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MicRO(ÖOF 

The features 

of high-end 
schema* design 

and simulation 
software at a 

fraction of 

$299 
CircuitMaker 6: 
Schematic design 

and simulation 
software 

The features 
of high -end 
printed circuit 
board layout 
software at a 
fraction of 
the cost, 

Maker 

fi %299 
TraxMaker 3: 

Printed circuit 
board layout 
software 

CircuitMaker Version 6 and TraxMaker Version 3 give you the features of professianal, high -end 
software at a fraction of the cost. Plus, with exceptional ease-of-use you'll spend less time learning 
to use the software and more time designing. Both applications are compatible with your existing 
software, and feature outstanding technical support. Cali now for your free functional demo. 

CircuitMaker 6 is a powerful schematic TraxMaker 3 is a powerful printed circuit 
design and simulation program featuring: board layout program featuring: 

Professional schematic features including printout 
borders, title block and barred pin names 
Symbol editor and Macro feature for custom devices 
Fast, accurate SPICE3f5/XSPICE -based simulation 
Complete array of analysis types, including Fourie4 AC, DC, 
Parameter sweep, Transient and more 
Virtual instruments including a digital oscilloscope, 
multimeter, Bode plotter, curve tracer and more 

Extensive library of over 4,000 models 

Tight integration with TraxMaker® for quick PCB layout 
Output PCB netlists in Protel' ®, Tango® and TraxMaker® 

formats for use in a variety of PCB layout programs 
Windows 3.1, 95 and NT 

MICRO 
E N G I N E E R I N G 

Over 2,000 component footprints in a fully -documented, in- 
dexed library. Documentation shows footprints actual size 
Built -in autorouter and Design Rules Check 
Supports up to 6 signal layers plus power and ground 
planes, silk screen overlays and solder and paste masks 
Board sizes up to 32" x 32 ", with no pin limitations 
Intelligent manual routing with unroute capabilities 
Import any PCB netlist in CircuitMaker ®, Protel® or Tango® 
format 
Output RS274X Gerber files, Excellon N/C drill files and Bill 
of Materials 

Print to any Windows- compatible printer or plotter 
Windows 3.1, 95 and NT 

O DE For free demo software, or to order, call 1 40041 94242 
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39 STORM -WARNING LIGHTNING MONITOR 

Even in normal times, everyone always talks about the 

weather. But this year has been something else again. 

Between El Niño, La Niña, killer tsunamis, increased 
tornado activity, a 

predicted very active 
hurricane season, 
paralyzing ice storms, 

scorching heat waves, 

droughts, and more, it 

seems like no one is 

talking about anything 
else - and, at least 
this month, that in- 
cludes us! Our cover 
story this month is a 

circuit that can give 
you a few precious 
extra minutes to prepare in the face of an approaching 
storm. It monitors the airwaves for the telltale RF crackle 

caused by dangerous lightning and signals that trouble 
is on the way when it detects it. - Kenton Chun 
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A cell -phone battery that lasts 
50 times longer, quantum 
transistors, a brain imaging 
system, and more. 

A SMALL ANTENNA WITH A 
BIG FUTURE 

Learn about an inexpensive, 
highly reliable antenna that can 
operate at frequencies up to 37 
GHz. - Douglas Page 

USING CONSTANT -CURRENT 
SOURCES 
They're 
often over- 
looked, but 
constant - 
current 
circuits are e 

easy to use, and make other 
circuits work better. - Joseph J. Carr 
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AN ELECTRONIC WIND VANE 
Build this attractive and useful 
addition to any home weather 
station. - Steve Botts 

ADD DAYTIME- RUNNING 
LIGHTS To YOUR CAR 
An easy -to -build and install 
circuit that can add this 
valuable safety enhancement 
to cars that don't already have 
it. - Dan Harrison 
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Affordable Hi -Tech Training! 
Announcing New Micro Courses from the CIE Bookstore. 

Easy at -home 
learning. 
Cleveland Institute of 

Electronics has 

created a collection of 

micro courses that 
focus on our most 

popular subjects. 
Offered through our bookstore, every micro 

course leads to a Certificate of Completion 

once finished. Each course may contain up 

to 39 lessons with exams and many have 

lab exercises, training videos or software to 

supplement your studies. Experience a step - 

by -step program designed specifically for the 

independent study student. 

Enroll now and receive student privileges 

that include Instructor Assistance*, 
Priority Grading and Student Resources. 
These privileges will allow you to access our 
faculty and staff if you ever need assistance 
with your course work and insure that your 

submitted exams will be graded and sent 

back to you within 24 hours. 

Programmable 
Controllers 
Micro Course 
This course starts by 

explaining how a 

Programmable Controller 
(PLC) functions in an 

automated system. Learn about the parts of 

a PLC which enable it to perform its function. 
Look at a typical application and learn how 

to develop a written program for it. 

01 -PC01 $88 

(This micro course would make a great 
addition to the videos listed below. 01- 567PLC) 

8 -Part PLC Video Training Set 
Contains 4 hours of video lessons and a 

146 page study guide. These easy -to- follow 

video lessons will make learning this vital 

information fast & easy. This 8 -part training 

course is designed to take 32 hours. 

However, you can study at your own pace 

& review each lesson as many times as you 

need! Video set does not include certificate of 

completion. O1-567PLC $189.98 

Subjects Covered In the Video Training Set: 

How process control works PLC servo control 

PLC advantages 

PLC disadvantages 

Identifying PLC sections 

Move functions 

How to read flow charts 

Troubleshooting techniques 

Identify logic faults 

Scanning sequence 

Timer instructions 

Counter instructions 

Output instructions 

Identify input faults 

Identify output faults 

Plus much more! 

Fiber Optics Course 
Apply what you have 

learned in this course 

to install, diagnose and 
repair complex fiber - 
optic communications 

systems and take your 
place in the forefront of a 

fascinating and challenging new technology. 

CIE Lesson & Exam Material Covers: 
Troubleshooting Fiber Optics Characteristics 

of Fiber Optics Fiber -Optic Communications 

Modules Light Laser Atomic Physics 

Practical Lasers Modulating the Laser 

Beam Masters Laser Applications 

Maintenance of Lasers & Laser Systems 

Video & Workbook Material: 
Understanding Fiber Optics 

01 -FB01 $128 

AC /DC Basic 
Electronics with Lab 
39 lessons with lab. All this 
knowledge & support will 

put you on the road to 
understanding many areas 
of electronics. 
03 -INTRO $195 

CIE Soldering Course with Lab 
3 lessons with lab, soldering iron & video tape. 
01 -SDO1 $98 

Television Diagnosis & Repair Course 
12 lessons, 5 videos & technician repair software. 
01 -TV01 $348 

Computer Programming in C 

10 lessons, text, study guide & software package 
04- CET352 $278 

Database Management 
6 lessons, dBASE Ill software (student version) 
01 -DB01 $198 

Computer Aided Circuit Design 
& Drafting with Lab 
16 lab assignments, Micro -Cap Ill (student 
version) 04- CET351 $195 

Introduction to Computers 
8 lessons on the basics, video. 01 -IN01 $198 

Automotive Electricity & 
Electronics Course 
5 lessons, 150 piece Auto Electrical Tool Kit 

01 -AU01 $198 

Oscilloscope 
Fundamentals 
Learn fundamental principles 

common to all oscilloscopes. 
1 lesson, video and 
workbook. 01- SCP01...$98 

Microprocessor 
Theory & Applications 
Learn operation & 

architecture of a 

microprocessor. Program 

in machine and assembly 
langauge. 17 lessons, lab 

& video. 03 -MICRO $478 
FCC Exam Review Course 
25 lessons to prepare you for general -class 

license. FCC ID software. 01 -FCCO1 $295 

CET Exam Review Course 
1 lesson to prepare you for Associate -Level 
CET test. Answer practice test questions that 
will cover all areas of the test. 01 -CTO1 $65 
'Some courses include non -CIE material (videos) that will 
supplement your studies but will not be included under 
Instructor Assistance. 

r 
Start your training today! 

(((© II. 
C E 

Call: 1- 800 -321 -2155 

or fax: 1- 440 -951 -2186 
Send check, money order or credit card 

information to: CIE 1776 E. 17th Street 

Cleveland, OH 44114 or call 1- 800 -321 -2155. 

1 

Name 

Street 

City 

State Zip 

Phone Number 
Enter Micro Course Number and Price. 

OH RESIDENTS ADD 7 % 

SHIPPING & HANDLING** 

TOTAL 

VISA 

Exp. Date 

Account Number 

Signature Date 

SHIPPING & HANDLING CHARGES: 
$50.01 - $100 $10.25 $200.01 - $400....$25.75 

$100.01 - $ 200 $15.75 $400.01- Over....$31.00 

** Foreign shipping costs will be higher. 
MCO4 

MasterCard Discover 

Call for rates. 

Call 1- 800 -321 -8188 or fax 1- 440 -981 -2186 to place an order. CIE: 1776 E. 17th Street, Cleveland, Ohio 44114. www.cie- wc.edu 
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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 

ÑE` Electronics Workbench Professional 5.0 
`included in our B.S.E.T curriculums 

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

For your free catalog of our programs dial 

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

GCE 
Your first step 
to help yourself 
better your future! 

Grantham College ofEngineering 
34641 Grantham College Road 

Slidell, LA 70460 -6815 
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ANTIQUE RADIO CLASSIFIE 
Free Sample! 

Antique Radio's 
Largest Circulation Monthly. i 

Articles, Ads & Classifieds. 
6 -Month Trial: $20.95. 1 -Yr: $40.95 ($57.95 -1st Class). 

A.R.C., P.O. Box 802 -L21, Carlisle. MA 01741 
Phone:(978) 371 -0512 VISA/MC Fax:(978) 371 -7129 
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CABLE CONVERTER 
DIAGNOSTIC TEST CHIP 

WE STOCK A COMPLETE UNE OF CHIPS,TOOLS, 
WIRELESS QUICK INSTALL TEST BOARDS AND 
DIAGNOSTIC CUBES FOR ALL CONVERTERS! 

** *ANYONE IMPLYING ILLEGAL USE WILL BE * ** 
DENIED SALE.WE SELL PRODUCTS ONLY!! TO 
TECHNICIANS OR CABLE REPAIR FACILITIES!! 
al IN CUSTOMER SERVICE & TECH. SUPPORT! 

*ALL ORDERS SHIP WITHIN 24HRS, UPS/ FED -X. 
*PRIORITY NEXT DAY SHIPPING AVAILABLE! 
*SALE= BUY 6 TEST BOARDS AND GET 2 FREE. 
*MONDAY THRU FRIDAY 8AM - 7PM EST. 
*DEALERS WELCOME * ALL PRODUCTS GUAR!! 

PISA + VISUAL ` I 

COMMUNICATIONS INC. 
ORDERS /CATALOG 1$00 -GO -CABLE 

TECHNICAL SUPPORT DEPT. 717-620-4363 EST. 1976 

1.01TORIAL 

NESDA Goes To Washington 

(A Guest Editorial) 

NESDA (the National Electronics Service Dealers Association) has always taken its responsibili- 
ties very seriously -representing the professional service dealer industry to manufacturers, dis- 

tributors, educational institutions, other business organizations, and frequently even to state and 
federal governments. But this past June NESDA took its representation to a new level. It sent sev- 

eral members of its leadership to Washington, D.C. to lobby Congress on a bill that could have 
a serious impact on the professional service industry. This action also extends NESDRs repre- 
sentation to a new constituency -those customers who depend upon NESDA members to keep 
their consumer -electronics equipment working. 

The bill in question is known in the House of Representatives as H.R. 2281. It implements an 
international copyright treaty. Why should professional service dealers care about an interna- 
tional treaty? We had better care about it, because in implementing the treaty to extend copyright 
protection to the creators of copyrighted works like movies, music, and other "intellectual prop- 
erty," H.R. 2281 allows "technological protection measures" that could affect the functions of 
next- generation VCRs, computers, and other recording products, and our ability to service them. 

We must make sure that professional servicers can make changes to new products to guarantee 
their "playability," so that when consumers use these products in a lawful way, they will func- 
tion the way consumers expect. If some "technological protection measure" interferes with the 
proper authorized viewing or recording of a copyrighted work, we must make sure that the pro- 
fessional servicer can address the problem without the servicer or the consumer being branded 
a lawbreaker. 

Next- generation home electronics products in the digital age are going to be expensive, high - 
end equipment that consumers are going to want serviced to protect their investment. They 
will not be the "throwaway" products that are being sold today. 

NESDA President Randy Whitehead CSM, Executive Director Clyde Nabots, and I met with our per- 

sonal representatives in Congress, but we also met with representatives of the leadership of Congress- 
Majority Leader Dick Armey, Majority Whip Tom Delay, and others. All we met seemed pleased that we 

had brought the professional service dealers' point of view on H.R. 2281 to Congress. They expressed their 
gratitude that we were bringing to them the expertise and knowledge of an industry that apparently had been 
"written off" by the authors of the bill. They asked us for specific suggestions on how the bill needed to be 
changed in order to protect the professional service- dealers industry and the best interests of our customers. 
And we are providing those suggestions. 

At this writing, in late June of 1998, the U.S. Senate's version of the u-eaty implementation leg- 
islation has been passed and the bill has been approved by one House committee. The House 
Commerce Committee is looking at it now and trying to assess its impact on American con- 
sumers and businesses, particularly the small -business community. We are going to make sure 
that the Commerce Committee has the information it needs to write a balanced bill. 

So this is where NESDA chose to make its stand -to make the voices of professional service 
dealers and our customers heard where it will count the most: to bring the expertise and knowl- 
edge of our industry to the Members of Congress so that they can legislate based on expert 
information. This was the first time NEDSA actually walked the halls of Congress. But with 
the technology we deal with daily changing so rapidly and with Congress' hunger for expert 
knowledge to keep up with those changes, I'll bet it won't be the last time. 

Susan Frick 
Vice President 
NESDA 
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READERS' 

A 
QUESTIONS, EDITORS' ANSWERS 

CONDUCTED BY MICHAEL A. COVINGTON, N4TMI 

Frequency- Counter Flub 
In June, we recommended that a read- 

er build the 1 -GHz frequency counter 
featured in our December 1990 issue. 
Joseph W. Baldwin wrote to advise us 
that due to a faulty front -end design, that 
particular counter won't actually work 
above 25 MHz -a fact that was addressed 
in a correction that was published in 
February, 1991. 

We apologize most humbly; that pro- 
ject and its correction were published 
before your present columnist came on 
board, and the editorial department did- 
n't catch the mistake in the June column. 
Apart from the frequency limitation, the 
counter works well. 

If you've built this counter, you can 
probably improve it a bit by changing 
the 7490 and CD4017 (ICI and IC3) to 
a 74AC190 (making appropriate pin 
connection changes) and 74HC4017 
respectively. Even so, that will get you to 
100 MHz at most. For proven 1 -GHz 
counter circuits, see the ARRL Handbook 
for Radio Amateurs. 

Watt's That? 
In the July, 1998 issue, Fig. I, page 8, 

we forgot to specify the wattage of the 
fluorescent bulb. It is 4 watts. 

LED Light Chaser 
I'd like to build an LED chaser for my 

car. I've drawn a schematic using a 
motor -driven rotary switch. Is there a sim- 
pler way ? -C. B., Boiling Springs, PA 

A A chaser, for those who don't know, is 

a circuit that makes lights turn on one 
after another, over and over, so that a 

spot of light seems to be moving rapidly 
along the string of lights. LED chasers 
are popular automotive decorations; 
some people wrap them around license 

R1 

1K- 
100K 

R2 
1 

MEG 

Cl 
0.1 

µF 1 
T 

C2 :0.1 µF 

16 

IC2 
CD4017 

VDD 00 

01 
Ic1 
555 

V+ Q2 DS 

RS 03 

OUT 
4 

CLK 04 
TH 

2 05 
TR 

06 
13 

CE Q7 
15 

RS 08 ä vss Q9 

+12V 

FIG. 1 -IN THIS SOLID -STATE LED light chaser, speed is set by R2 and Cl 
is much smaller than R2, the value of R1 is not critical. 

plates or stretch them out inside the rear 
window. 

Motor -driven rotary switches are 
exactly how chasers were built in the days 
before digital ICs. Nowadays you can do 
the whole thing digitally, and Fig. I 

shows how. 
The 555 IC (which can be an NE555, 

TLC555, 7555, or equivalent) generates 
pulses about seven or eight times per 
second. The CD4017 counts these puls- 
es and activates its ten outputs one at a 

time, in succession. Each output drives 
an LED. Note the rather arbitrary pin 
numbering; the pins of the IC are not in 
the same sequence as the flashing of the 
LEDs. 

The speed of the "chase" is con- 
trolled by R2 and C1; larger resistors 
and/or capacitors make it slower. You 

can use a 1- megohm potentiometer for 
R2 to make the speed adjustable. 
Resistor Rl provides a charging path for 
the capacitor and has little effect on fre- 
quency as long as it's substantially small- 
er than R2. Capacitor C2 protects the 
ICs against voltage spikes -a good idea 
in any digital circuit, especially an auto- 
motive one. For testing or for non -auto- 
motive applications, you can power the 

As long as it 

IC2 
4017 

Q0 

01 

02 

03 

Q4 

Q5 

+12V 

10 

12 -VOLT 
LAMP 
(UP TO 
2 AMPS) 

Q1 

IRF510 

FIG. 2 -IF YOU NEED to have your light 
chaser drive high- current bulbs, use this 
switching- transistor interface. 

circuit from a 9 -volt battery. 
If you want to drive brighter lights 

instead of LEDs, use switching transis- 
tors as shown in Fig. 2. 

Surge Protectors 
QYour December 1992 issue (page 45) 
describes a modem /fax protector consist- 

ing of two gas surge arrestors and four 
1N5386B (180 -volt, 5 -watt) Zener diodes 

(see Fig. 3). 
I haven't been able to locate the diodes. 
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PHONE 
LINE 
(RED) 

FAX OR 
MODEM 

(RED) 

SVP1, SVP2 
250-VOLT 

GAS SURGE 
ARRESTERS 

(GREEN) 

D1 -D4 
1N53868 
(180v 5W) 

EARTH 
GROUND 

(GREEN) 

FIG. 3 -THIS SURGE PROTECTOR, 
which originally appeared in our December, 
1992 issue, uses gas tubes and Zener 
diodes to protect against surges on a tele- 
phone line. 

Would varistors be adequate substitutes, and 
what voltage rating do you suggest? 

Also, what do "protection- working" indi- 
cators for varistors consist of? -W A. E., 
Toronto, Ontario, Canada 

A You could use varistors with a 180 - 
volt breakdown voltage, but they 

might not be entirely equivalent because 
a Zener is able to dissipate power contin- 
uously and a varistor is not. You can get 
1N5386B's from Digi -Key (701 Brooks 
Ave. S., Thief River Falls, MN 56701; 
Web: www.digikeycom; Tel: 800 -344- 
4539, or 218 -681 -3380). Other diodes 
equivalent to the 1N5386B include 
ECG5164A and NTE5164A. 

As for your second question, we took 
apart a power -line surge protector to find 
out; Fig. 4 shows what we found. 
Naturally, protection indicator lights can 
only be powered by power lines, not 
phone lines. The one we examined con- 
sisted of a neon pilot lamp assembly in ' 

series with a large fuse (8 amps, but 1 amp 
would be a more conservative choice). 
The idea is that a lightning strike power- 

MEET YOUR COLUMNIST 

Since mid -1995, the Q &A column has 
been conducted by Michael Covington, 
and beginning this month, his name is on 
it. By day, Dr. Covington is a research sci- 
entist at the University of Georgia's 
Artificial Intelligence Center: by night he 

does writing and consulting. "Electronics 
used to be my hobby, but by now its defi- 
nitely part of my profession," explains 
Covington, who is a senior member of the 
IEEE, a ham -radio enthusiast (N4TMI), an 

amateur astronomer. and the author of 
more than 200 magazine articles and sev- 
eral books. 

ful enough to destroy the varistors would 
probably also blow the fuse. Note that 
the light does not detect gradual deterio- 
ration of the varistors from multiple mild 
surges, so it doesn't prove that the varis- 
tors are good. 

VR for VW 
Ql want to replace the electromechanical 
voltage regulator in my car, a 1967 

Volkswagen Beetle, with a solid -state device. 

I've found numerous schematics for voltage 
regulators, but all of them are for cars that 
have an alternator. My car has a generator. 
Can you help ? -J. B. S., Lubbock, TX 

AWe consulted a real expert, Bob Pease 
(www.nsc.com/rap), who, besides be- 

ing a top IC designer for National Semi- 
conductor, is also an authority on late - 
1960s VW Beetles. He is not aware of a 

solid -state regulator for your car and rec- 
ommends that you stick with the existing 
technology; after all, it works. If any 
readers have built a solid -state voltage 
regulator for a VW Beetle, we'd like to 
hear from them. 

Fleet Of CD Changers 
I'm planning on opening a radio station 
and will be purchasing 28 Sony 200 -CD 

changers. My problem is, how can I control 
all 28 changers from a single computer? 
Sony makes a control unit, but I don't know 
if it will daisy -chain to control more than 
one changer. -B. K, Gainesville, MO 

A For a purchase of that size, Sony 
should be able to give you some engi- 

neering assistance; contact them with 
your questions. If they don't have the 
product you need, they probably ought to 
develop it; yours can't be the only radio 
station that needs this capability. Contact 
Sony by e -mail at contact@sel.sony.com 
or by telephone at 941- 768 -7669. (Oddly, 
they don't give a mailing address on their 
web page.) Or you may want to hire an 
electronics consultant to design and build 
what's needed -but if you take that 
option, be prepared to spend thousands 
of dollars. 

Cold Hands 
/ pan a high school student in a marching 
band. When we perform in the dead of 

NEON PILOT 
VARISTORS 

LAMP ASSY. 
SUITABLE FOR 
LINE VOLTAGE 

FIG. 4- HERE'S THE "protection- working" 
circuit inside one surge protector. If the light 
goes out, it is a safe bet that the varistors 
have also failed, but the light being on is no 
guarantee that protection is still in place. 

winter, my hands freeze, almost to the point 
of frostbite. I was wondering if there was 
some kind of battery powered electronic heat- 
ing device that would keep my hands warm 
but would not alter the appearance of skin- 
tight white gloves. -B. H., Waukesha, WI 

A Let's do the math. To warm your hands 
to a useful extent, your device would 

have to dissipate something like three 
watts of power. (Watts measure heat or 
any other form of energy, not just elec- 
tricity.) Recall that watts = volts X amps. If 
it is powered by a 1.5 -volt battery, your 
device would therefore consume 2 amps 
and would need a resistance of 0.75 ohm. 

The idea might work if you can con- 
ceal a hefty battery pack elsewhere on 
your person. Try two D -cells in parallel, 
and make the heating element out of a 
piece of nichrome wire whose total 
resistance is 0.75 ohm (measure it), 
wrapped in some type of protective cov- 
ering (perhaps heat -shrink tubing). If 
the wire gets too hot, use a longer wire 
to achieve a higher resistance. Be aware 
that a partial break in the nichrome 
could create a localized hot spot. 

Testing Telephones 
QI have several telephones I'd like to by to 

repair, but I do not want to book them to 

my telephone line during the testing process. 

Do you have a circuit for a simple telephone 
test set that would supply power for the tele- 
phones under test and perhaps a speaker that 
would allow testing of the talk circuit? - 
R. G. Z., Finksburg, MD 

AHow about a 9 -volt battery? Except 
for the ringers, you can test a tele- 

phone by connecting it to another tele- 



HOW TO GET INFORMATION ABOUT ELECTRONICS 
On the Internet: See our Web site at 

http: / /www.gernsback.com for information 

and files relating to our magazines (Elec- 

tronics Now and Popular Electronics) and 

links to other useful sites. 

To discuss electronics with your fellow 

enthusiasts, visit the newsgroups sci.elec- 

tronics.repair, sci.electronics.components, 

sci.electronics.design, and rec.radio.ama- 

teur.homebrew. "For sale" messages are per- 

mitted only in rec.radio.swap and misc.indus- 

tr y.electron i cs. m arketplace. 

Many electronic component manufac- 

turers have Web pages; see the directory at 

http: / /www.hitex.com /chipdir /, or try address- 

es such as http: / /www.ti.com and http / /www. 

motorola.com (substituting any company's 

name or abbreviation as appropriate). Many 

IC data sheets can be viewed online. 

Extensive information about how to repair 

consumer electronic devices and comput- 

ers can be found at www.repairfaq.org. 

Books: Several good introductory electron- 

ics books are available at RadioShack, 

including one on building power supplies. 

An excellent general electronics textbook 

is The Art of Electronics, by Paul Horowitz 

and Winfield Hill, available from the publish- 

er (Cambridge University Press, 1- 800 -872- 

7423) or on special order through any book- 

store. Its 1125 pages are full of information 

on how to build working circuits, with a mini- 

mum of mathematics. 

Also indispensable is The ARRL Hand- 

book for Radio Amateurs, comprising 1000 

pages of theory, radio circuits, and ready -to- 

build projects, available from the American 

Radio Relay League, Newington, CT 06111, 

and from ham -radio equipment dealers. 

Copies of past articles: Copies of past 

articles in Electronics Now and Popular 
Electronics (post 1993 only) are available 

from our Claggk, Inc., Reprint Department, 

RO Box 4099, Farmingdale, NY 11735; Tel: 

516 -293 -3751. 

Electronics Now and many other maga- 

zines are indexed in the Reader's Guide to 

Periodical Literature, available at your public 

library. Copies of articles in other magazines 

can be obtained through your public library's 

interlibrary loan service; expect to pay about 

30 cents a page. 

Service manuals: Manuals for radios, TVs, 

VCRs, audio equipment, and some comput- 

ers are available from Howard W. Sams & 

Co., Indianapolis, IN 46214 (1- 800 -428- 

7267). The free Sams catalog also lists 

addresses of manufacturers and parts deal- 

ers. Even if an item isn't listed in the catalog, 

it pays to call Sams; they may have a sche- 

matic on file which they can copy for you. 

Manuals for older test equipment and 

ham radio gear are available from Hi 

Manuals, PO Box 802, Council Bluffs, IA 

51502, and Manuals Plus, PO Box 549, 

Tooele, UT 84074. 

Replacement semiconductors: Replace- 

ment transistors, ICs, and other semicon- 

ductors, marketed by Philips ECG, NTE, 

and Thomson (SK), are available through 
most parts dealers (including RadioShack 

on special order). The ECG, NTE, and SK 

lines contain a few hundred parts that sub- 

stitute for many thousands of others: a 

directory (supplied as a large book and on 

diskette) tells you which one to use. NTE 

numbers usually match ECG; SK numbers 

are different. 
Remember that the "2S" in a Japanese 

type number is usually omitted; a transistor 
marked D945 is actually a 2SD945. 

Hamfests (swap meets) and local orga- 
nizations: These can be located by writing 

to the American Radio Relay League, 

Newington, CT 06111; (http: / /www.arrl.org). 
A hamfest is an excellent place to pick up 

used test equipment, older parts, and other 

items at bargain prices, as well as to meet 

your fellow electronics enthusiasts -both 
amateur and professional. 

phone and a 9 -volt battery, all in series. 
With this hookup the telephones should 
be able to talk to each other and should 
produce tones when you press the but- 
tons. You can even test a telephone by 
itself by connecting it to a 9 -volt battery; 
you should be able to hear your own 
voice in the earpiece. 

The green and red wires are normally 
positive and negative respectively (the 
only place in all of electronics where red 
denotes negative), but a telephone should 

work with either polarity. Once every- 
thing else is working, you can test the 
ringer by connecting the telephone to 
a working line and having someone 
call it. 

O&A By E -Mail 
Please put your e-mail address on your 
Q&A column. -E. M. (via e-mail) and 

numerous other readers. 

AThere are several reasons we've been 
hesitant to invite Q &A submissions by 

e -mail. It would lead people to expect 
instant replies, which we can't give; each 
question has to wait its turn, not all ques- 
tions are selected for publication, and 
because we're a monthly magazine, we 

have to maintain a few weeks' backlog. 
Also, e-mail would discourage people 
from enclosing the all -important circuit 
diagram. This is a situation in which old - 
fashioned paper correspondence actually 
works better. When necessary, you can 
contact us electronically via our web site 
(wwwgernsback.com). If time is of the 
essence, you can sometimes get very quick 
answers to your electronics questions in 

the sci.electronics newsgroups (discussion 
forums) on the Internet and our own elec- 
tronics forums on our Web site 

Jukebox Help Request 
Q1 have a Seeburg model HF100R jukebox 
dating from around 1954 and need to get it 

repaired. Where can I obtain schematics, trou- 
bleshooting advice, or the name of someone in 

my area that can repair it? -Steve Tambeau, 

1519 Watson Street, Scranton, PA 18504 

A According to ads on the Internet, vin- 
tage jukebox manuals, including the 

one you require, are available from Bum- 
per Action Amusements, 562 -566 City 
Rd., South Melbourne 3205, Victoria, 
Australia; Web: www.bumper.com.au; 
Fax (as dialed from the USA): 011 -61 -3- 
9696- 6777. (They accept U.S. Visa and 
MasterCard.) 

You might also contact '59 Jukeboxes, 
Inc., 9613 Harford Road, Suite 359, 
Baltimore, MD 21234; Tel: 410 -661- 
7588; e-mail: jukebox@sitestar.com. They 
stock parts for later -model (post -1959) 
Seeburg jukeboxes and can probably give 

you some help. And we're publishing your 
name and address so other people can 
contact you directly. 

Intermittent TV Tip 
Q111 your November 1997 issue a reader 
asked about a 1978 Zenith TV that had 

intermittent loss of picture upon turn -on. I 
had one in my shop that did something sim- 
ilar, and the problem turned out to be a poor 
connection in the socket where Zenith had 
installed the video amplifier transistors. My 

solution was to solder the transistors in.- 
Roger Doering, Camp Verde, AZ 7 



NEW! ELECTRONICS CD ROM 
The most 

effective way 
of learning 
electronics 

Two Courses on 

one CD ROM! 
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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. 

Claggk Inc., PO Box 4099 
Farmingdale NY 11735 -0792 
e -mail: claggkgpoptronix.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 

-1 

8 
(Name on order and signature must be same as on Credit Card.) 

Thanks for the tip. Intermittent video 
can be caused by a loose connection 

anywhere along the signal path, and tran- 
sistor sockets are a notorious source of 
problems. So are the connectors that link 
separate circuit boards. 

As you note in your letter, the problem 
could have many other causes, and work- 
ing on a TV is dangerous due to high 
voltages; readers who are not familiar with 
TV servicing or don't have appropriate 
equipment should of course use the ser- 
vices of a repair shop. 

Air Cleaner 

Power Supplies 
Ql u the July 1998 issue a reader asked 
¿about building a replacement power sup- 

ply for his electronic air cleaner. I tried it, but 
the diodes did not survive very long even 
though they were properly rated. You can buy 
a replacement power supply from Trion, Inc., 
101 McNeill Road, Sanford, NC 27331; 
Tel: 919 -775 -2201. This company made air 
cleaners for Sears and others. -Earl Morris, 
via e-mail 

A Thanks for the tip! We called Trion 
and they said that they supply parts for 

some models of other brands, but not all. 
For a Sears air cleaner, for example, they 
recommend trying Sears first. 

Writing to Q&A 
As always, we welcome your ques- 

tions. The most interesting ones are 
answered in print. Please be sure to 
include plenty of background informa- 
tion (we'll shorten your letter for publi- 
cation) and give your full name and 
address (we'll only print your initials). If 
you are asking about a circuit, please include 
a complete diagram. Due to the volume of 
mail, we regret that we cannot give per- 
sonal replies. 

BE A TEACHER. 
BE A HERO. 

Call 
1-800-45-TEACH. 

! ,i APY u eSnol . .M. Publication 
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The Cleveland Institute of Electronics 
has been approved for use of Veterans 
Affairs Benefits and DANTES Tuition 
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Tuition assistance from the Veterans 
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LETTERS 
SEND YOUR COMMENTS TO THE EDITORS OF ELECTRONICS N w MAGAZINE 

Silly Shunts 
A tew errors crept into my article 

"Make Your Own Shunts" in the August 
1998 issue. First, in the third paragraph, 
third column, on page 51, reference is 

made to watching the meter "...until the 
analog meter's needle moves to a full - 
scale reading." Actually, the meter's read- 
ing is not significant. The only thing to 
be concerned about here is the needle not 
being pinned against either stop, which 
could damage the meter itself. 

The next problem involves the equa- 
tions in the center column on page 52. 
The units there should obviously be 
ohms, not volts. 

Finally, near the bottom of the second 
column on page 52, reference is made to 
winding the coils over "an insulated 
screwdriver handle or something similar 
such as a non -conductive wood dowel." 
Actually, the conductivity of the form is 

not important, since it is only used to 
wind the wire into a coil and then 
removed. 
DEAN F. POETH, II, Ph.D. 

Troubleshooting Tips 
To anyone who has built my "No- 

Parts PIC Programmer" in the Sept- 
ember 1998 issue and has had trouble 
with it, here are some simple checks: 

1. Check my Web site (www.mind 
spring.com /- covington /michael). 
Updates, if needed, will be posted there. 

2. Measure the +5V and +12V supply 
voltages. The 12 -volt supply must be 
between 12.0 and 14.0 volts. Some "12- 
volt" power supplies are considerably 
outside that range. 

3. Use a fresh or tested PIC. Be sure to 
protect the PIC from static electricity 
when you handle it. 

4. If your PC BIOS provides different 
settings for your parallel port, try all of 
them. NOPPP should work with any 
setting (compatible, bi- directional, ECP, 
or EPP), but choose "compatible" if you 
have any doubts. 

5. Finally, if you still can't get NOPPP 
to work, try it on another PC, if possible. 

I am interested in helping people 
troubleshoot this project. If you've 
built NOPPP and can't get it working, 
write to me. 
MICHAEL A. COVINGTON 
Covington Innovations 
385 St. George Drive 
Athens, GA 30606 

Editorial Approval 
I have never written to the Editor of 

Electronics Now before, but I'd like to 
let you know how much this subscriber 
agrees with you and enjoyed your coura- 
geous editorial in the August issue. I use 
the word courageous since it goes against 
all of the trendy Microsoft bashing cur- 
rently seen in the press. 

My wife studied many hours for the 
Microsoft certification exam, which she's 
passed. This entitles her to use the 
Microsoft logo on her business cards 
and on our Web page. This also gives 
Microsoft bashers an excuse to flame her 
for using the logo of the "evil empire of 
Redmond, WA." 
ERICH KERN 
via e-mail 

. and Disapproval 
Knock, Knock....Hello ? ?? Have you 

been paying attention to the objections 
to Microsoft and its built -in programs? 
The issue is this: once you have complete 

Write To: 

Letters, 
Electronics Now Magazine, 
500 Bi- County Blvd.. 
Farmingdale, NY 11735 

Due to the volume of mail we 
receive, not all letters can be 

answered personally. All letters 
are subject to editing for clarity 
and length. 

control of the desktop, some controls 
must be in place in order to provide a 

choice. Even the Defense Department 
realizes this as they like to have at least 
two suppliers for a product. 

No one is saying that Microsoft should 
not be able to include its browser, even 
though it's a captive audience. What they 
are really saying is that the playing field 
should be level. No application should be 
build into an operating system for many 
reasons. So, provide "hooks" into your 
system so your browser (Microsoft's) and 
anyone else's browser will work on the 
desktop. Don't deliberately build it so that 
it cannot be removed, and then plead that 
everyone is not being "fair" to your 
"unfair" business actions. 

Personally, I am sick of hearing 
about it. 

By the way, what will you say next 
year when Microsoft issues the next ver- 
sion with a built -in speadsheet, and the 
year after that with a built -in word 
processor? Of course, these products will 
not be able to be removed without dam- 
aging the operating system. Will we tol- 
erate the lies then as we did when we 
listened to such things as "full 32 -bit sys- 
tem (Wmdows 95)," etc.? 
RICHARD GOEKEN 
via e-mail 

Worth the Price 
I had just completed writing Magnets 

and Magnetic Sensor Projects, a new 
RadioShack project book, when the mail- 
man dropped off the July issue of 
Electronics Now with Joseph Can's 
article on magnetic sensors. It appears 
that the versatile Joe Can is as adept at 
discussing fluxgate magnetometers as he 
is at describing antennas, radio circuits, 
solar effects on the atmosphere, medical, 
electronic, and a host of other topics. 
Thanks for providing us readers with Joe 
Carr's contributions. His articles alone 
are well worth the price of a subscription. 
FORREST M. MIMS III 
Seguin, TX 



We're the shop for home shops. 

39.99 
3 -amp regulated power 

supply powers DC devices 
from home AC. #22 -514 

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

49.99 
Auto- rangíig digital 

multimeter. Simple pt.sh- 
button and slide -sw tch 

contro S. #22 -163 

kv 

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 
Bail- bearuig type 

' 2VDC blower fan. 
2,660RPM, 180rt,A. 

4273 -160 

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 RadióShack in your neighborhood with the tools, parts and accessories to complete virtually any small Yo 9 P 

electronics project or repair. You'lh 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 acces- 

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

ate 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 franchisees may not be participating in this ad or sock or special -order every item advertised. 13 
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More "Who Am I ?" 
I am a 61- year -old retired electronics 

engineer /technician. I attended a voca- 
tional school in the early 50s and was a 

radio/TV repairman during that time. 
After graduation, I was in the U.S. Navy 
for six years working as an electronics 
technician. I was discharged in 1962 and 
went to work for the Naval Research 
Laboratory in Washington DC and start- 
ed college at the same time. I graduated 
with a BSET degree in 1967. My nine 
years at NRL were spent in the design 
and development of meteorological 
equipment. In 1971, I went to work for 
ESSA (which became NOAA) in Miami, 
where I continued to work until I retired. 
My work at NOAA was mostly the 
design, development, and deployment of 
underwater acoustic systems. 

Electronics has always been my 
hobby along with powerboat racing and 
Corvette cars. My electronic interests 
include antique radio and experimenting 
with many different circuits and applica- 
tions. I am not just interested in the 
technology but also the history and the 
people involved. 

I think there are enough magazines 
for and about computers. Please do not 
add Electronics Now to the list. If you 
can add articles about the application of 
computers such as using PCs to act as test 
or measurement instruments, this would 
be useful. Everyone has or can obtain an 
older PC that can be the center of some 
measurement or test instrument or sys- 

tem. I know that there are plenty of com- 
mercial programs and hardware that 
already do data acquisition and display, 
but most are too costly for the hobbyist. 
However, some simpler and application - 
specific system could be designed that 
would not be as general or expensive. 
CHARLES LAUTER 
Miami, FL 

I have been subscribing to Electronics 
Now for about 4 or 5 years. This was also 
how long I have been interested in the 
electronics hobby. I am a computer pro- 
grammer by trade, currently working with 
a group of EEs on designing test equip- 
ment. At work, I view hardware as an item 
to blame when my software doesn't work. 

My major focus on electronics in- 
volves hobby work that I'm doing with 
8051 processors and various smaller 
projects. I read your magazine to help 
me design and build my projects better. 

14 The articles that interest me least are 

single -purpose build projects with hard - 
to -find components. (You can determine 
if a component is hard to find if none of 
your advertisers carry it.) I also find arti- 
cles that center on a microprocessor but 
do not provide source code to be almost 
worthless. Yeah, the source code doesn't 
help you build the project, but without 
an E(E)PROM programmer, the object 
code doesn't help either. Besides, some- 
one may have a BASIC microprocessor 
that can be modified to fit the project 
and then the source code would be 
handy. Also, some of us just like to read 
source code to get ideas. 

I would like to see more basic arti- 
cles, such as the current one on magnet- 
ic sensors, and the one a while back on 
transistors. I would also like articles on 
basic board design. I notice almost all 

the projects use PC boards and there is 

no mention of why not use wirewrap, or 
any discussion on the limitations of dif- 
ferent techniques. I would also like arti- 
cles on basic equipment, such as O- 
scopes and other fairly common devices. 
Construction articles should also discuss 
the whys, such as why use a TTL com- 
ponent, instead of an HMOS or CMOS. 
In short, these are sort of an expansion 
of what is in Horowitz and Hill's Art of 
Electronics. 

I find Sam Goldwasser's articles very 
good. We all have a few broken appli- 
ances, and my wife certainly would be 
impressed if I could fix one. Don 
Lancaster's recent article on temperature 
sensors was interesting. You can tell him 
that we don't need an article on writing a 

real -time operating system in Postscript 
though. In fact, I don't think you really 
need articles on software unless there is 

enough hardware components to justify 
it. There are plenty of magazines that 
cover software. 

Although I am currently not into RF, 
I would like to see articles on RF. After 
all, you used to be Radio- Electronics. I 
would also like to see articles on motor 
control and motors in general. (A good 
series would be to design a garage door 
opener -it has everything, RE micro- 
processor, and a big motor.) In short, I 
am looking for articles that inform me on 
how to build my next project better. 

The new Prototype section may be 
worth it, but why you included an article 
on anti-virus space research beats me. I 
like your advertising section. It is a good 
resource for parts. 
BOB ENGEL 
via e-mail 

I enjoy the magazine! I especially 
enjoy the experimenter/kit ideas. Many 
times I am not interested in building the 
project, but I am interested in learning 
more. I would like to see between three 
and four projects in each month's edition. 

I am an electrical engineer and have 
in the past built or repaired electronics 
items. I always enjoy these articles. I am 
also a Radio Amateur, N7RGW. I sub- 
scribe to other magazines such as QST. I 
also subscribe to computer magazines. I 
like the niche that you are filling: a com- 
bination of computer, electronics, and 
radio. I would hate to see you make a 

drastic change in what you are doing, but 
I understand that fewer and fewer people 
seem to be dealing with the hardware 
issues of electronics. I teach engineers as 

part of my job, and I am amazed at how 
many new college graduates do not know 
electronic components or instruments, 
such as oscilloscopes. 

I am enjoying the series about how to 
repair a CD player. I enjoy learning 
about the problems and solutions. I also 
enjoy the question and answers column. 
One more thing, I really enjoy the adver- 
tisement section and the way that you 
have it organized. I like it all in one place, 
and I always review it. 
LARRY LOVELL 
via e-mail 

What a timely question. I was just 
asking myself that question -What do I 
want? Who am I? I am a 36- year -old 
male, married, and father of three 
young boys. My background in elec- 
tronics is very limited, but my interest 
in it is not. I became interested in elec- 
tronics when I was forced to look for a 

possible new career. The factory where 
I am presently employed has warned us 
of a possible closure. I began taking 
night courses at our local college; three 
years later and four courses short of a 

college diploma (plus a two -year sub- 
scription to your magazine) I find 
myself questioning how I can use this 
newfound knowledge. 

I have found your magazine to be 
somewhat advanced for someone with 
limited experience in the trade such as 

myself. However, I find Tech Musings 
and Prototype very informative. Elec- 
tronics Now is a fine magazine. My only 
request is to perhaps have an occasional 
project that a person with limited experi- 
ence can try and learn with. 
SAM STAGNO 
via e-mail en 



EQJIPMENT REPORT 
TEKTRONIX TX -3 DIGITAL MULTIMETER 

Tektronix outdoes itself 
once again with the TX-DMM 

family of hand -held 
digital multimeters. 

CIRCLE 15 ON FREE INFORMATION CARD 

Acompany that is renowned for 
producing products that are top- 

notch in quality and performance faces a 

unique problem: When it comes time to 
freshen up a product line, it takes a 

tremendous amount of effort to outdo 
the last top model. That is certainly true 
of Tektronix DMMs, which have always 
been among the best in the world. 
Amazingly enough, however, Tektronix' 
new TX -DMM family of digital multi- 
meters outperforms the last generation, 
but without sacrificing one bit of their 
legendary ruggedness. 

Let's face it: Tektronix DMMs are 
intended for professional use, where 
long -term accuracy, durability, and con- 
venience are more important than initial 
cost. Auto mechanics use sockets that cost 
$5 apiece, are guaranteed for life, and 
never break, rather than the imported 
socket sets that contain hundreds of tools 
for $19.99. For the same reasons an elec- 
tronics professional will usually spend 
hundreds of dollars on one quality DMM 
rather than buy $50 units every few 
months. A DMM is a technician's most 
important tool, and one can't afford to be 
out in the field with a DMM that might 
fail. That said, however, the pricing on 
these high -end units is not out of line 
with that of similar units from other man- 
ufacturers, and is not out of reach for a 

dedicated hobbyist who is serious about 
his or her efforts. 

The TX -DMM series of DMMs con- 
sists of two models: the TX -1 and the 
TX -3. Made in the USA, the TX -1 is 

priced at $275 and the TX -3 at $325. We 
examined the TX -3, which adds built -in 
temperature measuring, even greater 
accuracy, and other advanced functions 
to the TX -l's feature set. 

Tektronix' new TX -3 is loaded with 
convenience features that make it easy 
to live with day in, day out. The rubber 
holster's built -in stand can be posi- 
tioned in the standard, standing posi- 
tion, horizontally so the meter can grab 
onto a bar or rail, or vertically so that 
the meter can hang from a nail or hook. 
The probes store safely and convenient- 
ly in the back of the holster. The probes 
are of the best quality we've seen on a 

DMM, and they come with "why didn't 
I think of that" protective caps for the 
probe tips and plugs. 

The TX -3 has a lighted display with 
adjustable auto shut -off time for both the 
light and the meter. Auto shut -off can be 
overridden so that the light and/or the 
meter will remain on indefinitely. The 
TX -3 is powered by two AA batteries that 
are accessed by removing the meter's 
water -resistant, slide -off bottom cap. The 
batteries should last 100 hours with the 
backlight off. Calibration is unaffected 
when changing the batteries because the 
meter does not have to be unsealed to 
change them. Speaking of calibration, the 
TX -3 will provide an electronic readout 
of the last calibration date and comes 
with a traceable calibration certificate. 

Considering its features, the TX -3 is 

compact, measuring about 1.5 x 3.5 x 
5.25 inches. It weighs 13.5 ounces bare 

and 19 ounces in its holster. It feels 
heavy and ruggedly built, with the rotary 
switch clicking sharply with each step. 
The true nus meter is extremely accu- 
rate and category III certified to 1000 
volts AC. There's even an option to con- 
nect the TX -3 to a PC for data- acquisi- 
tion and logging, though we did not test 
that capability. 

TX -3 Features 
The TX -3's dual display lets you see 

two measurements at once, for example 
the amplitude and frequency of a current 
or voltage. The meter allows temperature 
measurements from -50 to +980 degrees 
C with the included temperature probe, 
so there's no need for any extra equip- 
ment. A measurement -hold function 
freezes measurements that might be 
made in awkward viewing situations, and 
there are 30 memory locations to store 
measurements for later scrutiny. Memory 
is saved even when power is turned off or 
if the batteries are changed. A time - 
stamped min/max recorder catches tran- 
sients that might otherwise be missed and 
indicates when they occurred. 

The TX -3 has a 50,000 count display 
along with a bargraph readout. It mea- 
sures AC and DC voltage, AC + DC (rms) 
voltage, AC and DC current, resistance, 
frequency, diodes and capacitors, continu- 
ity, duty factor, and temperature. There's 
also a delta mode. All functions have an 
indicator on one of the most elaborate 
displays we've ever seen. The TX -3's dis- 
play has two modes with either 44/5 or 3- 
4/5 digits, and either 50,000 counts with 1 

reading per second or 5000 counts with 4 
readings per second. A 20- segment bar - 
graph is updated 20 times per second. 

The TX -3's maximum input voltage 
is 1000 volts AC or DC and is accurate 
to ±0.05 %. The maximum current 
input is 10 amps for up to three minutes 
or 15 amps for 30 seconds. The meter 
can measure resistance from 0.01 ohm to 
50 megohms, capacitance from 5 nF to 
50 µF, and frequency up to 1 megahertz. 

(Continued on page 18) 
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COMPUTER CONNECTIONS 
BY JEFF HOLTZMAN 

Celestial Reasoning, More on PRNGS, 

And A New Long -Term Project 

IT'S CRYSTAL BALL TIME. THE RECENT ALIGNMENT OF CER- 

TAIN CELESTIAL BODIES HAS ENABLED THE FOLLOWING 

TRUTHS TO REVEAL THEMSELVES TO YOURS TRULY. I'VE DECIDED 

TO PASS THEM ON ROYALTY FREE. 

PC performance is topping out. For 
the first time ever, a PC bought in 1998 
may last a decade or more, barring any 
major breakthroughs, such as RAM that 
can run at CPU speeds or whose density 
increases by several orders of magnitude, 
with a corresponding decrease in price. 

A hot computer a decade ago was a 

25 -MHz 386; most people still used 
286s, and there were still tons of XTs in 
use. Will today's leading -edge 400 -MHz 
Pentium Hs look as dated a decade from 
now as the 386 -25 does today? I don't 
think so. The computer you buy today 
may last you a very long time. You may 
add storage and other peripherals, or a 

flat -screen monitor, but you won't 
replace the box. 

Hardware innovation is now centered 
in portable devices, including laptops, 
and even more importantly, PDAs like 
the Palm Pilot, now in its third genera- 
tion. On the other hand, a decade from 
now, the PDAs we use will make the cur- 
rent generation look like those 386s. 

PC -TV convergence is also occurring, 
but is not really very interesting, except as 
a social phenomenon. The whole process 
will be dominated by very large compa- 
nies; there will be no room for small-scale 
innovators and innovations of the type 
that fueled the PC industry from roughly 
1975 to 1995. 

Software innovation has moved from 
applications and utilities for the desktop 
to applications and utilities for porta- 
bles, and, of course, the Internet. 

Despite all the bad PR, Windows, 
Word, and Visual C ++ will continue to 
dominate their respective markets. In 
other words, I don't care what people say, 

you -know -who is here to stay. Maybe, 
just maybe, toward the end of the coming 
decade, there will be serious competition, 
but I would not bet my life savings on it. 

Java technology is quite interesting, 
but Java marketing is slipping badly. If it 
doesn't turn around soon, Java will die 
on the vine, or at best become another 
very small niche supported by a small 
band of true believers, à la Macintosh 
and UNIX. 

More on PRNGs 
We discussed Pseudo -Random Num- 

ber Generators (PRNGs) in some detail 
last month. As mentioned, the most pop- 
ular algorithm for generating a seeming- 
ly random sequence of integers is called a 

Lehmer generator, and it looks like this: 

xi+1 = (axi + c) mod m 

The values of the constants a, c, and 
m are critical. With the wrong values, 
the sequence will quickly (or immedi- 
ately) degenerate into a constant value 
or a simple repeating sequence. So how 
do you choose good values? The follow- 
ing comments are adapted from section 
3.6 of the third edition of Knuth's The 
Art of Computer Programming, Volume 2, 
"Seminumerical Algorithms." The ini- 
tial set of comments apply to machine 
language programming: 

The value of m should be large, at 
least 230. 

On a binary computer, choose a so 
that a mod 8 = 5. The value of a should 
be between 1% and 99% of m, and its bit 
pattern should not be regular. A good 
choice is a= 3141592621. 

If a is a good multiplier, the value of c 

does not matter, as long as c has no factor 
in common with m, if m is the computer's 
word size. Good values are c=a and r1; 
c=0 is not a good value, unless m is prime. 
By the way, a Mersenne prime is a prime 
of the form 2n -1. The complete list of 
values of n less than 500 that yield 
Mersenne primes includes 2, 3, 5, 7, 13, 
17, 19, 31, 61, 89, 107, and 127. For more 

LISTING 1- RANDOM 

1* from Knuth, Art of Comp. Prog., Vol. 2 

* Algorithms, 3rd ed., p. 185. 

#define MM 2147483647 
#define AA 48271 
#define QQ 44488 
#define RR 3399 

long X; 
X=AA*(X%QQ)-RR*(long)(XIQQ); 
if (X<0) X+=MM; 

NUMBER GENERATION IN C 

Seminumerical 

/* a Mersenne prime */ 

1* (long)(MM /AA) *I 
1* MM %AA; RR must < QQ *1 

/* initialize X <>0. X <MM 'I 



information, see www.mersenne.org. 
The least significant bits of x are not 

very random. It is best to think of x as a 

fraction (x /m) between 0 and 1. To gen- 
erate a random integer between 0 and k- 

1, multiply by k and truncate the result. 
In C, without using floating -point 

arithmetic, Knuth suggests use of a large 
prime for m, where large means some- 
thing close to the natural machine size 

of a word. In this case, c should be 0, and 
a should be a primitive root of m. See 

the routine shown in Listing 1, where 
the value of MM is 231 -1. Because MM 
is prime, the LSBs are just as significant 
as the MSBs. 

Listing 2 shows a routine that, in 

combination with the routine of Listing 
1, gives long sequences ( "millions and 
millions ") of random numbers. 

Small C Project 
1 have been experimenting with the 

Small C compiler published on an occa- 
sional basis in Dr. Dobbs Journal going 
back as far as 1980, and as recently as 

1997. Small C is a loose subset of ANSI 
C that supports pointers, dynamic mem- 
ory management, integer math, and 

LISTING 2 -LONG SEQUENCE RANDOM NUMBER GENERATION IN C 

/* from Knuth, Art of Comp. Prog., Vol. 2, Seminumerical 

* Algorithms, 3rd ed., p. 186. 

* combine with previous routine 
* Z is the output of this routine, 0 < Z < 2 * *31 

#define MMM 2147483399 /* nonMersenne prime 'I 
#define AAA 40692 
#define 000 52774 
#define RRR 3791 

long Y, Z; 

Y= AAA* (Y %QQQ) -RRR* (long) (YfQQQ); 
if (Y <O) Y+ =MMM; 
Z =X -Y; 
if (Z < =0) Z + =MM; 

!' (long)(MMM /AAA) */ 

MMM %AAA; RRR must < 000 '/ 

/* initialize Y< >0, X <MM 'I 

one -dimensional arrays of char and int 
types. The compiler has a simple opti- 
mizer. There are no structs or unions, 
longs or floats. 

The source code is public domain, 
with copyright by James E. Hendrix. It's 

available on the Internet and on a CD- 
ROM from Miller- Freeman. See www. 

ddj.com, or call 800 -822 -1162. 
The most interesting thing about 

Small C is that Small C is written in 

Small C. That's right; it compiles itself. 
The interesting thing about that is that 

you can change and enhance the compil- 
er to suit your needs. 

For example, the basic compiler gen- 
erates code that runs on a PC. However, 
Small C has been ported to generate code 
for other microprocessors and microcon- 
trollers, including Z80, 6502, 8051, and 

68HC11. In fact, the original version of 
Small C was built on and for a Z80 run- 
ning CP /M. 

The CD -ROM is valuable because it 
contains the complete text of Hendrix' 
excellent and out -of -print book explain- 
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LISTING 3 -SMALL C BATCH 
BUILDER 

@echo off 
if ( %1) = =() goto SYNTAX 
if not exist %1.c goto NOFILE 

cc %1 

if errorlevel 1 goto BADCOMPILE 

asm %1 

if errorlevel 1 goto BADASSEMBLE 

rem for MS 
rem link %1, %1, %1, clib, nul 

rem for Borland 
Clink %1. %1, , clib 
if errorlevel 1 goto BADLINK 

Echo Success! 
goto END 

: NOFILE 
echo No such file: %1.c 
goto END 

:SYNTAX 
echo Specify a C file to compile, no exten- 
sion 
goto END 

: BADCOMPILE 
echo Unsuccessful compile, terminating 
goto END 

: BADASSEMBLE 
echo Unsuccessful assemble, terminating 
goto END 

: BADLINK 
echo Unsuccessful link, terminating 
goto END 

:END 

mg basic C programming, compiler use, 
and compiler modification and enhance- 
ment. The CD also contains the source 
to Hendrix' final version (2.2) of the 
compiler, as well as the ports mentioned 
above. In addition, it has another 16 arti- 
cle reprints from Dr. Dobbs, all of which 
are interesting, and some of which are 
practical, including one on adding con - 
currency (multitasking) to Small C. 

Some of you may know that I've been 
playing with Atmel's new line of AVR 
microcontrollers. Compared to PICs, 
they're fast and smart, but thus far under - 
supported by the manufacturer and third 
parties. (I'm not going to get into the 
AVR very much here; for that, see my 
column in our sister publication, Popular 
Electronics.) In particular, there are only 

18 two C compilers available, one very 

expensive, one pretty darned expensive. 
With this column, I am initiating a 

long -term part -time project: porting 
Small C to the AVR. Even if building 
compilers is not your cup of tea, I think 
you'll find it interesting to find out what 
the process involves. The column will 
continue pretty much as in the past; I will 
continue covering a variety of topics each 
month. In addition, there will also be 
occasional ongoing coverage of the port. 
I'll post code samples on the Ingeneering 
Web site (www.ingeninc.com). Speaking 
of which, there is a new "Tech Corner" 
that will support my technical articles 
and interests, something I haven't done 
very well in the past. Be sure to stop by. 

About Small C 
Small C is a command -line compiler. 

It generates assembly -language source 
code, which must be assembled and 
linked to run. Small C comes with an 
assembler, which was written in Small C 
and is called (naturally enough) Small 
Assembler, for which source is also avail 
able (on the CD, perhaps elsewhere). 

The only problem with the standard 
distribution is that it does not include a 

linker. If you have just about any old 16- 
bit C or assembly development tool, you 
should have a usable linker. I've success- 
fully used linkers from Visual C ++ 1.5, 
MASM 6.1, and Turbo C ++ 3.0. I did a 

brief search and found copies of version 
4.01 of Borland's TLINK, which pre- 
cedes the one in TC3, posted all over the 
Internet. I'll post a copy on my site, at 
least until Borland- whoops, Inprise- 
tells me not to. 

On a 180 -MHz Pentium Pro running 
NT4, a complete build of the entire 
compiler (about 2800 lines of code) takes 
only about 15 seconds, so the separate 
compile, assemble, and link stages are 
still fast enough to have a highly interac- 
tive feel. Listing 3 shows a batch file that 
produces an EXE from a C source. If an 
error occurs at any stage, the batch file 
exits with an appropriate message. 

The Small C compiler source exists 
in four files: CC1.C, CC2.C, CC3.C, 
and CC4.C. The code is well partitioned 
among them, so that CC1 and CC2 con- 
tain the front end, CC3 contains the 
expression analyzer, and CC4 contains 
the code generator. 

In practice, this means that if you 
wanted to add features to the language 
(e.g., structs), you would work on CC1 
and maybe CC2. However, if you want- 
ed to generate assembly language for a 

different processor, you would concen- 
trate your efforts in CC4. That's the 
good news. 

The bad news is that some hard - 
coded code -generation occurs in CC1, 
and the code -generation structures and 
routines in CC4 are not as cleanly sepa- 
rated from surrounding code as would 
be ideal. That in turn makes the job of 
porting more difficult than it could be. 
However, it's hardly insurmountable 
either, as we'll see. 

In a nutshell, what we need to do is 
1) Make the compiler generate AVR 
assembly code, 2) Rewrite the C library 
and startup functions in AVR code, and 
3) Add support for native functionality 
of the chip (timers, interrupts, A/D, ser- 
ial I/O). We'll do so targeting the senior 
member of the family, the 8515, which 
has 4K of program space. Later, we will 
look at supporting other family mem- 
bers, enhancing the language, and so on. 
In the meantime, stay in touch via e-mail 
at jeff@ingeninc.com. 

EQUIPMENT REPORT 
continued from page 15 

One rotary switch and 10 pushbuttons 
control all functions on the DMM. A 
Hold button causes the meter to beep, 
freeze the display, and turn on an "H" 
indicator. A Range button first selects the 
manual ranging mode and then selects 
the range. 

As you can see, the Tektronix TX -3 
packs a ton of usability and features in a 
rugged package that is built to last. If you 
are serious about your electronics profes- 
sion or hobby, put this one on your short 
list of DMMs. For more information on 
the TX -3, or its sister unit, the TX -1, 
contact Tektronix directly (Tektronix 
Measurement Group, PO Box 3960, 
Portland, OR 97208 -1542; Web: www 
tek.com/measurement), or circle 15 on 
the Free Information Card. EN 
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Plug a Friend into 

This Christmas give an electrifying gift ... plug a friend into 
Electronics Now and brighten the whole new year! Whether 
electronics is your friend's livelihood or hobby; your gift will 
illuminate the whole spectrum of electronics throughout the 
coming year and provide a monthly reminder of your 
friendship. 

Electronics Now will keep your friend 
informed and up -to -date with new ideas and 
innovations in all areas of electronics 
technology ... computers, video, radio, 
stereo, solid -state devices, satellite TV, 
medical electronics, communications, 
robotics, and much, much more. 

We'll provide great plans and printed circuit 
patterns for great electronic projects. In 
just the last few years, Electronics Now has 
presented amateur TV equipment, robots, 
computer peripherals, microcontroller 
programmers, test equipment, audio 
amplifiers, telephone projects, relay 
circuits, and much more. 

PLUS ... equipment troubleshooting 
techniques ... circuit design ... reports on 
new technology and products ... equipment 
test reports ... in -depth coverage on 
computers, video, audio, vintage radio ... 

and lots more exciting features and articles. 

*Basic sub rate - 1 yr/$24.99 2 yrs/$48.99 

SAVE $41.89* .. OR EVEN $83.78* ... For 
each gift of Electrpnics Now you give this 
Christmas, you save a full $41.89* off the 
newsstand price. Ald a; a gift donor, you're 
entitled to star: o- exte-ld your own 
subscription at the sarrtie Special Holiday 
Gift Rate -you save an additional $41.89 *! 

No need to seni Honey... if you prefer, 
we'll hold the till till January, 1999. 
But you must rus ì the attached 
Gift Certificate to us to allow time 
to process your crder and send a 
handsome gift aniouncement card, signed 
with your name, in time for Christmas. 

So do it now ... take just a moment to fill in 
the names of a friend of two and mail the 
Gift Certificate to u; in its attached, 
postage -paid reply envelope. That's all it 
takes to plug your frien is into a whole year 
of exciting projec-s and new ideas in 
Electronics Now! 
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Cell Phone Battery May Soon Be The Talk Of The Town 

Anew power source for cellular 
phones, portable computers, 
and other portable electronic 

devices promises to deliver power up to 
50 times longer than standard nickel - 
cadmium (NiCd) batteries. 

Following a long -time dream of elec- 
trochemists to create electric power 
from hydrocarbon fuel, Los Alamos 
National Laboratory physicist Bob 
Hockaday has engineered the prototype 
of a miniature methanol fuel cell in his 
basement lab. Financial backing has been 
arranged to develop a manufacturing 
prototype. The battery, which he calls 
the Micro -Fuel Cell, is similar in size 
and price but just half the weight of con- 
ventional batteries. It is expected to have 
a major impact on the $1 billion a year 
portable -phone battery market. The new 
product could be on store shelves as soon 
as the end of 1999. 

Keep on Talking 
Hockaday's methanol fuel cell runs at 

room temperature like other batteries 
and will produce power at levels needed 
to operate a cellular phone -three -tenths 
of a watt in standby mode and four watts 
for talking. 

The new micro- methanol cell has no 
moving parts and no metals to wear out 
and is expected to last at least 20 years, 
whereas most conventional batteries wear 
out after two years. More energy means 
users can leave their phones on for as 
long as two weeks, not just one day, and 
can talk for up to 100 hours, compared to 
just two hours with current battery tech- 
nology. Refueling the micro- methanol 
cell is as rapid and simple as pouring in 
1.5 ounces of inexpensive methanol, 
instead of waiting several hours for 
recharging. 

"That's the nature of hydrocarbon 
fuels," said Hockaday, who holds two 
international patents, three domestic 

ROBERT HOCKADAY AND HIS FUEL CELL in his basement laboratory. The project will 
soon move to larger quarters to complete work on the manufacturing prototype. 

patents, and has a fourth domestic patent 
pending. "You can carry more energy per 
pound. That's why biological systems 
run on them." 

Fuel cells work by converting the 
chemical energy in a fuel such as 
methanol to electrical energy by creat- 
ing a circuit through which electrons in 
the fuel travel from a negative to a posi- 
tive, or oxidizing, electrode. The new 
cells are non -bipolar; that is, the positive 
electrodes are all on one side and the 
negative electrodes are on the opposite 
side. The electrodes provide elementary 
connections at low power. Getting more 
power is a simple matter of stacking the 
fuel cells. 

Hockaday says manufacturing will be 
simple. The same lithography technolo- 
gy used to manufacture printed circuit 
boards can be used to print fuel cell ele- 

ments. Millions of the elements can be 
printed on a single sheet of plastic. 

The device is also safe for the environ- 
ment, presenting none of the environ- 
mental headaches of current batteries. 
"This thing is practically edible," Hock- 
aday jokes. The only waste products are 
water vapor and carbon dioxide. Nickel - 
cadmium batteries, on the other hand, can 
be toxic to humans. When disposed of 
improperly and the casings degrade, cad- 
mium leaches into the surrounding envi- 
ronment, threatening eventually to reach 
ground water. Exposure to too much cad- 
mium, for instance, can cause liver and 
kidney damage. 

Hockaday began his fuel cell work 10 
years ago. He came up with the idea of 
micro -engineering fuel cells and using the 
same type of silicon -chip miniaturization 
and materials technology that trans- 



THE METHANOL FUEL CELL has no moving parts, is safe for the environment, will last 
20 years, and can power a telephone for over 100 hours of talk time between recharges. 

formed computers from big boxes to lap- 
top platforms. Convinced his patented 
technology could have a major impact on 
the multi -billion dollar U.S. cellular 
phone market, Hockaday created his own 
company, Energy Related Devices, and in 
1994 took entrepreneurial leave from Los 
Alamos to devote full time to the research. 
He estimates he has spent $25,000 a year 
on the equipment that fills the lab beneath 
the kitchen of his Los Alamos home. 
Through a cooperative research and de- 
velopment agreement, LANL has provid- 
ed technical help as Hockaday continued 
improvements of the fuel cell. 

"We're at the point that it really 
does work. We have a working device," 
Hockaday said. "We call it proof of prin- 
cipal. Now it's just a matter of brute force 
engineering to crank it up." 

FOR MORE INFORMATION 

Manhattan Scientifics, Inc. 
2 Penn Plaza, Suite 640 
New York, NY 10121 
Web: www.manhattsci.com 

Coming to Market 
LANLs Civilian and Industrial Tech- 

nologies Program Office introduced 
Hockaday to investor Marvin Maslow, 

who set up Manhattan Scientifics to back 
Hockaday. Maslow's investment will 
allow Hockaday to move his lab out of 
the basement into a larger facility to corn - 
plete work on the manufacturing proto- 
type. Maslow said he plans to work with 
Hockaday to create alliances with For- 
tune 100 companies that can bring the 
product to market quickly. 

"The weak link in the chain of elec- 
tronic devices is the battery," Maslow 
said. "If the micro -fuel cell invention 
does what we think it will, it will have a 

profound impact on people's lives around 
the globe. The marketplace for this 
invention is vast." 

Next on the horizon for Hockaday 
are micro -fuel cells for portable comput- 
ers, which need about 30 watts of power, 
and other low -draw electronic devices. 
The military is also interested in using 
the cell for some of its electrical devices, 
such as laser sights on rifles or night - 
vision goggles. -By Douglas Page m 

The Art of Noise 
NEC Home Electronics, in coopera- 

tion with a subsidiary electronics 
manufacturer, Authentic, has developed 
the world's first wall -hanging speaker. 
The ultra -slim "Flat Panel Speakers," 
which are only 7 millimeters thick, can 
be fitted to walls like a painting. Indeed, 
the speakers come with a variety of clip- 

LITERALLY PRETTY AS A PICTURE, these speakers can be made to fit in with any decor. 
(Photo Courtesy of NEC Singapore) 
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on images, so that you might listen to 
your favorite Nana Mouskouri album 
through a landscape picture of Greece, 
for example. 

Loudspeakers transform an electrical 
signal into an acoustic signal. In conven- 
tional speakers, a cone -shaped diaphragm 
is attached to a coil of wire and made to 
vibrate in accordance with the electrical 
signal inside a box. In the Flat Panel 
Speakers, a Styrofoam actuator emits 
vibrations over the speakers' entire sur- 
face, projecting sound over greater dis- 
tances and with greater efficiency than 
conventional speakers. 

The speakers, currently available 
only in Japan, retail for around V35,000 
($270). -Courtesy Look Japan, July 
1998 

Air Traffic Control 
Tower Simulator 

NASA has begun construction of a 

full-scale air- traffic control -tower 
simulator. The facility will provide realis- 
tic airport conditions and configurations 
that will test ways to combat air and run- 
way traffic problems at commercial air- 
ports. Jointly funded by NASA's Advanced 
Air Transportation Technologies Office 
and the FAA, the $9.3 million two -story 
building called the Surface Development 
and Test Facility is being built at Ames 
Research Center, Moffett Field, CA. 

Researchers will look primarily at the 
feasibility, safety, reliability, and cost ben- 
efits of technologies prior to incorporat- 
ing them into airports. They will be able 
to simulate any airport in the world. 
"This will be the only one of its kind in 
the world," said Stan Harke, project man- 
ager at Ames. "It will allow the commer- 
cial aviation industry to study and correct 
potential problems in a safe setting before 
they become actual problems." 

Computer software, provided by 
Raytheon Systems in Arlington, TX, 
will be integrated with the tower simula- 
tion hardware technologies at Ames to 
support both radar and out -the -window 
visual simulation. The facility's second 
floor is designed to replicate a typical 
air -traffic control tower. The tower cab 
will have reconfigurable site -specific dis- 
plays -such as terminal -area radar, sur- 
face radar, and weather- installed based 

THE SDTF IS A FULL -SCALE, airport operations simulator that has the "look and feel" of 
an actual air -traffic control -tower cap. 

on FAA specifications. Twelve rear -pro- 
jection video screens will provide a 

seamless 360- degree high -resolution 
view of the airport or of other scenes 
being depicted. 

These image generators will provide a 

realistic view of weather conditions, envi- 
ronmental and seasonal effects, and the 
movement of 200 or more active aircraft 
in the air or on the ground. The imaging 
system will be powered by supercomput- 
ers and the remainder of the simulation 
by approximately 100 Pentium proces- 
sors. Video cameras will record air-traffic 
controllers' activities for human- factors 
research and will also provide remote 
viewing. of the simulations. 

Interchanging 
Components 

Developing a framework for inter - 
changing electronics assembly equip- 

ment and software from different vendors 
could yield substantial savings in the cost 
of manufacturing circuit board assem- 
blies for a wide range of applications. 
Such a "plug and play" capability is the 
focus of a project at the Georgia Institute 
of Technology's Manufacturing Research 
Center (MARC). MARC's printed-'cir- 
cuit -board electronics- assembly facility 
was chosen by the National Electronics 
Manufacturing Initiative (NEMT) to be a 

demonstration test bed site. NEMI is a 

consortium of electronics suppliers and 
manufacturers whose primary purpose is 

to improve the competitiveness of North 
American manufacturers. 

Personnel in the Center for Board 
Assembly Research (CBAR) in MARC 
operate the electronics- assembly facili- 
ty, which initially received more than 
$3 million in equipment and software 
from numerous vendors. CBAR con- 
tains a state -of -the -art integrated sur- 
face- mount/direct- die -attach printed - 
wiring -board assembly line with exten- 
sive automated in- line -post- process- 
inspection capability. 

Quantum 
Transistors 

Aquantum transistor has been devel- 
oped at Sandia National Labor- 

atories that could one day lead to comput- 
ers hundreds of times faster than those 
available today. "We have demonstrated 
real circuits that work and are easily fabri- 
cated, " says Jerry Simmons, leader of the 
Sandia Development Team. 

The quantum mechanical transistor, 
called DELTT (Double Electron Layer 
Tunneling Transistor), is the equivalent 
of turning on a light bulb without closing 
a switch: Electrons "tunnel" from path to 
path through a barrier that, according to 
classical physics, is impenetrable. In a 

standard transistor, the route of thou- 
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sands of electrons is controlled by an 
electronic switch. In the quantum tran- 
sistor, the electrons are held back by per- 
manently closed gates. However, when 
all of the electrons have the same amount 
of energy and are moving very quickly, 
they are able to pass through the gate at 
high speed, effectively switching the 
transistor on. The high speed of the elec- 
trons causes the switching to occur much 
more quickly than in currently available 
transistors. 

Researchers think this could increase 
computer speeds by at least ten times. 
However, predicting the speed is not 
possible at the moment because the 
measuring equipment is not fast enough. 
Possible future uses for the device 
include being put to work in satellites 
and smart missiles to process informa- 
tion faster and with less payload and 
power consumption. 

First, practical problems have to be 
resolved, such as temperature. These 
transistors now work only at tempera- 
tures at or below 77 degrees Kelvin, 
but rapid improvements are being 
made. It is expected that the device will 
be operating at room temperature by 
next summer. 

Outer Space 
Antenna 

Aunique antenna for the NASA -led 
International Space Station may 

soon keep astronauts safe and in touch as 

they prepare for challenging space walks. 
Called an Orlan antenna, this two -foot 
long "loop" design is being developed by 
Georgia Tech Research Institute (GTRI) 
for the crew lock, a cramped cylindrical 
air lock that can hold two space -suited 
astronauts. Because of its positioning, the 
sensitive antenna -sometimes known as a 

"towel bar" model -must survive bashing 
by space packs and huge temperature 
swings, and also serve as a hand- and 
foot -hold for astronauts clambering into 
space. 

The greatest technical hurdle was the 
antenna's location within the crew lock. 
In such a resonant cavity, most energy 
comes back because it doesn't have any 
place else to go. The special loop design 
establishes a powerful signal between 
antenna and astronaut, thereby over- 

HERE'S A SCALE MODEL OF the crew lock, 

complete with miniature astronaut with a con- 
ductive spacesuit, used to develop the Orlan 
antenna for the upcoming International 
Space Station. 

coming the feedback problem via signal 
strength. 

The antenna's job is to provide 
communications for International Space 
Station astronauts using Russian- designed 
spacesuits. These spacesuits use the same 
communications frequency used for 
many years aboard the Mir, a frequency 
four times lower than that used by US 
spacesuits. The longer Russian frequency 
is only slightly shorter than the crew 
lock's 65 -inch diameter, necessitating use 
of an antenna so large it must act as a 

handrail, as well as give strong communi- 
cations performance. 

Dependable operation of the crew - 
lock antenna is essential. While astro- 
nauts wait within the lock sealed into 
spacesuits, these antennas carry verbal 
communication between astronauts and 
crew. They also transmit vital signs and 
other data necessary to monitor each 
astronaut's physical condition. For 
instance, each spacesuit's umbilical cord 
provides coolant to keep astronauts 
from overheating inside the highly 
insulated spacesuit. Temperature data 
transmitted from the crew lock lets the 
space station's communications center 
make sure the cooling system is operat- 
ing properly. 

To develop an optimal antenna 
design, GTRI researchers first performed 
calculations using High Frequency 
Structure Simulator (HFSS) modeling 
and simulation software by Ansoft. They 
augmented those findings with their own 
1:6 scale model of the crew lock. The 
researchers even developed a scale model 

of an astronaut with a conductive space- 
suit that simulated the Russian spacesuit. 
In it, a metallic layer lets the whole suit 
function as an antenna. 

At NASA's Johnson Space Center in 

Houston, a test of the antenna in The 
Boeing Company's full-scale crew -lock 
model produced data that closely resem- 
bled data from the scale model. The test 
loop antenna was made of copper; the 
final, space version will be high- strength 
aluminum, which has performance almost 
identical to copper. While at Johnson 
Space Center, the GTRI team also tested 
a second crew -lock antenna design-a 
"patch" model made of nickel- ferrite, a 

magnetic material that allowed reduced 
antenna size. The patch model outper- 
formed the Mir antenna, but came in sec- 

ond to the loop design. CO 

Brain- Imaging 
System 

Amedical instrument that will help 
physicians assess patients with brain 

injuries and diseases, and that might even 
help solve the mysteries of how the brain 
works, was recently presented by Los 
Alamos National Laboratory. The whole - 
head magnetoencephalography sensor 
system incorporates new concepts that 
should reduce the cost of such instru- 
ments from about $3 million to less than 
$500,000, and hence allow many more 
patients to benefit from the brain -imaging 
system. 

Magnetoencephalography, or MEG, 
is a method of measuring the tiny mag- 
netic fields produced when groups of the 
brain's 100 billion or so cells, or neu- 
rons, are active. Those fields, a billion 
times smaller than the Earth's magnetic 
field and 100,000 times smaller than the 
field surrounding a household wire, are 
generated by electrical currents that 
result from thought, the sound of music, 
the impulse to move a muscle, and other 
types of brain activity. 

MEG scans can help neurosurgeons 
pinpoint areas associated with brain 
injury or functional abnormalities such as 

epilepsy and help researchers study such 
disorders as Parkinson's disease, multiple 
sclerosis, and schizophrenia. It supple- 
ments with functional maps of brain 
activity other imaging techniques such as 
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A CLOSE -UP VIEW OF THE WHOLE -HEAD MEG (magnetoencephalography) system 
"helmet ". The white material is a newly patented material (DuPont/Los Alamos) that pre- 
cisely holds each Superconducting Quantum Interference Device (SQUID) sensor in place. 

Magnetic Resonance Imaging, or MRI, 
which displays brain anatomy. 

The Los Alamos system looks like a 

helmet and contains 155 ultra- sensitive 
sensors, known as Superconducting 
Quantum Interference Devices or 
SQUIDs. Atop the helmet is a unique 
shield that screens out electrical and 
magnetic interference and an instru- 
ment column immersed in liquid helium 
that maintains the SQUIDs at - 450 °F. 

The SQUIDs record the magnetic 
fields produced by active neurons and 
display the fields as topographic maps. 
Computer models are used to calculate 
the locations and durations of brain activ- 
ity and project maps of those active neu- 
rons on three- dimensional MRI images 
of the brain. 

Several Los Alamos concepts are 
being applied in a clinical setting at the 
VA Medical Center's Neuroimaging 
Center. Los Alamos, the VA Center, the 
University of New Mexico, and Sandia 
National Laboratories have worked 
together to quadruple the number of 

patients who can use the system from 
three a week to 12. Los Alamos also has 
improved its computational methods to 
permit more sophisticated analysis of 
clinical MEG data. 

Previous MEG systems have required 
costly, specially constructed rooms to 
shield SQUID sensors from external 
magnetic fields, such as those generated 
by building wiring and lighting systems. A 
patented superconducting image surface, 
the latest breakthrough from Los Alamos, 
is a unique shield that repels interfering 
magnetic fields at the same time that it 
focuses the magnetic fields generated by 
brain activity, greatly reducing the time 
needed to measure brain activity: The 
shield incorporates a cryogenic material 
similar to Corian, commonly used for 
countertops in luxury homes. Preliminary 
tests of the new full -head MEG system 
have been completed, and initial measure- 
ments of human subjects are scheduled. 
After those tests, the new system will be 
installed at the Albuquerque VA Center 
for clinical trials. 

1.6 GB/s RDRAMs 
Toshiba America Electronic Com- 
ponents, Inc. (TAEC) announced 

that their 72 -Mb Direct Rambus DRAM 
( RDRAM) devices are the industry's first 
with confirmed 800 -MHz or 1.6 -giga- 
bytes per second (GB /s) functionality. 
Samples are undergoing system testing 
and chipset validation. 

"Rambus Inc. has confirmed that our 
72 -Mb Direct RDRAM devices were first 
to complete functional tests, including 
pipelined read/write operations at speed, 
initialization procedures, and power 
management operations," said Jamie Stitt, 
manager, DRAM marketing at TAEC. "In 
fact," he continued, "based on our charac- 
terization results, our first parts achieved 
better than 2GBs/bandwidth. With plen- 
ty of margin at such an early stage, we're 
confident we can ramp production to 
meet the industry's needs in 1999." 

The devices are manufactured 
using Toshiba's 0.25 micron process 
technology. 

Noisy Water 
Ultrasonic analysis can reveal the 
contents of sealed containers or the 

structural integrity of solid objects. Now 
Los Alamos researchers have shown that 
they can analyze samples of liquids as tiny 
as a single drop -and without a contain- 
er. The recently patented technique uses 
two closely spaced transducers- devices 
that convert electrical energy into sound 
and vice versa -or a single transducer 
and reflector. 

Surface tension holds a droplet 
between the two elements as they sub- 
ject the sample to a spectrum of ultra- 
sonic frequencies. The response of the 
droplet yields unique clues to its compo- 
sition, with a sensitivity of one part in a 

million. The sample can even be excited 
with a laser or magnetic field and the 
induced changes in the sample measured 
ultrasonically. 

Possible applications include detecting 
minuscule quantities of drugs or measur- 
ing the chemistry of droplets of blood, 
tears, or substances such as bee or snake 
venom. The method can be applied to 
small samples of tissue as well, and 
researchers intend to use the ultrasonic 
technique as a real -time biopsy tool. m 



Buyers' Budget Books Bet ter Buys 
BP294 -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. 

8P349- 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. 

BP350- 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. Without 
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-IBP368-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. 

BP429 -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. 

BP393- Practical Concise Introduction to UNIX 

$8.99. If you are using or intend to use the UNIX 

multi -user operating system and want to get the most 

out of your computer system in terms of efficiency and 

productivity, then you must learn its operating system. 
The book explains how the UNIX operating system is 

structured so that you understand what happens when 

you first approach your computer. 

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. 

I-IBP343-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.). 

LjBP298- 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. 

8P341 -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. 

BP345-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 fun projects with which 

every experimenter should toy. Printed -circuit designs 

are included to give your project the professional touch. 
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CD- Player System Problems 

and Alìgnment 

WHEN LOOKING AT CD AND CD -ROM PLAYERS, IT SOME- 

TIMES SEEMS THAT THERE ARE NO END TO THE 

PROBLEMS THAT CAN OCCUR. WELL, THERE ARE INDEED A LOT 

OF THEM, AND WE HAVE BEEN GOING DOWN THAT LIST FOR THE 

past few months. This time we are going 
to start by looking into some tracking 
(play and seek) problems followed by a 

discussion of CD player servo systems 
and a general procedure for performing 
servo alignment -if it is possible. 

Kinds Of Failures 
Proper readout of the digital audio or 

data on a CD relies on the focus and 
tracking servos and the system controller 
all working correctly. While playing, 
searching, or seeking, focus must be con- 
tinuously maintained. And this must be 
done despite spindle run -out, a moder- 
ately warped disc, and minor bumps or 
vibration. 

When the player is running at nor- 
mal speed (lx for music), the fine - 
tracking servo keeps the laser beam cen- 
tered on the track (pits of the informa- 
tion layer) of the CD. At the same time 
the coarse -tracking servo moves the 
entire optical pickup, as needed, to keep 
the tracking error within well -defined 
limits. Failures, or marginal perfor- 
mance of any one of these systems can 
result in audio noise, skipping, sticking, 
or total failure of the seek -and -search 
operations. 

But it is important to remember that 
those same symptoms can also be caused 
by a dirty or badly scratched or warped 
disc, a dirty lens, as well as some other 
electronic or mechanical problems. So if 
you run into any of the problems we are 

discussing here, confirm that the disc is 
not dirty, scratched, smudged, warped, 
or otherwise defective. That means that 
you need to inspect and clean it if neces- 
sary, and/or try a different one. If that 
does not help, clean the lens. Those 
steps are extremely important. I cannot 
overemphasize that many apparently 
unrelated problems can be caused by a 

bad disc or a dirty lens. 
Next, check for obvious mechanical 

faults like gummed -up lubrication or a 
worn spindle bearing. Only after making 
these checks should you consider adjust- 
ing any of the servo systems. 

Types of Skipping Problems 
Skipping generally falls into one of 

the four following categories: 
It gets stuck and repeats a fraction 

of a second (1 rotation) 
It gets stuck, jumps back, and 

repeats a few seconds 
It starts having repetitive noise at 

the disc rotation rate -about 200 to 500 
rpm (3 to 8 Hz) 

It starts skipping continuously, or 
every few seconds (either forward or back) 

Assuming that your CD is clean and 
undamaged (easy to check: see if the 
trouble repeats even when you change 
CDs; if so, you probably have a mechan- 
ical problem). Look for dirt in the opti- 
cal- pickup worm screw, or lack of or 
dried -up lubrication. Also check for a 

worn spindle bearing or an electronic 

BY SAM GOLDWASSER 
SERVICE EDITOR 

adjustment. If the problem appears to be 
most severe at the beginning of the disc, 
spindle -motor problems or PLL adjust- 
ments are the first things to look for. If 
the problem is most severe near the end 
of a disc, spindle bearing, track lubrica- 
tion, and PLL adjustments are what you 
need to check. 

Short -Distance Skipping 
This means jumping forward or 

backward by a fraction of a second. It 
may occur only once in a while, or it 
may sound like the pickup is bouncing 
across the disc. The most common 
causes include a dirty lens, dirty or dam- 
aged disc, misadjusted fine tracking off - 
set/gain, misadjusted tracking balance, 
or a weak laser. Obviously, inspect the 
disc first. Look for badly scratched or 
smudged areas or any other visible 
defects. Try another disc. If it plays 
OK, the problem is obviously the origi- 
nal disc. One other item to try, clean 
the lens. 

Occasional Long- Distance 
Skipping 

If the player works properly for sever- 
al seconds and then skips forward or 
backwards by a few seconds, you are 
looking at long -distance skipping or 
repeating problem. If it is skipping back, 
in effect, the player will constantly repeat 
a section of the CD. 

Common causes of this problem 
include a dirty lens; dirt, foreign materi- 
als, or lack of lubrication in the pickup 
drive; a defective or dirty disc; or 
mechanical damage that causes the mech- 
anism to bind. But before you check or 
clean anything, first make sure that none 
of the player's repeat functions have been 
enabled! Assuming they are not, next 
inspect the disc for badly scratched or 
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smudged areas and any other defects, or 
simply try another disc. If all is well there, 
try cleaning the lens. 

If none of that works, a mechanical 
fault is likely. These symptoms often are 

an indication that the coarse -tracking 
servo is unable to move the pickup as 

easily as it should. It is probably getting 
stuck and then either jumping back once 
the error is too great or breaking free 
and moving forward in spurts. 

Playback Gets Stuck - 
Rapid Repeat 

We are talking about a fault that 
causes the player to repeat the same 

track (once around the disc) or even a 

group of a small number of 
tracks. The effect sounds like a 

broken or cracked LP, but at a 

much faster rate -3 to 8 repeats 
per second if only one track is 

being repeated. 
The most common underly- 

ing cause is a damaged or dirty 
disc, so don't forget to check the disc 
first. However, if the tracking (and 
sometimes even the focus) servos are not 
properly adjusted, the CD player may 
become excessively sensitive to disc 
problems. If the focus or tracking gain is 

set too high, or if the offsets/balance are 
not centered, slight disc imperfections, 
scratches, or dirt can cause the problem. 

Search and Seek Operations 
Take Too Long 

This means that when you attempt to 
seek to some specific music track, the 
operation never completes, or it takes you 
to the wrong place. Alternatively, even 

pressing the search forward, or search 
back buttons may fail to take you where 
you directed. The player may even abort 
the disc and stop. If the player is a chang- 
er, it may go on to the next disc. 

Common causes include a dirty lens, 
bad disc, tracking or CLV PLL adjust- 
ments are needed, mechanical problems 
with pickup movement, faulty sled -motor 
drive IC, faulty control logic, or a bad 

flexible cable. 

To eliminate the possibility of a stuck 
button, try operating the player (if possi- 
ble) with that section of the front -panel 
control unplugged. See if it works prop- 
erly if you use the remote control (if the 
player has one). Or try the press the 
drawer method of starting play. If any of 
these result in the disc playing normally, 
a stuck or dirty button is likely to be caus- 
ing the problem. You will either have to 

clean or replace the button. 
It is also possible that the sled -motor 

driver IC or its logic is bad -when the 
tracking servo is closed, its output is 

highly unbalanced thanks to an internal 
failure. Unless you want to take a shot in 
the dark and replace the chip, further 

troubleshooting of this problem 
will require a service manual. 

Repetitive Noise 
What we are talking about 

here is a repetitive noise at the 
disc rotation rate. That means 
between 500 and 200 rpm (about 

3 to 8 Hz), depending upon the track 
location. 

The most common causes are a dirty 
lens, bent spindle, excessively worn spin- 
dle bearing, loose spindle, foreign mater- 
ial on the disc table, disc not firmly 
clamped, warped disc, misadjusted focus 

or fine- tracking offset/gain, or a weak 

laser. As always, check the disc first. Look 
for badly scratched or smudged areas and 
other defects, or just try one that you 
know is good -it works well in another 
player. If the disc is good, look for a loose 

spindle (sometimes there is a set screw 
that needs tightening, or some adhesive 
may have broken loose). Make sure that 
there is no dirt or other foreign matter on 
the spindle table that could keep the disc 

from seating properly. 
Observe the disc as it spins. Is the 

edge moving up and down by more than 
a total of about I mm? If yes, the disc may 

be badly warped, or the spindle bearing 
may be worn causing an unacceptable 
amount of wobble. Unacceptable wobble 
is an amount so great that the focus and 
fine- tracking servos cannot compensate 
for it. This kind of problem can also be 
caused by a disc clamper that is not work- 
ing properly -the drawer closing mecha- 
nism may not be quite completing its 

cycle, or possibly the magnet has weak- 

ened. Gently press down on the clamper 
while the disc is turning. If this does 

reduce or clear up the playback error 
and/or if you can feel the disc seat better, 
this is a possibility. 

"Many apparently unrelated 
problems can be caused by 

a bad disc or a dirty lens." 

Player Gets Stuck 
When this happens at approximately 

the same time on a variety of CDs, 
you've probably got a player that has 
gummed -up lubrication on its pickup 
tracks or worm gear. Or there might be 
some other mechanical problem such as 

an obstruction or errant wire getting in 
the way. A flexible cable that has a hair- 
line crack in one or more of its conduc- 
tors can also produce this symptom. Or, 
you might have forgotten to disengage 
the shipping lock! 

Carefully inspect the tracks for dirt 
and gummed -up lubrication. If the 
player has been in commercial service, 
always playing the same CD or set of 
CDs, and now you are attempting to 
play one that runs somewhat longer, 
this may happen. Also, if you are 
attempting to play a CD that contains 
more than 74 minutes of recorded 
material, the player may not be able to 
access the last part of the CD. It may 
abort the disc or get stuck and keep 
repeating a fraction of a second or sev- 

30 eral seconds of the music. 

If the CD player has a transport-lock 
screw, make sure that it is in the operate 
position. Inspect the disc or try another 
one and clean the lens. Check for the pos- 

sibility of mechanical problems. Look for 
a flexible cable with hairline cracks -as 
the pickup moves past a specific location, 
a critical connection may open, causing 
this problem. This is more likely if the 
player aborts without warning during a 

seek or search operation. 
If none of the preceding items helps, 

there may be problems in the sled -motor 
driver, logic, controller, or some other 
electronic problem. 

Search, Seek, or Play Starts OK 
But Then Loses Time 

You've selected music track 5, the 
player goes there quickly, starts to play, 

but immediately jumps to another loca- 
tion (forward or backward), or resets to 
the start of the disc. Or, once play starts, 
instead of playing forward as would be 

expected, the numbers in the display 
count down. 

Common causes include a stuck but- 
ton, need to adjust coarse tracking offset 
or tracking balance, bad sled -motor drive 
IC, faulty control logic, or a defective 
disc. Try a different CD first. If the prob- 
lem repeats, then you know the problem 
is not likely to be the disc. While a dirty 
lens is possible, it is not as common for 

this kind of symptom. There may also be 

a problem with coarse tracking offset or 
tracking balance. 



If the problem developed gradually 
and has been getting worse, a worn spin- 
dle bearing is a definite possibility. 
Adjusting the focus and fine- tracking 
offset (or possibly gain) may help. A weak 
laser can also cause these symptoms, but 
do not try to adjust laser power until all 
other possibilities have been tried. 

Testing the Sled 
Sled problems are always mechanical 

problems. Binding or obstructions are 
indicated by any long -distance skipping, 
jumping, repeating or failure to 
seek or search past some specific 
location (time) on multiple discs. 
Defective or erratic limit switches 
can cause jamming or overrun at 
the start or end of a disc, or unre- 
liable reset during startup. 

Check first for free movement 
of the optical- pickup sled on its 
tracks or bearings. Manually ro- 
tate the appropriate motor or 
gear. If you are dealing with a 

voice -coil positioner (linear or rotary), 
gently move the pickup back and forth 
throughout its range. There should be 
no sticky positions or places where 
movement is noticeably more difficult. If 
there are, look for broken or damaged 
gear teeth, dirt, or other material that 
should not be there, or gummed -up 
lubrication. 

Damaged parts will have to be re- 
placed (or repaired -sometimes a fine 
file, Xacto knife, or even a dental pick 
will work wonders). Otherwise, cleaning 
and lubrication may be all that is need- 
ed. Remove any dirt and old gummed - 
up lubricants and relube any tracks and 
gears using the proper oil or grease. 

If these tests do not reveal any prob- 
lems, check out the pickup motor for 
open windings, a shorted winding, a par- 
tially shorted commutator, or dry or 
worn bearings. As a double check, dis- 
connect the pickup motor from its drive 
circuit (extremely important) and run it 
in both directions using a 3 -volt source 
(2 AA batteries connected in series is 

fine) to confirm electrical and mechani- 
cal operation. 

In addition, check for the proper func- 
tioning of any limit switches on the opti- 
cal deck. There will almost always be one 
for the inner (reset/startup) track, and 
there may be another for the outer track 
(end of disc) as well. Run the pickup man- 
ually or using the batteries to both ends 
without forcing. Then check for reliable 
operation of the switch contacts. 

Various Tracking Problems 
on Portions of Discs: 

This means that one part of the disc 
(start or end) plays properly (or at least 
with less problems) than another. For 
example, the disc may play flawlessly 
until approximately the 30 minute point 
and then develop noise, skipping, or 
other similar problems. Common causes 
include a defective disc, faulty spindle 
motor, misalignment of spindle table 
and sled track, and need for CLV-drive 
adjustment. 

coil as its function is combined with the 
rotary positioner.) 

Coarse tracking moves the entire 
pickup assembly as a function of fine - 
tracking error exceeding a threshold or 
based on user or microcontroller requests 
(like search or skip). Coarse tracking uses 
several types of positioners depending on 
performance requirements. In order of 
increasing access speed it might either be 
a worm drive, a gear drive, a linear motor, 
or rotary positioner. 

The linear motor and rotary posi- 
tioner have no gears and simply 
use a coil and permanent magnet 
to move the entire pickup very 
quickly- similar to a voice coil 
but on a larger scale. CD -ROMs, 
especially the high- performance 
models, usually use that type of 
actuator to achieve their relative- 
ly fast access. With these, there 
might be some type of lock to 
prevent the pickup from banging 
around when the unit is moved 

with power off. Note: for a CD -ROM 
drive that uses a caddy, always remove 
the caddy before transporting the drive 
or the equipment that it is in. The load- 
ing of the caddy often unlocks the pick- 
up permitting it to flop around during 
movement and possibly being damaged. 

A linear motor- or rotary positioner- 
driven pickup should move very smooth- 
ly and easily by hand when unpowered 
and unlocked. 

Spindle speed maintains constant 
linear velocity (CLV) of disc rotation 
based on a PLL locking to the clock sig- 
nal recovered from the disc. Spindle 
drive is most often done with a perma- 
nent- magnet DC motor connected to 
the disc platform. It may be similar to the 
other motors in CD players and VCRs, 
(as well as toys for that matter), or a 

higher quality brushless DC motor. 

"Focus maintains a constant 
distance to within I µm 
(1 /25,000th of an inch!) 

or so between the objective 
lens and the disc." 

Try some other discs to eliminate a 

defective disc as a possibility. If the 
problem is most severe at the start of the 
disc, the spindle motor may have trouble 
reaching the required 500 rpm rotation 
rate consistently. 

The spindle table and track on which 
the sled moves may be misaligned. This is 

especially likely if the player was dropped 
or otherwise abused. 

An adjustment of the servo that con- 
trols the CLV-(Constant Linear Velocity) 
drive to the spindle motor may be need- 
ed. We will discuss servo systems next. 

Servo Systems 
There are several servo systems in a 

CD player: 
Focus maintains a constant distance 

to within 1 pm (1 /25,000th of an inch!) 
or so between the objective lens and the 
disc. This distance must be maintained 
even with a slightly warped or uneven 
disc, and -in a portable player -with a 

certain amount of movement as well. 
Focus is accomplished with a voice -coil 
type of positioner (similar to operation of 
a loudspeaker) using optical feedback 
from the disc surface. 

Fine tracking centers the laser 
beam on the disc track (to within a frac- 
tion of a p.m) and compensates for side - 
to- side run -out of the disc and for play- 
er movement. This also uses a voice -coil 
positioner and optical feedback from the 
disc surface. (Note: on rotary type pick- 
ups, there may be no separate tracking 

Play Adjustments 
If you are fortunate, the circuit board 

in your unit is readily accessible with 
component markings. For each servo, 
there will be 1 or 2 pots to adjust. (Note, 
however, that some CD players have no 
adjustments! In this case about all you 
can do is confirm that the lens is clean, 
and clean and lubricate the mechanism.) 
Those adjustments will be labeled some- 
thing like: 

1. Focus -F.G. (focus gain), F.O. (focus 
offset) 

2,3. Tracking -T.G. (tracking gain), 
T.O. (tracking offset), maybe others. 31 



4. Spindle PLL, PLL adj., Speed, or 
something like that. 

Before we continue, we need to pro- 
vide a couple of warnings: DO NOT 
TOUCH THE LASER -POWER 
ADJUSTMENT you could possibly 
ruin the laser if you turn it up too high. 
Sometimes, just turning it with power 
applied can destroy the laser diode due 
to a noisy potentiometer. This adjust- 
ment can only be made properly with 
the service manual. It may require an 
optical power meter to set laser output. 
Very often the adjustment is on the opti- 
cal pickup itself so it should be easy to 
avoid, but sometimes it is on the main 
PC board. The laser optical power out- 
put is feedback controlled and 
unlikely to change unless the 
laser is defective -in which case 
adjustments will have little effect 
anyway. 

Second, DO NOT JUST 
GO AND TWEAK WILDLY. 
You will never be able to get 
back to a point where the disc 
will even be recognized (without 
test equipment and probably a 

manual). 
Now we are ready to start. 

low a gain setting (this applies to focus as 
well as tracking) will make the unit very 
prone to skipping as a result of minor 
bumps. Too high a setting will make the 
unit skip as a result of minor disc defects. 

Short distance skipping or sticking. 
Try to locate the adjustments for track- 
ing. Try the fine tracking offset first, 
adjusting just a hair in each direction. If 
you go too far, you will loose servo lock 
totally, the pickup will slew to one end of 
the disc, and/or the unit will shut down. 
Return the control to the exact original 
position if there is no improvement. 
Then try the other tracking offset if there 
is one and also the gain (though this is 

probably not the problem). 

never wildly tweak any internal adjust - 
ments-or if a major subassembly like 
the optical pickup or main PC board has 
been replaced. 

If you have not touched the internal 
controls and no major parts have been 
replaced, there is no need to perform 
this procedure! 

The following are assumed: 
Controls .on the main board are in 

an unknown state but any laser power 
adjustments have not been made (hope- 
fully, these were on the optical pickup 
itself or its flex cable and were not 
touched). 

The player is otherwise functional- 
there is no physical damage. 

You may need to modify this 
procedure based on your particu- 
lar model. Some of the adjust- 
ments may go by different names 
or be non -existent. Use your 
judgment. Except for the laser 
power adjustment, which should 
be avoided, it is unlikely that any 
settings of these controls will 
result in permanent damage. 

Some of these adjustment will need 
to be performed while the unit is in the 
startup sequence attempting to read the 
disc directory. Until focus and possibly 
tracking and CLV lock are established, it 
may give up fairly quickly. You will just 
need to keep cycling power or opening 
and closing the drawer to get it to repeat 
the attempt. Once some subset of the 
servo adjustments are set within reason- 
able limits, the player may continue to 
spin the disc ad- infinitum. 

Again, hopefully, the adjustments on 
your player's main board are clearly 
marked. This is.not always the case! Use 
both your eyes and ears. The following 
may not apply but are probably worth 
considering: 

If the sled slews to one end of the 
track immediately upon power -on or 
loading of the disc, there may be a 

coarse tracking balance control that is 

set incorrectly. 
If the disc does not start spinning at 

all, focus lock is probably not being 
achieved. Concentrate on the RF and 
focus adjustments. 

If the disc spins hesitantly or in the 
wrong direction, or the sled slews to one 
end of the track after the disc starts spin- 
ning, there is a good chance that the 
tracking adjustments need attention. 

If the disc goes into overdrive, 
check the PLL/VCO /CLV adjustment 
(whatever it is called on your model). 

"Do not touch the laser power 
adjustment -you could possibly 

ruin the laser if you 
turn it up too high." 

service 

First, 
somehow mark the EXACT positions 
of each control. Some of the controls 
might require quite precise setting -a 
1/16 of a turn could be critical, especially 
for the offset adjustments. Sometimes, 
there will be marked test points, but 
even then the exact procedure is proba- 
bly model dependent. 

Adjustment Procedure for Noise 
or Skipping: 

The assumption here is that you can 
get the disc to play but there is audio noise, 
skipping, or another similar problem. 

Play a disc at the track that sounds 
the worst -put it into repeat mode so it 
will continue for awhile. Get it to play 
by whatever means that works. 

Repetitive noise at disc- rotation 
frequency: Try to locate the adjustments 
for focus. Trythe focus offset first, just a 

hair in each direction. If you go too far, 

you will lose focus lock totally, the servo 
will go into focus search mode and/or the 
unit will shut down. Return the control to 
the exact original position if there is no 
improvement. You can also try gain, but 
in my experience, the gain controls are 
not critical to normal play but determine 
how the unit will handle dirty and/or 
defective discs. However, if they are way 

32 off, there could be general problems. Too 

Always return each control to its 
original position after the test so you 
don't confuse things more. 

General servo adjustment proce- 
dure: If ybu have a service manual for 
your player, by all means follow its rec- 
ommendations or at least read through its 
adjustment procedures before attempting 
the one given below. If you have an oscil- 
loscope of at least 5 -MHz bandwidth, 
using it to monitor the RF test point dur- 
ing these adjustments will be of great 
value. However, a scope is not essential. 

Once focus lock is established, 
there should be a strong signal at the RF 
test point -typically around a volt or so. 
It may initially appear somewhat ran- 
dom, however. 

Once tracking lock is established, 
this signal should appear similar to the 
"eye" pattern that we will discuss next 
time. However, while seeking, this may 
be jumping around somewhat as it 
attempts to home in on the correct track 
location. 

If your CD player has a test mode, 
this procedure may be modified some- 
what. We will discuss one particular 
series of players -those from Pioneer - 
next time. The following procedure is 

for a typical unit without such a test fea- 
ture. It assumes that the unit is function- 
al but internal controls are not in their 
correct position. This might be the case 
if you violated the second rule above- 



 If the disc starts spinning and con- 
tinues to spin at the correct speed (500 
to 200 rpm depending on track position) 
without the player shutting down, a 

valid data -stream is probably being read. 
This indicates at least marginal RE 

focus, tracking, and PLL/VCO /CLV 
settings. This doesn't mean you can 
ignore these adjustments but at least it is 

progress! 
If the disc directory (TOC) is read 

successfully but the player has trouble 
locating a track to begin play (even track 
1), concentrate on the tracking adjust- 
ments -focus and PLL/VCO /CLV are 
probably fine. 

If the player basically works but 
there are noise or tracking problems, 
there is no need to go through this entire 
procedure -see the simplified one for 
noise and skipping above. 

We are now ready to begin the gen- 
eral servo adjustment procedure: 

1. Precisely mark the current posi- 
tions of all internal adjustments -just in 
case they were already set correctly! 

2. Set all main board controls to 
their midpoint. 

3. Adjust TR BAL (Tracking 
Balance) to the center of the range over 
which the sled remains stationary. 
Outside this range, the pickup will slew 
to one end or the other. Not all CD 
players have this control. A CD may 
need to be in place for this adjustment to 
have any effect. If you are unable to get 
the pickup to remain stationary, try fine 
tracking offset (TR.OFF) as well. 

The following two items should be 
done with no disc in place. If your play- 
er does not have suitable test points or if 
these controls have no effect without a 

disc in place, skip them. 
4. While monitoring the test point 

for focus error (e.g., TP.FE), adjust focus 
offset (FO.OFF) for 0 volts (± 10 mV or 
so). This may not be the optimal setting 
but will get you in the ballpark. 

5. While monitoring the test point 
for tracking error (e.g., TP.TE), adjust 
fine tracking offset (TR.OFF) for 0 volts 
(± 10 mV or so). This may not be the 
optimal setting but will get you in the 
ballpark. 

6. If you have a DMM, VOM, or 
scope, put it on the Focus OK test point 
if there is one. 

7. Load a disc and press play if neces- 
sary to initiate the startup sequence. 

8. Confirm that focus is established. 
There is an adjustment range for Focus 
Offset over which focus will be reliably 

achieved. Outside this range: 
The lens will hunt up and down - 

possibly with clicking sounds as it bumps 
into the end stops. 

The Focus OK test point will not be 
asserted or will be jumping around as well. 

The disc may never start spinning 
or spin erratically (model dependent). 

Single play units will give up and 
enter stop mode with a display of "disc ", 

"no disc ", "error ", etc. Changers will 
come up with similar display and then 
move on to the next position in the 
carousel or magazine. 

Center the focus offset within the 
range for which focus is stable if it was 

not already there. 
At this point there is a fair chance 

that the disc has started to spin and even 
that the disc directory has been dis- 
played. If not, there are still two sets of 
adjustments remaining. 

9. With focus stable, the disc should 
spin up. It needs to reach and lock at 
about 500 rpm- roughly 8 revolutions 
per second. If it does not move or over - 
speeds, try adjusting the PLL/CLV con- 
trol (may be called PLL.ADJ, VCO.FR, 
CLVADJ, etc.). Note: This assumes that 
the spindle motor and driver are in good 
condition. WARNING: If the disc spin- 
dle speed runs away, turn power off and 
wait for spindle to stop completely. The 
PLL/CLV control may be set too high; 
turn it counterclockwise 1/4 turn and try 
again. There will be some range of this 
control where the speed will not run away 

but will be within the required limits. 
Now, there is an even better chance 

that the disc has started to spin and that 
the disc directory has been displayed. If 
not, there is still one set of adjustments 
remaining. 

10. Fine tracking offset may still not 
be quite right. Try some slight adjust- 
ments on either side of the current posi- 
don. You may have to cycle power or 
open and close the drawer if you go too 
far. You might need to alternately tweak 
both the fine tracking offset and 
PLL /CLV adjustments. 

Hopefully, you now have a disc direc- 
tory and play is operational, though per- 
haps with audio noise and/or skipping or 
sticking. 

The following are best done with a 

scope monitoring the "Eye" pattern or 
other test points but if you do not have a 

scope, use your ears. 
11. Adjust the PLL /CLV control to 

midpoint of range in which disc plays 
correctly. Test this at both the start and 

the end of a full length (74 minute) disc. 

The optimal setting will result in the 
control being centered within the range 
over which the player works reliably at 
both ends of the disc. 

12. Adjust any RF Offset (RF.OFS) 
control to the midpoint of the range 
over which play continues normally with 
no audio noise. 

13. Set Focus Gain (FO.GAIN or 
FO.G) to the midpoint of the range over 
which it locks. CAUTION: The disc 

may enter a runaway state if you go too 
far. Check at both the beginning and end 
of the disc. Focus gain may need to be 
increased if the player is overly sensitive 
to bumps or disc wobble. It may need to 
be decreased if sensitivity to disc defects 
is too high. 

14. Set Tracking Gain (TR.GAIN or 
TR.G) to the midpoint of range over 
which it locks. CAUTION: The disc 
may enter a runaway state if you go too 
far. Check at both the beginning and end 
of disc. Tracking gain may need to be 

increased if the player is overly sensitive 
to bumps or disc wobble. It may need to 
be decreased if sensitivity to disc defects 
is too high. 

15. Press stop and then play again to 
confirm that the disc loads properly, the 
directory comes up quickly, and the music 

starts without excessive delay, hunting, or 
hesitation. 

16. Test forward and reverse search 
and seek functions for proper behavior. 
Some slight adjustments to tracking bal- 
ance or fine tracking offset may be need- 
ed to equalize the forward and reverse 
search or seek speed. 

17. The player should now operate 
normally. However some tweaking of 
the gain controls may be necessary (as 

described above) for optimum defective 
disc and track seek performance over 
entire disc. 

If you have an oscilloscope capable of 
at least 5 MHz bandwidth, you can now 
optimize the amplitude and stability of 
the "eye" pattern at the RF test point by 
going back and touching up the various 
offset (RE focus, fine tracking) adjust- 
ments. Unless otherwise instructed by 
the service manual, it is probably safe to 
assume that the RF signal should be 
maximum when everything is properly 
adjusted. For example, if the tracking 
offset and/or E -F balance is not set 
properly, you may find that the RF sig- 
nal amplitude decreases when the track- 
ing servo is closed since the laser beam is 
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NEW PRODUCTS 
USE THE FREE INFORMATION CARD FOR FAST RESPONSE 

Pocket Digital Camera 
SMALL IN SIZE (3.15 BY 4.0 BY 1.3 

inches) and lightweight (under 10 

ounces), the Fujifilm MX -700 Digital 
Camera is easy to carry around in your 
pocket. Ideal for publishing images into 
documents, catalogs, web pages, and the 
Internet, as well as for printing out high - 
quality images to a printer, the MX -700 
features sharp pictures with high resolu- 
tion and 24 -bit color. 
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The camera uses a Fujifilm- designed 

1/2 -inch charge- coupled device (CCD) 
with 1.5- million square pixels. Further 
enhancing the image quality are the 
RGB color filters. The MX -700 also fea- 
tures an autofocus lens with macro capa- 
bilities, and a 2 -inch Poly Silicon LCD 
monitor that reduces glare. 

Data can be transferred from the cam- 
era in three ways: via removable storage 
cards, floppy disk adapters, or serial cables 
and software. For fast data transfer, the 
MX -700 records standard JPEG images 
in about five seconds on the Smart Media 
removable storage cards. The cards also 
allow users to transfer almost instanta- 
neous digital images directly to their desk- 
top. The camera is also bundled with both 
Wmdows and Macintosh serial cables and 

data -transfer software for downloading 
images. The optional SmartMedia Floppy 
Disk Adapter makes the MX -700 compat- 
ible with virtually any PC. It transfers the 
digital data directly to a PC's floppy disk 
drive. Via composite video output, the 
camera can also be connected to a TV 
screen to display the image in a slide slow 
presentation for business meetings or for 
family viewing. 

The MX -700's on- screen program- 
ming offers a host of image capture and 
playback modes. The Function Dial 
allows users to select the flash mode, to 
set the resolution for either 1280 by 
1024 or 640 by 480, to determine the 
image sharpness, and to set the time and 
date. Its Manual Record Mode adjusts 
brightness and flash intensity, and offers 
five white balance settings to accommo- 
date various lighting situations. In the 
Playback Mode, the zoom function pro- 
vides image preview and the ability to 
move around nine different areas within 
the frame. Finally, the Macro Mode cap- 
tures images as close as 3.5 inches. 

The MX -700 comes with a plug -in 
recharging system. The camera has an 
estimated street price of $799. 
FUJI PHOTO FILM U.S.A., INC. 
555 Taxter Road 
Elmsford, IVY 10523 
Tel: 800 -378 -3854 
Web: www.fujifilm.com 

PC Scanner 
POLICE CAR CHASES, EL NINO 
disturbances, and more, can be tracked 
through your PC with a scanner recently 
introduced by Sony. The ICF -SC1 PC 
Radio Frequency Scanner is the first with 
a turnkey package that gives you con- 
trolled access of the airwaves with the 
click of a mouse. Its bi- directional PC 
interface with search and control capabil- 
ities lets you connect the scanner to a PC 
for total control of scanning from either 
the PC or the scanner, using the supplied 
PC- control software. By placing search- 
ing options in front of your eyes -in the 

form of icons on the computer screen -it 
eases operation and increases control. 

The scanner allows users to tailor 
searches and create custom files for easy 
access to favorite listening areas. The 
supplied CD -ROM lists more than 3 mil- 
lion records of FCC -licensed radio fre- 
quencies in the U.S. There is one -button 
access to these frequencies, including 
public safety, aviation, weather, marine, 
FM and TV 

One feature of this scanner is PLL 
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synthesized scanning that uses phase - 
locked loop triple- conversion super- 
heterodyne circuitry for accurate, stable 
tuning, and to help minimize fading and 
interference. Other features of the scan- 
ner include 300 -channel memory; scan- 
ning of all possible frequencies -from 
25 MHz to 1300 MHz; nine -band 
reception; AM, narrowband FM, and 
wideband FM detection modes; and an 
intelligent active memory system. 

The ICF -SC1 measures 7- by 23/4- 

by 13/4- inches and it weighs 133/2 ounces 
with batteries. It comes with a variety of 
scanning options, including band -, pro- 
grammable-, memory- and intelligent- 
memory- scanning, and priority scan. 
Manual tuning is done by pressing the 
keypad. The backlit LCD makes it easy 
to see mode, memory page, memory 
indication, battery warning, detection 
mode, frequency, and other functions 
even in the dark. Three -way power 
operation permits use of the scanner 
with batteries, the car battery, or on AC 
power with supplied adapter. 

The radio scanner includes the CD- 
ROM, interface cable, interface software, 
a helical antenna, and a supplied frequen- 
cy guidebook. An included belt holder 
allows the scanner to be securely clipped 
to a belt, allowing hands -free operation. 
It sells for $429.95. 
SONY ELECTRONICS INC. 
1 Sony Drive 
Park Ridge, NJ 07656 -8003 
Tel: 201- 930 -1000 
Web: www.sony.com 

Emergency Stop Switch 
EMERGENCY SITUATIONS CALL 
for fast, reliable action. When you need 
to stop a machine, a process, or a piece of 
equipment quickly, 44 Series emergency 
stop switches give the assurance of rapid, 
positive response. 

For greater security, reactivating the 
switch requires a deliberate twist of the 
knob, or for even greater protection, un- 
locking with a key. The 44 Series emer- 
gency switches have bright red caps and 
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meet European standards for foolproof 
operation. Bright yellow legend plates and 
enclosures are also available. 

The switches have operating temper- 
atures of -12 to 140 degrees E The 44 
Series switches come in either 1 NO /1 
NC with a twist release or 2 NO /2 NC 
contact configurations with a twist or 
key release. Prices range from $19.95 to 
$29.95. 
SWITCHES PLUS 
192 Pepe's Farm Road 
Milford, CT 06460 
Tel: 800 - 792 -4757 or 203 -876 -2697 
Fax: 800 - 792 -5877 or 203 -876 -7285 
Web: www.switchesplus.com 

LCD Compass 
IDEAL FOR USE IN RV, SNOWmo- 
biles, motorcycles, boats, and van/ truck 
conversions, the Navifinder -200 elec- 
tronic compass module (1.75- X 3.47- x 
1.19 -inches) can easily be mounted in a 

dash or enclosed in a housing. It's easy to 
set up, taking less than two minutes to 
calibrate; and it is simple to use, because 
it continuously displays your exact head- 
ing. 
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The Navifinder -200 uses advanced 
calibration algorithms that discriminate 
between the Earth's magnetic field and 
those generated externally, such as from 
the metal and electronics in a vehicle. By 
electronically compensating for these 
external factors, this compass is able to 
provide highly accurate readings in all 
vehicle environments. 

Highly reliable and rugged, the unit 
is easily hooked up to any 12 -volt bat- 
tery supply and ignition system, or an 
externally mounted on/off switch and 
battery. It outputs the compass heading 
on an LCD in 5 numeric digits and 8 

cardinal points (N, NE, E, SE, etc.), 
with an accuracy of 2 °. To provide dif- 
ferent viewing angles, the Navifinder 
can be mounted with up to ±30° of tilt 
without losing any accuracy. The com- 
pass utilizes Magneto -Inductive (MI) 
magnetic sensor technology, which pro- 

vides a high sensitivity, a large dynamic 
range, and low power consumption. The 
Navifinder -200 is priced at $75 in single 
units. For quantities of 1000, the price 
becomes $32 per unit. 
PRECISION NAVIGATION INC. 
1235 Pear Avenue, Suite 111 

Mountain View, CA 94043 
Tel: 650- 962 -8777 
Fax: 650- 962 -8776 
e -mail: sales@precisionnay.com 
Web: www.precirionnay.com 

Portable Wrist -Strap Monitor 
DESIGNED FOR FIELD -SERVICE 
use, the Model GAM -10 Personal 
Grounding Meter can be used with any 
standard single -conductor wrist strap. 
The GAM -10 continuously monitors the 
integrity of a person's connection to 
ground, virtual ground, or low imped- 
ance. The coil cord is plugged into the 
unit's wrist strap jack and then connected 
to either a wrist strap or ESD smock. The 
virtual ground snap is for the lead wire 
that connects the unit to a virtual ground. 

A red LED and audio alarm indicate 
Pass/Fail conditions if the higher or 
lower resistance limit is reached or if any 
part has become disconnected. There 
isn't any on/off switch to worry about. 
Inserting a coil cord's banana plug into 
the monitor automatically turns it on and 
withdrawing it turns it off. Its imped- 
ance -type wave -distortion circuitry has 
been proven in the field. 

The monitor is compact, measuring 
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21/4 by 5 by 1 inches, lightweight, and 
has a stainless steel clip so that it can be 
worn on a belt. It is powered by two AA 
batteries and an audio warning sounds if 
there is a low battery reading. The 
Model GAM -10 costs $149. 
PILGRIM ESD TECHNOLOGIES 
79 Summit Avenue 
Sea Cliff, NY 11579 
Tel: 516- 674 -3649 
Web: www.dac.net /pilgrim 

Diagnostic Card 
DESIGNED FOR TECHNICIANS, 
MIS professionals, system engineers, and 
system integrators, PC Inspector is an 
advanced POST -code reader card for 
multi- function testing of AT 386 through 
Pentium II (including all AMD and Cyrix 
processor and MMX technology) comput- 
ers. The card provides users with visual 
digital indicators for identifying POST 
error codes, monitoring power -supply 
voltages and system bus signals, and 
detecting IRQ and DMA conflicts. 
Furthermore, the card has an on -board 
Flash ROM for testing system peripherals. 
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When installed in any standard I/O 
slot, the PC Inspector will monitor the 
system's Power On Self Test (POST) 
codes. When an error is detected, the 
test sequence is halted at the failing test 
error code and that code is displayed on 
the unit's on -board display. The User's 
Guide explains the meaning of the error 
code. PC Inspector supports all BIOS 
that output POST error codes. 

The card uses four discrete on -board 
LEDs to monitor key power- supply volt- 
ages. If any voltage is absent, the corre- 
sponding LED does not light. Other 
on -board LEDs continuously monitor 
critical system signals such as System 
Clock, Oscillator, Address Latch Enable, 
CHCK, CHRDY, AEN, RESET, and 
Watch -Dog Signals. Another set of 
LEDs is used in testing for IRQ and 

36 DMA conflicts. For advanced testing of 

"completely dead" systems using an 
oscilloscope, users can even attach PC 
Inspector's reset line to the mother- 
board's reset jumper. This feature acti- 
vates the reset every two seconds, 
allowing users to quickly test all system 
lines without manually having to reset 
the computer between each one. 

That card is also equipped with a 

Flash ROM for testing system peripher- 
als. PC Inspector comes with a manual 
that describes the complete use of the 
card as well as describing error codes 
from all major BIOS manufacturers. 
The PC Inspector costs $569. 
ULTRA -X INC. 
1765 Scott Blvd., Suite 101 
Santa Clara, CA 95050 
Tel: 800 - 722 -3789 or 408 -261 -7090 
Fax: 408 -261 -7077 
e -mail: pcdiag@ultra -x.com 
Web: www.uxd.com 

Voltage and Current Source 
THE VI -700 IS A VERSATILE AND 
cost -effective precision dialable or 
remotely programmable voltage and 
current source. It fulfills a variety of lab- 
oratory needs, and the option of 
rechargeable battery operation makes it 
suitable for field use. 

The unit features 0.5 Least Significant 
Digit (LSD) accuracy. Its three ranges 
provide up to 200V full scale down to 100 
µV resolution, and 200 mA full scale 
down to 0.1 µA resolution. 
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Both voltage and current outputs are 
available simultaneously. Output can be 
set by a range selector and thumbwheel 
switches in the local mode or by a digi- 
tal input at the rear panel. This control 
is available as an IEEE -488 or a BCD 
parallel interface. 

The unit offers many full- perfor- 
mance features: wide output range (up to 
200V), low output impedance (5 mf2), 
low noise and ripple, and 70mA load cur- 
rent capability. The VI -700 is designed 

for a number of applications, such as 
simulation, calibration, A/D and D/A 
evaluations, and product development. 

The VI -700 is AC powered, mea- 
sures 8.5 by 2.8 by 9 inches, and weighs 
5 pounds. It is priced at $679. 
IET LABS, INC. 
534 Main Street 
Westbury, NY 11590 
Tel: 800 - 899 -8438 or 516- 334 -5959 
Fax: 516- 334 -5988 
Web: www.ietlabs.com 

Bench DMM 
WITH A 50,000- COUNT, 0.025% 
accuracy, the Model 5490 Bench DMM 
offers a compact, versatile bench test 
instrument capable of wide- ranging test 
measurements. 
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The 5490 features full DMM mea- 
suring capabilities including DC volt- 
ages to 1000 V at 0.025% accuracy, AC 
voltage with true rms (AC or AC/DC), 
and overvoltage protection (1100 
VDC +AC peak). The DC and AC cur- 
rent- measuring ranges are from 500 mA 
to 10 A, the resistance ranges are from 
0.01 ohms to 50 megohms, and the 
capacitance ranges are from 10 pF to 
50,000 µE The unit provides 600 VDC 
capacitance/resistance. It measures fre- 
quency over the range of 0.95 kHz to 
500 kHz. 

Weighing only 3.8 lbs., the 5490 is 
compact and equipped with non -skid 
pads -ideal for bench or lab use. A 
50,000 -count resolution LCD offers 
easy -to -see readings, supported by a 34- 
segment analog bargraph. For data log- 
ging and record/printout capability, the 
unit features a built -in RS -232 port. The 
5490 is priced at $675. 
B &K PRECISION 
4353 West Lawrence Avenue 
Chicago, IL 60630 
Tel: 773- 725 -9252 
Fax: 773 -725 -9385 
Web: www.bkprecision 



1STORM-WARNING 

LIGHTNING MONITOR 
A'though discussions of El 

Nino are no longer front - 
page headlines, the un- 

predictable weather -including vio- 
lent thunderstorms -has always 
been here and likely always will. For 
example, an estimated two- billion 
dollars worth of damage is caused 
every year by lightning. Some elec- 
tronics manufacturers are reluctant 
to make good on warranties if the 
cause of the failure was due to a 
lightning strike. With more surge -sen- 
sitive equipment coming into every - 
day use, our world has become 
more susceptible to "technological 
shutdown" from lightning hits. 

In addition to property damage, 
lightning strikes are dangerous. Last 
year, over 200 people were struck 
and killed by lightning. Your odds of 

As teeing hit by lightning are said to be 
trahaetter than winning the lottery! 
toda Look around your home. If there 
expé a tall antenna mast or tree on or 
onlinear your property, the statistical 
with fiances of a lightening hit are 
Iearni:eatly increased. Although tall, 
A+ Cepunded objects around you or 

it home will tend to protect you 
Pe1f0n direct hits, the damage done 

tO a nearby lightning strike is not 
. nething that should be taken 

The,ghtly. Even after it gets into the 
Pe' ground, lightning will travel long dis- 
yo tances before it dissipates- follow- 
e' ing buried pipes and cables that 

act as conductors; the electrical 
charge can resurface anywhere. 
For example, although a ham -radio 
mast might be well grounded, it is 

always a good idea to disconnect 
any equipment from the antenna 
when a storm is approaching. 

A direct or nearby strike can take 
out much more than just the radio. 
One example that the author is 

`amiliar with occurred in an office 
'hat decided to do their own local - 
area- network wiring. They decided 
to save installation costs by having 
their in -house electrician run the 
cables. Several of the cables were 

Y' 

Y 

Plug this simple circuit into an AM radio, and you'll 
know well in advance of any approaching thunderstorms. 

hung from the 
overhead sprin- 
kler pipes. Soon, certain computers 
began to break down on a regular 
basis. The common factor between 
them was that they were all con- 
nected to cables that were strung 
up against hundreds of feet of 
"grounded" overhead sprinkler pipe. 
When it was suggested that lightning 
was the culprit, the electrician 
argued that grounded pipes should 
not be above ground potential, 
even when struck by lightning. 

It was eventually verified that the 
EMF pulses from nearby lightning 
strikes were being induced into the 
LAN wire by the sprinkler system. 
Although the cause of the malfunc- 
tions was eventually found, it was at 
a high cost in both lost hardware 
and time -all for the desire to save 
a few dollars! 

KENTO 

The Nature of Lightning. Lightning is 

an electrical discharge that re-bal- 
ances the differences between pos- 

N CHUN itive and nega- 
tive charges with- 

in a cloud, between two clouds, or 
between a cloud and the ground. 
Cloud -to- ground strikes generally 
cause the greatest amount of prop- 
erty damage and injury to life. The 
negative charge at the cloud's base 
is attracted to the positive charge at 
the earth's surface, which causes 
the initial contact. An actual light- 
ning strike consists of two separate 
events -a strike leader and a return 
stroke. When the electrical potential 
is great enough, a small strike leader 
will leap from the cloud to ground, 
ionizing the air as it goes. The return 
stroke flows back up the ionization 
path into the cloud creating the 
larger flash and discharge that we 
associate with lightning. 

Due to the large voltages in- 
volved, a lightning strike creates a 
broadband EMF pulse of tremen- 
dous magnitude. Those pulses can 
easily be detected a hundred miles 
away. When a storm approaches, 39 
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Fig. 1. Built around an LM3914 LED display driver, the Lightning Monitor listens to an AM radio. 

When a pulse from a lightning strike is detected, the LEDs light up. The amount of time that they 

remain lit is adjustable so that you have time to notice the warning. 

the frequency and field intensity of 
the EMF pulses will increase. We can 
take advantage of that phenome- 
non to "detect" the presence of an 
approaching thunderstorm. 

By nature, a bolt of lightning is 

an excellent amplitude -modulated 
(AM) signal. Many of us have heard 
lightning strikes on an AM radio. 
Because of the broadband nature 
of the pulse, the crackle of a light- 
ning strike can be heard anywhere 
on the AM dial. Although you can 
simply leave the radio on all of the 
time, it is impossible to pay attention 
to it all of the time. Moreover, our 
sense of hearing is not very acute - 
our brains have learned to "tune 
out" noise. To overcome that prob- 
lem, we need some way to draw our 
attention to the possibility of an 
approaching storm. That task Is nice- 
ly handled by the Lightning Monitor 
that we will now describe. 

How It Works. The Lightning Monitor 
is a simple circuit that listens to an 
AM radio signal continuously. The cir- 

40 cult diagram Is shown in Fig. 1. The 

heart of the circuit is IC1, an 
LM3914N display driver. That chip is 

designed to show a voltage reading 
on a set of light- emitting diodes. 
Within IC1 are a voltage divider and 
ten comparators that turn on in 

sequence as the input voltage rises. 

The audio output from an AM 
radio is applied to Jl. If you want to 
hear the radio signal, S2 switches the 
audio signal between the Lightning 
Monitor circuit and SPKR1. When the 
speaker is not in use, its load on the 
radio is simulated by R4. 

The audio signal is changed into 
a half -wave DC signal by D1. The 
semi- rectified signal is applied to 
C1, charging it up. During the non - 
charging portion of the half -wave 
signal, Cl is discharged by R2. Since 
R2 is adjustable, the discharge rate 
of Cl can be set to match the 
audio characteristics of the partic- 
ular radio being used. The rate of 
discharge can be varied between 
almost instantaneously to several 
seconds. 

Normally, the audio signal will 
hold the voltage on Cl steady with 

some fluctuation as the audio gets 
louder and softer. When a pulse 
from a lightning strike surges through 
the radio, Cl charges much faster 
than it discharges. 

The voltage on Cl is sensed by 
IC1 and the current level displayed 
on the LEDs. Since ICI can display a 
voltage level as a "bar" of LEDs or 
as a single moving dot, S1 is used to 
select between the two display 
modes. 

The circuit is powered by B1, a 9- 

volt battery, although any source of 
well -filtered DC power between 5 

volts and 18 volts will work well. In 

fact, if the circuit is to be left on all 
the time, you'll almost certainly want 
to use an external power source. 
That's because should B1 's voltage 
drop below ICI's minimum supply 
requirement, the comparators with- 
in that IC, and hence the unit, will 
not be reliable. 

Building the Lightning Monitor. The 
Lightning Monitor circuit is simple 
enough to be built on a piece of 
perfboard using standard construc- 
tion techniques. The size of the LEDs 

and their colors depend on your 
own personal preference. If you 
want to arrange the display similar 
to other color meter displays, use 
green LEDs for the first six units, fol- 
lowed by two yellow LEDs and two 
red LEDs at the high end. All of the 
connections should be kept as short 
as possible. 

The Lightning Monitor can be 
housed in any suitable case. If you 
are exceptionally neat in your 
board construction, you can use a 
clear plastic box similar to the 
author's prototype shown in Fig. 2. If 

your radio has enough room inside 
its case, you can even mount the 
Lightning Monitor inside that case 
and use the radio's power supply to 
power the circuit. 

Calibrating and Using the Lightning 
Monitor. Tune a radio to the quietest 
spot that can be found on the AM 
band on a day with clear weather. It 

will probably be towards the higher 
end of the band -the lower end of 
the AM broadcast band tends to be 
more susceptible to terrestrially-gen - 
erated EMI and RF Interference. You 
might want to do that over a few 
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WBather- probably one 
of the most talked - 
about subjects in the 

world. Increasingly, people are tak- 
ing an interest in the unusual weath- 
er patterns that have been the sub- 
ject of news reports over the past 
few years. Amateur weather- watch- 
ers are becoming aware of the 
importance of wind patterns. That 
group is not the only one- model- 
rocketry enthusiasts also want to 
keep track of wind direction before 
pressing the launch button. 

Which ever way the wind blows... 
you'll know at a glance with the 
Digital Wind Vane project presented 
here. It is the perfect addition to a 
home weather station. A simple dis- 
play lights up a light- emitting diode 
on a panel indicating the current 
direction of the wind. You can either 
build a wind vane for sensing the 
wind or modify an existing one to 
send its information to where it can 
be seen in the comfort of your 
home. No longer will you have to 
peer out of a window or go outside 
(especially in inclement weather) to 
take a reading of wind direction. 

How It Works. As you can see from 
the schematic diagram shown in 

Fig. 1, the Digital Wind Vane is actu- 
ally a simple circuit. The heart of the 
unit is IC1, a 4- to 1E -lire decoder 
chip. A 4 -bit binary code applied to 
the input pins results in one of the lb 
outputs being grounded. The out- 
puts of IC1 are connected to the 
LEDs on the display. once only one 
LED will be on at a time, R1 is a com- 
mon current -limiting resistor for the 
display. 

The inputs to IC1 come from 
ENC1, a rotary -shaft encoder that is 

attached to a wind vane outside. 
The wind vane works on simple 
aerodynamic principles that cause 
the "tail" of the pointer to have a 
greater drag causing the "head" to 
point into the wind. The length of the 
shaft and the area of the "tail" must 
produce enough force to rotate the 
shaft. 

The rotary encoder that has been 
chosen for the Digital Wind Vane 
has two interesting properties. First of 
all, it is a "non -detented" type. That 
means that the encoder's shaft is 

free to spin any amount at a time 

with very little force needed to turn 
it -very much like a potentiometer. 
An encoder with detents, on the 
other hand, would act like a rotary 
switch, locking in place at a particu- 
lar position. That type of encoder 
requires a greater amount of force 
to turn it, making it unsuitable for the 
Digitcd Wind Vane. The other unusual 
property of the encoder is that it 

does not have the "8-4-2-1" binary 
encoding one would expect from 
such a device. 

If you write down a list of binary 
njmbers In a column, you will quick- 
ly see that in several instances, more 
than one digit is changing between 
0 and 1. Most notable are the 
changes between 3 (0011) and 4 

(0100) as well as between 7 (0111) 
and 8 (1000). Because of variations in 

manLfacluring, there is no guaran- 
tee that oil of the individual digits will 
change at exactly the same time. 
For example, if the encoder is 

changing from 3 to 4, there might be 
a pos tion of the shaft where the sec- 
ond and third bits have changed, 
but the first bit hasn't. The result 
would be 0101, or the binary equiva- 

AN ELECTRONIC 
WIND VANE 

This stylish wind -direction 
indicator is a welcome addition 
to any weather station. 

STEVE BOTTS 
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lent of 5. Obviously, counting from 3 

to 4 by way of 5 is not an accept- 
able situation. 

The rotary encoder specified in 

the Parts List produces a binary 
code called a "gray code." Table 1 

shows the "gray code" generated 
by ENC1. If you study Table 1 care- 
fully, you will notice that only one bit 
changes for each code change. 
That technique prevents the "out - 
of- sequence" problem that was 
detailed above. 

The challenge in using a gray - 
code encoder now becomes get- 
ting the correct LED to light up. In 

the case of the Digital Wind Vane, 
the various LEDs are simply hooked 
up to the outputs of IC1 in the 
sequence needed to produce the 
correct display. 

Building the Display. We'll start con- 
struction by building the display por- 
tion of the Digital Wind Vane. The lay- 
out of the circuit is not critical; using 
a perfboard with standard construc- 
tion techniques will do just fine. 
However, if you want to keep the 
LEDs in a circular pattern, using a 
printed- circuit board would then be 
the best way to go. If you would like 

to use a PC board, a foil pattern has 
been included here. The unusual cir- 
cular pattern of the PC board has 
been designed to fit an easily 
obtainable item that can be used as 
a case -details on that part of the 
construction will be discussed later. 

The PC board is a single -sided 
design, making it easy to etch and 
drill your own. If you are using the foil 
pattern provided, follow the parts - 
placement diagram in Fig. 2. 

It is easiest to assemble the com- 
ponents to the PC board in size 

order, starting with the several 
jumper wires that are needed. 
Although bare wire can be used, it 
is better to use insulated wire such 
as 30 -gauge wire -wrap wire. That 
way, the longer jumpers won't bend 
and accidentally short. 

Note that there are also two 
jumper wires labeled JP1 and JP2. 

Those jumpers are related to an 
additional feature of the Digital 
Wind Vane: In standard operation if 

there is no wind blowing, the unit will 
still indicate the direction that the 
wind was blowing before dying 
down. However, an optional signal 
can be applied to the unit from an 
anemometer -a device that mea- 

sures wind speed. If that input (pin 4 

of J1) is grounded, the Digital Wind 
Vane will indicate the direction of 
the wind. If the anemometer input 
goes high (no wind), then the Digital 
Wind Vane will go dark. 

For now, install both jumpers; JP1 

will be needed for testing the unit. If 

you have an anemometer with a 
suitable calm /wind indicator that is 

compatible with the Digital Wind 
Vane, you can remove JP1 after 
testing the unit. Of course, leaving 
JP1 in place after testing (for a con- 
tinuous display) makes JP2 unnec- 
essary. However, leaving that jumper 
in the circuit will not do any harm. 

Check the orientation of each 
LED before installing it. Mount each 
LED so that its top is 1/2 inch above 
the board. As an option, you can 
use different colored LEDs for differ- 
ent compass points. One possible 
scheme would be to use green 
LEDs for the North, East, South, and 
West points. Red would be at the 
Northwest, Northeast, Southeast, 
and Southwest positions, with yellow 
LEDs at the other locations. The par- 
ticular arrangement is up to you - 
using the same color all around is 

perfectly acceptable. 
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Fig. I . The Digital Wind Vane is a simple circuit that uses a rotary encoder. The encoder's output is 

decoded by ICI to light the appropriate LED. The connections of the LEDs reflect the code pattern 
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Fig. 2. Here is the parts -placement diagram for the Digital Wind Vane. The single -sided PC -board 
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installed if you are going to use the Digital Wind Vane with an anemometer that can signal if the 
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The value for Rl has been chosen 
for a 6 -volt power supply. If you plan 
to use a 12 -volt supply instead, you 
should increase the value of Rl to 
1000 ohms. That will limit the LED cur- 
rent properly at the higher voltage. 

Solder several short wires (about 1 

inch long) to J1. Install J1 from the 
solder side of the board. Before sol- 
dering the wires to the board, use 1 /2- 

inch threaded standoffs as tempo- 
rary spacers to hold J1 off the board 
the correct distance. Carefully tack - 
solder the wires to the PC board, sur- 
face mount style, making sure that 
they don't touch each other. 

Although IC1 can be soldered 
directly to the board, it is a good 
idea to use a socket. Not only will 
that protect 101 from any static 
damage or overheating during sol- 
dering, it will also make replacing 
ICI easier in case it fails in the 
future. Take care to install IC1 in the 
proper orientation. Also, that chip is 

a CMOS type, so observe all anti- 
static precautions when handling it. 

For example, you should always dis- 
charge both yourself and the PC 
board to a known ground point 
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SCREW WITH 
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TAPPED 

STANDOFF 
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(3 PLACES) CIRCUIT 
BOARD 
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COVER 
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WASHERS 
(2 PLACES) 

SEE TEXT 
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Fig. 3. The Digital Wind Vane can he mounted in an instrument cast to make an attractive display 
for a desk or wall. The case is an empty can of cat food or tuna fish that has been washed. 43 
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1/8 INCH 
DIAMETER 
16 PLACES 

22 1/2' 

3 INCHES 

Fig. 4. This faceplate can be used as a pattern for the display. Feel free to design your own; 

the only requirement is that it match the case and LED pattern that you will he using. 

before installing the chip. It is also 
best to try not to handle the chip by 
its pins. 

Wiring the Encoder. The encoder is 

simply wired to PL1 as shown in Fig. 1. 

Because the circuit needs five wires 

PARTS LIST FOR THE 
DIGITAL WIND VANE 

SEMICONDUCTORS 
ICI -74HC 154 4 -to -16 decoder, 

integrated circuit 
LED ILED I 6-Light-emitting diode 

(see text) 

RESISTORS 
R1-220-ohm, 1/4-watt, 5% 
R2 -1000 -ohm, 7- element network (Digi- 

Key 4608X- 10102 -ND or similar) 

ADDITIONAL PARTS 
AND MATERIALS 
C1- 0.01-p.F, ceramic -disc capacitor 
J1 -9 -pin male connector 
PLI -9 -pin female connector 
ENC1- Rotary encoder, non -detented, 

4 -bit gray code (Digi -Key CT3003 -ND 
or similar) 

Wire, case, plastic mast pipe, pipe end 
cap, wood, brass. hardware, etc. 

between the encoder and the dis- 
play, a five -conductor cable used 
for controlling antenna rotators will 
work well in this application. An 
added bonus for using that type of 
cable is that is designed for outdoor 
use. The Digital Wind Vane will work 
with a cable length up to about 30 
feet. 

Power Supply. The power supply for 
the Digital Wind Vane is not very crit- 
ical-a DC source between 5 and 
12 volts at about 200 mA is all that is 

needed. Depending on the voltage 
rating of the supply you will be using, 
the value of R1 might have to be 
modified in order to limit the current 
to the LED to about 20 mA. 

Two options have been made for 
connecting the power supply to the 
Digital Wind Vane. One way is to 
connect the positive and negative 
wires from the supply to pins 1 and 5 

on PLI . That way, a single connector 
handles everything needed by the 
display unit. Alternatively, provisions 
have been made on the PC -board 
foil pattern for separate power con- 
nections to the PC board directly. 

Although the second method has 
the advantage of a more secure 
connection, the case will then have 
to accommodate a second con- 
nection. Either way, its a good idea 
to double -check the polarity of the 
power -supply wires with a voltmeter 
before attaching them to the circuit. 

The Digital Wind Vane can even 
use a 6- or 12 -volt battery such as a 
car or motorcycle battery. You 
might want to consider using a volt- 
age- regulator circuit (for the 12 -volt 
battery) and an in -line fuse instead 
of connecting the Digital Wind 
Vane directly to the battery. Also, 
installing a switch will conserve bat- 
tery power. 

Testing. Without the encoder 
attached to the display unit, tem- 
porarily apply power to the circuit. 
The Southwest indicator (LED6) 
should light up -no other LED should 
be on. Turn the power off and 
attach PLI to J1. When the power is 

turned back on, one LED should be 
lit. The particular LED that is lit will be 
a random one -it depends com- 
pletely on the current position of 
ENC 1. Rotate the encoder shaft and 
see that each LED lights in turn. If 

there is a problem, check the PC 
board for cold -solder joints and cor- 
rect placement of jumpers and 
parts. If ICI was installed backwards 
or the power -supply connections 
are reversed, IC1 is most likely 
destroyed -replace it with a new 
one. If the LEDs seem to operate in a 
random fashion and are somewhat 
dim, check the ground connection 
to the encoder. Using a shorter 
cable length or larger gauge wire to 
the encoder should clear up that 
problem. If an individual LED will not 
light up, check to see if it was 
installed backwards. 

Housing. The prototype was in- 
stalled in a 3- inch -diameter "instru- 
ment case" as shown in Fig. 3. That 
"case" was eagerly provided by the 
family cat. If you don't happen to 
have an empty cat -food can, a 
tuna -fish can has the same dimen- 
sions. Wash and dry the can thor- 
oughly. Removing the label almost 
completely hides the recycled 
nature of the enclosure. 

Cut a hole in the back of the can 
for J 1. An additional hole will be 
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Fig. 5. The encoder for the Digital Wind Vane is mounted in an end cap for plastic pipe. The result 
is a low -cost, sturdy, and weatherproof housing. 

Fig. 6. Here are some examples of wind vanes 

that were built by the author: The tail of the 

larger wooden model can he cut from a square 
piece of thin plywood. The wooden version is 

glued to an equipment knob that can he 

clamped onto the shaft of E,VCI. The smaller 
vane is made from brass shapes available at 
most hobby shops. Since it is made from metal, 
a simple hole and set screw at the balance point 
are all that are needed to mount it to the 

encoder shaft. 

needed for a mounting screw. Mark 
the holes by placing the PC board 
in the can and tap it slightly to 
make an impression of the outline 
of J1. The metal in the can is very 
soft, making it easy to cut out a hole 
for J1. Install a standoff temporarily 
and tap the board as before to 
mark the mounting screw location. 
Drill three 18-inch diameter holes for 
the screws to pass through -one 
that was just marked and two at the 
sides of J1. One benefit of the 
choice of case material is that if you 
make a mistake, simply try again 
with a new can; the cat is sure to be 

willing to help out again! 
Next, prepare a faceplate. The 

design can be as simple or as fancy 
as you want. An example that can 
be used if you lack the artistic flair is 

shown in Fig. 4. Glue the design to a 
piece of thin cardboard, such as a 
piece of paper plate. Use a 1/8 -inch 
punch to cut clean holes through 
which the LEDs will shine. You might 
want to install light shields to con- 
centrate and direct the LED light. 
You can use some red -colored plas- 
tic drinking straws or rubber tubing 
trimmed to appropriate lengths 
and slipped over each LED. 

Install the assembled circuit board 
into the case. Clear plastic, available 
in most home -improvement stores, 
will work well as a "crystal" cover for 
the Digital Wind Vane. Cut the plastic 
to fit the case and mount it with a 
pair of screws. The finished display 
case either can be mounted in a 
larger case with other weather -fore- 
casting instruments or a small stand 
can be made so that the display unit 
can be used on a desk or shelf. 

Wind -Vane Construction. Personal 
taste will dictate the actual con- 
struction of the outside wind vane. 
You can either build your own or 
modify an existing device. In either 
case, a weatherproof housing will 
be needed for ENC1. Details are 
shown in Fig. 5. 

The mast is a piece of i' -inch 
plastic pipe. That size is stiff enough 
to withstand strong winds. Drill a 
hole in the center of an end cap 
and mount ENC1 on the inside. 
Before mounting the encoder, pass 
it through the pipe. Once mounted, 
glue the end cap onto the pipe. 

Examples of two different wind - 
vane designs built by the author are 
shown in Fig. 6. The larger one is 

made from a length of wooden 
dowel, some thin plywood, and a 
pair of hollow brass bullet- shaped 
fishing weights. The tail piece can 
be cut from a square piece of ply- 
wood. Before the fishing weights are 
soldered together, place some lead 
weights inside them. The various 
pieces are epoxied together. 

A knob is used to attach the vane 
to the encoder shaft. Before epoxy - 
ing it to the shaft, find the balance 
point of the vane. It should be able 
to sit on the knob without excess 45 
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3- INCHES IP- 

Here's the foil pattern for the Digital Wind Vane. A single-sided layout makes the hoard much eas- 

ier to etch for the home builder 

weight on either side. Once every- 
thing has been assembled, it can be 
painted any desired color. 

The other vane is made from 
brass tube and sheet that has been 
soldered together. Again, it can be 
painted any color. An alternative is 

to polish the brass to a bright shine 
and coat it with a clear lacquer fin- 
ish. If you want a "rustic" look, you 
can just let the brass weather; it will 
develop a greenish patina due to 
the copper content of the brass. 

If you want to modify an existing 

vane, keep in mind that the pointer 
should be balanced; it should not 
be tail- or head -heavy. Also, the 
bearing in ENC1 should not be 
used to carry heavy loads. A better 
arrangement would be to use a 
ball -type thrust bearing. The wind 
vane would rest on the thrust bear- 
ing, which, in turn, would rest on the 
end cap of the mast. 

Installation. Now that we have a 
working instrument and sensor, we 
need to install it and put it to work. 

TABLE 1- ENCODER GRAY CODES 

Position A B C D 

1 1 1 

2 1 1 0 

3 1 0 o 

4 1 0 1 

5 1 0 1 o 

6 1 0 0 o 

7 1 1 0 o 

8 1 1 0 

9 0 1 o 

10 0 1 0 o 

11 0 0 0 o 

12 0 0 0 

13 0 0 

14 0 o 0 

15 0 1 0 

16 0 1 

(1) (1) (1) (1) 

WARNING: USE CAUTION WHEN 
ERECTING THE WIND VANE. DO NOT 

INSTALL A MAST WHERE IT COULD 
COME INTO CONTACT WITH, OR FALL 

ONTO, POWER LINES. THAT COULD 
RESULT IN DEATH, SERIOUS INJURY, OR 
PROPERTY DAMAGE. A good rule of 
thumb is that a mast should be 
located twice the distance as it is 

high from any power lines. Also, be 
extra careful when working off the 
ground. 

With no wind vane attached to 
ENC1, rotate the encoder shaft until 
the display indicates North. Mark 
the mast cap with a piece of tape 
or other mark. Mount the wind vane 
on the encoder shaft, line it up to 
the mark, and then tighten the set 
screw. 

Install the mounting mast outside 
with a pipe clamp or other suitable 
arrangement. Keep in mind where 
you install your weathervane may 
influence the readings. Make sure 
that it is high enough to be away 
from any turbulence caused by 
other buildings. For example, if the 
wind vane is located between tow 
large buildings, it might only sense a 
"leeward" effect of wind channel- 
ing between the buildings. The main 
idea is to get the vane up into the 
prevailing winds. 

Line up the mark on the mast so 

that it is pointing true North. A corn- 
pass sighting on a distant object 
might help. When everything is 

aligned correctly, tighten down the 
mast clamps. Reconnect PL1 to J1, 

turn on the power, and check that 
the relationship between the display 
and the wind vane is correct. 

Now that you have a working sys- 

tem, watch the behavior of the 
pointer. Ideally, it should not "hunt" 
(sway from side to side) in a steady 
breeze. Make sure that the fins and 
shaft are straight and true. You 
might need to adjust the wind vane 
itself in order to make it less sensi- 
tive. Sometimes, making the point- 
er's shaft shorter or decreasing the 
surface area of the fin will help. The 
fact that the pointer does not seem 
to respond to small breezes is OK 
unless it is binding or otherwise get- 
ting stuck. For weather prediction, 
we are interested in the prevailing 
winds that the vane will eventually 
line up with. 

If you live in an area that is prone 



to lightning, you should think about 
lightning protection. A direct light- 
ning hit on the Digital Wind Vane will 
probably destroy everything from 
the encoder to the cable to the 
display unit. Be aware that even 
nearby lighting strikes could also 
damage the unit's electronics - 
particularly when using long cable 
runs. Pull -down resistor R2 gives 
some protection from static build- 
up. As an added precaution, con- 
nect the power supply's negative 
lead to a good earth ground. 

Even if you are just adding an 
encoder to a wind vane that has 
been up for years, you now have a 
lead -in cable that will conduct 
lightning directly into your house. 
You should make sure that the mast 
is properly grounded or install a 
grounded lighting rod that is higher 
than the wind vane and mast. 
Another technique is to bend the 
input cable around some corners 
before it enters the house. Lighting 
usually will not take a corner as long 
as it has a straight ground path to 
follow. Furthermore, you can also 
use discharge tubes on each cable 
wire. S2 

LIGHTNING MONITOR 
(continued from page 40) 

days in order to get a good idea of 
how quiet the target frequency 
really is. AM broadcasts and interfer- 
ence often live a strange nomadic 
existence on the AM band. 

Power up the Lightning Monitor 
and connect it to the speaker or 
headphone jack of the radio. 
Ideally, the radio should cut the 
speaker out when the Lightning 
Monitor is connected. 

Set S2 to the "audio" position so 
that the radio can be heard 
through SPKR1. If a thunderstorm is 

in the vicinity, you should be hear- 
ing the static crashes from lightning 
strikes. If reception is good, you 
might even be able to hear them 
from thunderstorms that are many 
miles away. If a thunderstorm is not 
in the area, simulate one by using a 
hairdryer to create static or tune 
the radio to a strong station. 

Set the radio's volume control so 
that the monitor gives a full -scale 
reading on the loudest of strikes. 

.11111,111101111...,, 

B1 

likkLED 1 -LED10 

_J1 (TO AM RADIO) 

Fig. 2. The Lightning Monitor is .simple enough to build on a perfboard. Here, the author's proto- 

type has been mounted in a clear plastic case, making the Lightning Monitor both a decorative and 

a practical project. The battery can he replaced by a wall- mounted transformer for continuous use. 

PARTS LIST FOR THE 
LIGHTNING MONITOR 

SEMICONDUCTORS 
IC'I- LM3914N LED display driver, 

integrated circuit 
D1- -1N34A germanium diode 
LED 1 LED I 0-Light-emitting diodes 

(see text) 

RESISTORS 
(All resistors are' -watt, 5% units unless 

otherwise noted.) 
R I -500-ohm 
R2- 1- megohm, potentiometer 
R3- 10,000 -ohm 
R4-10 -ohm 

CAPACITORS 
C -22 -p F, 35 -WVDC, electrolytic 
C2- 0.I -RF, Mylar 

ADDITIONAL PARTS 
AND MATERIALS 
B I -9 -volt battery (see text) 
SI. S2- Single -pole, double -throw switch 
SPKR1 -2 -inch speaker 
Case, knob. AM radio, hardware, etc. 

Finally, set R2 so that the readings 
"fade out" inside a time interval that 
is reasonable for you to notice the 
event. A few seconds is usually suffi- 

cient. For continuous use, flip S2 to 
the other position and you will have 
peace and quiet again. If you begin 
to see readings on the LED display, 
flip S2 back to the "audio" position 
and listen to confirm that a storm is 

approaching -and not a local unii- 

cenced "pirate " AM station. 
If you live in an area where the 

standard AM broadcast band is too 
noisy, you might want to use a short- 
wave, marine, or CB radio. At fre- 
quencies over 15 MHz, terrestrial 
noise is less noticeable. 

If you build the Lightning Monitor 
into a small box, you can also use it 
on days of clear weather as a 
portable "storage voltmeter" for 
measuring slow- changing low -volt- 
age events such as temperature 
changes or light levels with a suit- 
able sensor. Even if you don't hap- 
pen to live in the "lightning capital 
of the world," it is always best to be 
prepared! S2 

You's for only 
$350 

Prices includes 
shipping! 

HAVE A THOUSAND YUCKS FOR ONLY 
THREE AND A HALF BUCKS! That comes 
to one -third of a cent per laugh. Electronics 
Comics is a compilation of over 125 riotous, 
outrageous and phenomenal cartoons that 
appeared in Popular Electronics and Elec- 
tronics Now. Only $3.50 -price includes 
shipping. Claggk, Inc., Reprint Bookstore, 
P.O. Box 4099, Farmingdale, NY 11735- 
0793. All payments in U.S. funds. Sorry, no 
orders outside U.S.A. and Canada. Check or 
money order only -send no cash. NY state 
residents add applicable tax. MAO4 47 



The first Rotman 
lens to operate 
at millimeter - 

wave frequencies (i.e. fre- 
quencies as high as 37 

GHz) has been designed 
and built, yielding the pro- 
totype for a low -cost, high 
performance, electroni- 
cally scanned antenna. 
Such a device is needed 
in a wide range of civilian 
and military applications, 
including aircraft landing 
systems, communications 
equipment, auto collision - 
avoidance systems, missile 
seekers, and tank radars. 
Because it has no moving 
parts, no phase shifters, 
and can be encased in 

plastic, researchers at the 
Georgia Institute of Tech- 
nology, where the device 
was designed and built, 
believe they have an in- 
expensive, rugged, reli- 
able, and compact alter- 
native to current millime- 
ter -wave (MMW) antenna 
technologies. 

"MMW components 
are compact and well 
suited for integration into 
missile- seeker heads, smart 
munitions, automobile col- 
lision- avoidance systems, and syn- 
thetic- vision systems," said Georgia 
Tech's Ekkehart (Otto) Rausch, senior 
research scientist. "In these applica- 
tions, low -cost, rapid, inertialess scan- 
ning of the antenna is desirable. 
Most MMW antennas that operate 
at frequencies equal to or greater 
than 35 GHz use either a mechani- 
cal scanning approach or phase 
shifters for electronic steering. Phase 
shifters that operate at MMW fre- 
quencies are costly and introduce 
considerable RF loss. Mechanically 
steered antennas are relatively low 
in cost but are slow in response, sen- 
sitive to shock and vibration, and 
have moving parts that are subject 
to wear and failure. Thus, low -cost, 
high -reliability, and electronic scan- 
ning are generally incompatible 
unless the design is based on a 
MMW Rotman lens" 

By avoiding those limitations, the 
new Rotman lens could open new 

48 applications for MMW radar. 

A SMALL 

ANTENNA 
WITH A 

BIG FUTURE 

New technology has yielded a low -cost, 
high -reliability antenna that can operate 

at frequencies to 37 GHz. 

DOUGLAS PAGE 

How it Works. Rotman -lens devices 
get their names from their ability to 
focus microwave or millimeter -wave 
energy coming from a particular 
direction by passing this electro- 
magnetic energy through a pair of 
lens- shaped parallel plates. 

"This Rotman lens consists of a 
parallel plate region with wave - 
guide ports distributed around the 
periphery of the plate," Rausch 
explains. "Beam- forming or focal 
ports are located on one side of the 
plates. Those ports are fed by a 
switch array. The array ports are on 
the opposite side, each connected 
to an antenna element. Energy, 
when input into a specific focal port, 
will emerge from the antenna ele- 
ments and produce a beam along 
a particular direction. Switching the 
input from focal port to focal port will 
steer the beam electronically in one 
dimension. The concept may be 
extended to two dimensions by 
modifying the Rotman lens equa- 

tions and generating two - 
dimensional surfaces for 
the focal and array con- 
tours." 

Since the objective of 
the research was proof -of- 
concept, the design was 
restricted to one- dimen- 
sional scanning. Currently, 
the lens is constructed of 
aluminum. The potential 
exists, however, to build 
both the lens and the 
switch array using plastic. 
Production costs can be 
kept low by hot -pressing 
the antenna in plastic, 
which could then be 
coated with a conductor, 
such as gold. The antenna 
feed horns and switch 
arrays would be assem- 
bled the same way. 

In addition to low cost, 
durability and compact 
size, another feature of 
the Rotman lens is the low 
throughput loss and side - 
lobe emissions. Sidelobe 
power in the prototype 
can be suppressed by a 
factor of one -thousand 
below the energy of the 
main beam. The lens itself 
loses less than 2 dB power. 

"The antenna we are 
designing for Phase Il of this project 
will have a gain in excess of 30 dB," 
said Rausch. "This antenna gain will 
be achieved with an array of 32 
horn -antenna elements having a 
beamwidth of less than four de- 
grees in azimuth and less than eight 
degrees in elevation." 

In the past, Rotman, lenses were 
implemented with microstrip or 
stripline technology, usually be- 
tween 6 and 18 GHz. Microstrips, 
however, are unreliable at high fre- 
quencies and are therefore not suit- 
able for use in the millimeter -wave 
region. To reduce the losses to an 
acceptable value (between 1 and 
2 dB), waveguides and air dielectric 
must be used between the parallel 
plates in the antenna. 

Rausch and Andrew F Peterson, 
of the Georgia Tech School of 
Electrical and Computer Engineer- 
ing, fabricated the Rotman -lens 
MMW antenna out of a solid block 
of aluminum using designs that 



I-kre, Georgia Tech "s Otto Rausch attaches 
waveguides to test his Rotman -lens antenna. 

specified tolerances of 0.0005 inch- 
es. A fabrication facility in New 
Jersey carved out the necessary 
shapes at those tolerances using an 
electrical- discharge method. 

"Everything about this lens, tom 
the width of the waveguides to the 

shape of the absorber foam, mat- 
ters a great deal," Rausch said. "The 
surface roughness and even the 
placement of the screws all have 
been designed according to strict 
design principles." 

Applications. Before the antenna 
can be successfully implemented in 

any of the potential application 
areas, Rausch anticipates expand- 
ing the antenna's operating fre- 
quency and adding the capability 
to scan in two dimensions. Once that 
has been successfully achieved, 
here are some of the ways that the 
technology could be used: 

Aircraft -Landing Systems. 
Heavy fog and other weather ex- 
tremes can limit landing -strip visibili- 
ty, preventing pilots from seeing the 
runway. A synthetic -vision system 
based on millimeter -wave radar 
technology could produce heads - 
up images through the fog, permit- 
ting safe landing in spite of difficult 
visibility. 

Automobile Collision- Avoid- 
ance Systems. Plastic -built MMW 

radar systems in automobiles could 
provide drivers with warnings of ap- 
proaching vehicles. Plastic construc- 
tion would keep costs low enough 
to make the systems economically 
practical. 

Commercial Communications. 
Rotman -lens antennas could be 
used in snort- range, building -to- 
building wireless communication. 
Again. the use of plastic construc- 
tion could lower the investment cost 
of such systems. 

*Synthetic Vision for Assault vehi- 
cles. Operators of ground assault 
vehicles, such as tanks, also need 
fog and smoke vision aides, but 
harsh conditions and vehicle vibra- 
tion limit the practicality of conven- 
hional antennas. A Rotman lens 
could be integrated into the tank's 
structure, eliminating the need for 
an external dash and providing dura- 
bility and reliability. 

INssile Seekers. The Rotman - 
lens antenna's low cost, reliability, 
and small size could be ideal for 
use in airborne systems such as mis- 
sile seekers. S2 
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It's a simple matter 
to convert your 
current headlights 
to daytime - 
running lights 
with the addition 
of this easy -to -build 
circuit. 

ADD DAYTIME- 
RUNNING LIGHTS 

TO YOUR 
CAR 

Daytime- running lights 
(DRLs) are one of the 
newest safety features 

of modern cars. Many safety studies 
have shown repeatedly that having 
the headlights turned on at 80% of 
full brightness during daylight makes 
the vehicle -and its turn signals - 
more visible. 

Available on European and 
Canadian automobiles for several 
years, DRLs are now being offered 
on cars sold in the U.S. market as 
well. One study of the safety feature 
of DRLs comes from an October 
1991 report published by the 
Insurance Institute for Highway 
Safety of Arlington Virginia: 

"Keeping vehicle lights on to 
increase vehicle conspicuity 
during daytime hours has 
been found to reduce crashes 
in Scandinavia and the United 
States. Crashes of vehicles with 
and without daytime running 
lights owned by the Central 
Vehicle Agency of the 
Province of Saskatchewan 
were compared to a random 
selection of crashes drawn 
from provincial crash files 
involving vehicles without day- 
time running lights for the years 
1982 through 1989. Daytime 
two- vehicle crashes involving 
vehicles approaching from the 
front or side were reduced by 
about 28% for the daytime - 
running -light equipped vehi- 

50 cles. A 28% reduction in day- 

time running light relevant 
daytime two- vehicle crashes 
corresponds to a 15% reduc- 
tion in all daytime two- vehicle 
crashes" 

If you have an older vehicle that 
does not have DRLs, then this pro- 
ject is probably the easiest way to 
add that safety feature to your car 
or truck. Not only is the DRL Adapter 
easy to install, it can be built for 
under $20 -quite a small price to 
pay for protecting lives and proper- 
ty while driving. 

How it Works. The DRL Adapter 
automatically turns on the low 
beams of the headlights at 80% of 
full intensity whenever the engine is 

running. The headlight switch is 

bypassed; however, it can always 
be used to override the DRL 
Adapter and turn on the head- 
lights at full power. The partial 
intensity is achieved by supplying 
the headlights with an 80% duty - 
cyclepulse waveform as shown in 
Fig. 1. As an added bonus, running 
the headlights with an 80 % -duty- 
cycle waveform will not apprecia- 
bly shorten the life of the headlight 
filaments. In fact, the service life of 
the headlights will be almost their 
normal lifespan. 

Other adapters available on the 

DAN HARRISON 

open market rely on a 
delay timer. Once the igni- 

tion is turned to the "on" position, the 
DRLs come on after a 15- second 
delay. Some units simply turn on the 
headlights whenever the ignition is 

turned on. Those approaches mean 
that the headlights will be on -and 
draining the battery -if you have 
the ignition switch on without the 
engine running. That situation could 
occur if you were doing some trou- 
bleshooting on the vehicle's electri- 
cal system or simply listening to the 
radio while parked. 

The DRL Adapter uses a novel 
method to prevent that situation 
from happening. A voltage- level- 
sensing circuit is included that pre- 
vents the DRL Adapter from turning 
on the headlights as long as the 
supply voltage is below 12.6 volts. 
Typical car batteries have a "stand- 
by" voltage between about 11.5 

and 12.3 volts when fully charged. 
Only when the engine is running 
does the vehicle's charging system 
bring the electrical system voltage 
up to 13.3 volts or higher (usually 
above 14 volts). Since that only 
happens when the engine is run- 
ning, the DRL Adapter will not turn 
on the headlights until the voltage 
at the battery rises above 12.6 volts. 

The supply for the DRL Adapter is 

connected to a wire that only car- 
ries voltage when the ignition switch 
is in the "on" position. That way, the 
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Fig. 1. Daytime- running lights (DRLs) work best when they are at 80% of full intensity. Supplying a 

standard headlight with an 80% duty -cycle pulse will not only dim the light to the needed intensity. 

it will do that without shortening the bulb's service life. 
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Fig. 2. The DRL Adapter is built around an LM555 that generates the 80% duty-cycle waveform. A 

Zener diode detects whether the engine is running or not by sensing the battery voltage. The DRL 

Adapter only turns the headlights on if the battery voltage rises above 12.6 volts. 
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Fig. 3. Use this parts - placement diagram if you are building the DRL Adapter from a kit or from 

headlights will not accidentally 
come on while the engine is being 
cranked, drawing precious current 
away from the starter motor. 

Circuit Description. The schematic 
diagram for the DRL Adapter is 

shown in Fig. 2. The circuit is built 
around IC1, a 555 timer wired as an 
astable oscillator with an 80% duty 
cycle. When ICI is running, the out- 
put on pin 3 looks like the output 
shown in Fig. 1. 

The duty cycle of IC1 is set by the 
values of R4 and R5. When the out- 
put of IC1 is high, pin 7 is off, so R4 

and R5 charge up Cl . When the 
voltage level on Cl (and pins 2 and 
6 of IC1) reaches the triggering volt- 
age of IC1, the output goes low. Pin 

7 is now grounded,' discharging Cl 
through R5 only. The actual values 
shown for R4 and R5 result in a cal- 
culated duty cycle of 81%-so 
close that it would be difficult to see 
the difference between the intensi- 
ty of a headlight driven at that ratio 
and one driven at a perfect 80% 
duty cycle. 

The output of IC1 is inverted by 
Q3 so that the headlights will see 
the proper duty -cycle level. The 
inverted pulse train drives Q2, a PNP 

Darlington -type power transistor. 
When the output of IC1 is high, Q3 
is turned on, grounding its collector 
terminal. That sinks current through 
the base terminal of Q2 and R6, 

turning on Q2 and applying power 
to the headlights. 

The engine -start detector circuit 
is designed around D1 and D2. 
Combining the voltage drop of D2 
with the Zener- breakdown voltage 
of D1 creates a total voltage drop 
of 12.6 volts. As long as the battery 
voltage is below that level, Ql will 
remain off. The reset pin of IC1 will 
then be grounded through R3, dis- 
abling the oscillator. With the oscilla- 
tor disabled, Q2 and Q3 will not turn 
on, so the headlights will not come 
on at 80% brightness. 

Once the voltage applied to D1 

rises above 12.6 volts, Dl conducts. 
That grounds the base of Ql, turning 
it on. The reset pin of ICI then sees a 
positive voltage, and IC1 begins run- 
ning, turning on the headlights. 

Building the DRL Adapter. The cir- 

the foil pattern. Transistor Q2 is mounted from the solder side of the board. Cuit for the DRL Adapter is simple 51 
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Fig. 4. Mounting Q2 on the outside of the case 

lets the case act as a heatsink. Not only should 

Q2 and its mounting screws he insulated from 
the case, the PC board should also he mounted 

away from the case to avoid short circuits. 

enough to build on perfboard using 
standard construction techniques. 
As an alternative, you can design 
your own PC board by following the 
schematic diagram or use the foil 
pattern that has been included 
here. A pre- etched PC board as 
well as a kit of parts is also available 
from the source given in the Parts 
List. If you do use the foil pattern or 
purchase a board or kit, the parts - 
placement diagram in Fig. 3 indi- 
cates where the various compo- 
nents should be placed. 

Mount all of the components on 
the board with the exception of 
Q2. Once all of the parts are sol- 
dered, double -check your work for 
any construction errors that might 
have occurred, such as miswiring or 
bad solder joints. Once you are sat- 
isfied with your work, it is time to test 
the board. 

Testing. Connect a variable -volt- 
age power supply to the 12 -volt and 
ground inputs on the board. Turn on 
the power supply and set its output 
for 14 volts. With an oscilloscope, you 

52 should see a waveform on pin 3 of 
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Here's the foil pattern for the DRL Adapter. The circuit is 

simple enough to fit easily on a single -sided hoard. 

IC1 that looks similar to the wave- 
form shown in Fig. 1. With a volt- 
meter, the DC voltage level should 
be somewhat lower than the supply 
voltage. According to the LM555's 
specification sheet, the output volt- 
age on pin 3 will typically be 1.7 

volts lower than the supply voltage. 
With a 14 -volt supply, that will be 12.3 

volts. An 80% duty -cycle pulse 
should give an apparent voltage of 
9.84 volts. The actual reading you 
get will depend on the variations of 
the components that you are using 
and the quality of your voltmeter. 

If the signal does not appear or 
is grossly wrong, check the wiring 
and components carefully. The volt- 
age on the anode of D1 should be 
12.6 volts ±0.6. Pin 4 of IC1 should 
be at 14 volts; if it is not, check the 
wiring of Q1 and R2. 

Decrease the supply voltage to 
12.6 volts. The output of IC1 should 
stop; the voltage will be close to 
zero. If the voltage is not at zero and 
ICI is still running, check the engine - 
start circuit -Q1 should turn off, let- 
ting R3 pull pin 4 of IC1 down to 
ground. Recheck all connections 
and parts values. When the board is 

working properly, you can now finish 

the assembly. 

Final Assembly. The DRL Adapter is 

mounted in a metal case large 
enough to hold the PC board. Drill 

suitable holes for the PC board, J1, 

and Q2, which will be mounted on 

the outside of the case. 
That way, the metal case 
will also act as a heatsink. 

Note that Q2 is 

mounted onto the solder 
side of the board. A sug- 
gested mounting method 
is shown in Fig. 4. Don't for- 
get to insulate the case of 
Q2 from the metal case 
that it's mounted on or a 
short circuit will be created 
between the collector of 
Q2 (12 volts) and ground. 
Be sure that the collector is 

making good contact with 
the circuit board. One way 
to do that is to use a star - 
type lockwasher and a nut 
on one of the mounting 
screws for Q2. Insulated 
standoffs that are the 
same length will be need- 

ed for both the PC -board mounting 
screws and Q2's mounting screws. 

If you have difficulty soldering 
the connections for Q2, you could 
remote -mount the transistor on the 
case and connect it to the PC 

board with three short lengths of 
wire. Use heavy -gauge wire for the 
connections; at least 18 -gauge 
wire should be used. 

Jack J1 is wired as shown in Fig. 3. 

Use 16- or 18 -gauge wires for the 
connections to the headlights and 
the 12 -volt input -those wires will be 
carrying 10 or more amps. For the 
ground connection from the PC 
board to the case, use a 20- to 22- 
gauge wire soldered to the ground 
connection on the PC board. Crimp 
or solder a terminal to the other end 
of the wire and place it on one of 
the PC -board mounting screws so 
that it Is making good contact with 
the metal case. DO NOT use one of 
the mounting screws for Q2! 

With everything wired up, the DRL 

Adapter is ready to be installed in 

the car and connected to the 
headlights. 

Installation. Select a mounting 
location for the DRL Adapter in the 
vehicle's engine compartment. The 
most important requirement is to 
have a good metal surface that is 

grounded to the vehicle's battery. 
You can always check that easily by 
measuring the resistance from the 

(Continued on page 59) 



USING CONSTANT- 

CURRENT SOURCES 
The constant -current source 

(CCS) is an overlooked cir- 
cuit that has a lot of uses in 

its own right, and makes many other 
circuits work a lot better. A CCS is 

a circuit that will sink or source the 
same current regardless of changes 
in load resistance or power supply 
voltage. This article discusses sever- 
al different types of constant -cur- 
rent sources, including the LM334 
CCS diode, circuits based on JFET 

or bipolar transistors, circuits that 
use Burr -Brown's REF -series precision 
reference sources, and configuring 
three -terminal voltage regulator de- 
vices as constant current sources. 

The Problem. So why is a constant - 
current source important? Although 
there is a very large array of appli- 
cations for the CCS, the basic prob- 
lem can be seen in Fig. IA. The circuit 
shown there is a voltage divider (or, 
in instrumentation books, a half - 
bridge) in which one element (R2) is 

a thermistor -a resistor that changes 
resistance with changes in tempera- 
ture. The output voltage, +Vo, is 

found from the standard voltage 
divider equation: 

Vo = (V1 xR2)/(R1+R2) 

What that equation tells us is that 
the output voltage is a function of 
three factors, not just one. While we 
would like Vo to change only when 
R2 changes (which means that the 
temperature has changed), varia- 
tions in source voltage V1 and the 
value of R1 also affects the output 
voltage. While we can regulate V1, 
and select a high precision, low 
temperature coefficient resistor for 
R1, there is another way. 

That other way is shown in Fig. l B. 

In this improved circuit, resistor R1 

is replaced with a CCS. The output 
current, 'OUT' will remain constant 
even when V1 and the ambient 

Constant -current sources are easy to use, 

and can make other circuits work better 
Here's how. 

JOSEPH J. CARR 

temperature varies. The output 
voltage, i.e. the voltage appear- 
ing across R2, is simply the product 
TOUT x R2. Other examples will be 
considered later when we look at a 
specific CCS device that you can 
buy very cheaply. 

vi 

vi 

ii 

A 

B 

Fig. !. /lre iii uti in A i.i a classic half -bridge 
or voltage -divider circuit in which one element 

is a thermistor. In the circuit in B, the resistor 
has been replaced by a CCS. 

v1 

RS » RLOAD 

Fig. 2. A crude way to make a CCS: Make the 

source resistance very, very large compared to 

the load. Unfortunately, in practice this is usu- 

ally an ineffective approach.. 

Constant -Current Source Circuits. 
The requirement for a CCS is that 
the output current does not change 
even if the ambient temperature, 
input voltage, and /or the load resis- 

tance changes. Figure 2 shows a 
crude and NOT recommended way 
of obtaining the CCS action. It does 
that by making the resistor (Rs) in 

series with the load (RLoAD) very, 
very high relative to the load. 
Consider, for example, the case 
where V1 = 10 volts, Rs is 1,000,000 
ohms, while RLoAD varies from 0 to 
200 ohms, with a nominal value of 
100 ohms. When the load resistor is 0 
ohms, the current flow is 10 
V /1,000,000 ohms = 0.00001 A = 10 

mA. When the load resistance rises 

to 100 ohms, the current is 10 

V/1,000,100 = 0.000009999 A = 9.999 
mA. And when the load resistance 
rises to 200 ohms, the current is 9.998 
mA. Because the source resistance 
is so large compared with the load 
resistance, the range of current 
varies only from 9.998 to 10.00 mA, 
which is less than 0.02 percent 
change- constant for practical 
purposes. 

There's only one little hitch to the 
approach of Fig. 2: currents higher 
than the microampere level require 
large voltages. If you need 1 mA, for 
example, a 1000 volt DC power 
supply is required for Vl ! There must 
be a better way. 

Figure 3 shows one better way: 
use a pair of NPN bipolar transistors 
cross -connected to provide the con- 
stant- current action. That circuit uses 
a pair of MPS6523 devices, which 
can be replaced by NTE123AP or 53 



ECG123AP devices. With the values 
shown, the constant output current 
(lo) is approximately: 

lo - 0.6/R1 

Or, with the value shown in Fig. 3 

(100 ohms), to = 0.006 mA. Resistor 
Rl can be adjusted to provide the 
exact current required. I used this 
circuit several times and found that 
it would output currents from about 
500 mA to 10 mA before falling 
apart and acting like something 
other than a CCS. 

Another "better idea" is shown in 

12VDC ---, 

Fig. 3. A better approach is to use two cross -con- 

nected NPN bipolar transistors to create a CCS. 

Standard replacement devices (see text) can be 

used in place of the transistors shown if desired. 

r 
IO 

o V+ 

Fig. 4. A JFET can he used as shown to create 

a current -regulated -diode CCS. 
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Fig. 5. One way to use the JFET CCS is to place 
it in series with the load (A). A variable set up is Fig. 7. Ordinary voltage regulators such as the 78Lxx can be used as a CCS when configured as 

54 shown in B. shown here. 

Fig. 4. That circuit uses a diode -con- 
nected n- channel junction field - 
effect transistor (JFET) as a current - 
regulated diode (CRD) type of 
CCs. In that approach, the source 
and gate terminals are tied togeth- 
er to form the ( -) electrode of the 
CCS, and the drain of the JFET forms 
the ( +) electrode of the CCS. 

Figure 5 shows two ways that the 
CRD /CCS is connected into circuits. 
In Fig. 5A, the CRD Is connected in 
series with the load, in a manner sim- 
ilar to the methods shown earlier. 
That makes good sense if the current 
created naturally by the CRD is what 
you need (or close enough to not 
matter much). A variable scheme is 

shown in Fig. 5B. That circuit is 

adjustable over the range 5 mA to 2 

mA when a 2N3578 or its equivalent 
is used for Q1. Note that the JFET in 
this case is a p- channel device, so 
the polarity of the DC power supply, 
which should be greater than 18 

volts in both examples, is reversed 
from the previous circuit. If you want 
to make a CCS for use with a positive 
power supply, experiment with n- 
channel JFET5 with characteristics 
similar to the 2N3578 device. Note 

Fig. 6. This adjustable JFET -based CCS uses 

two transistors and a positive supply. 

that the 2- megohm potentiometer 
(R1) is a 2 -watt type, not the usual 
0.5 -watt types normally seen. 

Another approach to creating a 
CCS that uses a positive power sup- 
ply is the circuit shown in Fig. 6. That 
circuit uses a pair of 2N3368 (or 
equivalent) n- channel JFET devices 
cross -connected to form a CRD cir- 
cuit. With the value of R1 shown, the 
circuit is adjustable over the range 
200 nA to 1 mA. In experimenting 
with the circuit, I found that it worked 
better when Q1 and Q2 shared the 
same thermal environment, which 
means being very close together on 
the printed- circuit board. For best 
stability, one might want to bond the 
transistors together, or find a dual 
JFET that has approximately the 
same characteristics. 

IC Current Regulators. In this age of 
integrated circuits, one would ex- 
pect that someone would make a 
device for all purposes, and that's 
true of the CCS as well. There are 
several ways to use IC devices to 
provide constant currents to varying 
loads. One of the simplest is to use 
an ordinary 78xx, 78Lxx, 79xx, or 79Lxx 
three -terminal IC voltage regulator 
connected as shown in Fig. 7. In that 
circuit, a 78Lxx (members of the 
78Lxx series are 100-mA versions of 
the 78xx devices) has a resistor (R1) 
connected between the ground 
and output terminals, to form a corn - 
mon output terminal to the load. The 
other end of the load is connected 
to the input voltage side of ICI and 
the 0 V return line on the DC power 
supply. The output current is approxi- 
mately VRO /R1, where VRO is set by 
the particular regulator (determined 
by the "xx" in the type number). 

A better approach is to use a 
member of the REF series of preci- 
sion voltage sources made by Burr - 
Brown. The pinouts for two of those 
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devices are shown in Fig. 8. The 
REF102 (Fig. 8A) is the replacement 
for the popular but recently discon- 
tinued REF01; it has a 10V output 

1 
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Fig. 8. Packages and pin -outs for the REF102 
and REF02 precision voltage- reference ICs 
from Burr- Brown. 

15VDC 

B 

Fig. 9. Here are the circuits for using the 
REFl02 (or REF02) as a current source (A) and 
sink (B). 

voltage (V0T). The REF02, shown in 
Fig. 8B has a 5 -volt output and adds 
a TEMP output at pin 3. The voltage 
appearing at that output is scaled 
at 2.1 mV / °K, making it usable as a 
Celsius or Kelvin thermometer. 

Figure 9A shows the REF102 con- 
nected with a positive power supply, 
while Fig. 9B shows the negative sup- 
ply connection. The REF02 could also 
be used in the same circuit. With 
either device, the output current is: 

lo = (V/R1) + 1 mA 

Where: lo is in mA, V is in volts 
and R1 is in ohms. The values for V 
are the values of output voltage for 
the particular device (V = 10 for the 
REF102 and V = 5 for REF02). 

The LM334. One of the easiest 
COS devices to use is the LM334. 
The device comes in both TO -22 
metal and TO -92 plastic packages, 
although the commonly available 
form is the TO -92; a pinout of that 

LM334 

PIN 1: V+ 

PIN 2: R 

PIN 3: -V 

A 

+VIN 

LM334 

RLOAD 

VIN 

C 

SET 

package is shown in Fig. 10A. The 
LM334 operates over a very wide 
voltage range: 1 V to 40 V, keeping 
the current relatively stable over 
the entire range. With one external 
resistor (Fig. 10B), the LM334 device 
can produce a stability of 0.02 % /V 
with a temperature coefficient of 
0.33 % / °C and a set current range 
of 1 mA to 10 mA. The initial current 
accuracy is ±3%, but that can be 
trimmed. 

The sense voltage used in the 
LM334 is proportional to the ab- 
solute temperature in degrees 
Kelvin ( °K), i.e. 64 mV / °K, which are 
the same size as degrees Celsius 
( °C), but are referenced to absolute 
zero (273.2 °C) rather than the 
freezing point of water. That means 
that an LM334 can be used as a 
temperature sensor of sorts (more 
on that later). The initial accuracy is 

not guaranteed, as in the LM335 
temperature- sensor device, but it is 

good enough for many purposes 
and can be trimmed with an exter- 

+VIN 

-VIN 

D 

SET 

SET 

Fig. 10. The easiest to use CCS is the LM334. Its package and pinout are shown in A. A basic cir- 
cuit is shown in B. The LM334 is shown connected in a circuit with a load resistor in C. An alter- 
nate circuit configuration is shown in D. 57 



Fig. 11. The performance of the thermistor cir- 

cuits in Fig. 1 can be improved by using the 

LM334 as the CCS. 

Fig. 12. Tthe LM334 is used here in a light - 

meter application. 
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T 

Fig. 13. In these circuits, an n- channel (A) and 

p- channel (B) JFET is used to reduce the cir- 

cuit's distributed capacitance and make it look 

like a much higher source impedance to follow - 
58 ing circuits. 

nal operational amplifier. 
The value at the V- terminal cur- 

rent is a fixed ratio with the set cur- 
rent, (SET' 

which ranges from 11 = 14 x 

ISET to I1 = 16 X !SET, depending on 
the current range and the particu- 
lar device selected (use a nominal 
value of 15 for planning purposes). 
The set current is found from: 

ISET = 67.7 mV /RSET 

For an RSET of 220 ohms, for exam- 
ple, 'SET is 67.7/220 = 0.31 mA, so the 
output current is 15 x 0.31 mA = 4.65 

mA. The value of RSET can be adjust- 
ed to sort out differences caused by 
variation between devices, or the 
normal variation seen by current 

V1 

V1 

A 

B 

Vo 

Fig. 14. A standard Wheatstone bridge (A), and 

one in a CCS configuration. 
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V- 

range. Once set, it will remain con- 
stant so long as RSET doesn't 
change. That last requirement 
means that a low temperature - 
coefficient resistor is needed for RsET 

Figure 100 shows the LM334 con- 
nected into a circuit with a load 
resistor. 

An alternate circuit configuration 
is shown in Fig. 10D. In that circuit an 
extra resistor is added (R1) in addi- 
tion to the normal RsET. To make the 
circuit work, select RSET to be about 
ten percent higher than is normally 
needed for the level of output cur- 
rent required, and then make Rl = 3 

X RSET. For example, in the circuit dis- 

cussed above, RSET was 220 ohms, so 

here it would be 1.1 RsETT = (1.1)(220) 
= 242 ohms (use a 240 -ohm stan- 
dard value resistor). 

Earlier we saw a thermometer cir- 
cuit in which a thermistor was used 
as the temperature- sensing ele- 
ment. That circuit can be improved 
by using a CCS in place of one resis- 

tor (as was shown). In Fig. 11, we see 
a simple circuit in which an LM334 
CCS is used to provide the current. 
For example, if the thermistor resis- 

tance is around 10K (a common 
value) in the middle of the range of 
interest, a 10 mA constant current 
would yield a voltage of 100 mV. The 
problem with that simple circuit is 

that the LM334 must be kept at a 
constant temperature. That normal- 
ly presents little problem if the LM334 
is inside an equipment cabinet 
mounted on a printed circuit board 
with other circuitry. Enough heat will 

be generated after the circuit stabi- 
lizes to result in a reasonably con- 
stant circuit. 

Figure 12 shows a circuit for using 
the LM334 with a photoconductive 
cell in a light meter circuit. A photo- 
conductive cell has a resistance that 
is a function of the light shining on 

12 --- 
R2 

Fig. 15. A CCS can he used with an op -amp to produce output voltage. 

O 

VOUT 



the active surface: increase the light 
and the resistance drops. If a photo- 
cell is selected in which the resis- 
tance range is compatible with the 
required RsET range, then the photo- 
cell can be used in place of RsET 

Figure 13 shows two additional 
ways of using the LM334. In those cir- 
cuits, either an n- channel (Fig. 13A) 
or p- channel (Fig. 13B) JFET device is 

used in series with the LM334. Be- 
cause there is a voltage drop across 
the JFET in each of those circuits, the 
JFET and operating voltage must be 
selected to ensure that the voltage 
drop across the LM334 is at least 1 

volt, and not more than 40 volts. 
With the JFET /LM334 configurations 
shown, the effect is to reduce the 
distributed capacitance and to 
make the device look like a much 
higher source impedance to follow- 
ing circuits. 

Figure 14 shows two ways to 
excite a Wheatstone bridge. In Fig. 
14A, the bridge is excited by a volt- 
age source, VI . That works well in 
most cases. An alternative method 
is to use the LM334 in series with the 
voltage source (Fig. 14B). The avail- 
able current from the LM334 splits 
between the two paths through the 
bridge circuit. It is common prac- 
tice to make all resistors equal, and 
then vary one or more resistors in 
response to an external stimulus. 
For example, R1, R2, and R3 could 
be fixed resistors, while R4 could be 
a thermistor, photoconductive cell, 
or piezoresistive strain gage. The 
Wheatstone bridge is superior to 
the voltage divider method be- 
cause the output voltage drops to 
zero when the stimulus is zero, 
assuming that the resting resistance 
of R4 causes the circuit to obey the 
ratio R1 /R2 = R3 /R4. The voltage 
drop across each resistor is a func- 
tion of the constant current flowing 
in the circuit. 

A final application for the LM334 
(or any other CCS, for that matter) is 

shown in Fig. 15. In that circuit, the 
CCS is connected into the inverting 
input of an operational amplifier. The 
output voltage NouT) is found from 
the product of I1 and R2, or H l x R2. 

The output voltage will be constant 
so long as R2 is constant, but if R2 is 

a resistance -based sensor (e.g. ther- 
mistor, photoconductive cell, etc), 
then the output voltage is set by the 

change of resistance, which is in 
turn set by the applied stimulus. 

Well, that about wraps things up. 
As you can see from this article, the 
constant -current source solves a lot 
of circuit problems, and is relatively 
easy to use. It is well worth learning 
about as it is the basis for a large 
collection of circuits used in instru- 
mentation and other fields. S2 

DAYTIME RUNNING LIGHTS 
(continued from page 52) 

frame location to the battery's neg- 
ative terminal; the resistance should 
be less than 2 ohms. Securely mount 
the DRL Adapter to the car. 

Find a source of 12 -volt power 
that can provide up to 15 amps of 
current and is only on when the igni- 
tion switch is in the "on" position. You 
can test the wire by carefully insert- 
ing a needle into the wire and mea- 
suring the voltage with a voltmeter 
while a helper switches the ignition 
on and off. Don't forget to check 
that the wire does not carry any cur- 
rent when the ignition switch is in the 
"accessory" position. 

Use a wire splice to connect the 
12 -volt wire from the DRL Adapter 
to the switched 1 2-volt wire that 
you just found. Next, find a head- 
light connector that is easy to 
access and locate the wire that will 
power the low beams. That might 
not be as easy as it sounds. On 
some cars, high- beam /low -beam 
switching is done from the ground- 
ed side of the circuit. If that is your 
situation, connect the DRL Adapter 
to the common lead of the head- 
lights. Splice the headlight wire 
from the DRL Adapter into that 
headlight wire. 

Before routing and tying off the 
cables, test the DRL Adapter by 
turning on the ignition switch and 
making sure that the headlights do 
not turn on. Start the engine, and 
the headlights should come on at 
somewhat less than full brightness. 
That is easily tested by turning the 
headlights on and off with the 
motor running. When you turn the 
headlights on from the dashboard, 
they should come up to full intensity 
and return to 80% brightness when 
the headlight switch is turned off. 

With everything tested and veri- 

PARTS LIST FOR THE 
DAYTIME -RUNNING LIGHTS 

ADAPTER 
SEMICONDUCTORS 
IC l -LM555 hi -polar timer, integrated 

circuit 
DI- IN759A Zener diode, 12 -volt 
D2- 1N4001 silicon diode 
Q1- 2N3906, silicon transistor, PNP 
Q2- 2N6053, silicon transistor, PNP 

Darlington 
Q3- 2N3904, silicon transistor, NPN 

RESISTORS 
(All resistors are 'A -watt, 5% units.) 
R1-150-ohm 
R2- 330 -ohm 
R3, R6 -1000 -ohm 
R4 -4700 -ohm 
R5, R7- 10,000 -ohm 

CAPACITORS 
C1-0.1- i_LF, ceramic -disc 
C2 -22 -0,F, 25 -WVDC, electrolytic 
C3- 0.001 -pF, ceramic -disc 
C4- 0.05 -pF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 
JI -2 -pin connector 
Case, wire, insulated standoffs, hardware, 

etc. 
Note: The following items are available 

from: Harrison R &D, 9802 Sagequeen, 
Houston, TX 77089; Tel: 281 -485- 
7107; e -mail: dharrison @ghgcorp.com: 
Kit of all parts including PC board, $30; 
PC board only, $7. Please include 
$3.50 for shipping and handling within 
US and Canada. Texas residents 
must add 6'A% sales tax. 

fled to be working properly, route 
the wires and tie them so that they 
will not rub against any sharp edges 
or touch any hot parts on the 
engine. With daytime- running lights, 
everyone will be safer. í2 
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Digital Design and 

Debug Tools Catalog 
Hewlett -Packard Company 
P.O. Box 2197 
Colorado Springs, CO 80901 -2197 
Tel: 800 -452 -4844 
Web: www.hp.com /go/LA- systems 

Free 

CIRCLE 338 ON FREE 
INFORMATION CARD 

Engineers know 
that the right de- 
bugging tools could 
pay for themselves 
many times over. 
The question is 
where to get the 
right tools. This 
catalog offers de- 
bugging tools that 
keep pace with the 

latest designs, from 8 -bit designs to mul- 
tiprocessor systems using the newest 
chips on the market. 

Among the products are oscillo- 
scopes, logic analyzers, logic -analysis 
systems, analysis probes, emulation tools, 
probes, accessories, and the PCI Bus 
Exerciser /Analyzer. The HP 16600A and 
16700A Series Logic Analysis Systems 
are featured. This emulation solution 
series offers insight into hardware/soft- 
ware interaction, software performance, 
and other system -wide behavior that 
extends beyond the processor. 

With the HP 16600A and 16700A, 
hardware designers get measurement 
power, plus processor execution control, 
register access, and other tools to explore 
software- dependent hardware problems 
such as interrupt handling. Software 
designers get debugging and analysis 
tools that overcome the drawbacks of tra- 

43D01OW 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. 1454 or visit on the web at 
http://www.BooksNow.com/electron- 
ics now.htm. 

Free catalogs are not available. 

ditional emulation. And systems design- 
ers get time -correlated views showing 
system activity from analog signals all the 
way to source code. 

Complete explanations of the func- 
tions, operations, and specifications are 
given for all products in this catalog. 

Interrupt -Driven PC System Design 
by Joseph McGivern 
Annabooks 
11838 Bernardo Plaza Court, Suite 102A 
San Diego, CA 92128 
Tel: 800 -462 -1042 or 619- 673 -0870 
Fax: 619- 673 -1432 
e -mail: info @annabooks.com 
Web: www.annabooks.com 
$39.95 
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PC System 
Design 

CIRCLE 339 ON FREE 
INFORMATION CARD 

EISA -, MCA -, or 
board. 

For example, PCI buses provide mini- 
mal support for interrupts. This book 
provides an easy -to- understand, insiders' 
angle on dealing with this and other prob- 
lems. In addition, proven source and com- 
piled "C" code samples give the designer 
a head start in real -world applications. 

Beginning with the basics, the author 
covers the history and evolution of inter- 
rupt -driven systems, data synchroniza- 
tion, and the Intel 8529 Programmable 
Interrupt Controller (PIC), as well as the 
PC's master and slave PIC interrupt 
process. Following chapters cover con- 
trolling the interrupt process, interrupt 
service -routine structures and develop- 
ment, interrupt chaining -link design, 
and the 8529 PIC's Default IR7 features. 

This book is a 

complete overview 
of the issues need- 
ed to understand 
every aspect of the 
PC interrupt sub- 
system and how to 
get the most out of 
it. It is aimed at de- 
signers developing 
interrupt- driven- 
systems on an ISA, 
PCI -based system 

Of special interest to PCI developers will 
be PCI interrupt processing hardware 
and PCI interrupt handling. 

The last section includes application 
development and a series of valuable 
appendices with information on connec- 
tor diagrams with call -outs, program- 
mers' toolkit, PICMG 2.0 and PC/104+ 
interrupt binding specifications, PCI bios 
extensions, and software cross- reference. 

Antennas With Wireless 

Applications 
by Leo Setian 
Prentice Hall 
One Lake Street 
Upper Saddle River, NJ 07458 
Tel: 800 -382 -3419 
Web: www.prenhall.com 
$72 

CIRCLE 340 ON FREE 
INFORMATION CARD 

Designed for tech- 
nicians, engineers, 
or managers, this 
practical guide ex- 
plains how to in- 
stall, maintain, and 
optimize wireless 
antennas. Without 
advanced theory 
and mathematics, 
the book provides 

solutions to difficult wireless problems 
and makes coming up with answers fast 
and easy. 

The author starts with a broad dis- 
cussion of antennas, communication, 
transmission lines, and radiation. All the 
basic mathematics needed to work with 
antennas is covered, including complex 
numbers and phasors. Readers then 
learn about and model all three passive 
elements in an antenna circuit: resistors, 
capacitors, and inductors. 

Subsequent chapters explain critical 
elements of antenna performance. Among 
the topics covered are: antenna imped- 
ance parameters, bandwidth and trans- 
former- related issues, radiation resistance, 
electrical wavelengths, antenna patterns, 



polarization, and wave propagation. 
Using Smith charts to analyze and 

design antenna systems is explained in 
detail. There is a comparison of several 
state -of -the -art cellular radio antennas, as 
well as a discussion of signal processing 
and its implication for signal delivery. 
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and Accessories Catalog 
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Centerville, OH 45459 -4072 
Tel: 800 -543 -4330 
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Free 
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Over 39,000 nation- 
al brand -name items 
for the consumer - 
electronics repair, 
hobbyist, and ser- 
vice industries are 
included in MCM 
Electronics' latest 
catalog. Project 
accessories, semi- 
conductors, con- 

nectors, test equipment, computer and 
home audio products, and OEM TV/ 
VCR repair parts are some of the 5000 
new products that have been added. 

Among the manufacturers represented 
are Weller, Xcelite, Klein, Fluke, Hitachi, 
Sencore, Tektronix, Tenma, RCA, GE, 
Panasonic, ECG, Philips, Magnavox, 
Proscan, Quasar, Technics, Lexmark, 
Pioneer, Monster Cable, and Sony. A 
complete line of Denon replacement parts 
is being offered for the first time. 

Bioelectronics Handbook: 

MOSFETs, Biosensors, & Neurons 
by Massimo Grattarola 
and Giuseppe Massobrio 
McGraw -Hill, Inc. 
1221 Avenue of the Americas 
New York, NY 10020 
Tel: 800- 2MCGRAW 
Web: www.ee.mcgraw- hill.com 
$89.50 

0 ¿A To order books in 

this magazine or, 
any book in print. Please call anytime day or 
night: (800) BOOKS -NOW (266 -5766) or 
(801) 261 -1187 ask for ext. 1454 or visit on the 
web at http: / /www.BooksNow.com/elec 
tronicsnow.htm. 

Free catalogs are not available. 
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HANDBOOK 
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This book serves as 
a first introduction 
to the growing field 
of bioelectronics- 
the comparative 
study of phenome- 
na and mechanisms 
in biology and elec- 
tronics. It explains 
the analogies and 
differences between 
microelectronic 

technologies and natural systems. De- 
signed for engineers, biologists, and bio- 
physicists, the handbook covers every- 
thing from basic bioelectronic concepts 
to the development of neural chips to 
the building of biosensors and neural 
networks. 

Models and simulations of electronic 
and bioelectronic devices are presented. 
The authors describe the materials, con- 
struction, and operations of hybrid bio- 
electronic devices. A thorough discus- 
sion of the Metal Oxide Semiconductor 
Field- Effect Transistor (MOSFET) is 
provided. 

Digital Storage Oscilloscopes 
by Ian Hickman 
Newnes, Butterworth- Heinemann 
225 Wildwood Avenue, Unit B 
P.O. Box 4500 
Woburn, MA 01801 -2041 
Tel: 800 -366 -2665 or 617- 928 -2500 
Fax: 800 -466 -6520 
e -mail: orders®bhusa.comom 
Web: www.bh.com /nwnes 
$29.95 
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Digital storage 
oscilloscopes have 
long since sup- 
planted analog stor- 
age oscilloscopes. 
They have reached 
a degree of sophis- 
tication and perfor- 
mance that enables 
them to rival the 
most advanced real - 
time oscilloscopes. 

This comprehensive handbook pro- 
vides a practical operating guide to the 
instrument for the engineer, as well as 
for students and trainees. The author 
describes how digital storage oscillo- 
scopes work and explains how to use 
them to best advantage. Numerous 
charts and illustrations accompany each 
chapter. A guide to all makes and models 
is included. 

Pro's Guide to Electronics 

Remanutacturing 

by Michael A. Applen 
Night Owl Publishing 
4423 E. Mountain Sage Drive 
Phoenix, AZ 85044 
Tel: 602 - 753 -5161 
e -mail: CMWHISKERS@aol.com 
$18.95 plus $3 S &H 

Electronics manu- 
facturing processes 
have changed more 
and more rapidly. 
This pace will con- 
tinue to increase 
well into the next 
millennium. Those 
changes have left 
open technology 
opportunities for 

entrepreneurs pursuing business that has 
high demand yet limited manufacturing 
capacity. 

To fill the manufacturing gap, this 
book fully reviews the electronics com- 
ponents business plan for passive and 
active devices. A second business plan 
explains the custom data and power 
cabling business. Each plan takes the 
non -expert reader through the evalua- 
tion of component or custom cabling 
technology, components/cabling basics, 
business tools setup, and marketing and 
order fulfillment. 
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"Is This Thing On ?" 
by Gordon McComb 
Prompt Publications 
Howard W. Sams dy Company 
2647 Waterfront Parkway, East Drive 
Indianapolis, IN 46214 -2041 
Tel: 800 -428 -7267 or 317 -298 -5400 
Fax: 317- 298 -5604 
Web: www.hwsams.com 
$14.95 

"I9 THIS 
THING ON 

HMI gna..1. Mt 
..W.., ,...4..r ....... 

CIRCLE 345 ON FREE 
INFORMATION CARD 

Written principally 
for those responsi- 
ble for sound sys- 
tems in churches, 
schools, city offices, 
hotels, and auditori- 
ums, this book takes 
readers through 
everything from 
selecting compo- 
nents to installing, 
adjusting, and main- 

taining sound systems for such venues. 
The science of acoustics is discussed, 
including how sound is affected by an 61 


