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Throw away your calendar 
and build this project 
to count the days until 
the new millennium 
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and Running 
Install the major computer 
assemblies, configure the 
hardware, and load some basic 
software to get your PC off and running 
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Better Designs - Faster 
With the Personal Design Solution 

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

Electronics Electronics 

Workbench WQrkbenchLq)/OUt 
Persona /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. 
ara 

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 

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. 

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 

YES 
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 

C74ù' 800- 263 -5552 
For a free demo, visit our website 

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 15 IN U.S. DOLLARS AND VAUD 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 

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

C O V E R S T O R Y 

31 Build the Millennium Clock 
You can throw away your calendar when you need to keep track 

of how many days until a certain event happens. This is a great 
project to have as the entire planet counts the days until the new 

millennium! -James E. Tarchinski, N8PTG 

F E A T U R E 

Getting Your Computer Up 
and Running 
In this concluding article on building your own PC, we now install 

the major computer assemblies, configure the hardware, and load 

some basic software to get your PC off and running! -Rafael Avila 

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

17 Hands -on Report 
Sony PLL Synthesizer Scanning Receiver 

22 Gizmo 
PC Cinema DVD Player and Internet PC, Gekko Flat -Panel Speakers, 

Intensor Gaming Chair, Uniden Bearcat Trunk- Tracking Scanner 
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We're the shop for home shops. 

39.99 
3 -amp regulated power 

supply powers DC devices 
from home AC. #22 -504 

1.99 
Durable project box 
with aluminum and 
plastic lid. #270 -1801 

19.99 
Auto -ranging digital 

multimeter. Siiple Dusi- 
button and si de- switch 

controls. #:2 -153 

...,.., 

19.99 
Soldering work 

station has dual - 
powered iron - 

just flip a switch 
to go from 20W to 

40W. #64 -2184 

5.99 
6- piece, precision 
anti -static screwdriver 
set. Durable alloy 
steel shafts. #64 -1963 

29.99 
Pocket -size torch kit. 
Produces 5000 °F in an 
adjustable pinpoint flame. 
#64 -2165 

9.99 
Ball- bEaring type 

12VDC blower fan. 
2,E00RR\1, 130mA. 

#273 -260 

2.29 
Multicolor heat -shrink 
tubing. Red, white, 
blue and clear. 
Pkg. of 7. #278 -1610 

Solutions for all your projects and repairs. 

here's a RadioShack in your neighborhood with the tool s, p arts an d accesso ri es to complete virtually rtually any small 

electronics project or repair. You'll find the hottest gear for everything from making simple repairs and testing 
circuits to building speaker systems and designing your own electronic devices. Even hard -to -find parts and 

accessories that might not be on our shelves are available for fast delivery direct to your door -just ask a store 

associate about RadioShack Unlimited. For our store nearest you, call 1 -800 -THE SHACK (1- 800 - 843 -7422). 

RadioShack. 
You've got questions. We've got answers? 

Prices apply at participating RadioShack stores and dealers. Independent RadioShack dealers and fianchise#s may not be participating in this ad or stock or special -order every item advertised. 
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ANTIQUE RADIO CLASSIFIED 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. 
Articles, Ads & Classifieds. 

6 -Month Trial: $20.95. 1 -Yr: $40.95 ($57.95 -1st Class). 
A.R.C., P.O. Box 802 -L20, Carlisle, MA 01741 

Phone:(978) 371-0512 VISA/MC Fax:(978) 371 -7129 
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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 i 

4S- Electronics Workbench Professional 5.0 
rr `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 

THE COLLECTED WORKS OF 

MOHAMMED ULLYSES FIPS 

#166 -By Hugo Gernsback. 
Here is a collection of 21 April 
Fools Articles, reprinted from 
the pages of the magazines 
they appeared in, as a 74- 
page, 8'A x 11 -inch book. The 
stories were written between 
1933 and 1964. Some of the 
devices actually exist today. 
Others are just around the comer. All are fun and 
almost possible. Stories include the Cordless 
Radio Iron, The Visi- Talkie, Electronic Razor, 30- 
Day LP Record, Teleyeglasses and even Elec- 
tronic Brain Servicing. Get your copy today. Ask 
for book #166 and include $16.00 (includes ship- 
ping and handling) in the US (First Class), Cana- 
da and Overseas (surface mail), and order from 
CLAGGK Inc., P.O. Box 4099, Farmingdale, NY 
11735 -0793. Payment in US funds by US bank 
check or International Money Order. Allow 6 -8 
weeks for delivery. MAO5 

EdiToRiAl 
Ma Bell and Pa Cable 
Rest in Peace 
Several months ago I noticed a short article in the 
business section of my local newspaper. The article 
entitled "Cable Boxes for Sale" aroused my interest. 
I read further. It appears that recent FCC action will 

allow cable customers to purchase stand -alone 
cable boxes, as well as TV sets, VCRs, and other 
devices with built -in cable boxes from retail outlets 
beginning July 1, 2000. 

Deciding to pursue this matter further, I got a copy 
of the "official" FCC decision (CS Docket 97 -80). 
Essentially the information I gleaned from all their 
details was that this ruling allows consumers to 
obtain "navigation devices " -meaning the set -top 
boxes, remote -control units and other equipment -from commercial sources other 
than their cable provider, and use this equipment to access video programming and 
other services in their homes. 

Obviously the cable industry does not like these provisions, since this will provide corn - 
petition by creating a major market for consumers to own their equipment. However, the 
whole subject of "security," a.k.a "descramblers," etc. seemed somewhat unclear. The 
FCC action still prohibits the manufacture, sale, and distribution of equipment designed 
to allow for unauthorized reception of service guaranteeing the security of the cable 
companies' systems and their programming. The newspaper article also indicated that 
the consumer boxes could not contain security features. It implied that an external cryp- 
to- device might be some type of electronic card, owned and controlled by the cable sys- 
tem (which of course, the consumer would have to lease with a monthly fee from the 
cable company) and inserted into the box to watch premium or scrambled programs. 

In my opinion, this basic FCC decision was a ruling long overdue. I thought back about 
30 years ago when Ma Bell would charge extra for every additional telephone that you 
installed in your home. Many of the hobbyists in those days were easily able to purchase 
additional telephones from catalogs, etc. The question was how to hook up these phones 
and not be caught by the "Telephone Police." They learned that the bell- ringer wire, com- 
monly the "yellow wire," was the ringer indicator that caused measurable current drain on 
your line -which could be detected by sensitive equipment used by the Telephone Police 
up on the pole. So these hobbyists would disconnect the bell wire, or install it through a 
switch, or simply put the additional phone on a four -pin modular jack, which could be sim- 
ply removed if the Telephone Police truck appeared in the neighborhood. Years later, 
telephone deregulation against Ma Bell ended this fiasco. Future rulings, which unbun- 
dled our telephone networks, have reaped benefits for consumers. Entrepreneurs with 
new ideas and new products have found a way to enter and bring products to market. 

I am of the school, perhaps legally incorrect, that once a telephone wire, coax cable, wire- 
less signal, etc. -which you are legitimately paying for or leasing -gets into the confines 
of your home, your "castle ", it belongs to you to use or to experiment with, without the 
fear of being caught by the Telephone or Cable Police. If the service in question prohibits 
you from doing this, let them engineer the signal properly and apply security, before it 

enters the confines of your home. Whether my opinion is right or wrong, I applaud this 
new FCC decision as the first step in the demise of Pa Cable. What do you think? 

Ed Whitman 
Managing Editor 



Buyers' Budget Books Better Buys 
8P294 -A Con- 
cise Introduction 

to Microsoft Works 

$8.99. In the shortest 
and most effective 
way, you can use the 

word processor to 
advantage to type, 
edit, print and save 
documents. It goes 
on to explain how 
Works can be used to 

build up simple 
spreadsheet examples, 
edit them, save them, 
print them and retrieve them. It informs you how to 
create simple macros, and enables you to simplify 
long repetitive tasks and to customize the program to 
your own needs. 

A Conte 
Introduction to 

Microsoft Works 

BP349 Practical Opto- Electronic Projects 
$8.99. If you shun opto- electronic projects for 

lack of knowledge, this is the book for you. A bit 
of introductory theory comes first and then a 

number of practical projects which utilize a range 
of opto devices, from a filament bulb to modern 
infrared sensors and emitters. 

F181,350-Electronic Board Games $8.99. 
Twenty novel electronic board games that 

you can build from the plans in this book. 
Whether you are interested in motor racing, 
searching for buried treasure on a barren island 
or for gold in Fort Knox, spinning the wheel of 
fortune, or doing a musical quiz -there is 

something for you to build and enjoy! 

BP378- 45 Simple Electronic Terminal Block 
Projects $8.99. Contains 45 easy -to -build elec- 

tronic projects trhat can be built by an absolute begin- 
ner. Projects are assembled on terminal blocks using 
only a screwdriver and other simple hand tools. No 

soldering is required. 

BP432- Simple Sensor Terminal Block Projects 

$8.99. This book is the next logical step from 45 
Simple Electronic Terminal Block Projects (BP378), by 
the same author. The former describes an easy 
method of constructing transistor circuits without the 
need for soldering. It is an open sesame to the practi- 
cal world of electronics for youngsters or beginners. 

BP428 MS -Word 97 Explained $12.75. Witnout 
any previous knowledge of MS -Word, you can be 

up and running this evening using this basic text as a 

guide! Nothing is assumed! The hardware specifica- 
tion you need to run the package, and how to install it 

onto your system, are covered. You discover how to 
enter, edit and enhance text and how to become com- 
fortable working with document pate layouts, para- 
graph styles, document templates, textboxes and 
frames. 

BP367 Electronic Projects for the Garden 
$8.99. Electronics enters the Garden! New excit- 

ing book points out how gardeners can build simple 
gadgets to promote success where the elements work 
against you. Some of the projects are: over /under tem- 
perature monitoring, dusk/dawn switching, automatic 
plant watering, warming cables, etc. 

r-itiP368-Practical Electronics Musical Effect Units 

$8.99. There is a constant hullabaloo for musical 
effects projects by the hobbyist community. This book 

provides practical circuits for several projects that 
range in complexity and are sure to work. All the circuits 
are easy to build and use readily -available parts. 

8P429 MS -Excel 97 Explained $8.99. 3D Excel 
97 spreadsheet is here! Get a quick start with this 

exciting program in the shortest and most effective way. 

The book was written with both the newcomer to 
spreadsheets and the existing spreadsheet user in 

mind. After a brief period of reading the beginner will be 

able to build up simple spreadsheet examples, edit 
entries, format cells and ranges, and save and open 

worksheets. From there, you can generate and use 3- 
dimensional worksheets and to link them together. 

BP385 -Easy PC Interfacing $8.99. The built -in 
ports in your PC provide an easy and hassle -free 

way of interfacing your circuits. This book provides 
useful PC add -on circuits including the following: 
Digital input/output ports; analog -to- digital and digital - 
to- analog converters; voltage and current measure- 
ment circuits; resistance and capacitance meters, tem- 
perature measurement interface, biofeedback monitor, 
and many other useful interfaces. 

BP396 Electronic Hobbyists Data Book $10.99. 
This book provides a wide range of data. If, for 

example, you require details of a modern five -band 
resistor code or an old color code for a ceramic 
capacitor, the formula for parallel resistance, or basic 
data on an NE5534AN operational amplifier, it is con- 
tained within these pages. The subjects covered are 

numerous and widespread to cover all hobbyist 
interests. 

n8P343 A Concise Introduction to Microsoft 
Works for Windows $10.99. The book explains 

and details: How the Works for Windows package fits 
into the general Microsoft Windows environment; how 
to use the word processor to advantage; how to use 

Microsoft Draw to create and edit graphics and place 

them in your documents; how to build up simple 
spreadsheet examples; and how single, and multiple 
charts, or graphs, of different types can be generated. 
And there's much more! 

BP282- Understanding PC Specifications $8.95. 
This book explains PC specifications in detail, and 

the subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, 80486, Pentium 
etc.); math co- processors; input devices (keyboards, 
mice, and digitizers); memory, including both expand- 
ed (EMS) and extended RAM; RAM disks and disk 
caches; floppy disk drive formats and compatibility; 
hard disk drives; and display adapters (CGA, Hercules, 

super VGA, etc.). 

BP298 Concise Intro to the Macintosh System 
and Finder $7.50. Although the Mac's WIMP user 

interface is designed to be easy to use, much of it only 
becomes clear when it is explained in simple terms. 
The book explains: The System and Finder, what they 
are and what they do; how to use the System and 

Finder to manipulate disks, files and folders; configur- 
ing and printing files from the Finder; getting the most 
from the system utility programs; and running 
MultiFinder. 

BP88 -How To Use OP Amps $7.50. The 

Operational Amplifier is the most adaptable circuit 
module available to the circuit designer. It is possible 
to purchase a low -cost integrated circuit with several 

hundred components, very-high gain and predictable 
performance. This book has been written as a design- 
er's guide for most Operational Amplifiers, serving 
both as a source book of circuits and a reference book 
for design calculations. 

BP316 Practical Electric Design Data $10.95. A 

builder's bargain book a comprehensive ready - 
reference manual for electronic enthusiasts with over 
150 practical circuits. It covers the main kinds of com- 
ponents (from pig -tail leads to surface mount), pin - 

outs, specs and type selection. Basic units are defined 
and most used formulae explained. Five additional sec- 
tions are devoted to circuit design, covering analog, 
digital, display, radio and power supply circuits. 

BP346 Programming in Visual Basic for Win- 

dows $10.99. This book is a guide to program- 
ming. The reader is not expected to have any familiar- 
ity with the language as both the environment and 

statements are introduced and explained with the help 

of simple programs. The user is encouraged to build 
these, save them, and keep improving them as more 
complex language statements and commands are 

encountered. 

BP341 MS -DOS 6 Explained $12.25. The book 
covers: How the DOS operating system of your 

computer is structured so that you can understand 
what happens when you first switch on your comput- 
er; How directories and subdirectories can be 

employed to structure your hard disk for maximum 
efficiency; how to use the DOS Shell program, and 

much, much more. 

n1BP345 Getting Started In Practical Electronics 

$8.99. If you are looking into launching an exciting 
hobby activity, this text provides basic essentials for the 

builder and 30 easy -to -build tun projects with which 
every experimenter should toy. Printed- circuit designs 
are included to give your project the professional touch. 
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LETTERS 
AUTOMATIC BLOWER 
CONTROL CORRECTIONS 

I noticed some errors in my article, 
"Automatic Blower Control," published in 

the September 1998 issue. In Fig. 8 on 
page 39, the contacts of the existing A/C 
blower relay are shown backwards. The 
correct wiring should show the normally - 
closed relay contact connected to MT1 

of the triac. The normally open contact 
of the relay should be connected to the 
high -speed motor wire. 

In the schematic diagram on page 
32, terminals 3 and 6 of IC2 should be 
interchanged. Also, in Fig. 2, the 
anode and gate connections of Q3 are 
shown reversed. 

In the Parts List, IC4 is shown as 
MOC3011; in the schematic diagram, it 

is shown as MOC3012. Either part 
number may be used in this circuit. 
Note: Neither MOC3011 nor MOC3012 
are zero- crossing optoisolators. Zero - 
crossing types may be used, but are 
not required. 
Anthony J. Caristi 
via e-mail 

NOTCH -IT IMPROVEMENTS 
In a letter in the August Popular 

Electronics, W.E. of Toronto asked for 
circuit changes needed to make a 
fourth -order filter for the harmonic dis- 
tortion circuit of my "Build A Power Line 
Monitor" article. The excellent "Notch It" 

notch filter circuit article by Julian Kerr 
in the same issue is a great segue. I 

have also enclosed a notch filter appli- 
cation circuit published by Analog 
Devices, (see Fig. 1) built around their 
OPx84 precision single supply op -amp 
family (0P184 single, OP284 dual, 
OP484 quad), and designed to operate 
from +3 to +36 VDC. I see no reason 
why it could not be built with the more 
readily available AD712JN dual preci- 
sion op -amp (from Jameco as p/n 
115203). 
Charles Hanson 
Tinton Falls, NJ 

THE `AA' ALKALINE 
SHOWDOWN OF 1998 

The television ads drove me to the 
above action. I'd had it with the pink 

6 bunny right up to my copper top! Who 

Fig. I. A 3 roh, 60 Hz notch filter featuring ADC's precision op -amps. 

does offer the best 'AA' primary cell? I 

decided to do my own comparison. (I 

leave the dollars -per- watt -hour up to 
you, since sales affect price greatly.) 

Method: I used 'off- the -shelf' alkaline 
'AA' cells commonly available in the 
midwest. All samples were well inside 
their shelf life. The batteries were tested 
in a circuit that stopped an analog clock 
at a repeatable 0.94 VDC level -and 
also applied an extremely heavy load to 
the CUT (Cell Under Test). In standard 

applications, cell performance will be 
many times better -these results are for 
comparison only. 

Test execution: 
1. Record open terminal voltage. 
2. Set clock. 
3. Apply load to CUT. 
4. Record voltage 10 minutes later. 
5. When clock stops at 0.94 VDC, 

record time in decimal hours. 
The final data is shown in Table 1. 

Results: The Duracell Ultra and OSCO 

TABLE 1. 'AA' ALKALINE BATTERY SUMMARY 

Battery type Vodc Vdc @ 10 min. Decimal hours Calculated 
Miliamp hrs. @ 
338.8 mA drain 

Duracell Ultra 
Alkaline 'AA' 

1.618 1.386 5.00 1944 mAh 

Duracell Standard 
Alkaline 'AA' 

1.600 1.335 4.45 1730 mAh 

Eveready 
Energizer Alkaline 
'AA' 

1.537 1.322 4.65 1808 mAh 

OSCO store brand 
Alkaline 'AA' 

1.588 1.335 5.00 1944 mAh 

RadioShack 
Alkaline 'AA' 

1.577 1.272 2.66 1034 mAh 

Walgreen store 
brand Alkaline 'AA' 

1.598 1.348 2.38 925 mAh 



drugstore alkalines tied at 5.00 hours. 
Standard Duracell Alkaline and Ever - 
eady Energizer showed no statistically 
significant difference with the little pink 
guy winning by a "hare." RadioShack 
and Walgreen battery results were not 
as good, although they would be a 

good buy at a deep discount. Keep in 

mind that even the worst results in bat- 
tery life in my test were with a high 
load. At a more reasonable, but still 
high rate of 60 mA, continuous use 
yields more than 15.4 hours (26 hrs 
average). A 20 mA device (such as an 
AM pocket radio or DMM) that is kept 
on continuously, will work over 46.2 
hours (78 average)! Even the clock I 

used sans the load resistor would last 
way over 9250 hours, or 1 year -20 
days -4 hours and 14 minutes with the 
RadioShack `AA'! 

Well I am all "charged up" and ''Ion" 
my way! Don't just buy what they want 
to "cell" you. 
Craig Fawcett 
Downers Grove, IL 

Not only has Craig done some 
interesting research, but he is also a 
comedian!- Editor 

HAVE & NEEDS 
I enjoyed the article on Audio 

Modules in Popular Electronics of 
August 1998. 

Please help me with this problem: I 

have a manufacturer's amplifier from 
Ford Motor Company and would like it 

installed the conventional way in my 
Chevrolet. Amplifiers from other elec- 
tronic stores have quick connectors for 
easy installation, but the manufactur- 
er's amplifier carries too many wirings. 
The amplifier in question has the Ford 
part number E8VF- 18T805 -AA worked 
on its side. I also have the schematic 
from the service manual, but the extra 
wiring confuses me. Thank you for 
your help. 
Tony Neiburg 
352 Wacouta Street #208 
St. Paul, MN 55101 

Regarding the request by George 
Wroe, in the August Haves & Needs 
column, concerning a programmable 
radio/ tape that can be programmed 
like a VCR. I use an ordinary VCR to 
record radio programs with the VCR 
timer. Turn the radio on, tune in the 
station, and feed the audio from the 
radio to the audio input jack in the 

rear of the VCR. Set the timer on 
the VCR and leave the radio on. 
This will work for one radio station 
only. You need another radio and VCR 
if you want to time -record another 
station. 

When you play back the tape, you 
get the audio and a black picture on 
the TV set. With a hi -fi stereo VCR, 
you get excellent audio. 

But you can also buy a product 
called "Reel Talk," which is an AM /FM 
digital radio with a built -in cassette 
recorder. Using a timer it records on a 

standard cassette at one -fourth nor- 

mal speed. But it won't record music, 
switch stations, and record another pro- 
gram. C. Crane Co., 558 -10th Street, 
Fortuna, CA 95540, sells it for $150. 
(Tel. 800 -522 -8673, Web: www.ccrane. 
com /reel talk.htm). 

I know this doesn't totally answer 
Mr. Wroe's question about switching 
stations and recording another. I am 
also looking for a way to switch radio 
stations and record another. Does any 
other reader have any thoughts on this 
matter? 
Fred Lehmann, WAOPBL 
e -mail: lehmann@design.com 

Get our Freeware version 
and you will know 
why more and more PC- boards 
are designed with EAGLE. 

EAGLE Professional offers the full EAGLE power: 

99 schematic sheets, pc- boards up to 64x64 inches, 

16 signal layers. 

With EAGLE Standard you can use 4 signal layers 

and place components on an area of 6.4 x 4 inches. 

EAGLE Laght is limited to 1 schematic sheet (of any 

size) and to 2 -layer boards. Components can be 

placed on an area of 4 x 3.2 inches. NI other features 

are equivalent to EAGLE Professional and Standard. 

EAGLE 3.5 
Schematic Capture Board Layout 

Autorouter 

for Windows 95 /NT 
Windows 95 and Windows NT are registered 
trademarks ofMircrosof Corporation. 

I.. 
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gar 

FREE Support! 
No Maintenance Fee! 

Prices Standard Professional 

EAGLE 3.5 Light is Freewarel 

EAGLE Light is now available free for non -profit 
and evaluation use! Download it from our Internet 
Site or order our free CD. 
Registered users (49 $ for the complete package) 
get the commercial license, the reference manual. 
and free hotline support. 

http://www.CadSoftUSA.com 
'. 

Layout 

Layout+ 
Schematc 

Layout 
Autorouter 

Layo 
Schem 

ut 
atic + 

Autorouter 

199$ 

398$ 

398$ 

597$ 

399$ 

798$ 

798$ 

1197$ 

CadSott Computer. Inc.. 801 S. Federal Highway. Delray Beach, FL 33483 
Hotline (561 ) 274 -8355, Fax (561) 274 -8218, E -Mall : Info @cadsottusa.com 

CIRCLE 30 ON FREE INFORMATION CARD 
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NET WATCh 
Researching Online 

ver the past few years the In- 

ternet has often been referred 
to synonymously as the Information 
Superhighway. While the latter term was 
actually created to describe a proposed 
larger mixing of the Net and other data - 
transfer media, it's safe to call the Web 
the core of this multilane road. But is it 

really filled with useful information? I 

mean, we've all come across our fair 
share of absurd sites on the Net, prov- 
ing that just because something's 
online, it's not valid data. 

A recent Superman story comes to 
mind (yes, some adults read comics). 
In it, Superman has apparently gone 
back in time and encounters a charac- 
ter named Prankster who, amid a string 
of bizarre ramblings, tells the Man of 
Steel that he envisions a future where 
everyone can publish information, 
regardless of whether it has any merit. 
He called it the World Wide Web. 

But despite all the opinionated stuff 
floating out in cyberspace hard drives, 
real, useful data does exist online. 
Those of you writing papers for school 
or college, and even those of you 
searching for key data for that report for 
your boss, can still find something of 
merit on the Web. Researching online is 

not only possible, but time saving. 
Just think, if you don't own an ency- 

clopedia, how long would it take you to 
get to the library to check out a key 
fact? Or let's say you need to find an 
article about a recent or even not -so- 
recent event. Your trip to the library is 

only the beginning of your time con- 
sumption. Ever try using one of those 
microfilm machines? Ick! 

Libraries are great, don't get me 
wrong. I visit them quite regularly, 
myself, and if you're a voracious read- 
er you probably do, too. But it's much 

HOT SITES 

Electric Library 
www. elibrary. com 

Encyclopedia.com 
www. encyclopedia. com 

Encyclopaedia Britannica Online 
www.eb.com 
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Welcome: 

Welcome to Encyclopedia. com 
the Internees premiere free 
aeydepedul This site 
cooveuierdy places an 
extraordnary amount of 
information at your fingertips. 
More Mau 17.000 articles from 
The Concise Columbia Electronic 
Enyclopedie. Tl.rcLUi9og have 
hem assembled to provide free, 
quick and useful information on 
almost any topic. 

The aohies re shat. so you can 
check facts fast. But you can also 
pursue a train of thought tram 
our extensive crou'referencec. We 
have also provided convenient 
ai 
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Encyclopedia.com is a free site that may contain sonic iii)nrnitcrit,n Mar' s I slnlihle to you. Give its 
easy -to -use search engine a try and get a step closer to finishing up that latest project. 

as 

easier sometimes to fire up your Web 
browser and access that key piece of 
info, without heading outside on a chilly 
fall evening. 

This month we'll take a look at a few 
sites that you'll just love when it comes 
time to finish that paper at two o'clock in 

the morning. Some are free and some 
you have to subscribe to, so give careful 
consideration to what your needs are 
before deciding to stick with either type. 

TWO IN ONE 
For reasons that will become obvi- 

ous in a moment, we're about to cover 
two sites in one subheading. The first, 
Encyclopedia.com, proves that some- 
times a name says it all. This site is 

quite impressive, considering it's ab- 
solutely free. It's a fully indexed site of 
17,000 high -quality articles taken from 
The Concise Columbia Electronic En- 
cyclopedia, Third Edition. 

Like many CD -ROM encyclopedias, 
this site's articles are a bit on the short 
side. I wouldn't recommend using the 
data you get here to write a complete 
assignment. However, if all you really 
need is an important date, or the gen- 

eral gist of what a certain something is, 

you've come to the right place. 
Say you're reading a book and the 

author keeps mentioning a historical 
figure, without giving you the appropri- 
ate info for the guy or gal. Encyclo- 
pedia.com can easily dig up for you not 
only his or her birth and death dates, 
which usually should be included in a 
history paper, but a few key facts that 
may help this character come alive in 

your assignment. 
The articles available fall into an 

impressive array of topics. Chances 
are that no matter what type of project 
you're working on, you'll find more than 
a couple of useful facts and anecdotes 
at Encyclopedia.com. 

If you'd like to get more expanded 
information on a topic, each query you 
enter in the fast search engine results in 

a bunch of additional links. These links 
take you to images and articles stored 
at the Electric Library, which is the sec- 
ond site we alluded to earlier. 

Electric Library is a pay site. The 
first 30 days of use are free, but after 
that you'll have to pay for access in one 
of two plans. The monthly fee is $9.95, 
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Z Check one FREE catalog only: ] Mastering Microsoft Office ] Networking With Windows NT 

] Multimedia Programming ] PC Servicing ] Computer Programming 

Name Age 

Address 

City /State /Zip 
Accredited Member, Distance 

A Division o / The McGraw-Hill Companies Education and Training Council 001 8-1 198 
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Computer Training That Pays for Itself 

The training programs described below include a powerful 
computer and name -brand software. Each course includes 
Windows 95, with free upgrade to Windows 98, Netscape 
Navigator, access to NRI's Online Connection, 24 -hour 
TeleGrading and TeleServ'ce, step -by -step lessons, and more! 

Boost your earning power with 
NRI hands -on training 

To compete in today's job market, you 
need state -of- the-art computer skills. 

Now, with NRI, you have a convenient, 
effective, and affordable way to keep 

your PC skills razor- sharp. A pioneer of 
hands -on computer training, NRI now 
features training programs geared to 

your special training needs ... from our 
updated PC Servicing course featuring 
ForeFront diagnostics to our enhanced 
course in Computer Programming that 
now allows you to specialize in one of 
three popular languages. 

Choose the course that interests 
you, then send for your FREE 

catalog today! 
Mastering Microsoft Office - Feel 

at ease with today's most popular 
business applications, including Word, 
Excel, Access, and PowerPoint. After 
learning Windows 95/98 and the 

Internet, you start training on your new 
PC! 

Networking With Windows 
NT - Learn how to set up and maintain 
LANs and WANs for today's busy offices, 

You cover every phase of the process, 

from analyzing system requirements to 

troubleshooting. 

Multimedia Programming - You create the kinds of 

contemporary multimedia 
programs that make 

everything -from shopping to 

education to business presentations - 
easier and more exciting. NRI's 

innovative programming course helps 

you bring text and graphics to life with 
sound, animation, and photo -quality 
images. As you become skilled with the 

professional -level Asymetrix Toolbook 
authoring software included in your 
course, you'll be able to add drama and 
impact to all of your computer 
applications. 

PC Servicing - Master PC 

architecture and operation, perform 
actual experiments with today's most 

sophisticated diagnostic tools, and 
experiment with NRI's exclusive labs: 
computer -aided electronics 
demonstrations, 8085 Microprocessor, 
and NRI Discovery Lab, a complete 
breadboarding system. With the active 

NEW! NRPs PC Servicing and 
Computer Programming courses now 
feature a Pentium® 11 300 PC with: 

MMX- technology 
32 meg RAM 
5 gigabyte hard drive 
VGA color monitor 
56,000 baud fax /modem 
32X CD -ROM drive, and more! 

support of helpful NRI instructors, this 

course will also help you prepare for the 

A+ certification exam, with updated 
lessons and interactive tutorial. 

Computer Programming - 
Whatever your previous experience, 
NRI's Computer Programming course 
gives you the hands -on training you 
need to compete in today's high -tech 

marketplace. Step by step, you acquire 
basic skills and master more complex 
programming design concepts and 
techniques, ultimately focusing in depth 
on your choice of languages: Visual 
Basic, C + +, or Java. 

SEND COUPON OR CALL 
1- 800 -321 -4634, EXT. 3353 
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Your Online 
Research Center 
Electric Lloery PereOrtal 
Edegn provides immediate 
reeearth soutions for ail 
your need, 4ï1í.. 5í1s39. 
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Our ever yrosing archive or 
high quality content is 

updated dairy vn satellite. 

Eleclnc l2tary Personal 
Edein drivers ewcanroe 
content. reatures and toas 
flot evailable anotare ase 

Whets Newt 
The New Electric Library 
Personal Edition otters more 
research rettores than ever 
before 

Sign in now 

Use High-Bandwidth Version - 

Research Now! - ask a question and 
click Go! 

Example: Whet Is color blindness? 

Check box to choose content, or click for mare Hoed 
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With Electric Lihrat y's advanced search parameters, you can find just about any type of data you 

need, even if you query the system in plain language. Don't forget to choose from the specialized - 

content groupings. 
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which does add up. If you really plan on 

using the service a lot, you may want to 
consider the yearly payment plan that 
allows you to pay only $59.95 for 12 

months of unlimited access. 
What do you get for your cash? As 

mentioned, any searches you perform 
on Encyclopedia.com will provide you 
with plenty of links at Electric Library. 
However, once you're paying for the 
site, you might want to go directly to it 

and take advantage of its more ad- 
vanced, selective search parameters. 

Electric Library lets you search for 
something with a plain -language ques- 
tion like "What is a meteor shower ? You 

can pose your query to one or a number 
of different archive sources: Magazines, 
Maps, Books & Reports, Newspapers & 

Newswires, Transcripts (Radio, TV & 

Govt.), and Pictures. Simply check or 
uncheck the boxes next to the ones you 
want to search through or ignore (all 

boxes are checked by default). 
You can further narrow your search 

by choosing from one of a couple - 
dozen specialized- content groupings 
like Automotive, Computers, Health, Lit- 

erature, Science, and Women's Issues, 
to name a few. With all these precise 
options, you're less likely to have to 

weed through tons of garbage to get 
that critical data you need. 

Unlike what you'd find through an 

Internet search engine, the content at 
12 Electric Library is from trusted, copy- 

righted sources. Best of all, for those 
of you dealing with current topics, the 
information is updated daily. 

There's a nice balance presented by 
this pair of sites. If you find that the free 
data at Encyclopedia.com is just fine for 
supplementing your research needs, 
stick to that site's core articles. If you 
need more, at least you know that it's 
out there waiting, for a price. 

ENCYCLOPEDIA 
BRITANNICA ONLINE 

Compared to Encyclopedia.com, the 
Encyclopaedia Britannica site offers a 

lot more than just an extra letter "A" in 

the word encyclopaedia. Featuring the 
complete content of the print version of 
Britannica, and several extra articles, 
the site provides researchers with fast 
access to over 72,000 articles and 
12,000 images (illustrations, maps, 
flags, and other pictures). The text is 

full -length, and sure to fulfill most of 
your research needs. 

Though Britannica Online editors 
are working with similar data as the fine 
print version, you'll still find tens of thou- 
sands of related Web links that help 
make this online version even better 
and more interactive. Further, current 
topics that an owner of the print version 
would miss out on are handled with 
new Web articles on a regular basis. 
Fantastic. 

As you may have guessed, the 
Britannica Online site is not free. It 

costs a bit less per month than Electric 
Library, though you won't get as great 
a savings if you pay for Britannica by 
year. Monthly access is $8.50, with a 

year in advance costing $85. 
To help you decide, Britannica Online 

has a sample search page that you can 
try out. Also, you can sign up for a free 
trial week of usage. 

Members receive a Welcome Kit to 
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Search l Clear l 

Accent to full articles is limited to subscribers only. See mprc April 
i,ùntteci_Search. or check out the other features available from this 

Customer Service Center 
Come Itere to update your account 
records, manage your passwords, 
contact us. end teach more. 

¡¡ sarna.ohsraw wraewea 

Doo meom tone 

Britannica Internet Guide 
VMS Bntannicds new Infant Aide 
and find quality Web sites, elected end 
Wed by Bntanmca editors 

SputGgtt . Learn 'bout D -Dy sad the 
Aied invuiea of Notmwedy drelldt 
articles, radio broadcasts, interactive maps. 
and more 
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If the name Britannica isn't enough for you to decide on using this premiere pay service, give the 

system a try with a sample search. While the text data you'll receive is a limited sample of the full 
articles available, you should get an idea of the power of Britannica Online. 



speed up orientation to the site's pow- 
erful features, quarterly newsletters to 
keep up to date, a Britannica Online 
mousepad, one -click access to the Brit - 
annica Internet Guide, periodic e-mail 
alerts about new features, and even 
online customer service. 

Well, that's all the time we have this 
month. I hope one of these sites helps 
you finish that paper or report a little 
faster. If you've got a comment or 
question (besides one related to history), 
please feel free to e-mail me at net - 
watch @comports.com, or send a good - 
old USPS letter to Net Watch, Popular 
Electronics, 500 Bi- County Blvd., 
Farmingdale, NY 11735. 
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No good to ignore it, Jake -how are we going 
to deal with the millennium problem ?" 
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>laon thsaPCo 
MULTIMEDIA 

on the PC! 
What is Multimedia? What can 
it do for you? It can do lots of 
nice things! This 184 -page 
book helps you create your 
own multimedia presentation. 

Multimedia applications by people like you can 
revolutionize educational and business applications 
as well as bring more FUN, FUN, FUN into your 
leisure computer activities. 

Mail coupon to: 

Electronics Technology Today, Inc. 
P.O. Box 240 
Massapequa Park, NY 11762 -0240 
Please send me my copy of Multimedia on the PC 
(PCP120). I enclose a check or money order for $18.45 
to cover the book's cost and shipping- and -handling 
expenses. NY state resident must add local sales tax. 

Name 

Address 

City State Zip 

All orders must be paid in U.S. funds only. Sorry, no 
orders accepted outside of USA and Canada. Please 
allow 6 -8 weeks for delivery. MAO° J 

NEW! ELECTRONICS CD ROM 
The most 

effective way 
of learning 
electronics 

Two Courses on 

one CD ROM! 

only $5600 

-- ,r- 
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Parts Gallery 

Electronic Circuits 1 Components 
.n tttroduction 

Electronic Circuits and Components 
Discover the standards and application of common types of electronic components 
and how they are used to form complete circuits in Electronic Circuits and 
Components. Sections on the disk include: Fundamental Electronic Theory, Active 
Components, Passive Components, Analog Circuits and Digital Circuits. The CD 
ROM includes: 

Interactive laboratories Supervisor notes 
Full audio commentary Editable worksheets 

About 20 links to pre- designed Electronics Workbench circuits 

The Parts Gallery 
Many students have a good understanding of electronic theory but still have difficulty 
in recognizing the vast number of different types and makes of electronic compo- 
nents. The Parts Gallery has been designed to help overcome this problem; it will 
help students recognize common electronic components and their corresponding 
symbols in circuit diagrams. This CD ROM incorporates a quiz so that students can 
check their knowledge of electronic components and symbols. The CD ROM includes: 

Over 150 component and circuit photographs Supervisors notes 
Self -test Component and Symbol quizzes Hundreds of electronic symbols 

To Be Released Soon! 
A series of interactive CD ROMs provides a comprehensive and up -to -date introduc- 
tion to the world of electronics. The series provides a sound understanding of the prin- 
ciples and behavior of electronic components and the circuits to which they are con- 
nected. Two new CD ROM disks are to be released in the very near future. They are 
Analog Electronics and Digital Electronics. As soon as they are released, infor- 
mation on their contents and availability will be published. 

r 
Claggk Inc., PO Box 4099 
Farmingdale NY 11735 -0792 
e -mail: claggk@poptronix.com 

Name Phone 

Address 

City State Zip 

Enclosed is $56 for each Student version of The Parts Gallery and 
Electronic Circuits & Components on a single CD ROM, shipping 
included inside the U.S. Shipping costs to Canada an additional $3.00. 
Overseas orders please contact CLAGGK, Inc. for shipping costs. 
I am ordering ( ) copies at $56 each. NY State residents must include 
sales tax. 

[ ] I have enclosed my check for $ 

[ ] Please charge my credit card for $ 

[ ] Visa [ ] MasterCard [ ] Discover Expiration Date: / 

Card Number Signature 

L (Name on order and signature must be same as on Credit Card.) J 13 
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A Racy Scanner 
14 adioShack's new PRO -74 hand - 

held scanner is dubbed the 
Race Scanner because the company is 

specially pointing out its appeal to those 
who enjoy attending car races and air 
shows. As you may know, such events 
brim over with two -way communica- 
tions. Monitoring adds enormously to 

the enjoyment and excitement of the 
sights and ambiance of being there. 

The PRO -74 is well- suited to being 
a Race Scanner because it's light- 
weight, small, versatile, and covers the 
frequencies used at various types of 
racing events. Beyond the fact that it 

happens to be bred for a day at the 
races, it is otherwise a rather good 
basic handheld with excellent frequen- 
cy coverage and features. You'd find it 

suited to your needs even if you're only 
into watching rocking chairs race. 

Essentially, the PRO -74 has 100 
programmable memory channels set 
up in 10 banks of 10 channels each. 
Each bank may be programmed with 
its own priority channel. The ample fre- 
quency range covers 29 -54, 137 -174, 
406 -512, 806 -956 MHz (less the cellu- 
lar bands), plus the 108 -137 -MHz VHF 
aeronautical band. 

The Quic -Track memory feature lets 
you store a race car's number and any 
frequencies used by the driver's team 
into the scanner's memory. You can 
recall any of those frequencies by en- 
tering the car's number. Twelve service 
banks allow you to search preset fre- 
quencies in separate auto racing, 
marine, aeronautical, military, ham 
radio, federal, and other banks to make 
it easy to zero in on specific types of 
stations. The weather channels are 
also easily accessed. 

The triple- conversion scanner oper- 
ates at 50 channels /sec., but searches 
at 100 channels /sec. In Hyperscan 
mode, it searches at 300 channels /sec. 
Data Skip allows the unit to ignore non - 
modulated or data signals during 
searches, while Search Skip lets you 
select 20 unwanted frequencies to be 
skipped during searches. 

You can power the PRO -74 by 
14 means of alkaline or rechargeable bat- 

teries, an external (optional) power 
supply and charger, or an optional DC 
automobile adapter. Two antennas are 
supplied: a standard one for normal 
scanning and a stubby one for use at 
the track. 

RadioShack's PRO -74 Race Scanner lets you 

store u race car's number and any frequencies 
used by the driver's team into the .scanner's 

memory. 

FEDERAL TIDBITS 
Several readers have recently 

reported a lot of U.S. Customs activity 
in south Florida on 164.775 MHz, both 
scrambled and clear voice. This 
appears to be a new frequency, and I 

wonder if it's being monitored else- 
where, too. 

For those who are fortunate enough 
to have a scanner capable of picking 
up the UHF military aeronautical band 
(225 -400 MHz, AM mode), there are 

MARC SAXON 

quite a number of U.S. Customs air 
surveillance channels reported in use 
nationally. Here they are, along with 
their known, possible, or apparent code 
names: 234.6 (B -5), 238.4 (B -7), 254.2 
(B -4), 260.8 (B -2), 282.4/282.425 (B- 
1), 303.825 (B -2), 336.6 (B -3 ), 350.45 
(A -1 G), 353.9 (B -3), 355.9 (B -?), 361.8 
(B -9), 381.8 (B -6), and 387. 8 MHz (B- 
8). Note that there is a bit of confusion 
concerning the code numbers. Also 
monitor 120.775, 132.95, and 139.70 
MHz AM mode and 165.7375 (B -X2) 
FM mode. 

DEA simplex and repeater output 
channels reported being used on a 
national basis include 418.615 (Chan. 1, 

repeaters), 418.90 (Chan. 2, repeaters), 
418.75 (Chan. 3, simplex), 418.675 
(Chan. 4, simplex), 418. 825 (Chan. 5, 

repeaters), 418.95 (Chan. 6, repeaters), 
and 418.975 (Chan. 7, repeaters and 
Chan. 8, simplex). There are usually 
additional local optional channels in use, 
as well as special channels used in 

locations regarded as high- intensity 
drug- traffic areas. Generally, all DEA 
repeater outputs and simplex channels 
tend to lie within the range of 418.00- 
419.00 MHz. 

Speaking of federal -band activity, 
many of us often tune the 138 -144 -MHz 
band. It has been rather active with mil- 
itary units using AM mode on channels 
established at 25 kHz steps (i.e., 
139.20, 139.225, 139.25, etc., MHz). 

It now appears that the various mili- 
tary services are re- channelizing and re- 

shuffling this particular slice of the 
spectrum to reflect a more modern view 
of communications technology. Fact is, 

the entire federal band in this area runs 
from 138 -150.8 MHz (except, of course, 
for the 2 -meter amateur band, 144 -148 
MHz). The federal space is being re- 

channelized from 25 kHz steps to 12.5 
kHz steps. Now, frequencies will be 
spaced 139.20, 139.2125, 139.225, 
139.2375, etc., MHz, just like the 
162- 174 -MHz federal band. Ho boy! 

Older 25 -kHz capable tactical equip- 
ment presently installed in aircraft and 
ground vehicles will be accommodated 

(Continued on page 18) 
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ANTIQUE RAdio 
Recapping 
The Broad -Spectrum Radio Repair 

In the first two installments of "Radio 
Repair for Dummies," we reviewed 

the tools, supplies, and reference data 
that should be on your workbench, 
even if you are just starting out in radio 
restoration. We went on to discuss what 
to look for in carrying out a preliminary 
inspection of a vintage set, how to par- 
tially dismantle it for physical and Elec- 
trical cleaning, and how to proceed with 
the cleaning. We looked at strategies 
for identifying and replacing tubes with 
burned -out filaments and, finally, made 
some suggestions for carrying out the 
initial "smoke test" on your long- disused 
vintage radio. This is the third and final 
installment of the series. 

HOUSEKEEPING 
BATTERY SETS 

Though our discussion was slanted 
towards AC (plug -in) sets, much of it 

also applies to the pre -electric battery 
radios. Physical and electrical cleaning 
are even more important in these early 
receivers, because they've had longer 
to pick up dirt and corrosion. Keep a 

special eye on the tube socket con- 
tacts. The bayonet -lock (push and turn) 
sockets are usually not too much of a 
problem, but some of the older "plug - 
in" designs don't have good spring 
tension and will make unreliable elec- 
trical connection even if just a little bit 
dirty. Filament rheostats, lacking the 
protective housings of more modern 
controls, are quite susceptible to grime 
and corrosion. 

Pay careful attention to all of the set's 
headphone and speaker jacks, espe- 
cially on those 5 -tube "3- dialers." In 

addition to the audio -output contacts, 
you may find that a jack will incorporate 
a switch wired to energize the filament 
of the stage it serves (or de- energize the 
filament[s] of following stages) when a 

headphone or speaker is plugged in. 

This was a means of conserving fila- 
ment battery power. If you fail to clean 
the switch contacts or to understand 
how they function, you may find your- 
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The audio jacks in battery sets often perform switching.functir'ns. Don't neglect to clean switch 
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self wondering why some of the tubes 
aren't lighting. Another switch section 
on the jack might open the primary 
of the audio transformer coupling to the 
following stage. Obviously, it too needs 
to be cleaned to avoid intermittent 
connections. 

During your inspection and testing, 
pay special attention to the grid leak 
resistor (a clip -in unit made like a fuse), 
the audio transformers, and any large 
(usually 1 µF) bypass capacitors. The 
latter are usually housed in flat metal 
cans. Measure the grid -leak with your 
multimeter. Chances are you will find 
that its actual resistance is nowhere 
near its labeled value. These units are 
very susceptible to the effects of age 
and humidity. If you are clever, you may 
be able to get the resistor apart without 
breaking the glass and replace the 
aged element inside with a modern 1/4- 

watt unit from RadioShack. I warn you, 
though, this is a little like trying to build 
a ship in a bottle. Most of us butterfin- 
gered dolts have to be satisfied with 
preserving the original unit for the his- 
torians and clipping in a "naked" mod- 
em resistor to replace it. 

The 1 -µF (or whatever) bypass caps 
won't be any good either. Don't even 
bother to test them. It's easy to get the 
cans apart (a little prying with a screw- 
driver will suffice), clean out the old 

insides, and wire in a modern "orange 
drop" or similar unit of the correct 
capacity and voltage. The new capaci- 
tor should lit easily inside the old case. 

You'll also want to test the primary 
and secondary of all audio transform- 
ers for continuity (using the ohmmeter 
function of your multimeter). These are 
frequently found open because of cor- 
rosion of the fine wire windings or per- 
haps some past overload. Sometimes 
repair is possible, but that is beyond 
the scope of this discussion. Vintage 
audio transformers show up often in 

parts bins at radio meets. Just make 
sure your replacement has good conti- 
nuity and the proper turns ratio (check 
the markings on your old unit). 

CAPACITOR 
CONSIDERATIONS 

The paper and electrolytic capaci- 
tors in a vintage radio are always sus- 
pect. TIk large cylindrical electrolytic 
caps generally used as power supply 
filters contain a liquid or paste elec- 
trolyte that forms a thin insulating bar- 
rier between the two capacitor "plates" 
(actually two sheets of foil rolled up 
together). The electrolyte was prone to 
dry out, even back when the sets were 
still in use, and cause the cap to open 
circuit (creating an ungodly hum in the 
speaker) or short circuit (burning out 15 



other power -supply components). The 
radio repairmen of the time did a good 
business replacing them. 

The electrolyte requires the pres- 
ence of an electrical field in order to 
maintain its insulating qualities. In long - 
disused sets, the insulation is untrust- 
worthy. That's why suddenly switching 
on such a set can destroy electrolytics 
that might otherwise be saved. See last 
month's column for suggestions for 
a gradual start -up that can restore 
( "reform ") the electrolyte. 

Paper capacitors (also cylindrical, 
but much smaller than the electrolytics) 
have a paper insulating barrier rather 
than an electrolyte and were much 
more permanent. However, these too 
are apt to become open or leaky in a 

generations -old set. The older style 
(wax seals at the ends and an overall 
wax coating) is particularly suspect. 
The later units in plastic housings are 
more reliable. Mica capacitors have 
mica insulation between the "plates." 
They can be identified by their small 
oblong plastic housings, usually coded 
with a series of colored dots to indicate 
capacity, etc. These almost never need 
replacement. 

It is remarkable how well some of 
the old sets will function with their orig- 
inal caps. However, as I mentioned last 
month, you should strongly consider 
replacing all of the paper and elec- 
trolytic capacitors in a radio that you 
plan to use or demonstrate frequently. 
The capacitors will cost you a few dol- 
lars, and you'll have to put in some 
labor. But when you consider that a 
shorted capacitor can cause a current 
surge leading to the failure of hard -to- 
replace components such as power, IF, 

or output transformers, cap replace- 
ment is pretty cheap insurance. It will 
also automatically eliminate a lot of 
problems that a beginning radio restor- 
er might find hard to diagnose. 

RECAPPING 
Recapping an old set might seem to 

be quite an ambitious project for a neo- 
phyte repair technician, but it is well 
within your capabilities as long as you 

are careful and have good soldering 
skills. The first task will be to acquire 
the replacement capacitors. Begin by 
making a list of the caps in your set, 

writing down the capacity and voltage 

you'll find marked on each unit. The 

electrolytic caps can be a special prob- 

16 lem because you may find all of them 

housed in a single paper or metal cylin- 
der terminating in a spaghetti -like tan- 
gle of color -coded leads or a group of 
coded solder lugs. The capacities and 
voltages of the individual capacitors 
within will almost always be marked on 
the case. List each one separately. 

Two styles of multi -section electrolytics. You' II be 

replacing such caps with equivalent individual 
units. 

Typical wax-impregnated paper capacitors. 

Replacement caps can be obtained 
from antique radio supply houses (such 
as Antique Electronic Supply, 6221 
South Maple Ave., Tempe, AZ 85283) or 
surplus sources (the ads you find in this 
issue of Popular Electronics should 
give you some leads). You will not be 
able to get multi- section electrolytics 
very easily, at least not fresh stock (a 
MUST). Instead, purchase individual 
units having the required characteris- 
tics. Modern units are small enough that 
you'll have no trouble getting them all in. 

You may not be able to match specs 
exactly, just get the closest available 
size, making sure that the capacity and 
voltage ratings are at least as large as 
the original. I'd advise trying for voltage 
ratings no more than say 50% of the 
originals; proper voltage is needed to 
maintain capacity. 

Similarly for the paper caps. Get the 
closest values you can, and don't be 
concerned if the capacity is 10 or 20 
percent off. The voltage rating should 
obviously be at least as big as the origi- 
nal. But beyond that it makes no differ- 

ence how big it is. The mica caps, which 
you won't be replacing, are usually the 

critical ones in the radio circuit. 

With your new caps on hand, re- 
move the old units one by one, replacing 
each one as you remove it. This will def- 
initely eliminate confusion that could 
lead to wiring errors. We'll talk about the 
paper caps first. 

The old ones will very likely have an 
end marked with a black band and /or 
labeled "outside foil." The "outside foil" 
lead was the one connected to the out- 
ermost foil of the rolled -up foil /paper 
"sandwich" comprising the capacitor. It 

was important to connect this foil to 
ground (or the circuit point closest to 
ground) for proper shielding of the 
capacitor, thus avoiding hum pickup 
and other undesirable coupling effects. 
With modern caps, this is a non -issue. 
Their construction is so compact that 
there really is no "outside foil" and little 
danger of coupling. If you find an "out- 
side foil" band, connect it properly -but 
you probably won't. 

A word about wiring. If you are a per- 
fectionist (and many of us are into 
restoration because we are), you will be 
tempted to desolder the joints to which 
the old capacitor leads are connected 
so you can remove the leads complete- 
ly and insert the new leads in their 
place. This practice will almost certainly 
lead to discolored unsightly joints and 
the burning or melting of the insulation 
on the other wires connected to them. 

I recommend cutting the capacitor 
wires, leaving perhaps a quarter -inch 
stub at each joint. Cut and form the 
leads of the new capacitor so that they 
parallel and overlap the stubs when the 
capacitor is supported in position. If a 
new lead requires insulating spaghetti, 
slide that on before final forming. Now, 
using some means to properly support 
the cap, solder each lead to the stub 
that it parallels. (I know that conven- 
tional wisdom dictates that any joint be 
mechanically secure before solder is 

applied. However, this method pro- 
duces splices that have more than the 
necessary strength and are very neat 
looking.) 

Electrolytic capacitors have polarity. 
You must connect the positive side of a 

replacement cap to the circuit point 
where the old positive side was con- 
nected. If you are replacing a multi -sec- 
tion can, you'll have to read the fine print 
on it very carefully. The can will likely 
have a couple of filter capacitors with 
their negative leads joined inside the 
case and brought out to a single wire or 

(Continued on page 18) 



The Sony Wave - 
hawk radio scan- 
ner has gone 

high -tech. Police car 
chases, forest fires, air traf- 
fic, El Nino disturbances, 
and other calamities can 
now be tracked through 
your personal computer 
(PC) with the Wavehawk 
scanner. Sony entered the 
radio- frequency scanner 
market with a first: a turn- 
key package that pro- 
vides controlled access of 
the airwaves with the 
click of a mouse. Yes, 
your computer is used to 
program the scanner. The 
Sony Wavehawk scanner 
eases operation and in- 
creases control by plac- 
ing "search options" in front of your 
eyes in the form of icons on the 
computer screen. 

The Sony Wavehawk phase - 
locked -loop synthesized scanning 
receiver allows users to tailor search- 
es and create custom files for easy 
access to favorite listening areas. The 
supplied CD -ROM lists more than 3 

million records of FCC -licensed radio 
frequencies in the United States, 
including public safety, aviation, 
marine frequencies, and more. 

There are two Wavehawk hot fea- 
tures that this reviewer found invalu- 
able: the 300 -channel memory 
capability and the scanning of all 
possible frequencies from 25 to 1300 
MHz, which are divided into nine 
bands. Other features of the Wave - 
hawk scanner are easy access to 
police, air, weather, fire, emergency, 
marine, FM, and TV- audio; an intelli- 
gent, active -memory system; and 
AM, Narrow -FM, and Wide -FM de- 
tection modes. 

_Ib 

Soil! ICF-SC1PC Wavehawk PLI 

Sintlieslzer S e an ning Receiver 

Get the full impact of scanning 
25 -1300 MHz with a little bit of help 

from your personal computer! 

The Sony ICF -SCIPC Wavehawk PLL Synthesizer Scanning Receiver pro- 

vides coverage from 25 to 1300 MHz. 

The Wavehawk scanner with PC 
tracking, Model ICF -SC 1 PC, includes 
the CD -ROM, interface cable, inter- 
face software, snap -on helical an- 
tenna, ear plug, and removable 
belt -holder for $429.95 MSRP. The 
second scanner without PC inter- 
connect, Model ICF -SC 1, is available 
for $329.95 MSRP 

Band Scanning. The receiver divides 
its frequency range (25.0 MHz to 
1300.0 MHz) into 17 factory preset 
bands with no gaps except for the 
cellular -phone band, which sup- 
ports AM, NFM, WFM detection 
modes in all frequencies. Select the 
band of frequencies that you want 
to monitor, adjust the VOLUME and 
SQUELCH controls, and hit the SCAN 

button. The band you select may be 
too broad for your monitoring 
needs. What you may desire is prior- 
ity scanning -you select the two fre- 
quencies that determine the de- 
sired band. 

Probably the best scan- 
ning selection for a new 
user are the nine pre -pro- 
grammed public- service 
bands with service scan- 
ning available at the press 
of a button. I started with 
FIRE/ EMG and pulled in 
the local firehouse within 
a minute. The WX (weath- 
er) band came in immedi- 
ately. The other bands are 
Police, Marine, Air (VHF), Air 
(UHF), FM broadcast, TV 

(VHF sound) and TV (UHF 
sound). Provision is also 
made to scan preset fre- 
quencies (stations) that 
may become hot monitor- 
ing items for you. 

The receiver has intelli- 
gent memory scanning, 

which pe'mits the listener to track 
down the most active frequencies 
in a selected band. Up to 300 sta- 
tions of your choice can be stored. 
The internal EEPROM retains stored 
information without backup batter- 
ies. Adjustable scanning pause 
time regulates the scanning peri- 
od. There is a normal 2- second -de- 
lay mode and a 5- second -pause 
mode, both of which are adjustable. 
There is a priority scanning feature 
that checks every 5 seconds to 
"see" whether there is reception on 
the priority frequency that you've 
designated. And if you know the 
frequency of the station, it can be 
manually tuned by inputting the 
digits of the frequency from the 
numeric keypad as was done in 
the "old days." 

Likewise, the receiver can be pro- 
grammed to skip selected frequen- 
cies during scanning, thus eliminat- 
ing RTTY, beacons, and undesirable 
frequencies. 17 



 

PC Control. Welcome to the world 
of PC- controlled scanning recep- 
tion. Your PC and a Sony CD -ROM 
controls the ICF -SC 1 PC Wavehawk 
scanning receiver. Through your PC, 
you can control all major functions 
of the receiver. Expanded data 
handling capability allows the user 
to set up 20 programmable scan- 
ning ranges. You can input as many 
memory preference files (300 chan- 
nels per file) and skip preference 
files (100 frequencies per file) as you 
want. The import/export capability 
permits the computer to read data 
from the receiver to save as a file. 
Likewise, you can write data from a 
file of your choice to the receiver - 
programmable scanning range 
data, memory preference data, or 
the skip- frequency data. 

If you plan to travel, search for fre- 
quencies using the supplied CD- 
ROM nationwide frequency data- 
base, which has over 3 million rec- 
ords. Preset the database search 
results in the preset memory and use 
them to scan or to tune. You can 
also save search results in a file. 

The Wavehawk can operate up 
to 10 hours from a set of four AA 
alkaline batteries with the squelch 
open continuously for four hours a 
day. A low- battery symbol comes on 
the back -lighted LCD screen rec- 
ommending battery replacement. 

Wrap Up. It is difficult to conceive of 
additional features built into the 
Wavehawk scanning receiver. The 
unit with batteries installed and belt 
clip attached weighs only 13.5 
ounces. The unit's optional acces- 
sories include an AC power adapter 
and car battery cord. Three manu- 
als are supplied with the scanner. 
One is for receiver operation without 
a personal computer tie -in. The sec- 
ond covers operation with a person- 
al computer. The last is a handbook 
listing stations throughout the United 
States. The latter serves as an excel- 
lent beginner's guide for finding fre- 
quencies with traffic. If you got the 
scratch, satisfy the itch by picking up 
a Wavehawk scanning receiver. 
Information can be obtained by cir- 
cling no. 120 on the Free Information 
Card, or contacting Sony at 800- 
222 -SONY: Web: www.sel. sony.com/ 
sel /consumer /ss5 /radioclockradio/ 
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SCANNER SCENE 
(continued from page 14) 

to continue operating on new frequen- 
cy assignments according to their 
existing capabilities. Two 1.5 MHz seg- 
ments are being converted to nongov- 
ernmental (FCC jurisdiction) purposes. 

In the 138 -144 -MHz band, there will 
be established a 30- channel (60 -fre- 
quency) trunking plan for the use of 
federal stations. Specific frequencies in 

the 138 -150.9 -MHz band will be desig- 
nated for particular military missions, 
such as security, fire, commander, 
transportation, etc. 

Certain frequencies will be desig- 
nated nationwide for military emer- 
gency use (one repeater pair, plus one 
talk- around). Additional repeater pairs 
and simplex channels will be designat- 
ed for intercommunication between 
military, FEMA, law enforcement (state, 
county, local), fire, and various other 
public service agencies during any 
nationwide emergency. These would 
be for mutual aid and assistance pur- 
poses only, and they would not be 
authorized for normal daily use. 

MARS and CAP operations in this 
frequency range are (for the time being) 
not expected to be disrupted or modi- 
fied. These anticipated changes will not 
affect the 144 -MHz amateur band. As 
this plan progresses, we will watch for 
additional information. 

HOLD THE HASH 
Randy, from Nevada, asks about a 

common problem. He monitors his 
scanner a lot, but he finds that when he 

tries to use his computer simultaneous- 
ly, the scanner locks -up on many fre- 
quencies. Despite FCC requirements 
that computers shouldn't generate RF, 

most transmit enough to mess up near- 
by scanners operating below about 400 
MHz. Try moving the computer away 
from the scanner. 

Keep in touch with us! Our e-mail 
address is: Sigintt @aol.com. Our snail 
mail address is Scanner Scene, 
Popular Electronics, 500 Bi- County 
Blvd., Farmingdale, NY 11735. 

ANTIQUE RADIO 
(continued from page 16) 

terminal. The positive leads, however, 
will be brought out separately. It may 
also have an audio bypass unit with 
completely separate and independent 
positive and negative leads. Just be 
sure you know which wire or terminal is 

which and connect your replacement 
caps in the proper configuration. 

Mica caps like these rarely need replacement. 

If you are replacing a multi- section 
can mounted on top of the chassis, 
you will want to leave it in place to pre- 
serve the original appearance after it is 

disconnected. You may need to install 
terminal strips under the chassis to 
support the individual electrolytics you 
are adding -but modern units are so 
small and light that this may not be 
necessary. 

Speaking of preserving original 
appearance, many restorers like to melt 
out the insides of the old wax paper 
capacitors (easy, I understand, if you 
know how), slide in a replacement mod- 
em cap, and reseal the whole thing with 
new wax. I've never done this, but if 

someone will send me their favorite 
method I'll mention it in a future column. 
Even if you don't go that far, it would be 
a thoughtful touch to save the original 
caps in a plastic bag. Include a note indi- 
cating that this is the original set, and 
tape your "time capsule somewhere 
inside the cabinet. That's it for this 
month. See you in the next issue! 
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Times Are Tough... 
Today's headlines scream of the 

lack of qualified individuals to 
fill new and existing high -tech 
job openings. If you feel the 

robust economy is passing you 
by, there is something you can do 

about it. Become CIE Qualified. Since 1934, 
The Cleveland Institute of Electronics has been 
providing its students with the necessary techni- 
cal and academic credentials employers are seek- 
ing. In fact, CIE was started in 1934 to fill a sim- 
ilar void in the radio /television industry. 

Since then, CIE boasts of over 150,000 
worldwide graduates who have benefited from a 
patented, independent -study program that lets the 
student complete a Career Course, Associate 
Degree program, or through our affiliate school 

World College, a Bachelor Degree program. 
If you are currently "under- employed" and want 

to increase your level of income, the most proven 
method is an education. With CIE's independent - 
study program you study when and where you wish 
with no time constraints on how quickly you can 
proceed. And though it is an independent -study 
program you have the full support of the faculty 
and staff at CIE's Cleveland Campus. 

To discover all the Benefits, Career Courses 
and Degree Programs available from CIE 
send for your Free Course Catalog Today! 

The Cleveland Institute of Electronics has been approved for the training of 
eligible veterans and active duty military service members, under the G.I. Bill. 

Military tuition assistance (Up -Front and Basic) is also available under the 
DANTES Distance Learning Program. 

'...For Employers 
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Cleveland Institute of Electronics 
1776 E. 17th Street 
Cleveland, Ohio 44114 -3679 
Visit Our Web -Site: www.cie -wc.edu 

A School of Thousands. 
A Class of One. Since 1934. 
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YES! Please send me a catalog. 
Name: 

Address: 

City: State: 

Phone Number: 

Check Box for a Bulletin on Military Education Benefits: 
VA Benefits DANTES Benefits 

Zip: 
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G IZMO 
PC MOVIE MACHINE 

PC CINEMA DVD PLAYER AND 
INTERNET PC. From TigerDirect, 
Inc., 8700 West Hagler Street, 
Miami, FL 33174; Tel. 888 -762- 
5881; Web: www.pccinema.com. 
Prices: $950 for 200 -MHz proces- 
sor with 2.5 -GB hard drive, $1100 
for a 233 -MHz processor with 
4.33 -GB hard drive, and $1200 for 
300 -MHz processor with 4.33 -GB 
hard drive. 

Do you have to take a number to get 
a turn using the home computer that 
you bought to simplify home finances, 
check your e-mail, and catch 
up on office work? Do you 
have to wait while the 
kids research term 
papers, check their 
e -mail, and play 
games? While your 
wife catches up on 
her office work, 
checks her e-mail, 
and enters each 
family member's 
schedule into the 
PIM? 

Could it actually 
be time to spring 
for a second home PC? 

A lot of people are finding that to 
be the case. One computer just isn't 
enough to meet the demands of today's 
busy families -especially once they get 
a taste of surfing the `Net. 

If you think your family is nearing 
the two -PC point, there are a few 
questions to ask yourself before you 
go out and buy a new machine. Of 
course, there are the usual specs - 
processor power, memory, modem 
speed, and the like -to consider. But 
you might also want to ask where the 
second computer will go, how much 
interest your family has in DVD, and 
whether you've considered buying a 
set -top Internet access device such as 

22 WebTV. 

DVD? WebTV? What do they have 
to do with anything ?, you might ask. 
Actually, quite a bit. In fact, your 
answers to those DVD and WebTV 
questions might just decide what PC 

you'll buy and what room you'll put 
it in. 

Anyone who is seriously consider- 
ing the purchase of a second PC, and/ 
or a set -top web -browsing device, and 
whose wish list includes a DVD player, 
too, should take a close look at the PC 
Cinema from Tiger Direct. Designed 
from the ground up as an "entertain- 
ment appliance" that belongs in the 
living room (or whatever room holds 
your TV and stereo gear), not in the 

search, homework, banking, and other 
such tasks. But, they say, if you do need 
a second PC, make it a PC Cinema, and 
put it in your entertainment center, 
right between your TV and your stereo 
receiver. In one fell swoop, you'll have 
upgraded your home -theater setup to 
include DVD and provide full Internet 
access via your TV. Use PC Cinema to 
watch films, to play games using your 
TV as a monitor and your stereo to 
boost the sound, to play audio CDs, or 
to surf the `Net with the whole family, 
checking out vacation destinations or 
any of the many family- oriented sites 
available. 

PC Cinema doesn't resemble any 
other PC we've had the plea- 

sure of knowing. Self - 
contained in a 16.75 - 

X 16.75- X 6 -inch 
matte -black case 
that should fit in 
most entertainment 
racks, it looks like an 
oversized audio or 
video component. 
The Airboard key- 
board is a wireless 
affair that offers, in 
addition to the stan- 
dard alphanumeric 
and function keys, 

a row of "hot keys." Some can be pro- 
grammed to launch your favorite 
Windows 95 applications; others 
offer quick access to the Windows 95 
desktop, DVD, and Internet functions. 
The remaining ones are used to acti- 
vate DVD /CD controls (play, pause, 
fast forward, etc.), adjust the volume 
of Windows 95- generated sounds, 
and access on- screen menus. The 
Airboard also has a pressure- sensitive 
joystick -like control with right and 
left buttons analogous to those on a 
standard mouse and a drag button 
that acts like a click- and -hold mouse 
button. 

The remote control that is also 
part of the PC Cinema package mim- 
ics the controls on the keyboard, right 

home office or den (though it will 
work just fine there), it's a PC 

equipped with a 56 -kbs modem for 
quick Internet access and a DVD drive 
for movie playback. 

Ho, hum. We've heard all about 
these so -called convergence products 
'before, and no one's buying. As far as 

the American consumer is concerned, 
the PC belongs in the study and the TV 

in the living room, and never the twain 
shall meet. 

The people at TigerDirect agree 
wholeheartedly with the first part of 
that statement, and disagree just as vig- 

orously with the latter. Yes, you should 
have a PC in your den, completely sep- 
arate from your TV and stereo. You 

need it there for work, writing, re- 
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mouse, and joystick ports; 

a 25 -pin printer port; 
PC audio input; 
modem -and tele- 
phone -line jacks; 
one infrared port; 
and even two Uni- 
versal Serial Bus 
(USB) ports. Tiger - 

Direct also included 
stereo audio, compos- 

ite video, S- video, and 
The Airboard keyboard provides wireless remote digital coaxial cables, plus a game - control of PC, DVD, and Internet functions. port extension cable. 

down to the user - programmable but- 
tons. It is not a universal remote, 
however, and it can't be programmed 
to switch sources or control any other 
A/V devices. 

No monitor is included, because 
you're supposed to connect the PC 
Cinema to your (preferably large - 
screen) TV via the rear -panel com- 
posite and S -video connectors. A VGA 
port allows you to hook up a comput- 
er monitor, if desired, in addition to 
the W. Dual screens could come in 
handy if you wanted to indulge in an 
extended bout of `Net surfing while 
others wanted to watch TV. It's also 
much easier to read computer text on 
an SVGA monitor than on an NTSC TV 
screen, and much more pleasant to 
watch a DVD film on a TV than on a 
computer monitor. During most of 
our tests, however, the TV image was 
acceptable. One nice feature offered 
by the PC Cinema is the ability to 
zoom in on any part of the screen, 
allowing you to read small text from 
across the room. 

The manual offers a number of 
different setup scenarios, depending 
on the nature of your existing A/V 
and computer components. And the 
PC Cinema offers every imaginable 
input /output to accommodate them. 
Besides the S- video, composite video, 
and VGA outputs, there's an S /PDIF 
audio port for Dolby Digital surround 
sound; two serial ports; keyboard, 
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To allow for easy PC upgrades and 
to accommodate future technologies 
such as HDTV, the company took a 
piece -by -piece approach to assem- 
bling the PC Cinema's inner work- 
ings -the modem, sound card, MPEG- 
2 decoder, and video cards are sepa- 
rate entities. The Atx motherboard has 
32 megabytes of EDO RAM, easily 
upgradable to 512 MB, and two ex- 
pansion slots are available. 

In keeping with its "entertainment 
appliance" description, the PC Cin- 
ema is so much easier to get to know 
than a typical PC- primarily because 
there's no need to familiarize your- 
self with the suite of software appli- 
cations typically bundled with a PC 
or to connect all those 
peripherals. The PC 
Cinema comes 
with Windows 95, 
Microsoft Explorer 
for Windows 95, 
and DVD control 
software. 

The complexity 
of your installa- 
tion depends on 
how many PC per- 
ipherals and programs and A/V 
components you want to include. 
But we're going to examine the PC 
Cinema in its intended role, as DVD 
playback /web- browsing device. For 
that, you'll need to connect the PC 
Cinema to your TV and receiver. You'll 
get the most out of the unit by using a 
receiver that's equipped with a Dolby 
Digital decoder, and by using the 
SVGA /RGB output to hook up an LCD 
projector, but a standard TV and stereo 
will do. For Internet access, you'll need 
to connect the modem to a phone line, 

and sign up with an Internet Service 
Provider (ISP). 

The main PC Cinema menu offers 
three options: DVD, Internet, and 
Desktop (Windows 95). If a DVD disc 
is already loaded in the tray, selecting 
the DVD option (or clicking on the 
DVD icon on the Windows 95 Desk- 
top) automatically begins playback 
within an on- screen box, which 
changes to a full- screen display in a 
few seconds. Double -clicking any- 
where within the playback area 
switches back and forth between box 
and full- screen display. 

For the most part, you'll want to 
view a film in full- screen mode. But 
when you need to see the controls, 
moving the cursor to the bottom of the 
full- screen picture will bring them 
back. Those controls allow you to select 
specific chapters of a movie, increase 
or decrease the volume, pause or stop 
play, and access multiple soundtracks, 
subtitles, and camera angles, if avail- 
able on the disc. Clicking on the keypad 
icon brings up a floating numeric key- 
pad that can be used to directly access 
specific chapters of a movie. 

The PC Cinema offers all of the 
special features you'd expect to see 
on a good DVD player. Segment play, 

The PC Cinema's rear panel hosts a multitbde 
of video, audio, and PC terminals. 

for instance, allows you to replay 
repeatedly a favorite scene from a 
movie, while slow motion allows you 
to slow playback to 1/2 or 1/8 the 
normal speed. 

There are also some PC -style fea- 
tures unique to the PC Cinema. Instead 
of relying on the typical on -screen 
menus to change audio and video set- 
tings, the PC Cinema's DVD Station 
Options screen, for instance, offers 



Windows -style configuration settings. 
The Settings folder, for example, lets 
you enable Dolby Digital output 
(assuming your receiver has an AC3 
decoder, that is), or disable it for stereo 
audio output. It's also used to display 
pop -up help tips, change the aspect 
ratio, enable and disable Windows 95 
AutoPlay, and to keep the movie win- 
dow on top of all other windows. The 
DVD file contains additional setting 
options, including parental lockout, 
password, display mode, and default 
language. 

Those PC -type screens might be a 
bit off -putting to the complete com- 
puter novice. And, like any other PC, 
the PC Cinema is subject to those 
annoying little glitches and mood 
changes -which can really throw you 
for a loop when all you want to do is 

watch a movie. Technophobes might 
be intimidated and would find a stan- 
dard DVD player easier to use. 

The wireless keyboard and remote 
control took a little getting used to. 
But once we got a handle on them, 
the only real drawback was that the 
remote control can't be used to 
adjust or mute the volume when 
Dolby Digital output is selected; the 
volume control does work with the 
stereo output, however. 

We were unable to detect any dif- 
ference in DVD video or audio quality 
between the PC Cinema and the stan- 
dard DVD decks we've used -and that 
was without using the PC Cinema's 
built -in line doubler, which requires 
the use of a VGA projector or a really 
big- screen VGA monitor. For comput- 
er applications, the S -video output was 
better than we expected. Although it's 
not something that we'd like to stare at 
for hours doing work, for browsing 
the web and reading or creating an 
occasional e-mail, it was just fine. 

The DVD drive can also be used to 
play audio CDs and CD -ROM soft- 
ware- including PC games. There's a 
lot to be said for game playing on a 
large screen, with the soundtrack 
thumping through your stereo speak- 
ers, rather than little PC speakers. The 
PC Cinema can also play back DVD 
PC games, which should start appear- 
ing in stores later this year - perhaps 

24 by the time you read this. 

We're not sure America is ready 
for convergence. But the PC Cinema 
proves that at least one manufacturer 
is ready with a product that really can 
meet a family's computing and enter- 
tainment needs. PC Cinema packs a lot 
of bang for the bucks, providing In- 
ternet access, DVD video, and a full - 
fledged PC for just about $1000. It 
looks right at home in an entertain- 
ment center, and it's not at all intimi- 
dating to use if you have even a mod- 
icum of PC experience. 

Just be forewarned: If your family 
already spends as much time arguing 
over what to watch on TV as they do 
over who gets to use the PC first, 
adding a PC Cinema to the mix might 
just exacerbate the problems[ 

The Art of Speakers 

GEKKO FLAT -PANEL SPEAKERS. 
From NCTAudio Products, Inc., (a 
subsidiary of Noise Cancellation 
Technologies, Inc.), One Dock 
Street, Suite 300, Stamford, CT 
06902; Tel. 800- 278 -3526 or 
203 -961 -0500; Fax: 203 -348- 
4106; Web: www.nct- active.com. 
Price: $299 each. 

There's an on -going battle in 
many of our friends' homes and, yes, 
it breaks down along 
gender lines. He wants 
big speakers in the liv- 
ing room; she doesn't 
want big boxes ruining 
the aesthetics of the 
carefully arranged room. 
We've seen many cre- 
ative compromises over 
the years -ranging from 
speakers hidden in bas- 
kets of dried flowers to 
separate listening rooms 
set up in basements - 
and even more techno- 
logical solutions, mostly in the form of 
ever - smaller enclosures and inside - 
the -wall speakers. 

But the most innovative -both cre- 
atively and technologically -option 
we've seen is NCT's Gekko flat -panel 
speaker. It's only about two inches 
deep, and comes in standard picture 
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and poster sizes (9 x 11, 11 x 14, 
and 18 X 24 inches). That unique con- 
figuration makes it a good candidate 
for unobtrusive wall mounting. But 
you (and your spouse) will probably 
want this speaker to be seen as well as 
heard. That's because you can re- 
place the plain black grille cloth with 
one of hundreds of printed replace- 
ment grilles that will be available 
in the "ArtGekko Collection." Next., 
frame your speaker art with your 
choice of custom picture frames, and 
your guests won't be able to guess 
where the music's coming from.. 
(What? "Whistler's Mother" singing 
"Material Girl" ?I) 

We tested the 11- X 14 -inch speak- 
ers (model GK- 1114), which were the 
only ones available when we went to 
press in early summer. Over the next 
few months (probably by the time you 
read this), 9- X 11- and 18- X 24 -inch 
sizes will hit the market. Included for 
our viewing pleasure (though not nor- 
mally part of the package) were two 
very different grille covers: a sepia - 
toned photo of the Beatles, and a Van 
Gogh painting titled "Cafe Terraceat " 

There is a print to meet just about 
every taste and style. They range from 
the corny (a tinted, vintage -look photo 
of children and flowers, a "photomosa- 
ic" picture of Princess Di) to the classic 
(Boticelli's "Venus on the Half Shell," 

Monet's "Waterlilies "), 
from nature photos 1' 

animals or flowers to 
campy conversation pieces (covers of 
pulp -fiction paperbacks like Revolt of 
the Triffids or Fever Hot!) from 
antique world maps to contemporary 
art posters. Although it wasn't up and 
running as we went to press, by now 
you should be able to browse the 
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ArtGekko Web gallery at www. 
artgekko. corn. 

There are 14 different colors and 
styles of frames available as well. 
Frame choices include simple polished 
wood in blond, natural, cherry, maple, 
oak, walnut, and black, along with 
more ornate styles finished in gold, 
pewter, and various wood stains. 
Pricing for the grille covers starts at 
about $60, depending on the type of 
print and frame you choose. 

The Gekko speaker is shown 
on the right in its natural 
state and on the left camou- 
flaged as a Van Gogh print. 

4 
Of course, these are 

not oil paintings ren- 
dered on canvas, or 
photographs printed 
on high- quality paper. 
Printed on acoustically 
transparent fabric pan- 
els, the images will not 
be mistaken for originals tor even good 
reproductions) from up close. But 
they're made to hang in a living room, 
not a museum, and to be glanced at, 
not scrutinized. Hanging on a wall, 
attractively framed, they can make a 
nice visual addition to just about any 
room. 

They also make a tremendous 
aural contribution. The Gekko Flat - 
Panel speakers are, first and foremost, 
meant to be heard. Their unusual 
configuration is not just a gimmick 
that allows them to be camouflaged 
with art prints. The Gekko speakers 
actually do represent some significant 
new technologies. 

They use Noise Cancellation Tech- 
nologies' proprietary "flat -panel trans- 
ducer technology," consisting of a four - 
inch mid -range woofer that's fairly typ- 
ical except for its extra - shallow basket, 
teamed with a high- frequency "tweet- 
er" that actually puts the whole front 
baffle panel to work handling the upper 
frequencies (above 2500 Hz). Basic 
specifications include a handling capa- 
bility of 50 watts rms, 150 watts peak; 
a bandwidth of 100 Hz to 15 kHz; 
and a nominal impedance of 4 ohms. 

The computer -designed and tweak- 

ed front baffle (the cabinet front) is a 
panel of resonant material that's 
about 1/8 -inch thick. Its inner sur- 
face is home to several piezo -electric 
transducers that excite the panel, 
causing it to vibrate at dozens of dif- 
ferent points (modal vibration), each 
of which resonates at a different fre- 
quency. Traditional speaker design, 
conversely, strives to avoid modal 
vibration at all costs, seeking instead 
to achieve coherent motion, with the 

speaker cone acting like 
a piston. 

The uniquely styled Gekko driver 
delivers what NCT has dubbed "Sweet 
Space" dispersion. The antithesis of 
the "sweet spot" delivered by conven- 
tional speakers, Sweet Space refers to 
the Gekko's broad dispersion pattern, 
which evenly delivers the sound 
throughout a room. True enough, the 
Gekko speakers have a broad sonic 
image, because the flat panel "tweet- 
er" doesn't radiate the same way that 
a cone driver does. Its output drops off 
linearly (rather than a factor of the 
inverse square of the distance). That 
means that the high- frequency output 
retains its loudness over a longer dis- 
tance than that produced by ordinary 
speakers, and most stereo cues are 
found in the high - frequency signal. 

The Gekko speakers come with an 
easy -to -use wall -mounting kit, includ- 
ing hardware (nails and rubber "feet ") 
and a template for marking where the 
holes will go. The adhesive- backed feet, 
which should be attached to each cor- 
ner of the back of the speaker frame, 
allow enough space to snake a wire up 
behind the frame and, supposedly 
(although it wasn't apparent to our 
ears), they improve the sound quality 
by preventing the speakers from rest- 

ing flush against the wall. NCI' offers a 
special, adhesive -backed, flat speaker 
wire as an option. Approximately 1 

mm thick, it can be painted, spackled, 
or wall -papered. It comes in 16 -and 
30 -foot lengths, with terminal blocks 
to attach it to conventional wire. 

To add an ArtGekko print to the 
Gekko speakers, you simply pop off 
the original grille using a dull tool 
such as a butter knife or a nail file. 
Then press the replacement grille into 
place, where it will be held securely 
by magnets. The ArtGekko grille can 
be cleaned with a vacuum cleaner 
held a few inches from its surface. 

We hung the two Gekko speakers in 
the living room. They both looked all 
right in our rather eclectically decorat- 
ed room -good enough as to be virtu- 
ally invisible! 

Frankly, we expected the sound to 
be "invisible" too. Well, we were 
wrong. The Gekko's signature Sweet 
Space results in an exceptionally broad 
sound stage that added increased 
depth when listening to music with 
full, complex orchestrations. It would 
also be pleasing in home - theater 
applications, where the sense of spa- 
ciousness would enhance the sur- 
round -sound effect. Although sup- 
plied with just two Gekko speakers, we 
auditioned them in their stereo- listen- 
ing mode. The speakers provided good 
definition, with none of the mid -bass 
boominess that we expected. 

What was lacking, especially when 
listening to rock music (and, we'd 
imagine, action -film soundtracks), 
was bass output. The laws of physics 
being what they are, it's just not pos- 
sible to get loud, deep bass out of a 
little woofer in a little enclosure. That 
shortcoming can be remedied, how- 
ever, with the addition of the GK- 
SW 10 subwoofer. 

Available separately at a cost of 
about $500, the subwoofer is acousti- 
cally matched to the Gekko flat speak- 
ers. No, it doesn't come with any art- 
work, but the approximately 12 -inch 
square box can be easily tucked out of 
sight under a coffee table or behind a 
couch. 

Add to the original two speakers and 
subwoofer three more Gekkos to serve 
as left, right, and center channels -the 25 
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smaller size would serve just fine -and 
you'll probably end up with a fine 
home -theater speaker system. True, you 
could undoubtedly buy a better per- 
forming system for the $2000 it would 
cost. But if the way your home looks is 
as important to you as the way your 
music sounds, Gekko is the way to go. 
The Gekko is a chameleon at heart, 
changing itself to blend in with 
its -and your -surroundings. 

game systems past and current, 
including the Sony PlayStation and 
Nintendo 64, and with all PC games. It 
can also be used with home -theater 
gear, to enhance the user's enjoyment 
of music and video soundtracks. 

The Intensor itself is a folding "chair 
shell" (think clamshell). In its closed 
position, it stands upright on tiny legs 
for space -saving storage. A handle on 
top makes it easier to lug the 20 -pound 
unit around. The molded black plas- 
tic seat /seat back comes in one hinged 
piece, both parts cushioned in purple. 

Rockire' Chair 
INTENSOR GAMING CHAIR. 
From BSG Laboratories, Inc., 638 
Harrison Avenue, 3rd Floor, 
Panama City, FL 32401; Tel. 800 - 
BSG -LABS; Web: www.intensor. 
cam. Price: $300 -$600, depend- 
ing upon optional accessories. 

Serious gamers like to lose them- 
selves in the action, to become one 
with their favorite video (or comput- 
er) game. But virtual reality is, for the 
most part, still a dream. The best we 
can do today is to connect our gaming 
consoles to a home - theater setup (or 
plug good speakers into our PCs), use 
a joystick that provides sensory feed- 
back, and plant our chair directly in 
front of the PC or TV. 

Or is that the best? 
BSG Labs doesn't think so- unless 

that chair happens to be its Intensor 
video- gaming chair, with its built -in 
sound /tactile feedback system that 
shakes, rattles, and rolls the player. The 
chair is compatible with all video- 

ArtGekko prints snap 
easily into place. Be- 
hind the artful grille 
cloth, the mid -range 
woofer can be seen in 
the lower -left corner. 

E 

Five speakers 
are built into the 
Intensor. On the 
top of the seat 
back, just behind 

your head, is a rear 
high- frequency trans- 

ducer, said to "enhance psyco- 
acoustic effects by creating a unique 
sense of spatiality." In the center of the 
seat (between your legs when seated) 
is a full- frequency cen- 
ter channel speaker. Left 
and right mid -fre- 
quency transducers 
extend from either 
side of the seat. 
Hidden beneath the 
seat cushion is a low - 
frequency speaker that 
vibrates to let you feel 
the sound, even if 
you're listening through 
headphones (which 
can be plugged into a 
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jack on the side of the seat.) Control 
knobs located next to the center 
speaker allow you to adjust the vol- 
ume and the tactile intensity 

The power unit is a separate 
affair, a 101/2- X 111/4- X 31/2- 
inch box with a 9 -foot connector 
cord that plugs into the front of the 
Intensor seat. RCA cables are includ- 
ed for connecting the power unit to 
the audio output of a game console, 
PC sound card, VCR, DVD, CD play- 
er, or stereo receiver. The power unit 
also has a variable mono output for 
an external subwoofer, which is 
available as an option. 

Another option is the chair base 
accessory kit, consisting of a heavy - 
duty attachment mechanism, un- 
padded molded - plastic arms, and 
"legs" (a five -spoke piece with casters) 
that extend from a center pedestal. 
The chair base turns the Intensor into 
a good quality office chair, complete 
with hydraulic height adjuster and 
an adjustable tilt mechanism. 

The Intensor looks fine in front of 
a desk, but if you plan to use it in 
your living room, you will probably 
want to opt for its portable configura- 
tion. Unless you have a penchant for 
purple, this souped -up desk chair 
will surely clash with the rest of your 
furnishings. 

What it lacks in style, the Intensor 
makes up in ergonomics, and that 

can be an important 
consideration if 
the game player 
is no longer a 
teen. All those 
hours spent sit- 
ting in one posi- 
tion, joystick 
clutched firmly 

in hand, can take 
a toll on all but the 

youngest, most limber 
spines. Of course, if 

you're not that limber, 
getting in and out of the leg- 

less Intensor could present a 
bit of a problem, too. 

We first tried the Intensor in 
its no- frills configuration, without 

the subwoofer or chair -base acces- 
sories. We plugged it into our 

Nintendo 64, sat down, and picked up 
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the joystick. With our feet planted 
firmly on the ground, the Intensor tilt- 
ed back at a nice angle for viewing, 
even though our TV is mounted 40 
inches up from the floor. Comfortably 
ensconced, we turned up the volume, 
adjusted the tactile intensity, and start- 
ed to get into a rip - roaring game of 
flight simulator. Surrounded by engine 
noise, feeling the plane shaking and 
rattling in response to our commands, 
we really got into it. When we pulled 
back hard on the joystick to pull the 
nose up out of a dive, we also leaned 
back far into the seat ... and toppled 
over, landing like a turtle on its back! 
We propped the Intensor up against a 
leg of the coffee table and had no more 
mishaps. 

Next, we tried using the Intensor 
when watching a movie. Our home 
theater is equipped with Dolby 
Digital surround sound decoding 
and all the necessary speakers, so the 
Intensor really couldn't compete 
with the sound. In fact, we turned 
down the Intensor's volume com- 
pletely, preferring our own speakers, 
and hoped to just enjoy the Intensor's 
tactile sensations while watching 
Twister on DVD. The body- thumping 
motion appears to be triggered by the 
ear -thumping sound and, at least on 
our pre - production test unit, cannot 
be used separately. 

Adding the subwoofer further 
boosted the sound /sensation experi- 
ence. The IGS 100 Intensor Multi - 
Media subwoofer is a cube measuring 
about 10 inches on each side; it's 
sized perfectly to serve as a pedestal 
for the power unit. The subwoofer 
and the chair's built -in speakers are 
sonically matched for optimal perfor- 
mance. The subwoofer features dual 
5.25 -inch bass drivers with a tuned- 
port enclosure, can handle 40 watts 
rms at 8 ohms, and offers level and 
variable cross -over controls. 

Finally, we toted the entire Intensor 
upstairs to our office -a much more 
likely home for it. Here, we have a 
couple of PCs as well as a small TV 

(with built -in speakers) and a VCR. 

Add a Nintendo 64, subtract a PC, and 
we'd imagine it's pretty close to what 
you'd find in many a teenage boy's 
bedroom. In such a bare -bones setup, 

the Intensor made a tremendous dif- 
ference in the viewing experience for 
both games and movies. The sound 
envelops you, and the vibrations make 
you feel as if you're in the midst of the 
on- screen action. It's difficult to local- 
ize the sounds; you really do feel sur- 
rounded. You can feel a punch land- 
ing, a ship exploding, an engine throb- 
bing. The same goes for movie - 
watching- feeling the action 
adds a whole new dimension 
to the video experience. 

BSG claims that the 
Intensor "generates 
a new audio sound 
field -the open -air 
headphone -very 
different from ster- 
eo." That's an apt 
description. Rather 
than directing the 
sound at you from 
a pair of speakers at 
the front of the 
room, the sound 
comes at you from 
all sides. It's also 
different from surround sound in 
that the sound is up close and person- 
al, and is accompanied by those neat 
tactile sensations. 

Finally, we added the arms and 
base so that we could use the Intensor 
at our desk. In its full -size chair con- 
figuration, the Intensor is quite com- 
fortable for folks of average height or 
above. The seat is much deeper than 
that of a standard office chair, how- 
ever, meaning that anyone under five - 
foot -three won't be able to bend their 
legs at the knees when seated! (The 
spread -leg position required to strad- 
dle the center speaker can be awk- 
ward for women in skirts, too.) 

We used the Intensor not only for 
playing PC games -with the same 
live- action feel as with the Nintendo 
games -but also for listening to CDs. 
The Intensor represented a significant 
improvement over the desktop speak- 
ers we've been using, and had the 
added bonus of being a lot more com- 
fortable during extended work (or 
game- playing, or Web surfing) sessions. 

If your gaming and video viewing 
are confined to a dorm room or a 
room that's equipped with only a TV, 

The fully- loaded Intensor, accesorized with 

optional subwoofer and chair -base. 

VCR, and videogame console, the 
Intensor would be an excellent addi- 
tion to your setup. 

Of course, $300 is pretty steep for 
a portable seat that delivers pseudo - 
surround sound and tactile sensa- 
tions in game playing. But if you truly 
crave the ultimate in gaming, if noth- 
ing less than total sensory immersion 
will do, then treat yourself to the 
Intensor. You'll love it. 

Complete 
Communications 

UNIDEN BEARCAT BC235XLT 
TRUNK TRACKING SCANNER. 
Manufactured by Uniden America 
Corp., 4700 Amon Carter Blvd., 
Fort Worth, TX 76155. Tel. 800- 
297 -1023; Web: www.uniden. 
com. List price: $499.95. Street 
price: Under $300. 

When police departments and 
other government agencies, as well as 27 



public -safety users, switched over to 
trunked radio systems, it seemed like a 
plot against scanner enthusiasts. It was 
no longer possible to hear complete 
conversations because every response 
could be on a new frequency In reali- 
ty, trunking was a "plot" against the 
limitations of finite spectrum. 

Trunked radio systems work some- 
thing like the cellular telephone sys- 
tem. A data channel sends information 
to all radios on the system so they 
know where to tune to hear the next 
transmission. With trunking, many 
more users can use the same number 
of frequencies. For example, it might 
be inefficient for your town's water 
department to have its own frequen- 
cies -its total communication time per 
day might be 30 minutes. But trunking 
allows the water department to share 
its frequencies with the county bus 
system and parks department -all 
without interference, and without 
even knowing that the frequencies are 
being "reused." 

Uniden's BC235XLT is the first 
consumer scanner that can follow 
conversations in trunked radio sys- 
tems. It works only on 800 -MHz sys- 
tems, and only those manufactured by 
Motorola. Even with those limitations, 
however, it's a major step forward. 

The scanner measures about 6 
inches tall, 21/4 inches wide, and 11/2 
inches deep. On the top are volume 
and squelch controls, an antenna 
connector, and a mini jack for head- 
phones. The front face has the speak- 
er, an LCD, and a 24 -button keypad. 
The left side panel has a jack for con- 
necting to external power. The rear 
panel of the scanner has a battery 
compartment and two threaded re- 
ceptacles to accept a belt clip. The 
BC235XLT is supplied with an AC 
adapter /battery charger and two 
nickel- cadmium batteries. 

Frequency coverage starts at 29 
MHz and extends to 956 MHz in 
twelve bands. First is the 10 -meter 
ham band from 29.0 to 29.7 MHz. 
Coverage is continuous up to 54 MHz, 
which includes the VHF low band and 
the 6 -meter ham band (50 to 54 
MI). Coverage picks up again just 
above the FM band at 108 MHz and 

28 extends continuously up to 174 MHz. 

That takes in aircraft frequencies (108 
to 137 MHz), military frequencies 
(137 to 144 MHz), the 2 -meter ham 
band (144 to 148 MHz), and the VHF 
high band (148 -174 MHz). The scan- 
ner then jumps to cover 406 to 512 
MHz continuously, taking in frequen- 
cies used by the federal government 
(406 to 420 MHz), the 70 -cm ham 
band (420 to 450 MHz), the UHF 
band (450 to 470 MHz), and the T 
band (470 to 512 MHz). Finally, the 
scanner jumps to the 800 -MHz band, 
covering from 806 to 956 MHz, 
excluding -as required by law -those 
frequencies used by cellular telephone 
systems. 

The AM and NFM (narrow -band 
FM) reception modes are determined 
automatically by frequency and can- 
not be overridden. The size of the fre- 
quency step used when searching for 
new stations is also determined by 
frequency. A data -skip mode lets the 
scanner jump over data signals or 
constant tones. 

The scanner features a memory of 
300 frequencies, broken into 10 
memory banks. In the normal scan 
mode, any number of banks can be 
active. Hitting one of the numeri- 
cal keypad buttons (1 through 0) 
while in the scan mode toggles the 
associated bank between its active 
and inactive modes. Each 
numerical button has the 
associated memory locations 
printed on top of it. For 
example, the 1 key has "1- 
30" on top, the number 2 
key has "31 -60" printed 
on top, and so on. 

In practice, this proved 
to be convenient. Quite a 
bit of our scanning was 
done during our daily 
commute on the Long 
Island Rail Road (LIRR) 
which took us through 
Nassau and Suffolk 
Counties on Long 
Island and into New 
York City. So we set 
one bank to cover 
frequencies used by 
the Suffolk County 
police and other emergency 
departments, another to cover Nassau 
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County's, and a third to cover fre- 
quencies used by the NYPD. Another 
bank was for frequencies used by the 
LIRR and by the New York City sub- 
way trains. 

To many Gizmo readers, scanning 
might seem like an odd way to pass 
the time, especially since recent sto- 
ries in the mass media have made a 
scannist seem like little more than an 
audio Peeping Tom. But in reality, 
scanning is an excellent way for citi- 
zens to learn how things work. 

Typically, we set our scanner to 
receive the LIRR /transit frequencies 

and the police /fire /emer- 
gency frequencies of the 
county we were in. As we 
crossed county lines, we 
could include its scan bank 
in our listening with the 

touch of a button. Some 
days, when we were reading 
or not interested in hearing 
police activity, we could just 
keep the LIRR frequencies so 
we could be alerted to any po- 
tential problems that could 
occur during our commute. 

So what did we hear and 
what did we learn? First example: 

We're on an express train 
heading into the city. 

The train is, inci- 
dentally, two cars 
shorter than nor- 

mal, so it's pretty 
crowded. By lis- 

tening to the scan- 
ner, I understand 

that another train on 
another line is dis- 
abled, and our train is 

being ordered to make 
five unscheduled stops 

to pick up passengers. 
The conductor on our 

train knows that we're 
already reasonably 
crowded, and informs 

the control tower that 
we're running two cars 
short. No matter, we're go- 

ing to make the stops. 
I mutter something to the 

guy sitting next to me, and he 
says in astonishment, "How 

do you know?" "I'm listening to 
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Tun this C1fristmas ' ..: 
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 reacers 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 t 
give! The Special Holiday Rate saves you 
$41.89* off the newsstand price on each gift. 
You can save another $41.89 *when you start or 
extend your own subscripticn 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, 1999. 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- 
nouncement card signed with your name just 
before Christmas. And all through the new year, 
they'll remember and appreciate your thought --4 
ful gift! So don't blow a fuse...take it easy and ' 
enjoy the holidays. Give Christmas gifts of Pop l' 
ular Electronics! ,.`+`' 

Popular Electronics 
Basic sub rate - 1 yr /$24.99 
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them -a Far Rockaway train is dis- 
abled," I say. Two or three minutes 
later, the conductor gets on the PA to 
let everyone else know what's going 
on. We make the five extra stops. 

In another instance, I listened as a 
our train came to a halt shortly after 
leaving the station. A train at the next 
station, as I learned from the scanner, 
had a "fire condition" in its last car. 
The powers that be decided that the 
best thing was for our train to head 
back past a switch, then switch to the 
other track, and head into New York. 

But rules are rules, and a train can't 
just be told to head back and switch to 
the other track. Such an order has to 
be written out in military fashion. (For 
example, our train, No. 129, had to be 
written out as "train one two nine. ") 
After about 20 minutes of this the 
order was rescinded. "All of that for 
nothing," one crew member said. Few 
things are more frustrating than being 
stopped in a commuter train without 
knowing what's going on. Because I 

knew, the delay was more palatable. 
To make matters worse, while we 

were following the limping train ahead 
of us, I learned that another train had 
hit some debris outside of Penn Station, 
closing one of the two tunnels and sure 
to cause massive delays. (Our train 
trip, normally just over an hour, took 
more than 21/2 hours that day.) Our 
scanner kept us better informed than 
anyone else on the train, and we were 
probably the only relaxed commuters 
that day. 

OK, not everyone takes a commuter 
train every day, and, to be honest, con- 
versations between train crew mem- 
bers could be pretty boring unless 
something directly affecting our com- 
mute was happening. So why else 
would a scanner be useful? Well, I 

found it fascinating to hear the police 
department preparing for Hillary 
Rodham Clinton's arrival at the 
Waldorf Astoria hotel where she was 
having lunch with the President. (We 
hadn't even realized that the First 
Family was visiting New York until we 
heard it on the scanner.) I found it 
gratifying that traffic accidents and 
potential traffic holdups were consid- 

30 ered important, and people were 

working hard to minimize their 
impact. And some transmissions, such 
as those after an ex -cop's car was car - 
jacked, were, well, just plain exciting. 

The ability to listen in on local 
amateur -radio meter repeaters was 
also a lot of fun. Even if you're not a 
ham -radio operator, you might want 
to listen to the message traffic. (The 
Tuesday night swap- and -shop net on 
our local 2 -meter repeater was one of 
our favorites.) 

For a scanner to be useful, of 
course, it must be programmed with 
frequencies of interest. The BC235XLT 
comes with a starter frequency guide 
that includes frequencies of police, 
fire, and emergency services and 
more, broken down by state and city. 
It's not a bad starter, but you'll want to 
get more comprehensive guides avail- 
able from, for example, RadioShack, or 
go on the Internet and get frequencies 
from other enthusiasts. 

The Trunk Tracker, however, also 
offers a service (svc) button that 
switches the scanner between pre- 
programmed frequency sets for police, 
fire /emergency, air, marine, and 
weather services. The weather service 
was handy -we could tune to our 
local National Weather Service fre- 
quency with ease. The others were no 
substitute for having a list of actual 
frequencies used, but they could help 
a beginner to become familiar with the 
kind of traffic that can be heard. 

As a standard scanner, the Bearcat 
BC235XLT was a pleasure to use -it 
was sensitive and scanned fast. Our 
biggest complaint was that its audio 
output was weak. In a car, for exam- 
ple, the audio had to be cranked up to 
full power to be effective -and even 
then it was less than ideal, distorted 
and not loud enough. On the other 
hand, we did most of our listening 
either through headphones or our 
multimedia computer speakers. The 
great thing here is that the headphone 
jack will accept a stereo jack and pro- 
vide output to both channels even 
though the scanner itself is mono. 

Birdies -signals generated by the 
scanner's internal oscillators -were 
few and far between. Image rejection 
and freedom from intermodulation 

distortion were excellent. 
Of course, we haven't even gotten 

to the sexy part -its trunk- tracking 
capabilities. 

When you use trunk -tracking, only 
a single bank can be active at a time. 
That might sound limiting, and in some 
cases it is, but it's important to remem- 
ber that several services can use one 
trunked system. For example, in Suffolk 
County, the Police Department shares 
its 26 frequencies with county buses, 
the State Parks Police, the County 
Health Department, and others. 

The scanner can follow Motorola 
Type I, Type II, and Hybrid trunked 
systems. For Type I and Hybrid sys- 
tems, you'll need someone else to tell 
you how to configure the "fleet maps" 
or you'll have to go through a long, 
trial- and -error process. (A site on the 
Web, www.trunktracker.com, has 
been set up to share information.) The 
more modern Type II systems are eas- 
ier to use because all you need are the 
frequencies. 

Once you program the right fre- 
quencies into a trunked bank, the 
scanner searches for the data channel 
that has the control information for 
the radios using the system. Then, 
instead of frequencies, the display 
shows the "talk group" identifier. By 
themselves, the talk group numbers 
mean nothing. But by listening, you 
can figure out what they are. And 
that's important, because you can set 
the scanner to ignore those that aren't 
of interest. For example, we were 
perfectly happy to listen to the Suffolk 
County First - Precinct Dispatch (talk 
group 49776) but perfectly willing to 
ignore the county buses (240). The 
bottom line is that when you're scan- 
ning trunked banks, forget about fre- 
quencies. Think instead about talk 
groups and fleets. 

With trunked systems becoming 
more prevalent every day, we can't 
think of a better portable scanner to 
recommend. We could quibble with a 
couple of ways that the scanner oper- 
ates, but those quibbles would really 
get us away from the main point: 
Uniden's Bearcat Trunk Tracker 
BC235XLT is a great scanner for new- 
comers and enthusiasts alike. 



MILLENNIUM CLOCK 
You can throw away your calendar when you need to 

keep track of hsw many days unti a certain event 
happens. This is a great project to have as the entire 
planet counts the days until the new millennium! 

JAMES E. TARCHIMSKI, N8PTG 

Something ve r / rcre i ; 

about to happ ar. I is o 
rare, in fact, th A rt -a; 

only happened once sà i.se t e 
days of Christ. We are about o 
enter not just a new de.ade or 
even a new century -we cre ato.1 
to enter a new millennium The , xst 
time the thousands digit o` the year 
changed was for the ze o -ta -ore 
transition. But in the year 000 AD. 
communication was poor, and 
absolutely no one had any idea Of 

the true scale of the world This tithe 
around, however, things are affer- 
ent. For the first time in hum r ais -o- 
ry, the entire world is watching the 
calendar and counting drown until 
the new millennium begins. 

The Millennium Clock is designed 
to help keep track of the oays will 
this historic event. Essentially, tt 
Millennium Clock is a microp -o- 
cessor -based circuit that disolays a 
real -time clock. Every day at m d 
night it decrements a eauntar kr 
indicate the number of days et u it 
an event. Initially, it can be. 1Jsed k 
track the passage of timE unit Itx- 

big calendar fiç, but after that it can 
be used to count down the days to 
other events, such as he start of the 
summer school break -or how 
about your retirement, a family 
vacation, or -hat fine mortgage 
payment? Now there's something to 
look forward td! 

Everything in Its Own Time. So 
when exactly does the new millen- 
nium begin? Wet, there are really 
two answers to that question. For 
computers, the change will be 
most noticeable on January 1, 

2000. As eve-yore should have 
heard by now, on hat day, the cur- 
rent year varia ale in rrany comput- 
er systems will be simply "00," be- 
cause many pogroms were written 
to lust assume the "19" stuck out 
there on the le-t When such a com- 
puter goes to calculate the time 
you've had your money in the bank 
since you openec an account in 
1992, for example, you'll likely get 
92 years of ìn erest instead of just 
eight years. (you could possibly 
even be charged a negative 92 

years of interest, meaning you 
might actually be shown to owe the 
bank mo- ey!) It looks like it'll be a 
real problem. Major corporations 
are now spending millions of dol- 
lars to modify their software to pre- 
vent total chaos in the year 2000. 
However, rn spite of all the potential 
computer problems, January 1, 

2000 is not the official start of the 
new millennium. 

The new millennium officially 
begins on January 1, 2001. The rea- 
son for this is that our great ancestors 
decided to start the calendar with 
the year `one," and not the year 
"zero." Sc the first century ran from 
1 -100, the second from 10 -200, and 
so on. The same for the first millenni- 
um, from 1 -1000, and hence the 
second runs from 1001 -2C00. So the 
third millennium will begin on the 
first day of the year 20C 1 (hence 
the name of Arthur C. Clarke's most 
famous novel.) 

No matter which definition you 
use, the Millennium Clock can help 
you keep track of the days until the 
much heralded event. 31 



DISPL1 
OPTREX 

(4 BIT MODE) 

About the Circuit. A schematic 
diagram of the Millennium Clock is 

shown in Fig. 1. The main element in 

the circuit is a Motorola 68HC705K1 
microprocessor (IC1), which has 
only 32 bytes of RAM and 498 bytes 
of ROM. Its main feature is that it 

has ten general -purpose input /out- 
put (I /O) lines and a single dedi- 
cated interrupt (IRQ) input, which 
satisfies the minimum requirements 
for the Millennium Clock. 

Seven of ICI's general -purpose 
I/O lines (port -A, bit 0, and bits 2 -7) 
are used to drive a Liquid Crystal 
Display (LCD), DISP1. The display is 

designed to operate in either 4- or 
8 -bit modes. In our application, the 
display is operated in 4 -bit mode; 
that allows the device to be driven 
with only seven I/O lines. Running 

+5V 

the display in the 4 -bit mode caus- 
es a considerable amount of soft- 
ware overhead, but it greatly simpli- 
fies the project's hardware. 

Bit 1 of port -A is used to control 
a small piezoelectric buzzer. The 
buzzer (BZ1) provides audible 
feedback whenever a switch is 

pressed. A 2N4403 PNP transistor 
(Q1) is used to drive the buzzer, 
thus ensuring that ICI's current - 
sinking capabilities are not exceed- 
ed. Audible feedback can be con- 
sidered optional. 

Port -B of the microprocessor only 
has two I/O terminals -PBO and PB1, 

located at pins 3 and 2, respective- 
ly -which are dedicated to read- 
ing inputs from the three user inter- 
face switches, Sl -S3. Whenever S1 is 

pressed, line PBO is pulled low, which 

is registered by the microproces- 
sor's software. Similarly, whenever S3 

is pressed, line PB1 goes low. Diodes 
Dl and D2 form a hard -wired AND - 

gate circuit; therefore, both PBO and 
PB1 are pulled low if switch S2 is 

pressed. Thus, only two of the micro- 
processor's input pins are needed 
to service three user input switches. 

A timebase signal -which is fed 
to the microprocessor through its 

external interrupt (no) input at pin 
4 -is the only other major input 
required by the 68HC705. That signal, 
which is generated in the project's 
power -supply section, is derived from 
the 60 -Hz AC power line. The signal 
provides a very accurate clock sig- 
nal, much more accurate than rely- 
ing on an on -board oscillator. 

Like all microprocessors, some 
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Fig. I. The main "ingredients" in the Millennium Clock are Motorola's 68HC705K1 microproces- 

sor (ICI) and an Optrex DMC series liquid- crystal display (LCD), DISPI -an intelligent 2-row by 

I6- column unit, which is designed to operate in either 4- or 8 -hit modes. Those components, cou- 

pled with an assortment of support devices, enable the Millennium Clock to track the progression 

32 of time toward some future event. 

'SEE TEXT 



LISTING 1 -A MICROSOFT EXCEL FUNCTION FOR 
CALCULATING THE NUMBER OF DAYS BETWEEN TWO DATES 

A B C E 

1 Date 1 = 1/1/00 Date 1 = 1/1/00 
2 Date 2 = 9/1/97 Date 2 = 9/1/97 
3 Days= 852 Days= = abs(E1 -E2) 

Note: Both the left and right sides are the same function, but the one on the right shows the simple 
formula used. 

support components are required 
to allow the 68HC705 to operate. For 
example, R2 and Cl are used to 
generate a suitable reset signal for 
IC1, allowing the microprocessor to 
power up correctly whenever volt- 
age is applied. Components RI and 
C2 work in conjunction with the 
microprocessor's internal oscillator 
circuit to generate the proper timing 
signal. While that signal is used by 
the microprocessor for its own inter- 
nal timing, the timebase signal on 
the IRQ line is used to drive the micro- 
processor's time- keeping functions. 
(Again, that was done because the 
60-Hz signal is very accurate and 
not nearly as susceptible to inaccu- 
racies due to ambient temperature 
changes.) 

Power for the project is derived 
from a 9 -volt AC wall adapter. The 
9 -volt output of the adapter is rec- 
tified by BR1 and converted to a 
clean 5 -volt DC supply by IC3, an 
LM78L05 5 -volt, 1 -amp fixed voltage 
regulator. 

Assembly. The Millennium Clock 
was assembled on a single -sided 
printed- circuit board, measuring 1 

7/10 by 3 3/16 inches. Figure 2 shows 
a full -size template of the author's 
single- sided, printed- circuit layout. 
A parts- placement diagram for fhe 
author's printed- circuit layout is 

shown in Fig. 3. Most of the compo- 
nents for the Millennium Clock, 
except for potentiometer R4 and 
the three input switches (S1-S3), are 
mounted to the board. The off- 
board components are connected 
to the board via PLl and S01-10- 
pin, male and female IDC connec- 
tors (respectively). 

The board layout was dictated 
by the physical dimensions of 
DISP1, the DMC series liquid -crystal 
display -which is manufactured by 
a company called Optrex. There 
are several versions of the display 
unit -the one selected for the 

H1 -7/16 INCHES -» 
Fig. 2. The Millennium Clock was assembled on 

a single -sided printed- circuit hoard, measuring 
1 7116 by 33116 inches. A full -size template of the 

author's printed -circuit layout is shown here. 

Millennium Clock has 14 connec- 
tion pins located in the upper left - 
hand corner when viewed from the 
front of its circuit board. Other simi- 
lar display units, even those made 
by other manufacturers, can be 
substituted for the one specified. 
However, the replacement device 
should be controlled by a Hitachi 
44780 integrated circuit. If you have 
another display with a different pin 
configuration in your parts' bin, the 
display can also be mounted off - 
board and connected to the main 
board using point -to -point wiring 
techniques. 

Because the liquid -crystal dis- 
play is mounted to the board and 
obscures on -board components, 
the display should be mounted to 
the board through a 14 -pin SIP sock- 

PARTS LIST FOR 
THE MILLENNIUM CLOCK 

SEMICONDUCTORS 
BR1- DF06110M or equivalent full -wave 

bridge rectifier 
D1- D4- 1N4001 1 -amp, 50 -Ply, silicon, 

rectifier diode 
DISP1- Optrex DMC series, 16 character 

x 2 line, liquid crystal display (see text) 
ICI- Programmed 68HC705KI P micro 

processor, integrated circuit 
IC2- LM7805S positive 5 -volt, 100 -mA, 

fixed -voltage regulator, integrated circuit 
Q1- 2N4403 general -purpose PNP silicon 

transistor 

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

unless otherwise noted.) 
R1 -R3, R5, R6, R8- 10,000 -ohm 
R4- 10,000 -ohm, single -turn, PC- mounted, 

trimmer potentiometer 
R7 -1000 -ohm 
R9- 5600 -ohm 

CAPACITORS 
Cl, C5, C6- 1.0 -µF, 16 -WVDC, electrolytic 
C2- 22 -pF, ceramic disc 
C3 -10- .F, 16 -WVDC, electrolytic 
C4- 0.1 -µF, ceramic disc 

ADDITIONAL PARTS 
AND MATERIALS 
BZ1 -5 -volt piezoelectric buzzer 

(RadioShack #273 -074 or equivalent) 
F1 -0.25 -amp, PC- mount, Pico -fuse 
J1-Power jack 
PL1- Female, ribbon -cable mounted, 10- 

pin connector 
S1 -S3- Normally -open pushbutton switch 
SO1 -Male, PC- mount, 10 -pin connector 
S02- Optional, see text 
Printed- circuit board materials, 8 to 11 -volt 

DC power adapter, 14 -pin SIP socket, 
16 -pin DIP socket, enclosure, spacers, 
wire, solder, hardware, etc. 

Note: The following items are available from 
Aurora Software, PO Box 080133, 
Rochester, MI 48309 -0133: a pro- 
grammed 68HC05K1 CP microcom- 
puter (IC1) for $12.99; a 1.44M, 3.5- 
inch floppy disk containing an S- record 
file (no source code) of the Millennium 
Clock software and the two programs 
shown in Listings 1 and 2 for $6. Please 
add $2 shipping and handling for all 

orders and (sorry) no Michigan orders 
accepted. 

et. Mounting the display in a socket 
allows it to be easily removed from 
the board, should it ever become 
necessary to service the circuit. 
Fourteen -pin SIP sockets, although 
less common than the DIP type, 
are readily available -even your 33 



LISTING 2 -BASIC PROGRAM FOR CALCULATING 
THE NUMBER OF DAYS BETWEEN TWO DATES 

100 ' DATE CALCULATIONS 
110 ' (c) 1997 Aurora Software 
120 ' 

160 WIDTH 80: KEY OFF: COLOR 7: CLS 
410 Q$ = "PLEASE ENTER THE FIRST DATE: " 

420 GOSUB 520: V1 = V 
430 Q$ = "PLEASE ENTER THE SECOND DATE: " 

440 GOSUB 520: V2 = V 

450 PRINT : PRINT 
460 PRINT "THERE ARE "; V2 -V1; " DAYS BETWEEN THESE ": PRINT TWO DATES. 

( "; (V2 - V1) 1365.25; " YEARS.)" 
470 PRINT : PRINT 
480 PRINT "PRESS ANY KEY..."; 
481 A$ = INKEY$: IF A$ _ " " THEN 481 

490 END 
500 
520 ' *** INPUT DATE ROUTINE * ** 

540 PRINT 
550 COLOR 6: PRINT Q$: COLOR 7 

560 PRINT 
570 PRINT "USE THE FORM: MM,DD,YYYY ": PRINT 
580 INPUT "DATE: "; M, D, Y 

590 FLAG = 0: PRINT 
600 IFM <OORM>12ORD <OTHENFLAG =1 
610 IF (M = 4 OR M = 6 OR M = 9 OR M = 11) AND D > 30 THEN FLAG = 1 

620 IF(M =1 ORM= 3ORM= 5ORM= 7ORM= 8ORM= 100RM= 12)AND 
D > 31 THEN FLAG = 1 

630 IF = 2 AND D > 29 THEN FLAG = 1 

640 IF FLAG <> 0 THEN PRINT "INVALED MONTH /DAY SPECIFICATION. ": GOTO 560 
650 IFM= 2 AND D =29 AND Y < >4 * INT(Y /4) THEN PRINT Y;" IS NOTALEAP 

YEAR!": GOTO 560 
660 IF Y < 1590 THEN PRINT "ALL DATES MUST BE AFTER THE YEAR 1590. ": GOTO 
560 
670 ' 

680 ` CALCULATE 'V' 
700 IF M > 2 THEN GOTO 730 
710 V= 365 *Y +D +31 *( M- 1 ) +INT((Y- 1) /4)- INT(.75"(INT((Y- 1)/100) +1)) 
720 GOTO 740 
730 V= 365 *Y +D +31 * (M - 1) - INT(.4 * M + 2.3) + INT(Y / 4) - INT(.75 * 

(INT(Y / 100) + 1)) 

740 RETURN 

local RadioShack carries them. With 
this connection system, the 14 -pin 
connectors actually help hold the 
LCD board and the main boards 
together. 

Another point worth mentioning 
is that the printed- circuit layout 
shown in Fig. 3 was used for all phas- 
es of developing the Millennium 
Clock. Because of that, the board 
contains component pads for parts 
that were used in the early stages 
of software development. In partic- 
ular, SOl was used as a tie point, 
allowing the builder to select an IRQ 

signal coming from either the AC 
adapter or from off the board 
entirely. Resistor R8 was used as a 
pull -up for the external interrupt. 
That allowed for testing the inter - 

34 rupt's operation at a much slower 

rate. The jumper and resistor can be 
eliminated from your unit; in doing 
so, don't forget to hard wire the IRQ 

terminal (pin 4) of IC1 to the clock 
signal from the power supply sec- 
tion of the board. 

Also on the board are about six 

extra pads, in addition to those for 
SO1 and resistor R8. Those pads were 
provided for components that were 
later found to be unnecessary in the 
final incarnation of the circuit. 

Checkout. Once the printed- circuit 
board has been completely assem- 
bled, visually inspect the board for 
poor solder joints, solder bridges, 
missed joints, or even completely 
uninstalled components. Caution: 
Don't confuse the extra, unused 
board pads with those in which a 

component should be installed. 
Inspecting the board may sound 
trivial, but misinstall a single compo- 
nent and then see just how "unnec- 
essary" you view this step. Literally 
days can be lost debugging circuits 
with one or two minor flaws. Besides 
the time and frustration seemingly 
minuscule errors add to a construc- 
tion project, it can also translate into 
some dollars if a major component 
should be damaged. Time invested 
in a visual inspection is generally 
time well spent. 

Once the visual inspection is 

complete and you're satisfied that 
there are no obvious errors, it's time 
to do some active tests on the cir- 
cuit. With the circuit completely 
wired, but without the LCD and 
microprocessor installed, apply 
power to the circuit by connecting 
a 9 -volt AC adapter to J1. Check 
the voltage at the input and output 
of the 78L05 regulator; the input volt- 
age readings should be about 8 -11 
volts and the output should be 
exactly 5 volts. Also check pins 1 and 
13 (RESET and VDD respectively) of 
IC1, which also should be at 5 volts. 

There are two other simple circuit 
checks that should be performed. 
Using a wire jumper, short pin 6 to 
pin 4 of ICI's socket. Shorting those 
pins should cause buzzer BZ1 to 
sound. Once buzzer operation is 

confirmed, press each of the 
switches in turn and make certain 
that the appropriate pin(s) of the 
IC1 socket are pulled low. Pressing 
S1 or S2 should cause the voltage 
on pin 3 to drop to zero, while press- 
ing S2 or S3 should cause pin 2 to 
drop to zero. 

Finally, using an oscilloscope or a 
frequency counter (assuming either 
or both those devices are avail- 
able), check the voltage and /or 
frequency of the signal at pin 4 of 
IC1. That's the pulse signal used by 
the microprocessor to keep track of 
real time. The signal should have a 
frequency of exactly 60.0 Hz, and 
an amplitude of less than 5.5 volts. If 

either of those parameters is 

exceeded, do not install IC1 until 
the problem has been corrected! 

If all checks out OK, remove 
power from the circuit, and install 
both the microprocessor and the 
LCD module. Once again, apply 
power to the circuit; data similar to 



that shown in Fig. 4A should appear 
in the display. If that display does not 
materialize, the first thing to check is 

the adjustment of the LCD contrast 
control, R4. If R4 is incorrectly set, the 
screen appears blank. 

'SEE TEXT 

Fig. 3. Most of the components for the Millennium Clock, except for potentiometer R4 and the three 

input switches (Sl S3), are mounted to the board. Potentiometer R4 and the switches connect to the 

circuit board through PLI. A parts -placement diagram for the author's printed -circuit layout is 

shown here. 

A 

B 

c 

Fig. 4. When power is first applied to the unit, a "Time Display" screen similar to that illustrated 
in A appears. Pressing switch SI once causes the display to change to that shown in B -the 
"Address Input" screen. After selecting the address to be modified, pressing SI again brings up the 

"Data Input" screen shown in C. 

At this point, you should see time 
incrementing on the display and 
you can give yourself a good pat 
on the back. Your clock is now 
standing on its own two legs, com- 
pletely under the control of the pro- 
ject's software. 

The Software. The Millennium 
Clock's microprocessor (IC1) must 
be programmed before the chip 
can be expected to do its job. For 
those capable of programming a 
68HC705, the software -a file con- 
taining the S- record software -can 
be downloaded from the Gernsback 
Web site (as file "CDOWN.ZIP ") or 
purchased from the supplier listed in 

the Parts List. If you do not have the 
equipment to program a 68HC705, 
a pre -programmed microprocessor 
is also available. 

Three main sections of code 
dominate the Millennium Clock soft- 
ware, along with six or seven other 
smaller sections of code thrown in 

for good measure. The largest sec- 
tion is the one required to drive the 
liquid -crystal display. The reason it is 

so large is that the LCD is being run 
in 4 -bit mode; hence, each byte of 
data sent -o it must be broken down 
into two separate pieces (two nib- 
bles). Each of the nibbles are then 
sent from -he microprocessor to the 
LCD in succession.That brings us to a 
good point to remember if you plan 
on designing a LCD into one of your 
own projects: using the LCD in 4 -bit 
mode saves 4 data lines, but it adds 
3 or 4 times the software overhead. 
Like so many things in electronics, it's 
"pay me now or pay me later." 

The two larger blocks of code are 
required to handle the switch inputs 
and to update the clock counters. 
The switch input section is fairly 
routine, constantly monitoring the 
switches, eliminating (via software) 
any key -bounce that is present, and 
finally transferring the switch settings 
to the rest of the program. 

As for updating the clock coun- 
ters, it turns out that memory -stor- 
age locations for the clock are very 
easy to update. Every time an IRQ 

signal is generated, the micro- 
processor automatically executes 
a specific section of code. In the 
code, a "tick" counter keeps track 
of how many times the micro- 
processor has entered the IRQ rou- 35 



TABLE 1- CONTENTS OF THE FIRST EIGHT (O-7) 
MEMORY LOCATIONS OF THE MILLENNIUM CLOCK. 

Address Name Valid 
Range 

Notes 

0 DAYSHI 0 -99 This is the thousands and hundreds digits 
of the Days Left variable. 

1 DAYSLO 0 -99 This is the tens and ones digits of the Days 
Left variable. For example, if you want to 
program the clock to count down 356 days, 
place 03 in memory location 0 and 56 in 

memory location 1. 

2 TICKS 0 -59 Current time: Tick counter. This address 
updates too fast to be changed by the user. 

3 SEC 0 -59 Current time: Seconds counter. 

4 MIN 0 -59 Current time: Minutes counter. 

5 HRS 1 -12 Current time: Hours counter. 

6 AMPM 0 -1 0 = AM 
1 = PM 

7 DAY 0 -6 Current day of the week: 
0 = Sunday 
1 = Monday 
2 = Tuesday 
3 = Wednesday 
4 = Thursday 
5 = Friday 
6 = Saturday 

Note: These a e the only locatons that the user may change. The program does not per- 
form error checking -if you enter a value outside of the valid range, strange things can 
happen. 

tine. After it sees 60 interrupts, it then 
zeros the tick counter and incre- 
ments the "seconds" counter. Once 
the "seconds" get to 60, a minutes 
counter is updated, and so on. 
Finally, after the clock counters 
increment the "day" memory regis- 
ter, the software decrements the 
count -down register that contains 
the number of days remaining until 
the user's "event" is reached. 

Setting the Clock. Setting the 
Millennium Clock is not so straightfor- 
ward as it might have been, 
because of limited processor ROM 
space and limited processor input 
lines, which spawned the three - 
switch user interface. However, that 
should not be a problem for those 
who are adept at setting up modern 
electronic devices; it may be a bit 
more time consuming, but far from 
impossible for those who are not. 

Start by applying power to the 
circuit. When power is first applied to 
the unit, the screen display illustrat- 

36 ed in Fig. 4A should appear. That's 

the clock's "Time Display," which 
gives the user's local time on the 
upper line and the "Days Leff:" indi- 
cation on the second line. At power - 
up, all RAM variables are initially set 
to zero, so the display defaults to 
SUN at 01:00:00 AM with 0 days left 
shown on the display. 

Pressing switch S1 once causes 
the display to change to that shown 
in Fig. 4B -the "Address Input" 
screen. When that screen appears, 
pressing S3 allows you to select 
which of seven RAM locations you'd 
like to change (see Table 1 for a 
description of each RAM location). 
Each press of S3 increments the dis- 
played address by one and auto- 
matically resets it to zero after 
address seven is displayed. 

After selecting the address that 
you'd like to modify, pressing S1 

again will bring up the "Data Input" 
screen, shown in Fig. 3C. That screen 
shows the current contents of the 
address selected, and also allows 
the value at that memory location 
to be altered. Switches S2 and S3 

are both used on that screen, 
updating the displayed number by 
10 and 1, respectively. Whenever the 
maximum value (99) is exceeded, 
the display automatically rolls over 
to zero. 

Note that no error checking is 

performed on the variables entered. 
You could therefore enter a value of 
34 for the "Day" variable even 
though that would not be correct. 
Note: You must perform your own 
error correction, based on the "Valid 
Range" column of Table 1. If you 
don't perform error correction, the 
project's display could exhibit fairly 
strange behavior. Error -checking rou- 
tines could not be used for this sec- 
tion of the program due to the limit- 
ed available program space. 

After the new value is correctly 
displayed on the "Data Inputs" 
screen, pressing S1 a final time 
stores the new value in memory 
and also returns the readout to the 
"Time Display" screen. Think of press- 
ing Si the final time as being tanta- 
mount to pressing a computer's 
Return key -it locks your change 
into memory. 

To completely set the clock, you 
need to loop through the three 
screens until all the required RAM 
addresses have been set to the 
desired values. Knowing what the 
correct values are for the standard 
time variables is as simple as looking 
at your watch, but getting values to 
enter for the two "Days Left" vari- 
ables is a little more complicated. 

Determining "Days Left." There are 
several ways to figure out how many 
days remain until a certain event 
happens. The obvious one is to pick 
up a calendar (or two) and count 
the days. It sounds simple, but that 
method is prone to error. A much 
better way is to let a computer fig- 
ure it out. And finally, for those using 
the clock to count down until the 
new millennium, a simple alternative 
is shown in Table 2. To calculate the 
number of days until the new millen- 
nium, find the row corresponding to 
next month. That is, if the present 
month is November (11), the next 
month is December (12). Go to the 
12/1/98 line, choose the appropri- 
ate "Days -Leff" amount, and add to 
the Days-Left amount the number 

(Continued on page 68) 



GETTING YOUR COMPUTER 
UP AND RUNNING 

In last month's article, 
Putting Together Your 
Own Computer -from 

ATX to ZIF, we detailed the 
selection of many of the 
major components that are 
required in assembling your 
own computer. Hopefully, over 
the past few weeks you have 
made these selections, order- 
ed the necessary items from 
the vendors, and have just 
gotten the packages in your 
eager hands. In this conclud- 
ing article, we present a basic 
guide in setting up the major 
assemblies for the computer 
you intend to build. While it is 

beyond the scope of this arti- 
cle to explain every nuance 
and approach in setting up 
every conceivable system, it 

can be used as a general 
guide. But more importantly, 
it will take you step -by -step 
through the installation of the 
specific computer assemblies 
we have detailed, and it will 
also allow you to avoid many 
of the pitfalls encountered 
by amateur PC builders. 

In this concluding article on building 
your own PC, we install the major 

computer assemblies, configure 
hardware, and load some basic software 

to get your PC off and running! 

Ground Yourself Out! One cannot 
overstate the importance of ade- 
quately grounding yourself before 
and while handling computer hard- 
ware. Two common devices that 
are quite effective for this purpose 
are the ground strap, which straps 
to your wrist, and the ground mat, 
which lies on the floor beneath your 
feet. These devices prevent static 
electricity from building up on your 

Special thanks to Benjamin Leidner, net- 
work engineer for Gaspra Technologies, 
a computer consulting firm in New York 

City. Mr. Leidner, who also teaches com- 
puter courses at Computer Educational 
Services, is A+ certified, a Microsoft 
NTPS, and a Novell CNE, He can be 
reached at ben@benyc.com. 
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body. When even small amounts of 
static electricity discharge through 
sensitive computer components, 
the components can become dam- 
aged or completely destroyed. So it 
is a good idea to always keep your- 
self grounded. In a pinch, if no 
grounding devices are available, 
many computer technicians will 
touch a metal surface of the com- 
puter case, in order to neutralize any 
potential that may have accumulat- 
ed between themselves and the 
computer. However, this is only for 
emergency repairs and is no substi- 
tute for the proper grounding of 
devices. 

After properly grounding yourself, 

remove the outer cover to 
the PC case, either by 
unscrewing several screws 
that secure the cover to the 
rear panel of the case or by 
sliding the appropriate side 
panel backwards. Consult the 
manual to avoid unnecessary 
disassembly. 

In putting together your 
PC, document all changes, 
switch settings, orientation 
of cards, wires, etc. as you 
go along. Also, record any 
brand names, model num- 
bers (with notable revision 
letters), and serial numbers 
on the numerous assemblies 
you are installing -these may 
be invaluable for warranty 
and upgrade purposes at a 
future date. 

Case and Power Supply. Be- 
cause most case and power 
supply units are sold togeth- 
er, there is usually no need to 
assemble these two units. 
Power supply units are usual- 
ly affixed to the case with 
screws and may be further 

secured by a tab -and -slot or a 
bracket. Most of the newer ATX 

cases do not have tabs -and -slots or 
brackets. 

When attached with screws, the 
rear surface of the power supply 
case should completely cover (from 
the inside) the square hole in the 
back panel of the PC case thus 
becoming part of case's rear panel. 
This panel should have a main 
power connector to which a power 
cord can supply current from the 
wall outlet. The panel should also 
have a voltage selector switch that 
can be set appropriately for your 
household current (for U.S. usually 
marked 115 VAC). 

There is also a harness of wires 
with connector ends that extend 
from one of the surfaces of the 39 
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computer exposed! Here is a side view 
panel removed showing the installed 

(ATX) motherboard. 

power supply case. Be sure not to 
damage or accidentally obscure 
these wires, as you will need them 
to supply power to your mother- 
board and drives. 

Motherboard. The installation of 
the motherboard is far simpler than 
expected. For those with tower 
cases, it may be preferable to lay 
the tower on its side, so that the 
motherboard can be installed hori- 
zontally. 

The first thing to do is assess the 
proper orientation of the mother- 
board with respect to the case. 
Since the mounting holes in the 
motherboard are asymmetrical, 
there is only one possible orientation 
in which it can be installed -check 
with your owner's manual for your 
case. If you discover that your moth- 
erboard cannot be properly orient- 
ed, or will not fit the physical dimen- 
sions of the case when properly ori- 
ented, then you have acquired an 
incompatible case and mother- 
board. Contact the case /mother- 
board manufacturer(s) for further 
help. If you have followed the advice 
of last month's column, and you 
acquired the proper AT, baby -AT or 
ATX case, for a corresponding AT, 

baby -AT or ATX motherboard, finding 
the proper orientation is simple. 

For our purposes, we will orient 
the motherboard and case so that 
Me half of the motherboard that 
houses the mouse and keyboard 
ports is furthest away from us, and 
the half with the expansion slots on it 
is closest (see Fig. 1). We will call the 
farthest edge of the motherboard 
the "top" and the closest edge the 

40 "bottom" Throughout this article. 

Installing and Securing the Mother- 
board. Now that you have con- 
firmed that your motherboard fits 

properly, the standoffs (nylon fasten- 
ers) which keep the motherboard 
elevated above the metal surfaces 
of the case can be inserted into the 
proper mounting holes. Most moth- 
erboards are mounted with four 
standoffs, one in each corner. The 
pointed ends of the standoffs, which 
look like arrows, should be inserted 
through the mounting holes from the 
underside of the motherboard. After 
they are inserted, and the mother- 
board falls into the correct position, 
the flat ends of the standoffs slide 
into standoff holes in the case. If the 
standoff holes do not line up with the 

standoffs, your motherboard may 
not fit the case. Don't be discour- 
aged too easily, though; sometimes 
it takes a little delicate shifting to 
allow the standoffs to fall into their 
proper holes. In addition, some 
motherboards can only be mount- 
ed with three standoffs and the non - 
useable standoff may get in the way. 
(This does not apply if both the 
motherboard and case are ATX). 

After you have slid the mother- 
board and standoffs into the appro- 
priate standoff holes and slots, you 
must find the anchoring holes in the 
motherboard. There are usually two 
or three, situated precisely above 
the anchoring posts of the case. 
The motherboard must be secured 
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Fig. 2. Expanded view of slot locations on 

motherboard for insertion of RAM hoards (only 
DIMM slots available for this hoard). 

with screws, which go through the 
mounting holes and fasten into the 
mounting posts. With the mother- 
board secured properly, let's get into 
inserting the RAM boards. 

Installing the RAM. Installing RAM 
requires consulting your owner's 
manual to identify the appropriate 
SIMM and /or DIMM ports (see Fig. 

2). It is best to install RAM, starting 
from the first RAM slot and working 
your way up. So, if you are planning 
to install two DIMM RAM boards, 
you must identify DIMM Slot -1 and 
DIMM Slot -2 on the motherboard, 
and confirm this with owner's man- 
ual. Likewise, if you are planning to 
install two SIMM RAM boards, you 
must identify the SIMM Slot -1 and -2. 
You can tell the difference between 
DIMM and SIMM boards, or their 
corresponding slots, by the number 
of pins each type has. SIMM boards 
come in two varieties, 30 pins on 
older designs and 72 pins on newer 
ones. DIMM boards all have 168 
pins. 

Having identified the appropri- 
ate RAM slots, the RAM boards can 
be installed as follows. First, hold the 
RAM board by the top two corners, 
so that the pins are facing down. If 

you are installing DIMM boards, you 
will notice a pair of notches cut out 
of the edge of the board -where 

The proper technique in inserting a RAM hoard into a motherboard slot. Insert hoard into slot at a 

45- degree angle and then swing the top edge ol'the hoard upwards. 

pins would otherwise be. If, on the 
other hand, you are installing SIMM 
boards, you will notice that a single 
notch has been cut out of one of 
the bottom corners of the RAM 
board. Because of these notches, 
there is only one orientation in which 
either type of RAM board will fit into 
its corresponding slot. 

Gently slide the RAM board into 
the slot at a 45- degree angle to the 
motherboard. If the RAM board 
does not easily fit into the slot, your 
orientation is incorrect, and you 
must flip the board over while keep- 
ing the pins facing downward. After 
sliding the RAM board into the slot, 
swing the top edge of the board 
upwards, using the bottom edge as 
a pivot, until the board is perpen- 
dicular to the motherboard. The 
RAM board should now snap into 
place; the two metal clips on either 
side of the slot securing it. Your RAM 
board has now been installed, and 
you can repeat this procedure for 
any additional RAM boards. 

Installing the Hard Drive. Installing a 
UDMA, IDE or EIDE hard drive requires 
the identification of six items. They 
are the primary UDMA /IDE /EIDE port 
on the motherboard, the IDE /EIDE 
port on the hard drive itself, a forty - 
pin IDE ribbon cable, a power con- 
nector from the power -supply unit, 
the power- connector port on the 
hard drive, and an appropriately 
sized drive bay in the case. 

The UDMA /IDE /EIDE ports can 
be identified as the only 40 -pin ports 
on the motherboard. The connec- 
tor is usually white, with two rows of 
20 pins each standing straight up. If 

there are two or more UDMA/ 
IDE /EIDE ports together, it is likely 
that the primary port is furthest to 
the right. However, you should con- 
sult the motherboard owner's man- 
ual to confirm this for your particu- 
lar board. In addition to simply 
identifying the port, it is important 
to identify the number one pin of 
the port. Sometimes there is a "1" 
printed next to the number one pin, 
right on the motherboard. In the 
absence of such identification, it is 

useful to know that most UDMA/ 
IDE /EIDE ports have a notch cut out 
at the center of the edge of the 
plastic connector wall, closest to 
the first row of pins. This notch allows 41 



for only one orientation in which 
most 40 -pin IDE ribbon cables can 
be installed, as there is an appen- 
dage on the connectors that must 
fit into the notch, or the connector 
cannot be inserted. (Beware how- 
ever, there are plenty of IDE cables 
being sold out there that do not 
have such an appendage on their 
connectors, and an appendage - 
less connector will fit into any port 
in the wrong configuration). 

Once you have identified the 
number one pin of the UDMA /IDE/ 
EIDE port on the motherboard 
(IDE1), insert the 40 -pin IDE cable 
connector, making sure that the 
red wire of the cable is closest to 
the number one pin of the port. 
Leave the other end of the con- 
nector available to insert into the 
hard drive. 

After unpacking the hard drive, 
consult the owner's manual to 
make sure that the jumper pins are 
set properly. You want to make sure 
that the jumpers are set in the 
"Primary" and "PnP" (Aug and Flay) 
configuration- making this your pri- 
mary hard drive. The next step is to 
insert the hard drive into the appro- 
priate internal drive bay of your 
case. You will have the choice of 
using a 3.5 or a 5.25 -inch bay in 
most cases. The mounting screws 
should align perfectly with the cor- 
responding holes in the hard -drive 
casing. Leave these screws a little 
loose, until you are finished con- 
necting the cables to the hard 
drive. 

The power -supply cable for the 
hard drive is made up of four differ- 
ent colored wires, and emanates 
from the power -supply unit in the 
computer case. The connector is 

usually off -white in color, and always 
has two rounded corners so that it 
can only be inserted into a device's 
power- connector port in the cor- 
rect orientation. Insert this power 
connector into the appropriate 
power -connector port of the hard 
drive. The fit will be tight, and there 
will be no snap indicating that it is in 
all the way, so be careful to stop 
when the connector and port cas- 
ings are flush with one another. 

The IDE ribbon cable must be 
connected to the UDMA /IDE /EIDE 
port of the hard drive. Once again, 

42 it is important to ensure that the 

number one pin is aligned with the 
red wire of the cable. Just as with 
the IDE cable and port connection 
on the motherboard, if there is an 
appendage on the cable and a 
corresponding notch on the port, 
the correct orientation will be the 
only orientation in which the cable 
can be connected. Usually, but not 
always, the number one pin is clos- 
est to the power connector port on 
the hard drive. Sometimes there is a 
"1" label. 

Gently insert the IDE ribbon cable 
into the port, ensuring that the red 
wire is closest to the number one 
pin. Also, be careful not to bend any 
of the pins in the port of the hard 
drive as you insert the cable con- 
nector. The hard drive is now con- 
nected, and you can now tighten 
the mounting screws, which hold 
the drive in its bay. 

Installing the Floppy Drive. In 
searching for your 40 -pin IDE cable 
for your hard drive, you may have 
also found a narrower 34 -pin ribbon 
cable. This is the appropriate cable 
for the connection of your floppy 
drive to the motherboard. You will 
also have to identify the floppy -drive 
port on the motherboard (see Fig. 
3), as well as that of the floppy drive 
itself, an appropriately sized exter- 
nal- facing drive bay, another power 
connector from the power -supply 
unit, and the power -supply port on 
the floppy drive. 

To install a 3.5 -inch floppy disk 
drive, a 3.5 -inch external- facing bay, 
or a 51/4-inch external- facing bay, an 
appropriate mounting bracket must 
be made available. Without a 
mounting bracket, you are limited to 
a 3.5 -inch external bay only. Simply 
pop the corresponding plastic exter- 
nal- facing bay cover out of the front 
of the case. Then slide the floppy 
drive or the floppy drive mounted on 
a bracket into the bay and secure it 
loosely with the mounting screws. 
Repeat this procedure with another 
floppy drive, if you intend to install a 
second floppy drive (drive B). 

The 34 -pin ribbon cable for the 
floppy drive is conspicuously de- 
signed with a twist in the cable 
between the connector in the mid- 
dle of the cable, and the connector 
at the distant end of the cable. This 

twist separates the "floppy drive A" 
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Fig. 3. Expanded view of the floppy -disk con- 
nector location on the motherboard. 

connector from the "floppy drive B" 
connector. That is, the connector 
closest to the middle of the ribbon 
cable (before the twist) is designat- 
ed as drive B and the one at the 
end of the cable (after the twist) is 

specified as drive A. Indeed, you 
only need this single cable to install 
two floppy drives. Like the IDE cable, 
this 34 -pin ribbon cable also has 
either a red wire or red writing on 
one edge of the cable, indicating 
the side corresponding to pin num- 
ber one. The floppy -drive connector 
must also be aligned so that the 
number one pin is closest to the "red 
edge" of the ribbon cable. 

Having identified the correct ori- 
entation of the 34 -pin ribbon cable 
and the floppy -drive port on the 
motherboard (FDC), gently insert 
the appropriate connector into the 
motherboard's floppy port. Do the 
same with floppy- drive -A and flop- 
py- drive -B connectors -except in- 
sert these into the appropriate ports 
on the drives themselves. Finally, 
connect an available power -sup- 
ply cable from the PC's power -sup- 
ply to the power -supply port on 
each of the floppy drives. Recall 
that there is only one possible orien- 
tation in which these power -supply 
connectors can be inserted. After 
the ribbon cable and power supply 
have been connected, adjust the 
position of each drive so that when 
the cover to the case is reinstalled 



the face plate of each drive is flush 
with the face of the case. Finally, 
tighten the mounting screws to lock 
the drive(s) into position. 

Installing the CD -ROM. To install the 
IDE /EIDE CD -ROM disc drive, one 
can follow the basic installation pro- 
cedure of the hard drive, with a few 
minor differences. The first difference 
is that the jumper pins on the drive 
must be configured to the "slave" 
setting. Consult the owner's manual 
to ensure the proper configuration 
of the jumper(s). Another major dif- 
ference is that the CD -ROM drive 
must be installed into a 51/4 -inch 
external- facing drive bay. So, you will 
have to pop out one of the plastic 
external- facing drive bay covers in 

order to make room for the face of 
the CD -ROM drive. 

As with the installation of the hard 
drive, you must connect an available 
power -supply cable to the power - 
supply port on the drive. In addition, 
you must connect an IDE ribbon 
cable so that its "red edge" is situat- 
ed closest to the number one pin on 
the UDMA /IDE /EIDE port of the CD- 
ROM drive. Instead of connecting 
the other end of this IDE cable to 
the primary UDMA /IDE/ EIDE port of 
the motherboard, you must con- 
nect it to the secondary IDE/EIDE 
port of the motherboard (IDE2). 

Once the power and IDE cables 
have been connected, the position 
of the drive can be adjusted. Finally, 
the mounting screws can be tight- 
ened, locking the drive in place. Your 
CD -ROM is now physically installed in 

your computer. 

Installing the Video/Graphics Accel- 
erator Card. This is the first card you 
will want to install. In order to install it, 

identify the appropriate expansion 
slot(s). If you have purchased an 
AGP video card, it must be installed 
into the AGP slot of the mother- 
board, which is usually located 
above the other expansion slots on 
a Pentium II motherboard. The AGP 
slot appears somewhat recessed 
compared to other expansion slots. 
Next, remove the corresponding 
expansion slot bay plate, and insert 
the edge connector of the video 
card into the AGP slot. For PCI and 
ISA video cards, the same installa- 
tion procedure must be carried out, 

ZIF SOCKET LEVER ARM 

Installing a non -Pentium CPU is a snap. Locate your CPU socket on the motherboard, lift the lever 

of the ZIF socket, carefully insert the CPU into the socket, and then lower the lever 

except that a PCI card must be 
installed into a PCI expansion slot, 
and an ISA card must be installed 
into an ISA slot. PCI and ISA slots are 
different in that ISA slots are general- 
ly much larger, with wider contacts. 
Consult your motherboard owner's 
manual to confirm the types of slots 
and their locations. 

Installing the Modem. The modem 
is installed in much the same way as 
the video card. If you have an exter- 
nal modem, installation is extremely 
simple. Connect it to your PC's 25- 
pin COM -port, through the appro- 
priate cable, then attach the AC 
adapter to the modem and plug it 
into a power strip or common wall 
socket. Since there are no compo- 
nents to install inside the computer 
case, it is best to perform this proce- 
dure after you have finished 
installing all internal components 
and closed up the case cover. 

In order to install an internal 

modem, you must know the form of 
the card that it is on -ISA or PCI. 

Consult your modem owner's man- 
ual to make sure that the modem 
and the jumper settings are correct. 
For this initial installation, it is best to 
have the jumpers configured to 
plug and play (PnP). Even though 
this is almost always the factory 
default setting, occasionally a 
modem slips by in a different con- 
figuration. 

Next, simply insert the card into 
the appropriate expansion slot, as 
you did with your video card. Secure 
its plate with a screw, and your 
modem installation is finished. 

Installing the Sound Card. As with 
most ISA and PCI cards, the sound 
card is installed using the same 
methods as for the modem and the 
video card. Identify the form of the 
card, ISA or PCI; and then check 
the jumper settings, ensuring that 
the card is in the PnP configuration. 43 
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Fig. 4. Expanded view of several power -supply connectors on the motherboard. 

Then simply insert the card into the 
appropriate expansion slot, and 
secure its plate with a screw. 

CPU Installation. With the advent 
of the Pentium II processor, and its 

corresponding Slot 1 on the mother- 
board, CPU installation has become 
incredibly simple. There are four 
components that must be identified 
in order to successfully complete this 
installation. They are the Pentium II 

CPU, the Slot 1 location, the CPU 
cooling fan (if available), and an 
available power supply cable for 
the CPU cooling fan. 

The Pentium II CPU is clearly 
marked with Intel's logo and the 
words "Pentium® II Processor." It may 
take you by surprise, as it is not the 
standard, flat mounting, square - 
shaped CPU that has dominated 
the industry for the past decade. The 
Pentium II is rectangular and mount- 
ed on a board with edge connector 
pins along its single exposed side. It is 

installed in the same way that RAM 
boards are installed. Holding it by its 

non -connector edge, simply find the 
only orientation in which the CPU will 
fit into the Slot -1 connector. Then 
slide it into Slot 1 at a 45- degree 
angle, and swing the board into the 

44 vertical position, using the pin -con- 

nector edge within Slot -1 as a pivot. 
If you have neither a Pentium II 

CPU nor a Pentium II processor (such 
as Cyrix /IBM, AMD, Pentium MMX 
brand, etc.), chances are that you 
are attempting to install your corn - 
mon CPU into a ZIF socket. This too is 

a simple task. The components are 
the CPU, the ZIF socket, an optional 
heatsink, and an optional cooling 
fan. The ZIF socket is easily identified 
as the only socket with female pin- 
holes arranged in concentric 
squares. It is also the only socket that 
has a lever arm attached to one 
side. There should be an identifying 
number "1" printed on the socket, 
indicating where the corresponding 
"Pin 1" is supposed to go. The CPU 
has a single beveled edge, indicat- 
ing the position of "Pin 1." Simply raise 
the lever arm to a vertical position 
(90- degrees), then place the CPU 
into the socket. It should require no 
force for the CPU to drop into 
place -pushing could damage the 
pins of the CPU. Once the CPU is in 

place, close the lever arm so that it is 

flush with the rest of the slot. Attach 
the cooling fan or heatsink (both 
optional), using the clips that are 
sold with either. If you have attached 
a cooling fan, you must connect the 
power to it. Your CPU is now installed. 

Connecting the Power -Supply 
Cable. The cable from the power 
supply to the motherboard requires 
the identification of two elements, 
the power -supply cable and the 
power -supply slot. The power -supply 
cable is one of the multi -wire cables 
that emanate from the power -sup- 
ply. Newer power supplies are made 
with an ATX port at the end of the 
power -supply cable. Also, if you have 
a power supply and ATX case that 
were purchased together as a unit, 
the power -supply cable can easily 
be recognized because it will be the 
only 22 -wire, multi -color cable, with a 
single connector at the end. 

If you are lucky enough to have 
purchased an ATX power supply and 
an ATX case, you will find that there is 

only one orientation in which the 
power -supply cable can be inserted 
into the ATX power supply port. 
Consult your manual for location of 
your ATX power -supply slot. 

If you have an older power sup- 
ply, you will find one 12 -wire, or two 
six -wire, multi -color cables that are 
different from all the other multi- 
color cables from the power supply. 
There are several differences, aside 
from the fact that the other cables 
have only four wires. These two 
cables will lead into narrower con- 
nectors, which are perfectly rec- 
tangular in shape and usually 
white. This is unlike the four -wire 
cables that connect to drives and 
other internal devices. (Note: If you 
have a pair of six -wire power -supply 
cables, you should consult the 
manuals that came with the case 
and the motherboard to deter- 
mine this proper orientation. 
Although they are usually installed 
so that the two red wires are adja- 
cent to one another, forming a line 
of 12 wires, some manufacturers 
may not follow conventional color - 
coding). An improperly installed 
power supply can fry your mother- 
board and any components that 
are on it. 

Hooking Up the Power, Reset 
Buttons, and LEDs. Most comput- 
er cases come with four handy little 
features that must be hooked up 
before you close up your case. 
These are the power on /off switch, 
the reset button, the system power 
LED, and the hard -disk -drive LED. If 



AMIBIOS SETUP - STANDARD CMOS SETUP 

((11990 American Megatrends, Inc. Ail Rights Reserved 

Date (mmrddryyyy): Tue 31 04,1990 Base Memory: 0 KB 

Time (hliimmrss? : 15:40:06 Extd Memory: 0 MD 

Floppy Drive A: Not Installed 

Floppy Drive D: Not Installed 

Type 

Pri Master : Not Installed 

Fri Slave : Not Installed 

Sec Master : Not Installed 

Sec Slave : Not Installed 

Size CyIn 

Boot Sector Uirus Protection Disabled 

Month: Jan - Dec 

Day: 01 - 31 
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LBO DlR PIO 32Bit 
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ESC:Exit t1:Sel 

PgUprPgDn:Modify 
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Typical items in a BIOS "Standard CMOS Setup Menu" are divided into a number of user -deter 
mined categories. 

there is one area of PC setup infor- 
mation that cannot be general- 
ized, it is the location of the con- 
nectors for these features. The best 
way to ensure that they are con- 
nected properly is to consult your 
motherboard owner's manual. See 
Fig.4 for the connections found in 
our system. 

While I know of no generally 
accepted color code for such fea- 
tures, the following wire color leg- 
end may apply to your case: 

Power on /off button -white and 
blue 
Reset button -black and green 
Hard -disk -drive LED -white and 
red 
System -power LED -white and 
green 
Case fan -black and red 

Connecting the Power Cables, 
Monitor, Speakers, Mouse and 
Keyboard, etc. As we approach the 
last part of the installation of the 
hardware items for your PC, we real- 
ize that you, our knowledgecble 
readers, are getting into a routine 
with these installation techniques. 
Hence, we will not bore you with the 
connection of the remaining re- 
quired items, such as the keyboard, 
mouse, monitor, etc. Suffice to say 

the hardware installation of these 
external assemblies can be gleaned 
from their respective owners' manu- 
als. This step completes the physical 
assembly of the PC. 

Buttoning Up the Cabinet. Closing 
up your case is a welcome task by 
now. But before you rush into 
replacing the panels /cover, double 
check the connections of the 
cables you have just installed and 
make sure your documentation is 

complete. It is very common to fin- 
ish an installation or upgrade, only 
to find that your system is malfunc- 
tioning because of an accidentally 
loosened or disconnected cable. 
Since you may have to open up 
your case again, it may be a good 
idea to leave only a single screw 
holding your case closed until you 
are sure all the hardware /software 
settings match. 

Blastoff and Back to Mission Con- 
trol. So you've got all of the drives 
mounted in their bays. You've got 
the power supply connected prop- 
erly and power cabling is distributed 
throughout the system. All of the 
cables are connected, and the CPU 
and RAM are in their sockets. The 
power cable is now plugged into a 

fused AC outlet. Your trembling fin- 
ger hesitates in front of the power 
button for a moment, you depress it 

and - Voila! The computer is alive! A 
light goes on and you hear some 
sweet noises from your baby. But you 
are not done yet. How does the CPU 
know how much SRAM & DRAM is 

available to it? How does the moth- 
erboard know what to do with the 
keyboard attached to it? This sec- 
tion concerns getting the hardware 
devices to communicate with one 
another so that you, the user, can 
control those devices. 

What happens when you turn 
the computer on? There is a set of 
programs built in to the computer 
that automatically checks what 
devices are installed, and these pro- 
grams also test those devices. This 

set of programs is called the BIOS, 

which stands for Basic Input Output 
System, and is stored on a special 
set of ROM (Read Only Memory) 
chips on the motherboard. The BIOS 

has two primary functions- invento- 
ry and initialization. To accomplish 
this, the BIOS performs a POST 

(Power On Self- Test). To configure 
your hardware devices in the BIOS, 

you enter the BIOS setup program 
(or CMOS setup -since the ROM is 

stored in Complementary Metal - 
Oxide Semiconductor material). This 

is accomplished by pressing a key or 
combination of keys on the key- 
board when the system is first pow- 
ered on. The key is usually the Fl 

function key or the <DEL> (delete) 
key, depending on the type of BIOS 

you have. You will be prompted at 
the top or bottom of the screen - 
"Press <Fl> to Enter Setup," but I 

have found that, whatever key you 
are prompted to enter, the <DEL> key 
will usually work. 

The BIOS is just as its name sug- 
gests- basic. In the BIOS, you con- 
figure those devices that the system 
requires for basic functionality. A 
computer will function without a 
printer, sound card, or Zip drive -but 
try using the PC without a CPU, or 
RAM, or a monitor -then you have 
a problem! 

The BIOS configures the following 
Input /Output (I /O) devices: 

-CPU 
-RAM (SRAM and DRAM) 
-Motherboard and Chipset 
-Hard -Disk Drive (HDD) 45 



-ATAPI CD -ROM drive 
-Video 
-Floppy -Disk Drive (FDD) 
-Ports 
The BIOS also configures some 

other startup options as well, and 
we will discuss them as necessary. 

There are many screens with 
numerous options in the setup pro- 
gram. Different BIOS manufacturers 
have different interfaces and may 
vary in the options they provide 
and the means by which you navi- 
gate the different screens. All of the 
options that follow, however, are 
required for any BIOS, so if yours is 

different, you may just have to 
search a little to find them. There will 
always be instructions along the 
bottom of the screen or along the 
right margin that explain how to 
navigate through the BIOS. 

DATE & TIME 
The first two options in the AMI BIOS 
main setup screen allow you to 
configure the date and time. 
Although this is not required, as you 
can set the date and time through 
Windows 95, I would do it anyway. 
FLOPPY OPTIONS 
Today's PCs come standard with 
support for two floppy -disk drives. 
Generally, only one is installed -a 
3.5 -inch drive with a 1.44 -MB 
capacity. This 3.5 -inch drive should 
be configured as drive A. 
Availability of a second floppy drive 
provides support for another 3.5- 
inch drive, or an older 51/4-inch, 1.2- 
MB drive that is rarely used any- 
more. Disable drive B if you do not 
intend to install a second floppy 
drive. Otherwise, choose the 
appropriate setting for your addi- 
tional drive. 
BOOT OPTIONS 
Further down the main setup 
screen, you will find "Boot Options." 
Hit the <ENTER> key on the key- 
board to get to the boot options 
screen, set the first boot device to 
"Floppy" and set the second boot 
device to "Hard Disk." Disable the 
third and fourth boot device, if 
those options are available, and 
ignore the rest of the options in this 
screen. Booting refers to how the 
computer searches for and loads 
an Operating System (OS). Here 
you are telling the BIOS to first 

46 search the floppy Drive A for an OS, 
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and then the hard -disk drive. This is 

important for initial configuration of 
the hard disk, and it is also helpful in 
troubleshooting a malfunctioning 
hard drive. Apart from rare circum- 
stances, booting to a floppy drive 
before the hard drive is an impor- 
tant safety precaution that should 
not be changed. 
HDD CONFIGURATION 
Back in the main setup screen, the 
next step is to configure the hard - 
disk drive. This is the first of many 
steps you will be performing in 
order to prepare the HDD to 
receive data, and here we are 
concerned with getting the drive 
recognized by the system. 

All new BIOS programs have a 
utility that will autodetect a hard - 
disk drive for you. If your drive is any- 
thing but a SCSI drive (that is, an 
IDE, EIDE, UDMA, etc.), you need to 
set the Primary Master to 
"Autodetect." SCSI drives have their 
own BIOS and are not set up here in 
the main system BIOS. Press <Enter> 
on the Primary IDE Master and set 
the IDE device configuration to 
"Auto." The BIOS will then figure out 
the number of cylinders, heads, 
sectors, and the capacity of the 
drive. IDE translation is required 
because of early limitations on the 
size of a hard drive (for example, 

the BIOS limit on the number of 
cylinders is 1024). For today's large 
capacity drives to be recognized 
by the system, IDE translation maps 
the actual, physical configuration 
of the drive to a logical configura- 
tion that the BIOS can control. Set 
IDE translation to "Autodetect" and 
make sure that the other parame- 
ters here (such as PIO modes) are 
also set to "Autodetect" as well. 
ATAPI CD -ROM DRIVE 
An ATAPI CD -ROM drive is con- 
trolled by the IDE controller. SCSI 

CD -ROM drives should not be con- 
figured in this setup program. If the 
CD -ROM drive is attached to the 
same cable as the hard -disk drive, 
then the CD -ROM drive is the 
Primary Slave. I have configured the 
CD -ROM drive on a different cable 
from the hard -disk drive, so I set the 
Secondary Slave to autodetect. 

There are a few settings you may 
not be able to configure but should 
be aware of nonetheless. The video 
mode should be set to "EGA /VGA," 
base memory should always be 
640K and extended memory (XMS) 
should be the amount of physical 
RAM you have installed, less the ó40 
kB of conventional memory. For 
example, I installed 64 -MB of RAM in 
my system which equals 65,536 
kbytes (65,536 less 640 kB of conven- 



WINDOWS 98 CONSIDERATIONS 
If you are up in the air about which Windows 
operating system to install on your system, 
Windows 95 or Windows 98, you are not 

alone. Fortunately for those who are in- 

stalling an OS onto a new system, this 
dilemma is easily resolved. If you hava no 

OS, and must purchase a new one, there is 

no contest; Windows 98 is by far the better 
buy, and will help you get the most o.1t of 
your PC. However, if you already own a 

copy of Windows 95 and are considering 
Windows 98, you may want to decide if buy- 
ing the upgrade is worth it for you. 
According to Microsoft Windows 98 Product 
Manager, Kim Akers, there are many 
improved functions and capabilities in this 
new OS. Here are some of the more salient 
features: 

1. Set up in Windows 98 has been stream- 
lined and simplified in comparison to 
Windows 95. Instead of having ques'ions 
sprinkled throughout the installation 
process, as was the case in Windows 95, all 
the dialog boxes for Windows 98 are placed 
at the beginning. 

2. "Maintenance Wizard" -This feature 
enables users to automatically maintain 
their machines. Just as a car needs an oil 
change on a regular basis, computers need 
to be "cleaned up" to maintain optimal per- 
formance -the "Maintenance Wizard" per- 
forms that task. 
3. Faster start up. application load, Web 
page download, and shut -down perfor- 
mance- Windows 98 works to limit that wait 
time for users. For example, on the average, 
application programs start around 36 per- 
cent faster with Windows 98, 
4. Support for USB hardware -makes 
adding hardware as easy as inserting bread 
into a toaster. 
5. FAT32- Windows 98 enables a user to 
convert to the FAT32 File Allocation Table, 
which helps reclaim hard -disk space. In 
fact, on average, users can reclaim about 
28 percent of their hard disk back by this 
conversion. 

If these features are important to you, you 
may find the cost of upgrading to Windows 
98 well worth it. 

tional memory leaves 64,896 kbytes 
of XMS). The amount of memory is 

generally not user -defined bui is 

automatically detected by the sys- 

tem. You should make sure that 
these numbers are accurate, how- 
ever, or you may have installed the 
RAM incorrectly. 

Main Setup Configured. Once 
the Main setup page has been 
configured, it's time to move on to 
the advanced settings. Check the 
processor type and processor speed 
and "cachesize" to make sure that 
these entries are accurate. Press 
<ENTER> to set the "peripheral cong- 
uration" and set the "Configuration 
Mode" to "Auto." Escape out of the 
"Peripheral Configuration" screen 
back into the "Advanced Setup." 

Finally, you need to set the plug 
and play configuration to "Use 
CM," which enables the PnP config- 
uration manager. 

Now that the BIOS Setup is con- 
figured, press <F1o> to save your 
changes and exit. The computer will 
store the settings you entered and 
restart the system. Don't worry that 
you will lose this information when 
the computer is turned off, the BIOS 
settings are kept alive by a battery 
on the motherboard, much like the 
clock in a car is directly attached to 
the car's battery. As the computer 

restarts, you should see the POST in 

action. 
First, you will see the BIOS date 

and version, and then the various 
devices will be inventoried and ini- 
tialized. The numbers quickly spin- 
ning into the thousands represent 
your RAM being tested and count- 
ed. When the POST completes, you 
will hear a single beep telling you 
everything is okay with the hard- 
ware. Anything other than a single 
beep means there is something 
wrong with the hardware or its con- 
figuration. In fact, if you are ever 
having trouble with your computer, 
a quick way to determine whether 
the problem is hardware -related or 
software- related is to restart it. If you 
get a single beep, the POST per- 
formed properly, and you can be 
almost 100 percent assured that the 
problem lies with the software. 

What is this error message on the 
screen? The hard -disk drive, while 
recognized by the BIOS, is not yet 
operable. The next two steps involve 
preparing the hard -disk drive to 
receive data, but it requires a little 
legwork on your part. Here is the 
problem -you have a CD -ROM with 
the Windows 95 operating system 
on it, but you need to install the 
device driver for the CD -ROM drive 
to use the CD -ROM. A device driver 
is a software program that controls a 

hardware device, and a device dri- 
ver is required for every device in 

your system. How do you install the 
CD -ROM device driver onto the 
hard disk if the hard disk is currently 
inoperable? 

What you need now is a boot - 
able floppy diskette. A bootable 
floppy is a 3.5 -inch diskette with an 
operating system on it. Remember, 
that we configured the BIOS to look 
for an operating system on the flop- 
py drive before the hard drive. Now 
you know the reason -you must 
boot to a floppy and then copy the 
operating system from the floppy to 
the hard drive. In order to do this, 
you need to prepare a boot 
diskette. Find a PC with Windows 95 
already installed on it and double - 
click the "My Computer" icon (by 
default this icon is on the top -left of 
the screen). Put a blank floppy 
diskette in drive A, and right -click on 
the icon representing this drive. 
Select "Format" from the drop -down 
menu. Do a full format, just to be on 
the safe side, and make sure that 
the last option, "Copy System Files," is 

checked off. Then click "Start." 
Once the format is finished, you 

need three more files on the 
diskette: "format.com," "fdisk.exe," 
and "sys.com." These files can be 
found in the c: \windows \com - 
mand directory. Click each of these 
three files while holding down the 
control key (oral.) on the keyboard, 
right -click on any one of the three 
highlighted files, and choose "Send 
To 3.5 -inch Floppy (A)." This will copy 
those files to the floppy diskette. 
Now take this diskette and put it in 

the floppy drive of your computer 
and turn the computer on. After the 
POST, the PC should boot from the 
floppy drive. After pressing <ENTER> 

twice, to skip the date and time 
entries, you are left at a DOS 
prompt (A: \ >) and a blinking cursor. 
Type <FDISK> to enter the partition 
utility. With the "FDISK" utility, you will 
partition the hard drive -that is, you 
determine if you want the entire 
drive to be available for one oper- 
ating system, or you want to split the 
physical hard disk into multiple, 
smaller logical drives 

Before "FDISK" begins, you may 
see a screen that warns you that 
large disk support may make this 
drive incompatible with other dri- 47 



ves, namely those formatted with 
DOS, Windows NT, and even other 
versions of Windows 95. 

For our purposes, however, go 
ahead and enable large disk sup- 
port. Type <Y> and hit <ENTER >. 
Choose Option 1 to create a DOS 
partition, and then choose 1 to cre- 
ate a primary DOS partition. Use all 
of the free space available for this 
partition and, since there is no data 
on the drive, ignore the warnings 
that all of the datá will be lost. Bear in 
mind though, that all data is lost 
when you "FDISK" a drive and do not 
attempt this on a drive with impor- 
tant information on it. There are third - 
party utilities available (such as 
Partition Magic, from PbwerQuest) 
that enable you to repartition a 
drive without losing data, if you 
should need to in the future. 

After the drive is partitioned, it 
must be formatted. Do this by typing 
<Format C: /s> at the (A: \ >) prompt. 
This command will format the hard 
drive and the switch ( /s) will put the 
operating system on the drive as 
well. This will take a fair amount of 
time, depending on the size of your 
hard drive. After the drive is format- 
ted, remove the floppy diskette from 
the drive, and restart your computer. 
If all went well, you should be left off 
at a C prompt (C: \ >). 

Next, you need to install the CD- 
ROM driver. Use the utility diskette(s), 
and follow the instructions that 
came with your CD -ROM. The 
instructions for setting up my 
Creative Lab's Soundblaster Vibra 
24 are simple and straightforward. It 
took me about two minutes to get 
the CD -ROM recognized. 

Windows 95. Now we must install 
Windows 95 operating system (OS) 
for your PC. Put the Windows 95 
installation CD into the CD -ROM 
drive and type the letter of your 
CD, followed by a colon (for exam- 
ple D:). From the D: prompt, type 
<sETUP>.This launches the Windows 
95 setup program (in fact, typing 
<SETUP >, or <INSTALL> is usually how 
you add programs to your comput- 
er). Follow the instructions on the 
screen and enter any information 
as necessary (your name and the 
95- license number, for example). 
Installation is surprisingly simple and 

48 straightforward. 

There are essentially three steps 
to the Windows 95 installation: First, 

the program gathers information 
about the hardware and software 
installed in your system to make sure 
that they meet the minimum 
requirements to run the Windows 95 
operating system (minimum require- 
ments are always written on the side 
of the box the software is packaged 
in). Second, 95 will copy files from the 
CD to your hard drive. Finally, 95 
will restart your system and finish the 
installation process. Choose "Typical 
Installation," when the choice 
appears, and at one point you get 
to choose which components of 95 
to install. Follow the instructions on- 
screen to select (or deselect) any- 
thing you may or may not want in 
Windows 95. For example, you may 
not want the games installed but 
you may want to install network sup- 
port (if you are thinking of connect- 
ing many computers together). You 
may also want to select "System 
Monitor" for troubleshooting and 
benchmarking your system. The 
entire installation process should 
take about 20 minutes. When you 
see the "Welcome to Windows" 
screen on top of Windows Explorer 
(which is what Microsoft calls the 95 
interface), you are finished. 

Windows 95 will automatically 
detect any PnP devices, and when 
necessary, it will automatically 
assign an IRO number and DMA 
setting to the devices. Occasion- 
ally, the OS will run into conflicts 
whereby two or more devices are 
set to the same IRQ number. This 
usually occurs if one of the devices 
is not PnP or if its jumper pins are 
not set to PnP. There are two ways 
to go about correcting the con- 
flict. The first is to make sure that 
the device is set to PnP. The second 
is to go into Windows 95 and open 
up the "Device Manager." This is 

done by clicking on "Start," then 
"Settings," then "Control Panel," 
then on the System icon, which 
looks like a monitor. A window 
labeled "System Properties" should 
appear. By clicking on the "Device 
Manager" tab, you will see all of 
the devices attached to your sys- 
tem. An exclamation mark identi- 
fies any devices that have con- 
flicts. Double- clicking on the trou- 
bled device will bring up a window, 

which gives information about the 
device. The "Resources Tab" dis- 
plays any conflicts and may allow 
you to change the settings. It will 
give a list of alternatives if avail- 
able. Keep in mind that if your 
device is not set to PnP, you may 
have no alternative setting choic- 
es. In such a situation, check to see 
if the settings of the device with 
which it is conflicting can be 
changed. In case you have to 
change several IRQs, here is a list of 
IRQ settings that are commonly 
applied: 

0- System Timer 
1- Keyboard 
2- Programmable Interrupts 
3- COM2 /COM4 (Serial Port 1) 
4 -COM 1 /COM3 (Serial Port 2) 
5-Hard -Disk Drive 
6- Floppy -Disk Drive 
7 -LPT1, LPT2 

8 -CMOS Real -Time Clock 
9 -Re- directed to IRQ2 
10- available 
11- available 
12 -Mouse 
13 -Disk Drive 
14- available 

With a little perseverance, you 
should be able to find an IRQ set- 
ting for each of your components 
and resolve any conflicts. 

Pat Yourself on the Back! Con- 
gratulations! You have just complet- 
ed building a PC from scratch. From 
the case and power supply, up 
through the BIOS, and all the way 
into the operating system, you have 
created a PC tailored to your own 
specifications. Now you can cus- 
tomize the computer further by 
installing additional hardware, such 
as a printer, camera, or network 
card, and additional software, such 
as a word processor, Internet brows- 
er, database program, or games. 
Follow along in future Popular Elec- 
tronics columns, such as Multimedia 
Watch, Netwatch, Computer Bits, 
etc. for reviews of multimedia and 
software packages. 

As you have seen, the whole 
process requires some time and a 
fair amount of patience, but it is cer- 
tainly not rocket science to assem- 
bling your own PC. With just a little 
skill, building your own computer is 

challenging, fun and educational. 
Now have fun with it! 



WATCh 
Fast CD Recording, New Graphics 
Cards, and New Software 

Ipretty much take CD recording for 
granted now. I've had access to the 

drives for about three years, and every 
day it seems I find new ways to use CD- 
R. Of course all I really do is burn data 
onto blank discs, but for so many differ- 
ent reasons. Sometimes I simply need 
to copy a disc, and there's software that 
let's anyone capable of turning on a 
computer and working a mouse, make 
disc copies. I can make backup copies 
of music CDs, or even make my own 
custom audio CDs featuring various 
artists and only the tracks I want. Quite 
often I have to return a loaner comput- 
er system and before I do, I burn a disc 
of all its files just in case I need some- 
thing for the next system. 

When I'm at work, with a T1 connec- 
tion to the Internet, it takes only minutes 
to download a 10 or 20 megabyte file or 
collection of files. Any chunk of data 
that size is hard to get from one PC to 
another without using a removable 
media drive -and then the drive usual- 
ly has to travel with the data. When I 

burn data to CD, any system can read 
the disc. 

Many times I'll download the install - 

lation software for a piece of hardware 
off the web. Then it's a simple matter 
to burn the data to a CD, which gives 
me a permanent installation disc for 
the hardware I'm working with. I could 
go on and on with the many uses I've 
found for CD -R, but you get the point. 
The blank discs cost about a buc< 
apiece these days. 

CD recorder technology hasn't 
changed much. The first CD -R drives 
recorded at 1x , or 150 kilobytes per 
second (kBps). The lx drives were very 
expensive and slow. But then about two 
years ago, 2x drives appeared, which 
were quickly followed by a few 4x 
recorders. At the same time, prices for 
the drives plummeted to the sub -$500 
mark, which made them affordable. 

Today you can get low -end re- 
corders for $200 to $300, but 4x, or 
600 kBps, is still the fastest. It seems 

MARC SPIWAK 

Teac's CD -R55S (internal) and CD -R55SE (esterna!) can record CDs at 4 X and read them at 12 X. 

that you can't burn data onto a CD any 
faster than 4x while still maintaining 
adequate tolerances -at least for now. 
Until recently, CD -R drives were also 
slow as readers, but not anymore. 
Teac's new CD -R55S records at 4x 
and reads at 12x. 

Most CD recorders you'll come 
across are 2x recorders. It takes about 
half an hour to fill up a disc with one of 
them. With the CD -R55S, it takes just fif- 
teen minutes to create a typical 650 -MB 
CD. A 1 -MB buffer helps avoid buffer 
underruns when recording. Its 12x read 
capability and 165 ms average access 
time are faster than other CD recorders. 
The CD -R55S is available as internal 
and external (CD- R55SE) models, but I 

tend to prefer external because it's eas- 
ier to move from system to system. List 
prices for the drive are $449 for internal 
and $549 for external. 

The CD -R55S has a SCSI interface 
so it's easy to connect to any system 
that has a SCSI adapter. It has a cad - 
dyless power tray, which I much prefer 

over the older CD -R drives that 
required the use of disc caddies. The 
CD -R55S supports all of the leading 
PC- and Macintosh -based CD- author- 
ing programs and supports all stan- 
dards including Track At Once, Disk At 
Once, Multi- Session, and so on. 

AT/ ALL -IN- WONDER PRO 
It used to be that I always wanted the 

fastest possible graphics card I could 
get my hands on, and it used to really 
pay off by making the entire system that 
much faster. Faster graphics cards still 
make systems faster, but the new sys- 
tems are so much faster than software 
needs them to be that it generally 
makes little difference what graphics 
card you have. Unless you're running 
software that requires a specific type of 

graphics accelerator, you should be 

happy with almost any 4 -MB card. 
These often cost no more than $50. 

Now that it makes less of a differ- 
ence what graphics card a system has, 
I tend to like a card that does a lot more 49 



WHERETO GET IT 

ATI Technologies, Inc. 
33 Commerce Valley Drive East 
Thornhill, Ontario, Canada L3T 7N6 
905 -882 -2600 
www.atitech. corn 

CIRCLE 60 ON FREE 
INFORMATION CARD 

Cavedog Entertainment 
3855 Monte Villa Parkway 
Bothell, WA 98021 
888- 477 -9369 
www. cavedog. corn 

CIRCLE 61 ON FREE 
INFORMATION CARD 

Creative Labs 
1901 McCarthy Blvd. 
Milpitas, CA 95035 
800 -998 -5227 
www. creativelabs. corn 

CIRCLE 62 ON FREE 
INFORMATION CARD 

Expert Software, Inc. 
800 Douglas Road 
North Tower, Suite 600 
Coral Gables, FL 33134 
800 -759 -2562 
www. expertsoftware. corn 

CIRCLE 63 ON FREE 
INFORMATION CARD 

Multimedia 2000 
1100 Olive Way. Suite 1250 
Seattle, WA 98101 
206 -622 -5530 
www.m-2k.com 

CIRCLE 64 ON FREE 
INFORMATION CARD 

STB Systems, Inc. 
1651 North Glenville 
Richardson, TX 75081 
800 -234 -4334 
wwwstb.corn 

CIRCLE 65 ON FREE 
INFORMATION CARD 

Teac America, Inc. 
7733 Telegraph Road 
Montebello, CA 90640 
213 -726 -0303 
www.teac.com 

CIRCLE 66 ON FREE 
INFORMATION CARD 

than ordinary graphics cards. And if it's 

a fast graphics accelerator as well, 
then I'm all the more happy. Not slow 
by any means, the AT/ All -In- Wonder 
Pro does a lot more than any other sin- 
gle -card solution. 

I like the All -In- Wonder Pro because 
50 it occupies only a single PCI or AGP 

The Core Commander from Total Annihilation: The Core Contingency is a pretty destructive Aude. 

slot, yet it does so many things. To 

begin with, it's a fast 2D /3D graphics 
accelerator, suitable for any entertain - 
ment/business PC. The card is based 
on ATI's Rage Pro Turbo 64 -bit graph- 
ics accelerator. The AGP 2x All -In- 
Wonder Pro takes advantage of the 
Pentium Il processor and AGP tech- 
nology to deliver premium graphics 
performance. 

It has a TV tuner built in, so I can 
hook it up to cable and have more tuner 
options than any TV set. It also has 
video in and out, so I can capture video 
from any source or output PC video to a 

large- screen TV for awesome game 
playing or record the output on VHS 
tape. The card accelerates video quite 
well and comes with a great player 
application that looks like a home enter- 
tainment system. All -In- Wonder Pro is a 

computer -based video production stu- 
dio all in one. 

Using the built in TV tuner, you can 
select your own close -ups or schedule 
your favorite shows to come on. A neat 
channel scanner scans through all avail- 
able stations, placing multiple channel 
stills in a grid on the screen. If you see a 

program you like, you just click on the 
image and that channel is selected. An 

instant replay feature lets you catch 
scenes you missed. 

All -In- Wonder Pro can receive 
closed captioning, so you can program 
the TV display to become active when 
key words you specify are detected, say 
the score in a ball game, the stock 

quotes, or weather. You can even record 
transcripts of TV programs from the 
closed captioning information. Prices for 
All -In- Wonder Pro range between about 
$250 and $325 depending on whether 
you want PCI or AGP, and if you want 
four or eight megabytes of memory. I 

say it's money well spent. 

3D BLASTER VOODOO2 
New from Creative Labs comes the 

3D Blaster Voodoo2, a graphics accel- 
erator card intended for gaming based 
on the Voodoo2 Graphics chipset from 
3Dfx Interactive. Both models feature 
high- speed, single -cycle DRAM and can 
process up to 3 million triangles per sec- 
ond, or 90 million dual- textured, bilinear - 
filtered, MIP- mapped, alpha -blended, Z- 

buffered pixels per second. In an SLI 
configuration where two cards are used 
in tandem, each processing half of the 
scan lines, the card can process 180 
million pixels per second. 

Designed for PC garners looking for 
top performance, the 3D Blaster Voo- 
doo2 works with an existing graphics 
card. It's compatible with any graphics 
card, including AGP, using video pass - 
through technology. You need at least a 
Pentium 90 to use the 3D Blaster 
Voodoo2. The 3D Blaster Voodoo2 
comes in a 12 -MB version for $299 or 
an 8MB version for $229. 

VELOCITY 128 
The Velocity 128 from STB is a new 

(Continued on page 68) 
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DX LiSTENiNÇ 
Broadcaster's Decisions 

Iis November and that means many 
of the major international SW broad- 

casters again are changing frequencies, 
and sometimes program schedules as 
well. The four -times -a -year changes in 

station transmitting frequencies may be 
puzzling to beginning shortwave listen- 
ers. After all, their favorite AM and FM 

stations stay put on a certain assigned 
frequency year -round and year after 
year. TV stations don't bounce from 
channel to channel, depending on the 
season. But the big international SW 
broadcasters do, usually around the first 
Sunday in March, May, September, and 
November. 

How does a major international 
broadcaster select its program schedule 
when it will broadcast to certain areas of 

the world? And how about frequency 
management? How are the shortwave 
frequencies selected, and why do they 
change several times a year? 

First, the schedule selection is a rel- 

atively easy matter. To a great degree, 
the "when" is determined by the listening 
patterns of the intended audience. It 

would make no sense to schedule an 
English -language North American short- 
wave service at, say, 10 a.m., eastern 
time. Relatively few listeners will be 
around to tune in. Most US and 
Canadian listeners do their tuning dur- 
ing our evening hours. So you'll find that 
many big SW stations beam English 
language programs our way during the 
prime evening hours in North America, 
roughly between 0100 and 0600 UTC. 

But the audience is only part of the 

rn scheduling equation. Propagation - 
how shortwave signals reach us -is 
the other. 

Some years ago, Radio Thailand 
2 sought to reach an American audience 
6- with English- language shortwave pro - 

2 CREDITS - Brian Alexander, PA; Albert 

á Arnold, VA; Peter Costello, NJ; John 
w Figliozzi, ONT; Bob Fraser, MA; Mark 

cFi Humenyk, ONT; David Krause, OH, Harold 

ó Levison, PA; Jerry Lineback, KS; William 
Q - McGuire, MD; Jay Novello, NC; Denis 

Pasquale, PA; Betsy Robinson, TN; John 
54 Wilson, DE; Robert Yajko, PA 
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QSL card from earlier years when the Portuguese shortwave service broadcast in a half dozen major 
languages, including English, to a worldwide audience. Radio Portugal International earlier this 

year ended its foreign language programs. 

gramming. Its so- called North American 
Service broadcast from 04:15 UTC- 
11:15 p.m. eastern time or 8:15 p.m. on 

the West Coast, prime listening time 
from the audience standpoint. But few if 

any US SWLs ever heard it because on 
the frequency chosen, transmissions 
from Thailand at that time of day were 
nearly impossible to hear. This points 
out why it is important that SW stations 
select both appropriate frequencies and 
times so that programs actually reach 
their intended audiences. 

While some stations stick like glue 
to certain traditional frequencies -the 
BBC, for instance, has used 12095 kHz 
for years -the majority of the larger 
broadcast organizations make regular 
changes, dividing their year into four 
"seasons." They include two "long" 
seasons, the so- called "J" schedule 
(covering May through August) and "D" 
schedule (November through Feb- 
ruary). Also there are two short transi- 
tional schedules, "M" (March and April) 
and "S" (September and October). 

The frequency choices for these 
periods are based on propagation fac- 
tors that change season by season, 
based on such natural phenomena that 
affect signal propagation, including the 

angle of the sun's rays and the number 
of hours of daily solar radiation. 

SWLs, of course, know the vexing 
problem of having two, sometimes 
more, stations plopped down on the 
same or adjoining frequencies, caus- 
ing a headache of mutual interference. 
With many stations vying for frequen- 
cies during the optimum evening hours 
in North America, what is surprising is 

that there isn't even more co- channel 
interference. 

Attempting to coordinate this corn - 
plex business of selecting shortwave 
frequencies is the International Fre- 
quency Registration Board (IFRB) of the 
International Telecommunications Union 
in Geneva, Switzerland. Since 1960, the 
IFRB has attempted, with some suc- 
cess, to reduce the chaos of seasonal 
frequency changes by broadcasters. 
Five months in advance of actual use 
SW stations are supposed to submit to 
the IFRB a list of frequencies they intend 
to use. The international agency com- 
piles this data into a tentative schedule 
for the shortwave bands. Where it 

appears conflicts will occur, the IFRB 
recommends alternative frequencies. 

But the IFRB has no real enforce- 
ment powers. So, while some broad- 



GLOSSARY 
BBC = British Broadcasting Corporation 
DX, DXer = Listening to distant radio 

broadcasts; one who listens to DX. 
ID = Station identification announcement. 
kHz = kilohertz, unit of frequency 

measurement. 
SW, SWL = Shortwave, one who listens to 

shortwave as a hobby. 
UTC = Universal Coordinated Time, a time 

standard used by worldwide broadcast- 
ers and SWLs; UTC is five hours ahead 
of Eastern Standard Time, or CST +6 

hours, MST +7 hours, PST +8 hours. 

casting organizations scrupulously try 
to cooperate with the agency in provid- 
ing advance frequency use information 
and following recommended changes, 
others simply go their own merry way. 

It's not uncommon for broadcasters 
to indicate plans to use far more SW 
frequencies than they can possibly use 
to allow themselves some flexibility 
later in actual use. Other stations may 
jump from frequency to frequency, look- 
ing for a competitive advantage in deliv- 
ering a signal with minimal interference 
with little consideration for the overall 
patterns of frequency use within a given 
SW band. 

So when all is said and done, the 
shortwave station's actual choice of 
seasonal frequencies is a combination 
of technical planning and seat- of -the- 
pants guesswork. 

During the next few weeks, chances 
are you'll find some of your favorite 
international shortwave stations oper- 
ating on new frequencies. But then 
things should tend to stabilize until 
March, when again there will be more 
seasonal frequency changes. 

BYE TO A LITTLE GUY 
In past years, some of the most 

active and easily heard English lan- 
guage services belonged to SW sta- 
tions in Europe's smaller nations. But 
as shortwave broadcasting costs 
escalated, many of them- including 
Luxembourg, Denmark, Belgium, Nor- 
way, and others -cut back operations 
or even disappeared entirely from the 
bands. Now another has joined them: 
Portugal. 

In the 1960s and early 1970s, 
Portugal's English language external 
service was called the Voice of the 
West. The station, easily heard, broad- 
cast in German, Spanish, Italian and 
French, as well as Portuguese and 

English. It portrayed itself as a broad- 
casting bulwark against the Soviet 
Union's radio propaganda. Often heard 
was its defiant slogan: "The West must, 
and will win!" 

At that time, the station's 45 minute 
English program was transmitted nine 
times daily to different parts of the world. 
The widely listened to Voice of the West 
even had its own DX club for SWLs. 
Following a revolutionary change of 
government in 1974, the SW station 
went off the air temporarily. It returned 
later but with a scaled back foreign SW 
service. In recent years, reception of the 
station has been somewhat difficult. 

And on March 31, Radio Portugal 
International ceased English program- 
ming and other foreign language 
broadcasts. The station announced 
that it would continue on the air, how- 
ever, but only with a limited schedule 
of Portuguese broadcasts. 

A NEW VOICE 
Dr. Adrian Peterson, longtime DX 

enthusiast and a spokesman for Ad- 
ventist World Radio, announced earlier 
this year that AWR has purchased 133 

acres of land near the small town of 
Argenta in northeastern Italy. This site 
will be the location of a new large SW 
broadcasting complex which is sched- 
uled to open in July of the year 2000. 

The site of the station originally was 
part of a 1930s reclamation project from 
the Adriatic Sea. The flat land with a 

high water table makes an ideal loca- 

tion for shortwave broadcasting, said 
Brook Powers, the station's engineering 
project director. Groundbreaking was 
scheduled for late this year. The trans- 
mitter building is to house four high - 
power SW transmitters, with space for 
adding two more eventually. The anten- 
na field will contain six directional 
antennas. 

The Italian government enacted 
special legislation several years ago to 
enable AWR to construct its powerful 
shortwave station in Italy. Programs will 
be aimed particularly to Central and 
Southern Asia, Africa and the Middle 
East, but certainly should also be audi- 
ble in North America. 

DOWN THE DIAL 
Here are some stations being heard 

by SWLs. Give them a try. 
ARMENIA -9965 kHz, Voice of 

Armenia, in English, was logged with 
English news at 2115 UTC. 

AUSTRALIA -15635 kHz, Austra- 
lian Defense Forces Radio, has English 
programming for Aussie troops serving 
in overseas peacekeeping assign- 
ments. This has been reported at 0350 
UTC with news and rock and roll music. 

BELGIUM -11680 kHz, Radio 
Vlaanderen signs on in English at 1700 
UTC, followed by news and commen- 
tary, then the "Radio World" program. 

BRAZIL -11804 kHz, Radio Globo 
identifies in Portuguese with an echo 
announcement, a shouted "Glob00000!" 
Listen for the samba -flavored Brazilian 
pops music and soccer sports news 
after 2015 UTC. 

CHINA -9535 kHz, China Radio 
International, Beijing, has English pro- 
gramming at 1515 UTC. It was heard 
with political and economic talks and ID. 

CUBA -6000 kHz, Radio Habana 
Cuba was noted from 0255 UTC with 
Cuban music, identification, and news 
in English. 

FRENCH GUIANA -9800 kHz, 
Radio France International French lan- 
guage programs from Paris are relayed 
by shortwave transmitters in this corner 
of South America. Look for it around 
0245 UTC. 

INDIA -11620 kHz, All India Radio 
from Bangalore has English scheduled 
from 1800 to 1904 UTC. Programming 
includes news and Indian music. 

IRAQ -11785 kHz, Radio Iraq 
International was heard here at 0410 
UTC with English news and commen- 
tary, ID and frequencies, followed by 
Middle Eastern music. Interference 
from another station increases though 
at 1457 UTC. 

JAPAN -13630 kHz, Radio Japan's 
"Japan Diary" feature in English was 
noted on this frequency at 0030 UTC. 

SLOVAKIA -5930 kHz, Radio 
Slovakia English language programs, 
including news and a feature about 
trade with other countries, was noted 
after 0100 UTC, along with identifica- 
tion and frequency announcements. 

SOUTH AFRICA -3320 kHz, South 
African Broadcasting Corp. home ser- 
vice shortwave has been logged here 
shortly after 0300 UTC with music. 

SPAIN-6125 kHz, Radio Exterior 
de Espana, the Spanish overseas radio 
service, is heard in English at 2230 UTC 
with programs about Spanish history. 

TURKEY -7300 kHz, Voice of Tur- 
key in Ankara was noted as 2300 UTC 
with music and a Turkish folklore pro- 
gram in English. 55 
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Get the LED Out! 
I n this month's review of semicon- 

ductor components, we come across 
a common device that appears in at 
least some design circuit of every issue 
of Popular Electronics; namely, Light - 
Emitting Diodes (LEDs). They are used 
in a wide variety of applications from 
small indicator lamps to more compli- 
cated alphanumeric displays. 

Although LEDs have been super- 
seded in some areas by the much less 
current -hungry Liquid Crystal Display 
(LCD), they are nevertheless still used 
in vast quantities in many areas, with 
no sign of diminished use. This is 

proved by the fact that over 20- billion 
LEDs are produced each year. As indi- 
cator lamps, they have the distinct 
advantage in that, if they are used cor- 
rectly, they have an almost indefinite 
lifetime. As a result, the small tungsten 
lamps, which were previously used as 
indicator displays, are now a thing of 
the past. 

Brief History 
Although LEDs are thought of as a 

product of today's high -technology 
semiconductor industry, their luminous 
effect was first noticed many years 
ago. One of Marconi's engineers, H. J. 
Round, also famous for many vacuum 
tube and radio developments, was the 
first to observe their illumination in 1907, 
when he was working with Marconi on 
point- contact crystal detectors. These 
discoveries were first reported in 

Electrical World in 1907. 
The idea of the LED lay dormant for 

some years before it was observed 
again by the Russian scientist O.V. 
Losov in 1922. Losov lived in Leningrad, 
where, unfortunately he was killed dur- 
ing World War Il. Although he published 
a total of four patents during the period 
between 1927 and 1942, his work was 
not discovered until after his death, and 
it is likely that many projects of his were 
destroyed in the war. 

( "What is A... ?" series by Ian Poole, 
G3YWX, reprinted by permission from 
Practical Wireless, Arrowsmith Court, 
Station Approach, Broadstone, Dorset 

56 BH18 8PW, England.) 
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B 

Fig. I. In (A) is shown the structure of a sur- 
face- emitting diode, while (B) illustrates the 

structure of an edge -emitting diode. 

The LED resurfaced in 1951 when a 

team of researchers led by K. Lehovec 
started to investigate the effect. The 
research continued with many compa- 
nies and researchers including W. 
Shockley (father of the transistor). The 
LED was eventually refined sufficiently 
and started to be marketed in the late 
1960s. 

Specialized Junction 
Light- emitting diodes are essential- 

ly a specialized form of a PN junction 
fabricated using a compound semi- 
conductor. The most commonly used 
semiconductors, silicon and germanium, 
are simply elements and cannot be 
used for LEDs. However, compounds 
formed from two or more elements like 
gallium arsenide, gallium phosphide, 
and indium phosphide are widely used 
for LEDs. In the example of gallium 
arsenide, gallium has a valency of 
three and arsenic a valency of five, and 
as such they are known as group III -V 
semiconductors. Other compound semi- 

ALEX BIE 

conductors are also formed from group 
III -V materials. 

In a forward- biased junction, holes 
from the P -type region and electrons 
from the N -type region enter the junc- 
tion and recombine like a normal 
diode. In this way, current flows across 
the junction. When this occurs, energy 
is released, some of which is in the 
form of photons (light). It is found that 
more light is usually produced from 
the P -side of the junction, and this is 
kept closest to the surface of the 
device to ensure that the minimum 
amount of light is absorbed in the 
structure. 

To produce light that can be seen, 
the junction must be optimized and the 
correct materials must be chosen. 
Pure gallium arsenide releases energy 
in the infrared portion of the spectrum. 
To bring the light emission into the vis- 
ible red end of the spectrum, aluminum 
is added to the semiconductor to give 
aluminum gallium arsenide (AIGaAs). 
Phosphorus can also be added to give 
red light. For other colors, other mate- 
rials are used. For example, gallium 
phosphide gives green light, and alu- 
minum indium gallium phosphide is 

used for yellow and orange light. Most 
LEDs are based on gallium semicon- 
ductor material. 

Two Main Structures 
Two main structures are used for 

LEDs: the surface -emitting diode and 
the edge- emitting diode are shown in 

Figs. 1 A and B, respectively. Of these, 
the surface- emitting diode is the most 
common, because it emits light over a 

wider angle, although there are a num- 
ber of applications where a narrow 
angle is required. 

Once the diode structure has been 
manufactured, it has to be packaged in 

a form that can be used and protected. 
Many of the small indicator LEDs are 
potted in an epoxy whose refractive 
index is between that of the semicon- 
ductor and the outside air (see Fig. 2). 
In this way, the diode can be protected, 
and the light transmitted to the outside 
world in the most efficient way. 
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Fig. 2. The mounting of an LED. 

Current Limiting 
Like ordinary diodes, LEDs have no 

form of internal current limiting, and if 

placed directly across a battery, they 
would be destroyed. To prevent destruc- 
tion, a resistor must be placed in circuit 
to limit the current. For most devices, a 

maximum current of around 20 mA can 

flow; if less current is drawn, the 
device's output illumination is dimmer. 

As shown in Fig. 3, when calculating 
the amount of current drawn, the volt- 
age across the LED itself may need to 

be taken into consideration. The volt- 
age across an LED in its forward - 
biased condition is just over one volt, 
although the exact voltage is depen- 
dent upon the diode, and in particular 
its color. Typically a red -emitting LED 
has a forward voltage of just fewer than 
2 volts, and it's around 2.5 volts for a 

green or yellow- emitting diode. 
Great care must be taken not to 

allow a reverse bias to be applied to 

the diode. Usually they only have a 

reverse breakdown of a very few volts. 
If breakdown occurs, the LED will be 
destroyed. To prevent this happening, 
an ordinary silicon diode can be placed 
across the LED in the reverse direction 
(as shown in Fig. 4) to prevent any 
reverse bias being applied. 

Typical LED colors are red, green, 
blue, amber, and yellow. Besides the 
standard individual panel- mount, LEDs 
are supplied in assemblies such as in 

CURRENT 
LIMITING 

RESISTOR 

LEDI 

Fig. 3. Utilizing an LED in a circuit. The resistor 

must he chosen to ensure that the current through 

the diode does not exceed around 20 mA. 

level meters, numeric displays, and 

dot -matrix configurations, just to name 
a few. 

In next month's column, we will 
continue our "What is a ... ?" series as 
we examine a semiconductor device, 
which is used to generate low -power 
microwave power -the Gunn diode. 
Now let's get to our readers' circuits. 

THE "BAND -JO" A WEIRD 
MUSICAL INSTRUMENT 

My 7- year -old son recently built a 

guitar with several household items, 
such as rubber bands for strings, a 

Kleenex -box resonator, and a paper 
towel roll neck. I followed this up by 

making an electronic version -that 
qualifies as being a very strange elec- 
tric guitar. 

To construct a "Band -Jo," take a typ- 
ical 12 -inch wooden ruler and stretch a 

rubber band around it the long way 
(see Fig. 5). Next, slip an ordinary 
piezo -disc element, 1 -inch diameter or 
less, between the rubber band and 
ruler, about 1 -1/2 inches up from the 
end of the ruler. Next, place a 1/2 -inch 
spring -clip paper clip, with the two han- 
dles removed, between the piezo disc 
and rubber band. This "bridge" can be 

any roughly triangular- shaped hard 

object for transferring the mechanical 
wave of the rubber band to the piezo 
disc. In fact, experimenting with differ- 

RUBBER BAND 

12 -INCH WOODEN RULER 
(FLAT SIDE UP) 

ent rubber bands, bridge shapes, and 

materials is half the fun of messing with 
the Band -Jo. Finally, connect the piezo 
output to an audio amplifier as shown. 
The amplifier's input impedance needs 
to be relatively high to match the piezo 
impedance, but all amps I have tried 
work fine as -is -from simple 200 -mW 
test devices to 10 -watt musical instru- 
ment systems. If you don't already 
have an amplifier, put together one of 

the simple designs using the LM386 
IC, which frequently appear in Popular 
Electronics. 

When you're all set up, turn on the 
amplifier and give the rubber band a 

light pluck. You'll hear a definite musi- 
cal note with a fairly short decay and 

a very unique twangy bass -like sound 
that is reminiscent of jazz, or blues, or 

LEDI 
Dl 

Fig. 4. A diode is placed across the LED to pro- 

tect the LED from receiving any reverse bias 

voltages. 
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Fig. S. This simple musical instrument is constructed with common household items. 57 



60's surf music! And remember that's 
the natural sound -no effects boxes 
were needed! Next, get your fingers 
on the " fretboard," pinch the rubber 
band and try different notes. You'll be 
playing a respectable blues bass line 
in minutes! When you're satisfied with 
the sound, it is best to glue down the 
piezo disc and bridge with hot glue or 
epoxy. 

My favorite party stunt is to hand 
someone the ruler, and ask for a 
guess as to what it is. (Your engineer- 
ing types will mull it over for a good 
five minutes!) Note the facial expres- 
sion when you state that it's an elec- 
tric guitar. Then demonstrate it! -Nick 
Cinquino, Schaumburg, IL 

Nice simple circuit, Nick. It is easy 
to build and very portable. I wonder 
how this would have sounded with a 1- 

yard stick fretboard and Elvis plunking 
away! 

WIRELESS- BROADCASTER 
AMPLIFIER 

The wireless- broadcaster -amplifier 
takes only a few hours to build, but has 
many uses in home entertainment. It 

can be connected to a record player or 

CERAMIC 
HIGH -Z 
INPUT 

MAGNETIC 
PHONO 
LOW -Z 
INPUT 

117 VAC 

microphone to broadcast programs out 
to any number of standard AM -band 
radios in the house. It also can be used 
as a complete preamplifier and amplifi- 
er with any record -player input. 

As shown in the schematic of Fig. 6, 
one input jack takes a ceramic, or crys- 
tal cartridge, or high -Z microphone; the 
other input accepts a magnetic tape 
head, or low -Z microphone. A high gain 
pre -amplifier provides good amplifica- 
tion, even for the input from low -level 
magnetic cartridges. As a transmitter or 
broadcaster, this unit has many practi- 
cal applications, since it can broadcast 
music from a single record player to as 
many radios as you like, located any 
place in the home. For party fun it's 
hard to beat -imagine the effect of a 
radio broadcast made in your own 
voice, with your own words! The wire- 
less broadcaster can be tuned to come 
in at any desired clear frequency on 
your radio dial, from 600 kHz to 1500 
kHz. Phone jack or terminals are pro- 
vided for connecting a speaker directly 
to the amplifier, so the record or micro- 
phone can be heard at the unit itself. 
An inexpensive, binaural or pleasing 
dimensional effect can be achieved by 
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broadcasting music to the radio and 
playing it through the amplifier speaker 
at the same time. Practically any audio 
speaker can be used, since the ampli- 
fier matches most popular speaker 
impedances, from 3.2 to 16 ohms. 

The wireless- broadcaster amplifier 
doubles as a phonograph oscillator and 
a miniature broadcasting station. The 
phono amplifier section consists of V1, 
the 12AV6 or 12AT6 (twin diode, high - 
mu triode) vacuum tube, and V2, the 
35C5 beam -power pentode tube. This 
combination amplifies the very small 
signals coming from the record player 
cartridge or microphone, and results in 

making the signals strong enough to 
drive a speaker and produce audible 
sound. Ceramic crystal or magnetic 
cartridges are correctly loaded by input 
resistors R1 and R2. The preamplifier 
tube, a 12AV6, supplies the high gain 
needed for magnetic cartridges, with 
equalization supplied by a feedback 
loop made of components R6 and C4. 
Output from the preamplifier stage is 
fed into the 35C5 audio -output tube, 
which supplies ample power to drive a 
speaker and produce room -filling 
sound. The audio- output transformer, 
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Fig. 6. The wireless- broadcaster amplifier, built with four vacuum tubes, can be used to broadcast 
58 through a standard AM -band radio. It also doubles as a stand -alone preamplifier /amplifier. 
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TI, matches 3.2 -to -16 -ohms on the sec- 
ondary; the primary has an impedance 
of about 2500 to 3000 ohms. 

The output level and modulation 
depth are adjusted by the 500k volume 
control, R9, which varies the signal volt- 
age applied to the grid of the output - 
modulator tube, V3, another 35C5 
beam power pentode. As a wireless 
broadcaster, this unit operates much 
like a regular broadcasting station. It 

transmits a signal between 600 kHz to 
1500 kHz, which can be received by 
any standard AM -band radio. The carri- 
er wave is produced by V3 and is 

broadcast at the antenna. Tube V3 
oscillates because some of its output 
across L1 and C9 is fed back in the cor- 
rect phase into the grid circuit of this 
tube. These oscillations, or waves, can 
be varied over the transmit -frequency 
range, by adjusting tuning capacitor C9. 
The sound (audio) signal is impressed 
on the carrier wave at the plate of V3. 
The plate voltage of V3 varies at an 
audio rate because it is tied to the plate 
of V2. Tube V2 doubles as an audio 
output and modulator tube, and it ampli- 
fies the audio voltage to effect a 75% 
modulation of the carrier wave. Clean 
modulation is assured by the use of 
degenerative feedback across resistor 
R10. The oscillator coil, L1, is made out 
of a tube -type radio IF transformer, 
modified by removing the internal pad- 
der capacitors on each side of the 
transformer. 

The required DC voltages are 
developed in a standard power supply 
circuit using a 35C4 half -wave rectifier 
tube, V4, and filter circuitry. Power 
transformer T2 has a 1:1 turns -ratio 
and is rated at about 1 amp at 117 
volts. It is not necessary to have a sep- 
arate filament tap as the filaments of 
the four tubes add up in series to the 
117 -volt secondary -voltage supply. - 
Craig Kendrick Sellen, Waymart, PA 

Fine circuit, Craig. The broadcaster 
should be a great unit for our would-be 
disc jockeys out there. I wonder what 
the transmitter range is and whether 
the signals will get into your neighbor's 
radios! As with any tube circuits -be 
very careful when handling the high 
voltages that may develop. By the 
way, most of the unusual parts for this 
circuit can be obtained from Antique 
Electronic Supply, 6221 South Maple 
Avenue, Tempe, AZ 85283; Tel. 800- 
706 -6789; Web: www.tubesandmore. 
corn. 

MAILBAG 
In the August column, I saw two 

responses to a letter from the May 
issue regarding old phones being 
used as intercoms. Many years ago I 

worked at the Turkey Point Nuclear 
Power Plant in South Florida. Since I 

was knowledgeable in electronics, I 

was given the task of setting up a 
communications link between several 
points when a large crew had a long 
pull of heavy electric cables. This was 
a different situation in that it didn't 
require signal devices to indicate a 

call was coming. We had a very sim- 
ple pair of wires available at each end 
and at intervening points on the pull 
route. 

At some central point I used a sal- 
vaged inductor (from an old phone) in 

series with a six -volt battery across the 
phone pair. This powered all phones 
that were then clipped onto that pair 
wherever it was needed. The handsets 
each had the microphone and earpiece 
wired in series with battery clips on the 
end of the cord, which then could be 
clipped to the line. We often had as 
many as six or seven phones at a time 
to join all points of the pull together. 
When you have a gang of men pulling 
four million MCM Cables through three 
or four manholes in one continuous 
pull, communication is vital, and this 
did it. 

Any good choke (audio) and a 
power supply could be used, but on 
a construction job of this magnitude 
the battery and inductor were what 
was available. I don't think a drawing 
is needed as it is simply two wires 
strung to the various points needed 
with an inductor and voltage source 
across the pair at any point. 
Dwight Eggleston 
Union City, IN 

I wanted to comment on the 
"Rechargeable Flashlight" circuit in the 
September column. It seems like a bad 
idea to have the flashlight on all the 
time while the batteries are charging, 
and it seems like inviting disaster to 
connect a nominal 6 -volt battery (four 
rechargeable C- cells) directly to the 6- 
volt power source with no current- limit- 
ing resistor provided. 
Kenneth E. Stone 
Cherryvale, KS 

That's about it for this month's col- 
umn. Remember -this is your col- 

umn -keep those circuits, solutions, 
and ideas coming in. For each of your 
circuits that appear, you'll receive a 

book from our library. Send in enough 
circuits to fill a whole column and you 
will get a nifty kit or electronics tool to 
make your construction easier. Write 
me -Alex Bie, Think Tank, Popular 
Electronics, 500 Bi- County Blvd., 
Farmingdale, NY 11735. 

"I hate these older radar guns!' 
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HAM RAdio 
Getting Started in QRP 

Although today I own a 2000 -watt 
power amplifier, I've used low 

power (or QRP -as the ham's say) for 
most of my life. At first it was economics 
(a kid could easily get 25-100 watts on 
the air in the 1950s and 1960s), but now 
it's a matter of preference. I live in a 
crowded suburban neighborhood, so it's 
also a matter of practical "good- neigh- 
bor" relations to limit power. After all, 
even when a transmitter is properly 
grounded, shielded, and filtered, high 
RF levels can still afflict a certain num- 
ber of consumer -electronic products 
with ElectroMagnetic Interference (EMI). 
While one could argue that "poor design 
of the consumer device" is not your 
problem, try telling that to a homeown- 
ers' association (or even a single ticked - 
off neighbor). QRP does have its 
advantages. 

Another attraction of QRP operation 
is that it takes operator skill. Any "idiot" 
can blast through the QRM with a multi - 
kilowatt signal, but it takes a real opera- 
tor to do it with less than ten watts! My 
QRP station -built using Ramsey Elec- 
tronics (793 Canning Parkway, Victor, 
NY, 14564; Tel. 716- 924 -4560; Fax: 
716 -924 -4555) kits -consists of a direct 
conversion receiver, transmitter, power 
amplifier, and an audio filter for im- 
proved receiver selectivity. The tele- 
graph key was made for me by Stillwell 
in England. It is an expensive instru- 
ment, but it has the best "feel" of any 
straight key I've ever owned. It is pat- 
terned on the "North Atlantic" keys of a 

bygone era when radio operators really 
were in poorly heated (or unheated) 
"shacks" on the decks of ships. 

Because of that situation, radio op- 
erators had to have large knob keys so 
they did not have to remove their 
gloves. The earphones are modern 
RadioShack $8.95 specials. 

This month we will take a look at 
the Ramsey HR -30 receiver kit. 
Although I have two really good com- 
munications receivers (a Drake R -8A 
and the receiver section of my 
Kenwood TS -130), I decided to "go 
all the way" with the QRP station. It's 

60 unlikely, after all, that a reader who 

JOSEPH J. CARR, K4IPV 

My QRP station consists of four Ramsey kits -a direct- conversion receiver, a transmitter, a power 
amplifier, an audio filter -and a telegraph key (made by Stillwell in England). The earphones are 
modern RadioShack $8.95 specials. 

wanted to go portable or "mountain 
topping" would lug along a full -size 
receiver. 

THE HR -30 RECEIVER 
Ramsey makes kits for a number 

of bands. I selected 30- meters (10.1- 
10.15 MHz) for several reasons. One is 

that it is not too crowded, and another 
is that it is favored by a lot of QRP fans. 
Also, it is high enough to reduce inter- 
ference from power -line harmonics and 
other local "trash" signals, and to pro- 
vide some decent skip a good percent- 
age of the time. Also, a 30 -meter 
antenna is of manageable size. 

The HR -30 has three basic con- 
trols -audio gain (or volume), RF gain, 
and tune -plus the on /off (power) 
switch. The audio gain sets the loud- 
ness (volume) of the output signal, while 
the RF -gain control sets the receiver 
sensitivity. Because it controls the gain 
of the RF input circuit, it also sets the 
output level, but it is used quite differ- 
ently. While the audio gain is used to set 
a comfortable listening level, the RF 
gain is used for that purpose plus setting 
the sensitivity of the receiver. The idea is 

to reduce the sensitivity enough to elim- 
inate interfering signals, while keeping 

the desired signal. Also, if there are 
strong signals on adjacent channels, the 
RF -gain control can help to reduce the 
possibility of InterModulation Distortion 
(IMD) in the mixer stage. 

There are not a lot of parts in the HR- 
30 receiver - that's the miracle of inte- 
grated circuit electronics. The front -end 
of the receiver (RF input and local oscil- 
lator) is comprised of part of Signetics' 
NE602 double -balanced mixer chip, 
while the audio output is provided by the 
LM386. Like several other Ramsey 
receiver kits, the HR -30 is a Direct 
Conversion Receiver (DCR) design. 
Like the superheterodyne, the DCR 
uses a Local Oscillator (LO) to mix with 
the incoming RF signal. In the superhet, 
the sum or difference between the LO 
and RF signals is the Intermediate 
Frequency (IF), at which most signal 
processing takes place. But in the DCR, 
the LO and RF signals are very close to- 
gether (CW) or identical (AM). Because 
of that, the output of the mixer in a DCR 
is the base -band signal; that is, the 
audio signal in the case of AM or SSB 
reception, or an audio tone in the case 
of CW. 

Given that 30- meters is a CW band, 
let's assume that mode first. Let's say 
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Fig. 1. The HR -30 is comprised of Signetics' NE602 double -balanced miser (ICI ), an LM386 low- 

voltage audio power amplifier (1C2), a pair of diodes, and a,fesv additional support components. 

The Ramsey HR -30 (a direct -conversion receiver) has three basic controls -audio gain (which is 

used to set the volume of the output signal), RF gain (to control receiver sensitivity), and tune-plus 
a power switch. 

we have a signal at 10,127 kHz. If the 
LO is adjusted to that frequency (10,127 
kHz), then it is zero beat with the RF, so 
the output frequency is zero. But if the 
LO is adjusted to 10,126 or 10,128 kHz, 
we'd hear the 1 -kHz audio tone that 
many people prefer for CW reception. In 

both AM and SSB reception, the LO of 

the DCR is adjusted to the frequency of 
the RF signal's carrier, so the difference 
frequencies are the sidebands where 
the information is found. 

A schematic diagram of the HR -30 
receiver is shown in Fig. 1. Note that 
there are only two ICs in the circuit. The 
NE602 performs the RF input, mixer, 
and LO functions, while the LM386 per- 
forms the audio functions. The RF input 
to the NE602 is applied to pins 1 and 2, 

which are differential inputs. But, be- 

cause C6 sets pin 2 to ground potential 
for RF signals, it is effectively a single - 
ended RF input. 

RF input tuning is accomplished via 
inductor L1. Note that L1 looks like an IF 

transformer. That's because it is an IF 

transformer. For the 30 -meter band, we 
can take advantage of the fact that the 
standard IF for FM broadcast -band 
receivers is 10.7 MHz. Slightly retuning 
the transformers puts them into the 30- 
meter ham band. In addition, because 
those transformers are designed for 
wideband FM Broadcast band signals 
(200 kHz), they can usually be used to 
cover the entire band without active tun- 
ing. Adding capacitance across the sec- 
ondary of L1 can reduce its response 
frequency (to say 40- meters). For high- 
er frequencies (e.g., 20- meters ham 

ANTENNA NOTE 
One of the keys to QRP operation is 

having a reasonably decent antenna. It 

would be nice to have a beam antenna, but 
that's not really necessary. Don Stoner, 

W6TNS, worked a South African (2S1) sta- 

tion from his California home many years 
ago with one of the first transistor -based 
transmitter projects to appear in a maga- 
zine. The power level was 96 milliwatts, if I 

recall correctly. With the several watts 
worth of power that you will typically run in 

QRP operations, you ought to be able to 

work the Moon. Well, maybe some decent 
terrestrial DX. 

Even if you don't have a beam anten- 
na, I suggest that you have a decent, if 

low -cost, antenna. In some cases, you'll 
have to have a separate receive antenna, 
but if you use the Ramsey QRP -30 trans- 
mitter that we'll discuss in the December 
issue, then only one antenna is needed. 
The QRP -30 transmitter has a receiver 
output jack from the transmitter antenna 
circuitry. The dimensions for simple anten- 
nas for 30- meters are: 

Dipole -46 -feet overall (23 -feet each 
side) 
Vertical -23 -feet high 
I don't recommend using any sort of 

shortened or compensation antenna unless 
that is your only option. Install the antenna 
as high as you can; and if it is directional 
(e.g., the dipole), aim the main lobes to the 

area you want to work the most. 

band or 15 -MHz WWV), it is common to 
find people disconnecting the capacitor 
and replacing it with a smaller value. 
The way to "disconnect" the capacitors 
is a bit brutal: they are crushed with a 

screwdriver. Fortunately, on most small 
10.7 -MHz IF transformers the tuning 
capacitor is external -located in a 
recess in the plastic base of the device. 

The RF -gain control is not really a 
"gain" control, but rather a 10k poten- 
tiometer (R1) that is used as a variable 
attenuator. The potentiometer is con- 
nected across the input of the trans- 
former, with the antenna connected to 
the center wiper of the potentiometer. 
The LO is connected across pins 6 and 
7 of the NE602. The circuit's feedback 
network is a capacitive voltage divider 
(C1 /C2), so we know that it's a Colpitts 
oscillator. The oscillating frequency is 

controlled by inductor L2, plus the 
combined effects of C4, C14, and the 
reverse -bias junction capacitance of 
diode D1. That capacitance is, in turn, 
controlled by the tuning voltage applied 
through R5 and tuning control R2 
(another 10k potentiometer). 

(Continued on page 65) 61 
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CIRCUIT CiRCUS 
Lights On With Photoelectronics 

This visit, the Circus is going to 
spotlight circuits that sense and 

respond to light. Optoelectronics detec- 
tors-a category that covers a wide 
variety of photosensitive devices, which 
includes the photoresistor (also known 
as a light- dependent resistor and some- 
times called a photocell), phototransis- 
tor, photodiode, and the solar cell -are 
the eyes of modern electronic circuits. 
All of our circuits this month will use an 
infrared transistor as the light- sensing 
device. 

Fig. I. The Light -Interruption Detector is 

designed to detect when an opaque object pass- 

es between the IR source and an IR detector. 

PARTS LIST FOR THE LIGHT - 
INTERRUPTION DETECTOR 

(FIG. 1) 

SEMICONDUCTORS 
LED1- Infrared light -emitting diode, 

Mouser 512- QED223 
LED2- Light- emitting diode, any color 
01- Infrared -detector transistor, Mouser 

L14G1 
Q2- 2N3905 general -purpose PNP silicon 

transistor (NTE 130, SK3027, or 
equivalent) 

RESISTORS 
(All resistors are 114 -watt, 5% units.) 
R1, R2-470 -ohm 
R3- 47,000 -ohm 
R4- 27,000 -ohm 

ADDITIONAL PARTS AND MATERIALS 
Printed -circuit or perfboard materials, 

wire, solder, hardware, etc. 

LIGHT-INTERRUPTION 
DETECTOR 

Our first IR sensor (see Fig. 1) is a 

simple circuit that's designed to detect 
the interruption of a light source when 
an opaque object passes between an 
IR source (an /nfraRed Diode or IRD) 
and an IR detector (in this case a pho- 
totransistor). The IR emitter and detec- 
tor (separated by a distance of several 
inches) are positioned so that they 
"look" at each other head -on. The max- 
imum operating range between the 
emitter and detector is limited to the dis- 
tance between the two that produces 
no less than 4.5 -volts at the emitter of 
Q1. Under those circuit conditions, Q2 
and LED2 are turned off. When an 
object moves between the emitter and 
detector the voltage at Q1's emitter 
goes low, turning Q2 on, and lighting 
LED2. If several sensor circuits are 
used along a path or track, the location 
of the blocking object can be tracked by 
monitoring the output LEDs. 

In the Fig. 1 circuit, IR radiation from 
LED1 causes Q1 (the IR detector) to 
saturate, applying a positive voltage to 
the base of 02 (a PNP transistor). The 
positive voltage holds Q2 at cutoff, so 
LED2 receives no forward bias, and is 

thus extinguished. But when the path 
between the emitter (LED1) and the 
detector (01) is blocked, 01 turns off, 
removing the positive voltage from the 
base of Q2. The base of 02 is now tied 
to ground through R3, forward biasing 
the transistor, thereby lighting LED2. 

The circuit can be used to count or 
give an output as an object passes 
between the source and the detector. 
The circuit in Fig. 1 may seem too sim- 
ple to be of any practical use; however, 
by replicating the circuit two or more 
times and placing the circuits in a con- 
figuration like that illustrated in Fig. 2, 

the Light- Interruption Detector of Fig. 1 

can be used to follow the movement of 
an object as it proceeds down a track or 
path. By alternating the positions of the 
emitters and detectors, any number of 
sensor circuits can be used to track an 
object's movement over a long distance. 

CHARLES D. RAKES 

PATH 

Fig. 2. By duplicating the circuit in Fig. I two 
or more times ca ¡d placing Nie circuits in a con- 
figuration like that illustrated here. the Light - 
Interruption Detector can be used to follow the 

movement of an object its it proceeds down a 

track or path. 

MODEL -TRAIN LOCATOR 
Our next sensing circuit, see Fig. 3, 

is designed to track the movement of a 
model train and indicate the train's loca- 
tion via a string of LEDs. The number of 
circuits required depends on the length 
of the track and the sensor's spacing 
around the layout. The circuit (although 
only two sensor /detector subassemblies 
are shown- LED3 LED6, LED9 LED 
11, and 03Q6 omitted from figure for 
clarity) contains six sensors and six out- 
put LEDs. Determine the number of 
sensor locations required for a given 
layout, divide that number by six, and 
duplicate the circuit in Fig. 3 that many 
times. 

A 4050 hex non -inverting buffer re- 
places the output transistors used in 

our previous circuit. Using a single IC to 
replace six transistors keeps the com- 
ponent count down, which makes for a 

cleaner looking circuit layout. 

RAILROAD -CROSSING 
SIGNAL 

The next entry, see Fig. 4, is a 
Railroad- Crossing Signal circuit. The 
circuit uses two sensors, one for each 
side of the crossing. With a clear track 
in front of both sensors the green LED 
is on; but when either sensor is 
blocked, the green and red LED flash 



back and forth at a rate of about 1 Hz. 

The circuit, operates in the following 
manner. With no blockage between 
either emitter /sensor pair, both inputs of 
IC1 -a are high, producing a low output 
at pin 3. The output of IC1 -a is fed to a 

w 

low- frequency oscillator, comprised of 

IC1 -b and IC1 -c. The oscillator only 
operates when pin 3 of IC1 -a is high. 

With neither sensor blocked, LED2 
(green) lights. When either sensor is 

blocked, the output of IC1 -a goes high, 
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Fig. 3. The Model Train Locator can be used to track the movement of a model train and then indi- 

cate the train's whereabouts via a string of LEDs. 
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Fig. 4. The Railroad- Crossing Signal places a pair of sensors, one for each side of the crossing. in 

a circuit that detects whether that track in front of the sensors is clear or occupied. 

allowing the low- frequency oscillator to 

operate. The output of the oscillator 
causes the two LEDs to alternately 
switch on and off. 

TO PIN 3 OF IC1 a 

R3 
470G 

LED2 
*IC1 -c GREEN 

10 
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Fig. 5. The Crossing- Signal modification shown 

here changes the Fig. 4 circuit's operation. .so 

that when either sensor is blocked LED2 flash- 
es off and on. 

PARTS LIST FOR THE MODEL - 
TRAIN LOCATOR (FIG. 3) 

SEMICONDUCTORS 
IC1 -4050 CMOS non -inverting hex 

buffer, integrated circuit (NTE4050B, 
SK40506, or equivalent) 

LED1 LED6- Infrared light- emitting 
diode, Mouser 512 -QED223 

LED7 LED12- Light -emitting diode, any 
color 

Q1 Q6- Infrared- detector transistor, 
Mouser Li 4G1 

RESISTORS 
(All resistors are 1/4 -watt, 5% units.) 
R1R12--470-ohm 
R13R18-47,000-ohm 

ADDITIONAL PARTS AND MATERIALS 
Printed -circuit or perfboard materials, 

wire, solder, hardware etc. 

PARTS LIST FOR THE 
RAILROAD -CROSSING SIGNAL 

(FIG. 4) 

SEMICONDUCTORS 
IC1 -4011 CMOS quad 2 -input NAND gate, 

integrated circuit (NTE4011 B, SK4011 B, 

or equivalent) 
LED1- Light- emitting diode, red 
LED2- Light- emitting diode, green 
LED3, LED4- Infrared light- emitting 

diode, Mouser 512- QE0223 
Q1, Q2- Infrared -detector transistor, 

Mouser L14G1 

RESISTORS 
(All resistors are 1/4 -watt, 5% units.) 
R1 R4-470 -ohm 
R5, R6- 47,000 -ohm 
R7 -1- megohm 
R8- 120,000 -ohm 

ADDITIONAL PARTS AND MATERIALS 
25 -WVDC, electrolytic 

capacitor 
Printed- circuit or perfboard materials, 

wire, solder, hardware, etc. 63 
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Fig. 6. Taking a slightly different approach to detecting the interruption of the IR light .source, the 
Discriminating Sensor responds only to its IR emitter's output. making the circuit selective in what 
constitutes a valid trigger input. 

Fig. 7. The Self -Excited IR Sensor, unlike the previous circuit, uses a modulating signal (derived from 
the 567's internal oscillator) to drive the IR emitter through a pair of series -connected NAND gates. 

If a standard dual, flashing red -light 
arrangement is desired, make the sim- 
ple circuit change shown in Fig. 5. 
With this circuit modification, neither 
LED is on when the track is clear; but 
when either sensor is blocked, the two 
LEDs alternately flash on and off. 

CROSSING -SIGNAL 
MODIFICATION 

Using the modified circuit in Fig. 5 

the circuit's operation is changed by 
64 tying the source for LED2 (green LED) 

back to pin 3 of ICI -a. In the non - 
blocked state, pin 3 of ICI -a is low and 
can not supply a positive voltage for 
LED2, so the LED remains dark. When 
either sensor is blocked, pin 3 goes 
high, supplying a positive source for 
LED2, allowing it to flash off and on. 

A DISCRIMINATING 
SENSOR 

Our next sensor circuit, see Fig. 6, 
takes a slightly different approach to 
detecting the interruption of the IR light 

PARTS LIST FOR THE 
DISCRIMINATING SENSOR 

(FIG. 6) 

SEMICONDUCTORS 
IC1 -4011 CMOS quad 2 -input NAND gate, 

integrated circuit 
IC1 -567 phase -locked loop, integrated 

circuit (NTE832, SK9089, or equivalent) 
LED1- Infrared light- emitting diode, 

Mouser 512- QED223 
LED2- Light- emitting diode, any color 
Q1- Infrared -detector transistor, Mouser 

L14G1 
Q2- 2N3904 general purpose, NPN silicon 

transistor (NTE123AP, SK3854, or 
equivalent) 

RESISTORS 
(All fixed resistors are 1/4 -watt, 5% units.) 
R1, R2- 1000 -ohm 
R3- 3300 -ohm 
R4- 47,000 -ohm 
R5- 2200 -ohm 
R6- 10,000 -ohm 
R7- 10,000 -ohm potentiometer 

CAPACITORS 
C1 C4- 0.1 -µF, ceramic -disc 
C5- 2.2 -µF, 25 -WVDC, electrolytic 
C6 -1 -µF, 25 -WVDC, electrolytic 
C7- 100 -xF, 25 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Printed -circuit or perfboard materials, 

wire, solder, hardware etc. 

source. In this case, the sensor 
responds only to its own emitter's IR 

output. The ability to discriminate be- 
tween IR sources allows several sen- 
sors to be positioned in close proximity 
without the interference common to 
unmodulated sensor circuits. 

In the Discriminating Sensor circuit, 
a pair of gates -ICI -a and ICI -b (half 
of a 4011 quad 2 -input NAND gate) -are 
configured as a low- frequency oscillator 
with an operating frequency of around 1 

kHz. The oscillator's output is used to 
drive LED1 (an infrared emitter). The 
modulated light produced by LED1 is 
focused on an IR detector (transistor 
01). The IR detector, in turn, switches 
on and off at a rate determined by the 
modulating frequency of the ICI -a/IC1 -b 
oscillator, producing an alternating sig- 
nal at the emitter of Q1. That signal is 

fed to the base of Q2 (which is config- 
ured as an emitter -follower buffer ampli- 
fier), causing it to toggle on and off at 
the same rate to produce a signal of 
equal frequency at its emitter. That sig- 
nal is applied to the input of IC2 (a 567 
phase -locked loop) at pin 3 through a 



PARTS LIST FOR THE SELF- 
EXCITED IR SENSOR (FIG. 7) 

SEMICONDUCTORS 
IC1 -567 phase -locked loop, integrated 

circuit 
IC2 --4011 CMOS quad 2 -input NAND gate, 

integrated circuit 
LED1- Infrared light- emitting diode, 

Mouser 512- QED223 
LED2- Light- emitting diode, any color 
01- Infrared -detector transistor, Mouser 

L14G1 
Q2- 2N3904 general -purpose, NPN silicon 

transistor 

RESISTORS 
(All fixed resistors are 1/4 -watt, 5% units.) 
R1, R2- 1000 -ohm 
R3-47,000-ohm 
R4,R6 -2200 -ohm 
R5- 10,000 -ohm potentiometer 

CAPACITORS 
C1 C3- 0.1 -µF, ceramic disc 

25 -WVDC, electrolytic 
25 -WVDC, electrolytic 

C6- 100 µF, 25 -WVDC, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
Printed- circuit or perfboard materials, 

wire, solder, hardware etc. 

0.1 -µF capacitor (C2) for tone détec- 
tion. The 567 PLL's tone -decoder band- 
width is about 15 %. 

Setting up the sensor is a simple 
chore. The sensor circuit as shown will 
easily operate over a range of several 
inches. The emitter should be aligned 
with the detector to achieve the maxi- 
mum signal transfer. One method you 
can use in aligning the two IR devices is 
to connect a DC voltmeter to the top of 
R5 and adjust the position of the emitter 
LED for the maximum voltage. It is best 
to shield the detector from all other light 
sources, which could, if strong enough, 
saturate the input of the detector and 
keep it from sensing the desired input 
signal. 

After completing the alignment, 
adjust R7 until LED2 just turns on, and 
note the potentiometer's position. Con- 
tinue turning R7 in the same direction 
until the LED turns off, and note the 
potentiometer's new position. Set the 
potentiometer to the center of the two 
settings, and the circuit should be tuned 
and ready to operate. 

SELF -EXCITED IR SENSOR 
A Self- Excited IR Sensor circuit is 

shown in Fig. 7. Unlike the previous cir- 
cuit, the modulating signal that drives 

Fig. 8. With a little electronic "terpsichore "- 
rearranging the emitters and detector in a pat- 
tern similar to that illustrated here-all of this 
month's circuits can be operated in the reflec- 
tive node. 

the IR emitter (LED1) in this circuit is 

derived from the 567's own internal 
oscillator. The 567's oscillator output at 
pin 5 is fed through a pair of series -con- 
nected NAND gates. The NAND gates, in 

turn, supply drive to LED1. The phase of 
the signal feeding LED1, must be in 

phase with the PLL's oscillator output, 
which is the reason that two NAND gates 
are required between the oscillator and 
LED1. The circuit's frequency range is 

slightly less than 1 kHz to above 10 kHz. 
Decreasing the value of C2 increases 
the oscillator frequency. If a lower oper- 
ating frequency is desired, just increase 
the value of C2 or replace R5 (a 10k 
unit) with a 20k potentiometer. The cir- 
cuit offers the same sensitivity and oper- 
ating range as the previous sensor. 

A LITTLE ELECTRONIC 
TERPSICHORE 

All of the sensor circuits that we've 
looked at this month have been of the 
head -on (or non -reflective) type; i.e., in 

each circuit, the emitter LED was aimed 
directly at the input window of the detec- 
tor. That arrangement gives the best 
possible signal -to -noise ratio. But by 
repositioning the emitter and detector, 
as shown in Fig. 8, all of the circuits can 
be operated in the reflective mode. The 
output LED indicator in all of the sensor 
circuits that we've covered will be in the 
reverse state. For example, LED2 in 

Fig. 2 will be off in the reflective mode 
and will only turn on when sufficient IR 
light is reflected from an object within 
target range of the phototransistor. 

I hope that at least one of the IR sen- 
sor fills a void in a present or future pro- 
ject, and if that occurs we all will profit 
from the time spent here at the Circus. 
Until next month great circuitry! 

HAM RADIO 
(continued from page 61) 

Notice something odd about the 
diode? Normally one would expect to 
see a variable capacitance diode (or 
varactor) in the position occupied by D1. 
But here we see a 1N4002, which is a 

power -supply rectifier. All diodes have at 
least some degree of reverse -bias junc- 
tion capacitance, and the 1 N400x series 
is well suited to use in tuning circuits. 

The output of the NE602 is taken 
from pin 4 through a 10 -µF coupling 
capacitor (C8). That capacitor routes 
the recovered audio to the volume con- 
trol (R3), yet another 10k potentiome- 
ter, which in turn feeds the signal to the 
audio stage (IC2, an LM386 low -volt- 
age audio power amplifier). 

ALIGNMENT 
To align the circuit, some sort of ref- 

erence- signal source is needed. If you 
already have a 30 -meter transmitter, 
and it can be operated into a dummy 
load across the room, then you can use 
it. Alternatively, you can build the com- 
panion Ramsey QRP -30 transmitter and 
use its crystal to obtain a reference sig- 
nal. Perhaps the best approach is to use 
a signal generator to create a signal 
between 10.1 MHz and 10.15 MHz. 

Another approach is to seek `on -the- 
air" signals. In addition to the amateur 
signals between 10.1 and 10.15 MHz, 
there are also a lot of commercial 
radioteletype (RTTY) and CW signals 
present between 10.05 and 10.1 MHz. 
In addition, the 10 MHz WWV signal will 
be audible if the lower end of the band 
is set correctly. The receiver will accept 
any 250 -kHz portion of the 30 -meter 
band, so set the LO tuning coil (L2) 
such that WWV appears when the tune - 
control knob is set near the low end 
(counterclockwise, perhaps about "9:00 
o'clock" on the scale). Once the LO is 
set, peak L1 to produce maximum sig- 
nal level on some ham signal in the 
10.1- 10.15 -MHz portion of the band. 

NEXT MONTH 
In the second installment of this QRP 

series, we'll take a look at building a 
QRP transmitter -the Ramsey QRP -30 
30 -meter transmitter, which is a com- 
panion to the HR -30 receiver discussed 
in this month's column. In the meantime, 
I can be reached by snail -mail at P.O. 

Box 1099, Falls Church, VA, 22041, or 
by e -mail at carrjj @aol.com. 65 



ELECTRONICS LibRARy 
E -MAIL ON THE INTERNET 
by P.R.M. Oliver and N. Kantaris 

If you want to become familiar with 
using e-mail, this book presents a 

clear, easy -to- understand introduction. 
Written for Windows 95 software, it is 

also useful for Mac and Unix -based 
systems. 

The book explains the Internet and 
how e-mail fits into the Net. It introduces 
step -by -step methods to get e-mail up 

and running. Downloading and installing 
four of the main e-mail programs is 

explained: Pegasus Mail, Netscape 
Navigator Mail, Microsoft Explorer Mail, 
and Eudora Light for Windows 95. An 

appendix of keyboard shortcut com- 
mands for the four programs described 
is included, along with a glossary of 

Web and computer terms. 
E -Mail on the Internet costs $12.75 

and is available from Electronic Tech- 
nology Today, Inc., P.O. Box 240, 
Massapequa, NY 11762 -0240. 

ELECTRONIC 
COMPONENTS AND 
COMPUTER CATALOG 
from Jameco 

Aimed at engineers, educators, and 
technicians, this 140 -page catalog fea- 
tures thousands of ICs, components, 
tools, test equipment, and computer 
products. The items offered are divided 
into sections -each of which is color - 
coded for ease -of- use -ICs; discrete 
components; sockets and connectors; 

66 power components; kits and solder 

Ow Ultimate Product 

equipment; books; PCB, tools, and test 
equipment; and computer products. 

If there is a limited supply of any item 
because it is being discontinued, this is 

noted in the catalog. Another feature is 

the FTP alert that accompanies prod- 
ucts for which data sheets, manuals, 
and /or software is available at their FTP 

site: ftp: / /ftp.jameco.com. 
There are 175 new products, in- 

cluding LEDs, serial LCD modules, 
solenoids, buzzers, batteries, power 
supplies, hobby kits, motherboards, 
digital cameras, graphics cards, and 
printers. 

The Electronic Components and 
Computer Catalog is free upon request 
from Jameco, 1355 Shoreway Road, 
Belmont, CA 94002 -4100; Tel. 800 -831- 
4242 or 650 -592 -8097; Fax: 800 -237- 
6948 or 650 -592 -2503; Web: www. 
jameco. com. 

CIRCLE 90 ON FREE 
INFORMATION CARD 

MODERN DICTIONARY 
OF ELECTRONICS: 
SIXTH EDITION 
by Rudolf F. Graf 

Since technological advances in elec- 
tronics and closely related areas occur 
at a feverish pace, a modern dictionary 
must keep up. It has to reflect the ever- 

DOW To order books 
in this maga- 

zine or, any book in print. Please call 
anytime day or night: (800) BOOKS - 
NOW (266 -5766) or (801) 261 -1187 ask 
for ext. 1456 or visit on the web at 
http://www.BooksNow.com/popular- 
electronics.htm. 

Free catalogs are not available. 

expanding vocabulary generated in this 
field. Every new edition of this reference 
book confirms the impressive growth in 

electronics. 
Completely updated, this compre- 

odern 
Dictionary 

of Electronics 
SIXTH EDITION 

REVISED 
and UPDATED 

Rudolf F. Graf 

hensive dictionary contains over 
25,000 electronic terms, accompanied 
by hundreds of illustrations. The previ- 
ously published material has been 
revised and brought up to date, where 
necessary. Written in a style that is 

consistent with the complexity level of 
the terms being defined, all the defini- 
tions are clearly and simply presented. 
The author uses concrete, practical 
explanations, rather than abstract or 
mathematical ones. 

With over 5000 new entries included, 
this dictionary is a valuable reference for 
professionals in the field, hobbyists, stu- 
dents, or anyone interested in the field 
of electronics. The sixth edition covers 
special topics, such as audio electron- 
ics, television and video, computers, 
fiber optics, microelectronics, communi- 
cations, industrial processes, and med- 
ical electronics. Where appropriate, 
abbreviations and acronyms are includ- 
ed. There are also tables of SI units, 
schematic symbols, and of the Greek 
alphabet. 

Modern Dictionary of Electronics, 
6th Edition costs $49.95, and is 
published by Newnes, Butterworth - 
Heinemann, 225 Wildwood Avenue, 
Unit B, P.O. Box 4500, Woburn, MA 
01801 -2041; Tel. 781 -904 -2500; Fax: 
800 -446 -6520 or 781- 933 -6333; Web: 
www. bb. com. 

CIRCLE 91 ON FREE 
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NEw /1RO IJCTS 
AMPLIFIED FM /AM 
ANTENNA 
The Recoton, Model 2417 Receptor, an 

amplified FM /AM antenna, presents a 

high -tech, designer -styled appearance. 
It significantly improves the clarity of 
both FM and AM reception, increasing 
the number of stations pulled in. 

Its tower body is topped by a spire 
that contains the antenna element. The 
Receptor can function in both omnidi- 
rectional and directional modes. When 
pointed upwards, the spire pulls in _sig- 

nals from anywhere around it, while the 
horizontal option allows users to aim 
the antenna element directly towards a 

favorite station's transmitter. 
The Receptor also uses circuitry that 

increases coupling efficiency between 
antenna and tuner to reduce interfer- 
ence between FM and AM bands. It 

even includes sub -band accessory cir- 

cuitry that pulls in sub -carrier signals 
with background music, weather, and 
traffic information (available in certain 
locations, when the antenna is linked to 

appropriate electronics). The antenna 
connects in seconds to any FM /AM 
receiver or tuner. It retails for $44.99. 

For more information, contact 
Recoton, 145 E. 57th St., New York, NY 

10022; Tel. 800 -732 -6866; Web: www. 

recoton. com. 
CIRCLE 80 ON FREE 

INFORMATION CARD 

CIRCUIT-SIMULATION 
SOFTWARE 
With this circuit -simulation package, 
designers create and analyze circuits 
quickly on their PCs. Click- and -drag 
component placement and online help 
makes it fast and easy to use. 

ProtoLa '_d 

Eaey-to-uee circuit simulation package from 
the leader in electronic prototyping. 

Analyze clrcuits 
using a full range of 
tea inetrumcnt_ 

GLOBAL. SPIECIAL77IES 
SOFTWARE 

ProtoLab 4.0 is designed to work as 
a simulated prototyping lab. Users in- 

sert components on a grid, similar to a 

breadboard. ProtoLab's prototyping grid 
is extensive and can handle a wide sel- 
ection of active and passive compo- 
nents. They include wires, junctions, 
grounds, resistors, capacitors, induc- 
tors, voltage and current sources, di- 
odes, transistors, and MOSFETs. 

Circuit testing is done by placing 
probes at the nodes using the appropri- 
ate test instrument from the tool bar. 

Five virtual instruments provide circuit 
analysis; they are a voltmeter, ammeter, 
wattmeter, oscilloscope, and ohmmeter. 
An extensive library includes all types of 

oscillators, bridges, amplifiers, and 

tuned circuits, etc. 
ProtoLab 4.0 has a list price of 

$49.95. Contact Global Specialties, 70 

Fulton Terrace, New Haven, CT 06512; 
Tel. 800 -572 -1028; Web: www.global 
specialties.com. 
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CD PLAYER 
WITH ANTI -SKIP 
Sanyo Fisher announced the release 
of the first personal CD player with a 

built -in 40- second Opti -Trac IV elec- 
tronic anti -skip system. This is the 
longest shock buffer now available for 
personal CD listening, according to the 
manufacturer. The Opti -Trac system 
resists interruptions by storing CD mu- 

sic in a 16 -MB, 40- second memory. 
Using a Fast -read Multi -Trace (FMT) 
system, musical data is read at twice 
normal speed and stored in memory 
before digital -to- analog conversion. 

The compact PCD -7950, measuring 
approximately five inches by one inch 

by six inches and weighing just a little 

over eight ounces, can be taken any- 
where. The CD player can be enjoyed 
without interruption while riding a bicy- 

cle; while exercising, walking or roller - 
blading, or while riding in a car over 
bumpy terrain. 

Features of the PCD -7950 include 
an AM /FM digital tuner with 20 presets, 
22 -track programmable CD, repeat' 
introscan functions, and three -beam 
laser tracking. Other features include 
automatic power -off, auto backlit LCD 

display, two rechargeable NiCD batter- 
ies, headphones, and an AC adapter/ 
charger. 

The PCD -7950 has a suggested 
retail price of $189.99. For more infor- 

mation, contact Sanyo Fisher, 21605 
Plummer Street, Chatsworth, CA 91311; 
Tel. 818- 998 -7322; Fax: 818- 701 -4182; 

Web: audvidfisher.com. 
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