gram that creates custom CD labels 
and jewel case inserts. Easy CD 
Creator is the most up -to -date pro- 
gram as far as supported disc formats 

10 and CD -R drives are concerned. A full- 

featured, fool -proof CD copier utility is 

also provided. Another utility, CD Spin 
Doctor, turns scratchy LPs into crystal - 
clear audio CDs. The software reduces 
static, hiss, and noise, and converts the 
analog audio tracks directly to a record- 
able CD. Easy CD Creator costs $99. 

Last year, I reported on the Movie- 

CD. Sirius Publishing is using Motion 
Pixels software compression technolo- 
gy to produce near -VHS quality video 
that plays back full screen on almost 
any PC. Movies generally come on two - 
disc sets and sell for about $15 each. 
One new title is Cabbage Patch Kids 
the Screen Test. This is a musical 
adventure for kids ages 3 to 11, where 
the Cabbage Patch Kids come to life 
and attempt to make a movie. All I know 
is my son has been enjoying this 26- 
minute movie time and time again since 
he was about 2 -1/2. And I like the fact 
that I don't have to help him point at 
anything -the movie runs all by itself, 
giving me 26 minutes to read the paper. 

Another fun title for kids is Tonka 
Search & Rescue ($29.95) from Hasbro 
Interactive. Kids get to be in command 
of their own rescue squad made up of 
Tonka vehicles including construction 
trucks, helicopters, fire engines, and 
rescue boats. Kids will help out at a 

washed -out bridge, a fire at a lumber 
yard, and more. A feature of the Search 
& Rescue program is The Tonka Print 
Shop, which lets kids personalize and 
print ID badges, license plates, medals, 
and even Tonka playsets for fun away 
from the computer. The Mr. Potato 
Head Activity Pack ($19.95) is filled with 
activities for preschoolers, including 
puzzles, dress -up games, connect the 
dots, printing, and so on. It's just like the 
plastic Mr. Potato Head -and more - 
except that kids can't lose the pieces. 

New from MGM Interactive this 
month for children ages 3 to 8 are two 
new titles, the Babes In Toyland 
Interactive Adventure and the All Dogs 
Go To Heaven Activity Center, both 
available at a price of ($29.99). Playing 
the Babes In Toyland Interactive Ad- 
venture, children enter the world of 
Mother Goose and interact with 
Humpty Dumpty, the Old Woman in the 
Shoe, and lots of other familiar charac- 
ters. Kids can get into all sorts of activ- 
ities in the All Dogs Go To Heaven 
Activity Center along with All Dogs 
characters Charlie, Sasha, Itchy, and 
Carface. There are games and puzzles 
to play, and kids can even learn about 
different types of dogs with this one. 

LucasArts' Jedi Knight Dark Forces 
ll is now available, where players navi- 
gate through more than a dozen mazes 
and environments facing powerful ene- 
mies for the Rebel cause. This game 
features intense Star Wars action with 
an all -new story. Players can develop 


