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The Fluke 79: 

More Of A Good Thing 
More high-performance features. 
More advanced measurement capa- 
bilities. More of the vital information 
you need to troubleshoot even the 
toughest problems - with both ana- 
log and digital displays. 

Meet the latest, greatest member 
of our best selling 70 Series II family - the new Fluke 79 digital multimeter. 

It picks up where the original fam- 
ily left off. In fact, it's a quantum leap 

forward - in performance, value and 
affordability. 

It's got the features you'd expect 
from Fluke. Including high resolution. 
Fast autoranging. Patented, automatic 
Touch Hold®. A quick continuity 
beeper. Diode test. Automatic self - 
test. Battery -conserving sleep mode. 
And it's just as rugged and reliable as 

the rest of the 70 Series II family. 
Easy to operate, too - with one hand. 

And thanks to the Fluke 79's 
proprietary new integrated circuit 
technology, that's only the beginning. 
When it comes to zeroing in on tough 
electrical problems, the Fluke 79 
leaves the competition behind: 

Frequency: The Fluke 79's built-in frequency 
counter lets you measure from below 1 Hz to 

over 20 kHz. And while you view frequency on 

the digital display, the analog bar graph shows 
you AC voltage. So you can see if potentially 
hazardous voltage is present. 

IIIIIIII 
Fast 63 -segment analog bar graph: The Fluke 

79's bargraph moves as fast as the eye can see, 

updating at a rate of 40 times per second to 

simulate the functionality of an analog needle. 

You get the high speed and high resolution you 
need to detect peaking, nulling and trending. 

Capacitance: No need to carry a separate 

dedicated capacitance tester; the Fluke 79 

measures capacitance from 10 pF to 9999 µF. 

SERIES Il MULTIMETER 

1. ' l' l' npF` 
mV ACr 

1311. - mV DC. l ''I'E' 'A'6'' Mk OH; 

0 1 2 3 4 0 
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PRESS 

RANGE® 11.111 

AUTORANGE, 40f) 
© (TOUCH HOLD) * -.- 

L FUSED 

Actual Size 

40f1 
-Ohms range: Our proprietary Lo -Ohms 
ction lets you measure resistance as low as 

1 ohms. High noise rejection and a test lead 

ro Calibration function make the Fluke 79 

al for detecting small resistance changes. 

SMOOTHING 
mouthing": Our exclusive new Smoothing 
ode gives you a stable digital readout for 
stable signals - by displaying the running 
erage of eight readings. No more jitter or 
igit rattle" due to noisy signals. 

Get a good thing going: To put 
more meter to work for you - at a 

price that works for you, too - head 

for you nearest Fluke distributor. For 

the name of your nearest distributor, 
or for more product information, call 
1 -800 -87 -FLUKE. 

The Fluke 79 comes with a 

yellow holster and patented 
Flex -Stands" - easy to 
hang from a door or pipe, 
clip onto a belt or tool 
kit, or stand at virtually 
any viewing angle. 
There's even storage 
space for test leads. 

Fluke 79 Series II 

4000 Count Digital Display (9999 in Hz, capacitance. 
-i nd Lo -Ohms) 

Ufaa. segment Analog Bar Graph 

#9.3q Basic DC Voltage Accuracy 

Automatic Touch Hold 

i.Ibrode Test, Audible Continuity Beeper 

jAptoranging, Manual Ranging 

'Hester with Flex -Stand 

(rfrequency Counter to over 20 kHz 

li Capacitance, 10 pF to 9999 pF 

Ohms Range with Zero Calibration 

clothing 

Hours Battery Life (alkaline) 

3 -Year Warranty 

Suggested U.S. list price 

LUKE AND PHILIPS 
THE T&M ALLIANCE 

John Fluke Mfg. Co., Inc. P.O. Box 9090, M/S 250E Everett, 
WA 98206. © Copyright 1991. Prices and specifications 
subject to change without notice. Ad no. 00172. 

FLUKE® 
CIRCLE 121 ON FREE INFORMATION CARD 
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Transmit line -level audio distances of up to 60 feet with this easy -to - 
build device. 
Luther M. Stroud, CET, N5TVY 

57 CAR BATTERY TESTER 
This high-tech tester will let you know the conditon of your car's 
battery. 
Thomas R. Fox 
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51 PC PASSWORD PROTECTION 
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There's no doubt that we've all be- 
come spoiled when it comes to mu- 
sic-we're used to having music 
where ever we go. But what happens 
if you feel like listening to a CD in 
your AM/FM/cassette-equipped 
car? Or when you're mowing the 
lawn but your personal portable 
can't pick up your favorite radio sta- 
tion? That's when our FM Stereo 
Broadcaster comes in handy. The 
versatile transmitter can take music 
from any line -level audio source and 
broadcast it anywhere within a 50 
foot range. You can send audio from 
a portable CD player to your car ster- 
eo, or from your home stereo to your 
Walkman. Take a look at the project 
on page 33, and see how many other 
uses you can think of! 
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THE AUGUST ISSUE 
GOES ON SALE 

JULY 7. 

BUILD AN ATV TRANSMITTER 
Complete construction details for an amateur television trasmitter. 

BUILD A TELEPHONE VOICE SCRAMBLER 
Keep your phone conversations private! 

NOTWORKING TO NETWORKING 
An introduction to the hardware basics and benefits of LAN's. 

PC -BASED TEST BENCH 
Build an A/D converter that can be used as a low -frequency oscilloscope. 

As a service to readers, ELECTRONICS NOW publishes available plans or information relating to newsworthy products. 
techniques and scientific and technological developments. Because of possible variances in the quality and condition of 
materials and workmanship used by readers,ELECTRONICS NOW disclaims any responsibility for the safe and proper 
functioning of reader -built projects based upon or from plans or information published in this magazine. 

Since some of the equipment and circuitry described in ELECTRONICS NOWmay relate to or be covered by U.S. patents. 
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$17.97, Canada $25.65 (includes G.S.T. Canadian Goods and Services Tax Registration No. R125166280), all other countries 
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2003 SYNTHESIZED FUNCTION GENERATOR 

J DC to 1.6 MHz 

16 Programmable Memories 

J Optional RS -485 Interface 

nere's Model 2003, Synthesized Function Generator, the 

latest state-of-the-art technology in test instruments. 
Compare the functions and price with other brands. Rivals 
models costing '2000 to 53000. The 2003 features 
menu -driven operation using a 32 -character LCD 

display. And selecting functions couldn't be 

easier via the keypad or the rotary control knob. 
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EDITORIAL 
EVERYTHING CHANGES 

We live in a world of change. Nowhere is that 
more true than in the world of electronics. 
Although this magazine has always changed 
to keep pace with the changes in electronics, 
our name has remained unchanged for 44 
years. 

When Radio -Craft became Radio -Electronics 
in 1948, we thought it was a final choice for a 
new name. But earlier, in 1929, when we 
changed from Radio News to Radio -Craft we 
also believed that we had made a final 
change. 

And so, we now do it again. The name Radio - 
Electronics no longer adequately describes 
what this magazine is all about. As we 
continue to change and evolve, we welcome 
you to the era of Electronics Now. 

If you take a few moments to think about it, 

you can see that Electronics Now is what we 
have really always been. Looking back I see 
us having covered the very first days of 
radio-evolving from our start in 1908 as 
Modern Electrics to the Electrical 
Experimenter in 1912. Yes, even then we were 
Electronics Now. Even before the word 
"electronics" had been coined. 

In 1919 we started covering the birth of 
commercial radio and told our readers how to 
build their own receivers-crystal radios with 
headphones, of course. 

In 1927 we introduced the birth of television in 

the pages of All About Television. In 1930 
Radio -Craft listed 27 experimental TV stations 
and in 1931, Television News came into being. 
In 1937 Radio -Craft showed readers how to 
build their own television receivers. 

Then came FM radio, the consumer 
electronics revolution-color TV, computers, 
CB radio, high-fidelity, stereo, surround 
sound, satellite TV, The VCR, videodisc, CD, 
DAT, projection TV, cellular telephone, and 

Radio -Electronics was always there-and 
always will be. 

Today we continue our evolution to the future. 
Today we become Electronics Now. But 
most important of all, even as we change, we 
continue to be what we have always been: 
your source of everything new and wonderful 
that the modern world of electronics has 
created for us. No matter where tomorrow 
takes us, Electronics Now will be there, just 
as Radio -Electronics, Radio -Craft, The 
Electrical Experimenter, and Modern Electrics 
have always been there-bringing you every 
word of every new happening. 

When the first ham operator transmits from 
Mars, when the first solid -block electronic 
device is sold, when the first 3-D holographic 
display is ready for your video room, 
Electronics Now will bring you the news. 
Electronics Now will explain how it works. 
Electronics Now will help you build your own. 
Electronics Now will continue to be your 
magazine. That is my promise. That is the 
promise of our entire staff-the editors, 
artists, production, circulation, advertising and 
clerical people that bring this publication to 
life. 

So join with us now and come along with us 
on our continuing journey into the 21st 
century. Adventure with us from today into 
tomorrow. We carry the banner of a proud 
new name, but we also follow the dream and 
tradition of the great magazines we have 
always been. Come along with us on our 
quest, our never-ending quest through the 
world of electronics-from yesterday, through 
today and on into tomorrow. Welcome 
Electronics Now! 

)4:4L 
Larry Stecker, EHF/CET 
Editor -in -Chief and Publisher 
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Take One of these GIANT Handbooks 
for only $9.95 

when you join the ELECTRONICS ENGINEERS' BOOK CLUB 

ELECTRONICS 
ENGINEERS' 
HANDBOOK, 
Third Edition 
Edited by D.G. Fink 
and D. Christiansen 

Completely revised, 
expanded, and 
updated, this third 
edition of the desktop 
reference is widely 
considered the 
definitive work in its 
field covering all 
aspects of today's 
electronics engineer- 
ing. Written and com- 
piled by more than 170 experts, this giant 
handbook shows you how to use the latest 
design and cost-cutting solutions at work in the 
industry today. You'll find a wealth of new 
material on electronic systems design, computer 
systems and digital recording, telecommunica- 
tions, process control, laser technology, and 
CAD of electronic circuits. It deals with the full 
range of theory and practice, covering essential 
principles, data, devices, components, 
assemblies, circuits, functions, and applications. 
2,624 pages 1,800 illustrations 
Book No. 9255H Hardcover 

How the Club Works: 
YOUR BENE). I I'S: You get one book for $9.95 ph23 shipping and 
handling when you join. You keep on saving with discounts up 
to 50% off as a member. 
YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 
weeks, you will receive the ET,FCTRONICS ENGINEERS' BOOK 
CLUB News describing the Main Selection and Alternates, as well 
as bonus offers and special sales, with scores of titles to choose 
from. 
CLUB CONVENIENCE & EASY RISK -FREE TERMS: If you 
want the Main Selection, do nothing and it will be sent to you 
automatically. If you prefer another selection, or no selection at 
all, simply indicate your choice on the reply form provided. You 
will have at least to days to decide. As a member, you agree to 
purchase at least 3 books within the next 2 years and may resign 
at any time thereafter. If not satisfied with your books, return 
them within 10 days without obligation. 
EXCEPTIONAL QUALITY: All books are quality publishers' edi- 
tions from ALL the publishers in the field espec_ally selected by 
our Editorial Board to ensure the information is reliable and 
specific enough to meet your needs. 
(Publishers' Prices Shown) ©1992 EEBC, Blue Ridge Summit, PA 17294-0860 

r 

STANDARD HANDBOOK 
FOR ELECTRICAL 
ENGINEERS, 
Twelfth Edition 
Edited by D.G. Fink 
and H.W. Beaty 
This latest edition of 
the long -popular, 
widely -used classic 
Handbook reflects the 
many new changes in 
the field including the 
dramatic new 
advances in computer 
technology for power 
industry manage- 
ment, system plan- 
ning, operation, plant 
monitoring and con- 
trol, design, and construction. Completely revis- 
ed and updated, the Handbook thoroughly 
covers the generation, transmission, distribu- 
tion, control, conservation, and application of 
electrical power. Features a new section on 
project economics and important new material 
on high -voltage transmission systems and con- 
sumer end -user electrical energy. 
2,416 pages 1,388 illustrations 430 tables 
Book No. 020975 Hardcover 

ELECTRONICS ENGINEERS' 
BOOK CLUB MI 

Ì 
Blue Ridge Summit, PA 17294-0860 

OYES! Please accept my membership in the Electronics Engineers' Book Club 
and send the volume indicated below, billing me $9.95. If not satisfied, I may 
return the book within ten days without obligation and have my membership 
cancelled. I agree to purchase at least 3 books at regular Club prices during 
the next 2 years and may resign any time thereafter. A shipping/handling charge 
and sales tax will be added to all orders. 

#9255H Electronics Engineers' Handbook, Third Edition 
#020975 Standard Handbook for Electrical Engineers, Twelfth Edition 

Name 

Address 

City 

State Zip Phone 
Valid for new members only. Foreign applicants will receive special ordering instructions. Cenada must remit 
in U.S. currency. This order subject to acceptance by the EEBC. RPIF792 
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WHAT'S NEWS 
A review of the latest happenings in electronics. 

Ghost -busters 
Multipath distortion-or ghost- 

ing-has been a problem since the 
introduction of television. Ghost im- 
ages occur when a weaker echo or 
reflection travels over either a lon- 
ger or shorter path than the original 
signal and reaches the receiver out - 
of -phase with the prime signal. The 
National Association of Broad- 
casters recently completed field 
tests of ghost -canceling systems 
from AT&T/Zenith, the Broadcast 
Technology Association of Japan, 
David Sarnoff Research Center/ 
Thomson Consumer Electronics, 
Philips Laboratories, and Samsung 
Electronics. 

The tests were conducted by 
three Washington DC TV sta- 
tions-one VHF and two UHF They 
took place at 106 measurement 
sites -70% in strong -signal recep- 
tion areas and 30% in weak -signal 
areas and 318 tests were per- 
formed. According to the NAB re- 
port, "the Philips system con- 
sistently exhibited superior perfor- 
mance relative to the other four systems." 

Philips Laboratories (Briarcliff 

Manor, NY) recently demonstrated 
its Ghost Cancellation System, 
which was developed in coopera- 
tion with Philips Consumer Elec- 
tronics Company (Greeneville, TN) 
and Magnavox CATV Systems 
(Manlius, NY). The system depends 
on a ghost cancellation reference 
(GCR) signal that eliminates moving 
ghosts as well as ghosts in weak - 
signal and noisy. reception areas. 
The GCR signal is sent during the 
blanked portion of the TV raster. 
When it reaches the receiver, the 
reference signal has undergone the 
same ghosting distortions as the TV 
picture. 

A processor integrated circuit 
analyzes the distortions and calcu- 
lates corrections, and filter ICs per- 
form cancellation. Two generations 
of ghost filter chips capable of can- 
celing many strong ghosts simulta- 
neously have been developed. The 
first generation filter chips are being 
produced by VLSI Technology. Sec- 
ond -generation chips, jointly de- 
signed by TLW, a Boston consulting 
firm, and Hewlett-Packard, are 
being manufactured by HP. 

The system also includes a pro - 

PHILIPS VIDEO GHOST CANCELLER for television sets (center) eliminates the ghosts 
that appear on TV screen at left so they look like the sharp picture at right. 

totype Philips deghoster, firmware 
that was found to be reliable in 
NAB's tests. Philips' scientists de- 
veloped mathematical algorithms 
and processing software to control 
the hardware. 

The Advanced Television Sys- 
tems Committee is scheduled to 
select the standard GCR for the 
United States in a few months. 
Meanwhile, Philips Consumer Elec- 
tronics Company and Magnavox are 
working to include the Philips Ghost 
Cancellation System in their Philips, 
Magnavox, and Sylvania color TV 
receivers. Magnavox CATV Sys- 
tems will begin selling the VECTOR 
video echo canceler in May. Ac- 
cording to Magnavox CAW, it will 
provide ghost -free TV reception for 
cable TV subscribers. 

Digital major-league 
broadcast 

CBS Radio broadcast the Cincin- 
nati Reds' opening game at 
Riverfront Stadium to start its 17th 
season of Game of the Week 
coverage. However, this time there 
was a difference: advanced digital 
broadcast technology was tried. 
The result was crisper sound for the 
fans and a large savings for CBS. 

Traditional satellite and long-dis- 
tance voice circuits require an on - 
site satellite truck, an army of tech- 
nicians, and as many as four satel- 
lites to complete the long-distance 
feeds between New York and the 
stadium. All this costs about $2500 
per feed. By contrast, the new CBS 
approach depends on on MCI Com- 
munications' Switched 56 full -du- 
plex digital service for transmission 
of its broadcasts from major league 
ball parks around the country to its 
New York facilities. The an- 
nouncer's voice is digitized and 
compressed before it is sent over 
MCI's digital network at about the 
same cost as a regular phone call. 

Switched 56 circuits are installed 
at each of the major league ball - 

Continued on page 50 
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ASAP JIT MRP 
OUR DISTRIBUTORS HELP 
ABBREVIATE YOUR 
PROCUREMENT CYCLE! 

AeroM, k Aerovox. 
Aluminum Electrolytic Capacitors for DC DC Film and RFI Suppression Capacitors. 

Applications and AC Motor Starting AC Oil Capacitors, EMI Filters 

AM p / \vh:( CORPORATION 
Electrical/Electronic Connectors, 

IC Sockets, PCB Switches 

CAROL 
CROL Celf COMPANY .NC 

Electronic and Electrical Wire and Cable 
and Power Supply Cords 

A COMPANY OF 

Dale Electronics, Inc. 
Resistors, Networks, Oscillators, Displays. 

Inductors & Thermistors 

MLC, Tantalum and Thin Film 
Capacitors, Resistors, 
Networks, Trimmers, 

Oscillators, Resonators, Filters 
and Piezo Devices 

Tubing, Conduits, Hose Sleevings, Splices, 
Insulation and Cable amess Products 

J INDUSTRIES, INC. 
BATTERIES: Computer, Cordless 

Phone, Scanner & R/C. 
ANTENNAS: Cordless Phone (metal & 

rubber), Scanner Bumpers, 
Grommets and Stik-On Feet 

(OAS SPEER ELECTRONICS, INC. 
Resistors, SMT Tantalum Capacitors Inductors, 

Resistor Networks, SMT Thermistors 

KEMET 
Electronics Corporation 
Solid Tantalum, Multi -Layer 
Ceramic, and Surface Mount 

Capacitors 

A COMPANY OF 

Tantalum Capacitors, Wet & Foil 
Capacitors, Resistor Networks, 

Resistor Capacitors Networks, Filters 

MALLORY 

e, Cab e, Tubing, Electronic 
Int r onnect Products 

BURNDY 
an FCI Company 

Electronic Connectors 

Bussmann 
Fuses, Fuseholders, Fuse Blocks, 

and Fuse Accessories 

IteARHOeN 

%S ns 
Wire, Cable and Tubing 

E TN 
Eaton Corporation Commercial 
& Military Controls Operation 

Switches, Relays, Displays and Keyboards 

North American Capacitor Company 
Tantalums, Aluminums, Sonalerts 

Ceramics, Films, AC's and DPI Filters 

Philips ECG 
A North American Philips Company 

Semiconductors, Test Equipment. 
Relays. A/V Parts and 

Chemicals 

S 
A MaVIhs Company 

Switches, Connectors, Jacks, Plugs, 
Jackfields & Audio Accessories 

CDE CORNELL' 
DU BI LIER 

Capacitors - Aluminum 
Electrolytics, MICA, AC Oil, Film and 

Relays 

Du Pont Connector Systems 

POe 
An expanding line of reliable 

Interconnections, Packaging, and 
Subsystems 

A 

T 

GERNSBACK 
T PUBLICATION 

Electronics Now Magazine 

MceAenhattan ELECTRCCRPORATION 

Electrical and Electronic Wire, 
Cable and Connectors 

MURATA ERIE NORTH AMERICA 

Monolithics, Discs, Variable Capacitors, 
Oscillators Potentiometers, RFI/EMI Filters, 

Microwave, Surface Mount Capacitors 

Quam 

GENERAL 
DEVICES 

eave Manufacturers rersre 

re 

Slides, Chassis, Cable Camera, Shelves, 
Racks, Cabinets, Enclosures 

411> 
NTE E[.>;crxorrlcs, INC 
A WORLDWIDE REPUTATION FOR pall,,. SERVICE ato MBA 

Loudspeakers and Commercial Sound 
Products 

Semiconductors, Resistors, 
Capacitors. Relays 

Roederstein 
Film, and REI Suppression Capacitors. 
Aluminum and Tantalum Electrolytic 

Capacitors, and Resistors - 

Thomson Consumer Electronics, Inc. 

Cleaners/Degreasers, Swabs/Wipes, 
Brushes and Wick 

Distributor and Special Products 
Replacement parts for RCA and GE 

consumer electronics products. 

Whenever you need electronic products, make 
your initial call to a distributor. Distributors 
help speed up your time to market, providing 
the convenience, the economy, the value, and 
above all, the service that helps make you 
competitive. 

The sponsors of this message know how 
important it is - to us and to your MRP -to 
get product ASAP or JIT. Another important 
abbreviation is EIA. Our participation in the 
Electronic Industries Association's Components 
Group makes us all more competitive, through 

fostering better working relations and coherent 
industry standards, and through the sharing of 
ideas to help both buyers and sellers. 

In choosing your component supplier, look for 
the marks of leadership - availability through 
distribution and membership in the EIA. 

Electronic Industries 
Association/Components Group 
2001 Pennsylvania Avenue, N.W. 11th Floor 
Washington, D.C. 20006 
Phone: (202) 457-4930 Fax: (202) 457-4985 

Committed to the competitiveness of the 
American electronics producer 7 



VIDEO NEWS 
What's new in the fast -changing video industry. 

DAVID LACHENBRUCH 

Movies on CD's. In a little - 
noted but historic event last March, 
Philips demonstrated full -motion 
video of at least VHS quality on a 

standard compact disc. Spectators 
at the International Conference and 
Exposition on Multimedia and CD- 
ROM in San Francisco gasped at 
the quality of the moving images 
presented in the CD -Interactive 
(CD -I) demonstration. Philips, 
which is now selling CD -I players 
and discs without full motion, hinted 
that the future discs could ultimately 
be used for movies, music video, 
and full -motion games in the home. 

The CD -I players currently being 
sold in the United States are de- 
signed to accept a plug-in adaptor 
for full -motion video, which is due 
late this year, at an unannounced 
price, and the next model CD -I play- 
er is expected to have full motion 
built in. Because the maximum play- 
ing time of a CD is 72 minutes, the 
CD -I's application as a movie medi- 
um would depend on the future in- 

troduction of a CD -I changer. That 
product is believed to be under de- 
velopment, but Philips won't com- 
ment on that project. 

HDTV landmark. The first live, 
over -the -air broadcast of a digital 
high -definition TV system was re- 
ceived in the United States Capitol 
Building, fitting for the momentous 
occasion. The system, DigiCipher 
developed by General Instrument 
and MIT, is one of five systems 
being evaluated by the FCC's Ad- 
vanced TV Advisory Committee. 
The signal originated at WETA-TV, 
Washington's Public TV station, op- 
erating at about 2% of the station's 
normal power. One prime require- 
ment for digital TV is low -power 
transmission. 

The station broadcast a pre- 
recorded program from a high -defi- 
nition tape player. In the audience at 
the Capitol were about 50 people, 
including Speaker of the House 

8 Foley and four FCC commissioners. 

They viewed the broadcast on a 65 - 
inch Hitachi projection set and two 
28 -inch Sony direct -view monitors. 
The broadcast was also suc- 
cessfully carried by the Capitol Hill 
Cable System. The demonstration 
proved that digital HDTV broadcast- 
ing is feasible. The other three pro- 
posed digital HDTV systems have 
been demonstrated in prototype 
closed-circuit operation, but not in 

on -the -air broadcasts. DigiCipher 
was the first digital HDTV system to 
be tested by the Advanced TV Test 
Center in prior to an FCC decision. 

The timetable slips. There 
was bad as well as good news on 
the HDTV front. In an interim report, 
the FCC's Advanced TV Advisory 
Committee said that the timetable 
for testing proposed systems by 
the Advanced TV Test Center had 
slipped by more than four months. 
Under the new timetable the com- 
mittee plans to recommend the win- 
ning system, based on its lab tests, 
by early February 1993. The decison 
had been originally scheduled for 
September 30, 1992. The system 
that performs best in the test cen- 
ter's lab tests will be field tested in 

an actual broadcast from Charlotte, 
NC. Field testing is expected to be 
complete by June of 1993. The run- 
ner-up system will also be field test- 
ed if problems develop with the 
winning system. The FCC will make 
its decision shortly thereafter. 

HDTV sets-how soon? 
FCC Chairman Alfred Sikes fore- 
cast that despite slippage in its test- 
ing timetable, the public will be able 
to buy HDTV sets between 
mid -1995 and mid -1996. But the 
question of when and how much still 
remains hotly debated. Roy Pollack 
of Fordham University, formerly ex- 
ecutive vice president at RCA in 

charge of its electronics business, 
told a recent seminar that such fore- 
casts are "an unfortunate example 
of hype and wishful thinking." Sol- 

omon Buchsbaum, senior vice pres- 
ident of AT&T's Bell Laboratories, 
reported that he saw "no reason 
HDTV should cost any more than a 

set built with today's technology five 
to 10 years from now." However, he 
conditioned his forecast on con- 
tinuing progress in the manufacture 
of low-cost, flat -panel LCD displays 
suitable for HDTV as replacements 
for the cathode-ray tube. 

Another concern is how soon TV 
stations will begin adding the HDTV 
high -definition channels that they 
have been granted. A real possibility 
exists that HDTV will begin on cable 
or satellite rather than as direct TV 
broadcasts. Commenting on esti- 
mates that it might take five to eight 
years for HDTV sets to reach 1% 

penetration of U.S. homes, Stanley 
Hubbard, head of the forthcoming 
50 -channel U.S. Satellite Broad- 
casting Company, noted that no lo- 

cal station could afford to broadcast 
to only 1% of its viewing area. How- 
ever, he said 1°A of the viewing pop- 
ulation would be a profitable 
audience for one channel of a satel- 
lite system covering the entire 
United States. 

More ghost -busting. Shortly 
after engineering tests by the Na- 
tional Association of Broadcasters 
proclaimed that the Philips ghost - 
canceling system was "superior in 

every respect" to its four com- 
petitors, Cable TV Laboratories re- 
ported on its own tests. It found that 
the rival system submitted by David 
Sarnoff Research Center per- 
formed best "in virtually every 
test." The conflict in the findings 
raised a question about whose 
tests are better. Was the Philips 
system better at canceling the 
widely spaced ghosts typical of 
broadcast TV, whereas the Sarnoff 
system fared better with the closely 
spaced ghosts typical of cable TV? 
The industry eventually expects to 
select a single system for both 
broadcast and cable. R -E 
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Never before has so much 
professional information on the art 
of detecting and eliminating 
electronic snooping devices-and 
how to defend against experienced 
information thieves-been placed 
in one VHS video. If you are a 
Fortune 500 CEO, an executive in 
any hi -tech industry, or a novice 
seeking entry into an honorable, 
rewarding field of work in 
countersurveillance, you must 
view this video presentation again 
and again. 

Wake up! You may be the victim of 
stolen words-precious ideas that would 
have made you very wealthy! Yes, profes- 
sionals, even rank amateurs, may be lis- 
tening to your most private con- 
versations. 

Wake up! If you are not the victim, 
then you are surrounded by countless vic- 
tims who need your help if you know how 
to discover telephone taps, locate bugs, or 
"sweep" a room clean. 

There is a thriving professional service 
steeped in high-tech techniques that you 
can become a part of! But first, you must 
know and understand Countersurveilance 
Technology. Your very first insight into 
this highly rewarding field is made possi- 
ble by a video VHS presentation that you 
cannot view on broadcast television, sat- 
ellite, or cable. It presents an informative 
program prepared by professionals in the 
field who know their industry, its tech- 
niques, kinks and loopholes. Men who 
can tell you more in 45 minutes in a 
straightforward, exclusive talk than was 
ever attempted before. 

Foiling Information Thieves 
Discover the targets professional 

snoopers seek out! The prey are stock 
brokers, arbitrage firms, manufacturers, 
high-tech companies, any competitive 
industry, or even small businnesses in the 
same community. The valuable informa- 
tion they filch may be marketing strat- 
egies, customer lists, product formulas, 
manufacturing techniques, even adver- 
tising plans. Information thieves eaves- 
drop on court decisions, bidding 
information, financial data. The list is 
unlimited in the mind of man-es- 
pecially if he is a thief! 

You know that the Russians secretly 
installed countless microphones in the 
concrete work of the American Embassy 
building in Moscow. They converted 

pzg 

CALL 
NOW! 

1-516-293-3751 
HAVE YOUR 

VISA or MC CARD 
AVAILABLE 

what was to be an embassy and private 
residence into the most sophisticated re- 
cording studio the world had ever 
known. The building had to be torn 
down in order to remove all the bugs. 

Stolen Information 
The open taps from where the informa- 

tion pours out may be from FAX's, com- 
puter communications, telephone calls, 
and everyday business meetings and 
lunchtime encounters. Businessmen need 
counselling on how to eliminate this in- 
formation drain. Basic telephone use cou- 
pled with the user's understanding that 
someone may be listening or recording 
vital data and information greatly reduces 
the opportunity for others to purloin 
meaningful information. 
r 

CLAGGK INC. RE, 
P.O. Box 4099 Farmingdale, NY 11735 

Please nnh my copy of the Countersurveillance Techniques 
Video VHS Cassette for a total cost of $53.95 each (which 
includes $4.15) postage and handling). 

No. of Cassettes ordered 
Amount of payment S 

Safes tax (N.Y.S. only) 
Total enclosed 
Hill my E VISA E MasterCard 
Card No. 

Expire Date / 

Signature 

Name 

Address 

City State ZIP 

All payments in U.S.A. funds. Canadians add 54.00 per VHS 
cassette. No foreign orders. 

L J 

The professional discussions seen on 
the TV screen in your home reveals how 
to detect and disable wiretaps, midget 
radio -frequency transmitters, and other 
bugs, plus when to use disinformation to 
confuse the unwanted listener, and the 
technique of voice scrambling telephone 
communications. In fact, do you know 
how to look for a bug, where to look for a 
bug, and what to do when you find it? 

Bugs of a very small size are easy to 
build and they can be placed quickly in a 
matter of seconds, in any object or room. 
Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 
bug to fool you into believing you found a 
bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there were 
more bugs. 

The professional is not without his 
tools. Special equipment has been de- 
signed so that the professional can sweep 
a room so that he can detect voice -acti- 
vated (VOX) and remote -activated bugs. 
Some of this equipment can be operated 
by novices, others require a trained coun- 
tersurveillance professional. 

The professionals viewed on your tele- 
vision screen reveal information on the 
latest technological advances like laser - 
beam snoopers that are installed hun- 
dreds of feet away from the room they 
snoop on. The professionals disclose that 
computers yield information too easily. 

This advertisement was not written by 
a countersurveillance professional, but by 
a beginner whose only experience came 
from viewing the video tape in the pri- 
vacy of his home. After you review the 
video carefully and understand its con- 
tents, you have taken the first important 
step in either acquiring professional help 
with your surveillance problems, or you 
may very well consider a career as a coun- 
tersurveillance professional. 

The Dollars You Save 
To obtain the information contained in 

the video VHS cassette, you would attend 
a professional seminar costing $350-750 
and possibly pay hundreds of dollars more 
if you had to travel to a distant city to 
attend. Now, for only $49.95 (plus 
$4.00 P&H) you can view Countersur- 
veillance Techniques at home and take 
refresher views often. To obtain your 
copy, complete the coupon below or call 
toll free. 9 



ASK R -E 

Write to Ask R -E, Radio -Electronics, 500-B Bi -County Blvd., Farmingdale, NY 11735 

PICK UP THE BEAT 
What kind of pickup device 

would I need to display a heart- 
beat on my oscilloscope? I've 
tried a stethoscope with an elec- 
tret mike and a preamp, but was 
unable to pick up anything.-C. 
Tracey, Marion, VA 

A standard oscilloscope isn't 
really the best display device for 
heartbeats because the per- 
sistence of the phosphor used in 

most CRT's isn't very high. That's a 
factor because, at an average of 70 
beats per minute, you'd have to 
have the trace speed down some- 
where about one sweep per sec- 
ond. A digital scope would be much 
better because the waveform could 
be stored and displayed until the 
next heartbeat was detected. 

Regardless of the kind of scope 
you use, designing a pickup is a 

common problem. I'm surprised you 
weren't able to use the mike -and - 
stethoscope approach because 
there's no reason why you can't am- 
plify the audio signal enough to 
meet the voltage requirements of 
most oscilloscopes. You didn't 
send in the circuit you used, but I'd 
be willing to bet that a bit of redesign 
would be in order. 

If you want to raise the detected 
signal to logic levels, you can use 
the circuit shown in Fig. 1. It's the 
front end of a pulse meter I built 
some years ago, and it has worked 
reliably since then. The circuit is in- 
teresting because it uses an in- 
frared detector as the pickup. The 
detector can be put anywhere on 
the body, but the best places are at 
the body's pulse points such as the 
neck or wrist. 

When the heart pumps, there's an 
increase in blood volume in all the 
arteries of the body-from the ma- 
jor ones at the pulse points down to 
the small capillaries under the skin. 
The difference in blood density 
causes a change in the infrared re- 
flectivity of the skin, and that can be 

io detected by any phototransistor 
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FIG. 1-TO RAISE A HEARTBEAT SIGNAL to logic levels, you can use this circuit. The 
infrared detector can be put anywhere on the body. When the heart pumps, the 
increase in blood volume causes a change in the infrared reflectivity of the skin, which 
can be detected by any infrared phototransistor. 

whose bandwidth extends into the 
infrared region. 

The device I used as the detector 
was an F104 made originally by Fair- 
child. It's an infrared emitter and 
phototransistor mounted in a single 
plastic package. The openings for 
each part of the device, as shown in 

Fig. 2, face in the same direction so 
that the phototransistor can see the 
emitter's light only if it's reflected off 
a surface. When you put it against 
the skin, the infrared light pene- 
trates the skin and the phototran- 
sistor senses the reflected changes 
in blood density each time the heart 
pumps a new volume of blood into 
the arteries. 

The output of the circuit is high 
enough to function as the trigger 
signal for a standard 555, so you 
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FIG. 2-BECAUSE THE OPENINGS for 
the infrared emitter and phototransistor 
face the same direction, the phototran- 
sistor can see the emitter's light only if 
it's reflected from a surface. 

shouldn't have any trouble seeing it 
with an oscilloscope. If your scope's 
inputs are good enough, you might 
be able to pick up the signal off the 
collector of Q2 (or even right off the 
collector of the phototransistor), 
and get rid of the rest of the circuit. 
Good luck. 

VIDEO MIXER 
I have a video camera and a 

computer with a composite vid- 
eo output that I've been trying to 
mix together to get special 
effects. Is there some simple 
way that I can do that? I've tried 
several methods but haven't 
had any luck so far.-E. 
Guerard, Montreal, CA 

Mixing video is very, very different 
from mixing audio. The video signal, 
as I've mentioned here on numer- 
ous occasions, is one of the most 
complex waveforms that exist. 

Each line of video has both a data 
area (the picture), and a control area 
(the horizontal interval), as shown in 

Fig. 3. What you want to do when 
you mix two or more signals to- 
gether is to combine the picture 
areas but still use only a single con- 
trol area. Because the control area 
tells the TV where to turn on the 
electron beam on the right side of 

Continued on page 72 



48 HOUR 
SHIPPING 

ELENCO & HITACHI PRODUCTS CALOLLFREE 
TORDER 

1-800-292-7711 
1-800-445-3201 (Can.) AT DISCOUNT PRICES 

Hitachi RSO Series 
(Portable Real-time Digital Storage Oscilloscopes) 
VC -6023 - 20MHz, 20MS/s $1 695 
VC -6024 - 50MHz, 20MS/s $1 995 
VC -6025 - 50MHz, 20MS/s $2,195 
VC -6045 - 100MHz, 40MS/s Call 
VC -6145 - 100MHz, 100MS/s Call 

RSO's from Hitachi feature roll mode, averaging, save 
memory, smoothing, interpolation, pretriggering, cursor 
measurements. These scopes enable more accurate, 
simplier observation of complex waveforms, in addition to 
such functions as hardcopy via a plotter interface and 
waveform transfer via the RS -232C interface. Enjoy the 
comfort of analog and the power fo digital. 

25MHz Elenco Oscilloscope 
$349 
S-1325 
Dual Trace 

1 mV Sensitivity 
6" CRT 

X -Y Operation 
TV Sync 

(2) lx, 10x Probes included 

SPECIAL BUY 
V-212 - 20MHz Scope $409 

Hitachi Portable Scopes 
DC to 50MHz, 2 -Channel, DC offset func- 

tion, Alternate magnifier function 
V-525 - CRT Readout, Cursor Meas. $995 
V-523 - Delayed Sweep $975 
V-522 - Basic Model $875 
V-422 - 40MHz $775 
V-223 - 20MHz delayed sweep $695 
V-222 - 20MHz deluxe $625 

20MHz Digital Storage Oscilloscope 
Analog/Digital Scope 
2K word per channel memory 
10MS/s sampling rate 
State -of -art technology $775 
includes probes 
S-1360 60MHz Delay Sweep $775 

DS203 

HITACHI COMPACT SERIES SCOPES 
This series provides many new functions such as CRT 
Readout, Cursor measurements (V -1085/1065Á/665A), Fre- 
quency Ctr. (V-1085), Sweeptime Autoranging, Delayed 
sweep and Tripper Lock using a 6 -inch CRT.You don't feel 
the compactness in terms of performance and operation. 

V-660 - 60MHz, Dual Trace $1 149 
V -665A - 60MHz, DT, w/cursor $1 345 
V-1060 - 100MHz, Dual Trace $1 395 
V -1065A - 100MHz, DT, w/cursor $1,649 
V-1085 - 100MHz, QT, w/cursor $1.995 
V -1100A - 100MHz, Quad Trace $2,195 
V-1150 - 150MHz, Quad Trace $2,695 

Elenco 40MHz Dual Trace 
Good to $495 

50MHz 
S-1340 

High luminance 6" CRT 
1 mV Sensitivity 

V l 10KV Acceleration Voltage 
9ns Rise Time 
X -Y Operation 

Includes (2) 1x, 10x Probes 
All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi 
scopes. Call or write for complete specifications on these and many other fine oscilloscopes. 1X, 10x Scope Probes: P-1 65MHz $17.95, P-2 100MHz $21.95 

Digital Capacitance Meter 
CM -1550B 

$58.95 
9 Ranges 

.1 pf-20,000ufd 
.5% basic accy. 

Zero control w/ Case 
Big 1' Display 

MIMI 

t t 

Digital Multimeter 
with 

Inductance & 

Capacitance 

$75.00 
LCM1850 

Ten Functions 

Quad Power Supply XP -580 

$69.95 
2-20V @ 2A 

12V CO IA 
5V @ 3A 

-5V @ .5A 

Fully regulated and short circuit protected 

GF -8016 Function Generator 
with Freq. Counter 

$249 
Sine, Square, Triangle 

Ramp, Rammp, .2 to 2MHz 
Freq Counter .1 - 10MHz 
Int/Ext operation 

GF -8015 without Freq. Meter $179 

Learn to Build and Program 
Computers with this Kit 

Includes: All Parts, Assembly and Lesson Manual 

Model 

MM -8000 

$129.00 

Starting from scratch you build a complete system. Our 
Micro -Master trainer teaches you to write into RAMs, 
ROMs and run a 8085 microprocessor, which uses 
similar machine language as IBM PC. 

WE WILL NOT BE UNDERSOLD 
UPS SHIPPING: 48 STATES 5% 

IL RES 7.5%TAX (S3 min 810 max) 
OTHERS CALL 

--- Multimeter with 
j UDC' Capacitance & 

rry . o Transistor Tester 

$55 CM -15008 
Reads Volts, Ohms 

- - - Current, Capacitors, 
Transistors and 

Diodes / with case 

Digital Triple Power Supply 
XP -765 

$289 +tq. lea ,q,*, 
0.20V@ 1A we.. Ai-- 0-20V CO to 

5V @ 5A 

Fully regulated, Short circuit protected 
with 2 limit control, 3 separate supplies 

XP -660 with Analog Meters $195 

Function Generator 
Blox 

-- 

Provides sine, dangle, square 
wave from 1Hz to 1MHz 

AM or FM capability 

Wide Band Signal 
Generators 

SG -9000 $129 
RF Freq 100K-450MHz AM Modula- 

tion of 1KHz Variable RF output 

SG -9500 w/ Digital Display & 

150 MHz built -In Counter $249 

FLUKE 
Scopemeters 

$1,095 
$1,395 
$1,695 

Model 93 
Model 95 
Model 97 
10 Serles 
Model 10 
Model 12 

$62 
$79 

MULTIMETERS 
(All Models Available Call) 

.00 70 Series 
.00 Model 7011 $65.00 
.00 Model 7711 $145.00 

Model 7911 $169.00 
.95 80 Series 
.95 Model 87 $289.00 

AM/FM Transistor 
Radio Kit 

with Training Course 

Model AM/FM 108 

$26.95 
14 Transistors 5 Diodes 

Makes a great school project 

True RMS 41/2 
Digit Multimeter 

M-7007 

$135 
.05% DC Accuracy 
.1% Resistance 
with Freq. Counter 
Data Hold 

XK-500 Digital / Analog Trainer 
A complete minl-lab for building, testing, prototyping analog and digital circuits 
Elenco's Digital/Analog Trainer Is specially designed for school projects, with 5 built -In power 

supplies. Includes a function generator with continously variable, sine, triangular, square wave 

forms. All power supplies are regulated and protected against shorts. 

Power Supplies 
It Variable Power Supply 

+1.25 to 20VDC @ .5 Amp 
(+1.25 to 15VDC @ 1 Amp) 
-1.25 to -20VDC @ .5 Amp 
(-1.2510 -15VDC @ t Amp) 
+12VDC @ 1 Amp 
-12VDC @ 1 Amp 
+5VDC @ 1 Amp 
30VAC Center lapped 
@ 15VAC at 1 Amp 

Analog Section 
Function Generator Sine, 
Triangular, Square wave forms 
Frequency adjustable in five 
ranges from 1 to 100KHz 
Fine frequency adjust 
Amplitude adjust 
DC offset 
Modulation FM -AM 

Digital Section 
Eight data swishes 
Two no bounce logic switches 
e LED readouts TTL buffered 
Clock frequency 1 to 100KHz 
Clock amplitude 5VPP square wave 

Breadboards 

e 
breadboards, 

points (total 149.95 Assembled 

C&S SALES INC. 
1245 ROSEWOOD, DEERFIELD, IL 60015 

FAX: 708-520-0085 (708) 541-0710 

t7ig 
15 DAY MONEY BACK GUARANTEE 
2 YEAR WARRANTY 
WRITE FOR FREE CATALOG 

11 

CIRCLE 109 ON FREE INFORMATION CARD 



Write to Letters, Radio -Electronics, 500-8 Bi -County Blvd., Farmingdale, NY 11735 

MIDI COMPATIBILITY QUESTIONS 
Judging from reader reaction, my 

article, "MIDI Interface For Your 
PC" (Radio -Electronics, March 
1992) has been well -received and 
has introduced a lot of people to 
MIDI. But some reservations have 
been expressed over the interface 
not being MPU-401 compatible. 

Maybe some readers have gotten 
the impression that the interface 
can be used only with the Voyetra 
software that was available pack- 
aged with the card. That is not at all 
the case. For example, many read- 
ers have asked if the interface can 
be used with Cakewalk (another 
popular sequencer/editor) or Music 
Printer Plus (a popular program for 
printing musical scores from MIDI 
data) or with numerous other pro- 
grams, and the answer is yes. 

Some readers may have gotten 
the idea that since a PCM68 inter- 
face does not appear on the set-up 
menu of software that they already 
own, the software will not support 
this card. That is usually a case of 
the PCM68 not existing at the time 
the software was published, and 
most publishers will be happy to 
supply the appropriate drivers for 
the card if asked. Some packages 
will list a CMS -101 interface on their 
menu of options; that selection will 
generally drive the first port of the 
Radio -Electronics card (the 
second port doesn't exist on a 

CMS -101). 
Kits presently shipped by PAiA 

include a disk that has, in addition to 
shareware toys and tools, VAPI driv- 
ers for the interface. Many software 
packages are VAPI compatible, and 
those drivers allow the user to ex- 
ploit both ports of the PCM68 with- 
out having to go to the publisher for 
revisions. By the time this letter ap- 
pears in print, that disk will also in- 

clude drivers that run under 
Windows 3.1. 

It's true that software packages 
that can use only an MPU-401 or 

12 clone for an interface will not be able 

to drive the PCM68. Fortunately, 
the number of programs that are so 
narrow in their scope of support is a 

small and dwindling part of an other- 
wise expanding applications base. 
You can see why: A comparable sit- 
uation would be a word processor 
that worked with only one kind of 
printer. 

When you're running a program 
like Multi -Media extended Harvard 
Graphics running under Windows 
3.1 with your Radio -Electronics 
interface, are you really so con- 
cerned that it's not compatible with 
MPU-401? 
JOHN SIMONTON 

ZEROING IN 

The response to J. Mullane's 
question concerning electronic dice 
("Skip the Zero, "Ask R -E, Radio - 
Electronics, April 1992) drew an 
avalanche of mail from our on -the - 
ball readers. Below is a sampling of 
some suggestions for improved, 
easier solutions to Mr. Mullane's di- 
lemma.-Editor 

The problem is the 7490; it's the 
wrong one. Mr. Mullane simply 
needs to drop in a presettable coun- 
ter in its place. I recommend a 

74161 as illustrated in Fig. 1; others 
are also suitable. Simply enter the 
lowest or starting number on the 
preset inputs via grounds and pullup 
resistors. Then decode the outputs 
for the highest or ending number 
with simple gates to trigger the pre- 
set load pin of the counter. The fol- 
lowing clock pulse simply starts the 
count over. 

Although EPROM's might be 
cheap, this is cheaper. If the reader's 
skills were at the level where he 
might have a PROM burner, 
chances are he wouldn't need to 
write you. This solution seems more 
suited to his needs. Furthermore, 
your assertion that someone "inter- 
ested in electronics" should really 
have a PROM burner on the bench 
seems inappropriate. My daily work 
in high -power audio, power control, 
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Fig. 1-One reader's 74161 solution to 
"Skip the Zero." 

and video display seldom requires 
the use of ROM's, even though my 
interest level is high, thank you very 
much. There's much more to life 
than computers. 
T.M. ENZO 
East Lansing, Ml 

What is referred to in the fifth 
paragraph of your response to Mr. 
Mullane as a major engineering 
problem actually can be solved with 
one 7483 4 -bit adder. Also, the 
problem of getting the 7490 to reset 
after a count of six pulses can be 
solved by using the first three 
stages of a 7492, as shown in Fig. 2. 
The idea is to add one to each cou- 
nt, which is easy with a 7483; with- 
out it, we would have a major 
engineering problem. Thanks for an 
interesting column. 
RODGER ROSENBAUM 
Seattle, WA 

If Mr. Mullane could get by with 
six LED's instead of a seven -seg- 
ment display, I suggest he use a 

4017 or 4022 counter and connect 
the Q6 output to the clear input. 



1Vhere will it be? Hawaii? Las Vegas? Mexico? The Ba- 
hamai It's up to you. We're going to send you a free 
coupon for up to six days and five nights of free lodg- 

ing at the destination of your choice. Now did we get your at- 
tention? 

Here's how it works: We sell books, and instead of adver- 
tising our program on TV (at great expense) we decided to 
pass the savings along to you. 

When you decide to participate in our program, we'll send 
you a booklet of 40 coupons and a catalog listing our current 
book offerings. Purchase one book and include one of the 
coupons for your second book. In all, you'll get 40 books for 
your $19.95 investment. 

When we receive your fifth coupon, there's a bonus for you 
in the form of a free membership in the Grocery Savers of Amer- 
ica. This will entitle you to save up to $50 or more on your 
monthly grocery bill. And on receipt of your 15th coupon, you 
automatically get a free membership in The Great American 
Traveler, entitling you to receive a 50% savings on hotels, mo- 
tels and car rentals. On receipt of your 20th coupon, Bingo! 
You get that big free lodging for six days and five nights at your 
choice of Hawaii, Mexico, Las Vegas or the Bahamas. 

You're going to be very impressed with the book selections 
as well. These are not all paperbacks, but the same, high -qual- 
ity volumes you see in bookstores at many times your own pur- 
chase price. Frankly, there just isn't enough room on this page 

to outline all of 
the details, but 
don't pass this up! 
Send us your name, 
address and $19.95 
so we can send you all 
of the information, in- 
cluding your catalog 
and 40 -coupon book 
today. MasterCharge and 
Visa are accepted. 

r 
CLAGGK Inc. 
P.O. Box 4099 
Farmingdale, New York 11735 
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Gentlemen: I've enclosed $19.95 in full payment. Please send my "The 
Great TWo for One Give Away" booklet of 40 coupons and catalog. 

Check Enclosed Visa MasterCard 

Name 

Address 

City State ZIP 

Credit Card No. 

Signature 

(Clip coupon and mail today! Do not send cash through the mail.) 

Exp. Date 
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Fig. 2-A reader's 7492 and 7483 solu- 
tion to "Skip the Zero" that appeared in 
April's Ask R -E. 

Then consider QO to be 1 and Q1 to 
be 1, and so on. If he must have a 

seven -segment indicator, he could 
use a 74HC283 to increase the 
counter 7490 output by one. 
EIICHI TAKARADA 
Rockford, IL 

The ROM is the hard way to do it. 
The zero can be skipped with a 

74163 counter. When it reachers 

the end of the count you are inter- 
ested in, just pre -load a 1. Another 
way to solve the problem is to use a 

4 -bit adder between the 7490 and 
the 9368. I think both ways are easi- 
er than programming an EPROM. 
TOM LEWIS 
Ft. Lauderdale, FL 

A quick trip to my trusty TTL data 
book revealed that there is a one - 
chip solution to the problem de- 
scribed. That chip is the 7483 4 -bit 
adder. It is a common, inexpensive 
chip that's readily available from 
mail-order suppliers. 

To use the 7483, take the outputs 
of the 7490 counter and use them 
as the A data inputs. Set the B data 
inputs so that bit 0 is tied high and 
bits 1-3 are tied low. Also, be sure 
to tie the CO input low. The chip will 
then add 1 to the 7490 count and 
output the sum. Then use this sum 
to both drive the 9386 decoder 
AND to provide the inputs (bits 0-2) 
to the AND gates used to reset the 
7490. When the 7490 reaches the 

count of 6, the 7483 adder will out- 
put a 7, creating the needed reset 
pulse. 
GEORGE BARBER 
Fort Worth, TX 

Your suggestion is overkill. If you 
carefully read a 7490's function ta- 
ble, you'd see that the chip has two 
R9 inputs. When both of those in- 

puts are high, the 7490 will be set to 
9. The 7490's QD is not used be- 
cause the count number that the 
dice need is from 1 to 6. Thus, set 9 
equivalent to 1. Then use a three - 
input AND gate to decode QA, QB, 
and QC. The output of the AND 
gate is sent to two R9's. That con- 
nection can guarantee that the 
counter number is always between 
1 and 6. 
YONGPING XIA 
Torrance, CA 

As an out -of -work EE, I now have 
the time to think up alternate solu- 
tions to the ones given in Ask R -E. I 

guess it's the equivalent of out -of - 
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Differential 
Oscilloscope 
Probe 
An active probe for making 
differential measurements 
with any oscilloscope 

Safe - make floating measure- 
ments with oscilloscope 
grounded 
Easy to use - small, light, with 
internal battery 
Simple needs no isolation 
amplifier 
15 MHz bandwidth 
For power supplies, large 
motor drives and similar 
applications 

Model ADF15 -$3751'800'992'81 
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work writers doing crossword 
puzzles. I came up with two alter- 
native solutions for Mr. Mullane's 
dilemma. 

The cheapest would be to use a 

90 -cent 74190 chip instead of the 
7490 (Fig. 3). That would allow a 1 to 
be loaded at the instant a 7 is 
reached. The 7 would never show 
for any appreciable amount of 
time-only long enough to cause 

1 
2 

4 

INB Vcc 

OUTS IN A 

OUTA CLK 

ENABLE 

DOWN/UP 
6 

OUT C LOAD 

OUT D IN C 

= GND IN D 

74190 " Vcc 

16 
10K 

15 

13 J L_ 
CLK IN 

12 

10 

--a 

1/3 74LS10 

Fig. 3-A reader's 74192 substitution so- 
lution to "Skip the Zero" that appeared 
in April's Ask R -E. 

the 1 to load. (A 30 -cent, 3 -input 
NAND would also be required.) 

Another solution is a little more 
expensive than yours, but I feel that 
it would be the most elegant solu- 
tion that could be accomplished 
with a single chip (not including 
clock). I'm of the opinion that this 
problem is screaming for a PAL so- 
lution. I thing that, unless a hobbyist 
were seriously into micro- 
processor/controllers, that a PAL 
programmer would be a better in- 
vestment (albeit more expensive) 
than an EPROM programmer. 

I love Radio-Electronics-it's 
both informational and educational, 
and I save each issue for reference. 
THOMAS HOLLOWAY 
Miami, FL 

A DOG -GONE GOOD ARTICLE 
The article "Remote Control for 

your Dog" (Radio -Electronics, 
April 1992) caught my attention. I 

am anxious to build that unit as I, 

too, am one of the unfortunate few 
who have a semi -uncontrollable ca - 

Continued on page 73 
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B+K PRECISION frequency counters are 
conservatively rated and designed for accuracy. 
Before you buy a counter, compare specs and ask questions... Does high -input 
sensitivity come at the expense of false readings with no input? Is time base drift 
specified per year, or just per month? From 0° to 50° C, or only at room temperature? 
B+K. PRECISION's rugged, lab -grade counters have guaranteed specs. They'll 
perorm as promised, every time. You ccn count on B+K! 
1.3GHz 8 -digit 175 MHz 8 -digit 
Multifunction Counter Universal Counter 

Frequency, period, period average, Frequency, period, period average, 
and totalize functions totalize, frequency ratio, and 
1.0 PPM TCXO time base time -interval function 

is 10 mV rms max. sensitivity 10 PPM time base 
Optional accessory antenna 20 mV mis max. sensitivity 
0.1 Hz max. resolution Optional accessory antenna 
Remote start -stop 0.1 Hz max. resolution 

Model 1856 $495.00 Mode11823 $395.00 
For detailed specifications on the complete line of B+K PRECISION frequency 
coi_ nters or immediate delivery, contact your local distributor or B+K PRECISION. 

V 
MJ I N Domestic and International Sales r 6470 W8 Cortland St., Chica o, IL 60635 MAXI INTERNATIONALCORP. 312-889-1448FAX:312-794-9740 

For information only For sales assistance 
circle 77 on free information card. circle 210 on free information card. r ..... ---.......... - 

NO COMPLICATED ELECTRONICS, NO EXPENSIVE INSTRUMENTS: 

Home study course shows you how 
to make good money in VCR repair. 

An amazing fact: you can 
do more than four out of five 
VCR repairs with ordinary 
tools and basic fix -it proce- 
dures. Our home study pro- 
gram shows you how. 

Learn all of the systems, 
mechanisms, and parts of 
almost all brands of VCRs. 
With no expensive instru- 
ments.No complicated elec- 
tronics. No fancy workshop. 
The step-by-step texts and 
close personal attention from your instructor make learning easy. 

Texts, course materials, and tool kit are sent to your 
home. Graduate ready to make up to $50.00 or more 
per hour in your own spare -time or full-time business. 

Send today for your free career 
booklet. Or call 800-223-4542 

Name 

Address 

City State Zip 

The School of VCR Repair 
2245 Perimeter Park, Dept. V H342 ,Atlanta, Georgia 30341 L -------------------J 

CIRCLE 187 ON FREE INFORMATION CARD 

15 



Only NRI assures your 
today's best -paying 

Success comes to those who know how to get 
the most from today's electronics. And the 
best -paying electronics jobs go to people 

who have the hands-on skills to install, trouble- 
shoot, diagnose, service, and maintain high-tech 
products and systems. 

Now, choose from NRI at-home training in 
Microcomputer Servicing, TV/Video/Audio Servic- 
ing, Telecommunications, Electronic Music Tech- 
nology, or Security Electronics...and get the know- 
how you need to move into a new job, advance in 
your career, even start a business of your own! 

1 
Train for a high -paying 
career as a computer service 

technician 

Jobs for computer service technicians will almost double in 
the next 10 years, according to Department of Labor 
statistics, making computer service one of the fastest - 
growing fields in the nation. Now with NRI, you can cash 
in on this opportunity - either as a full-time industry 
technician or in a computer service business of your own. 

Get inside a powerful 
386sx/20 MHz 

mini -tower computer 
system! 

NRI gives you practical, 
real -world experience with 
the latest in electronics 
and computer technology. 
Today, that means you get 
inside the powerful new 
West Coast 386sx computer 
system, the centerpiece of 
your hands-on training. As you actually assemble this 
I meg RAM, 32 -bit CPU computer from the keyboard up, 
you perform hands-on experiments and demonstrations 
that make theory come alive! 

Your total computer system includes a 101 -key 
"intelligent" keyboard, 14" high -resolution monitor, 1.2 
meg high -density floppy drive, 40 meg IDE hard drive, MS - 

ó DOS, GW-BASIC, and Microsoft Works, all yours to train 
Ñ with and keep. But that's not all... 

Train with state-of-the-art diagnostic 
hardware and software 

w Your NRI training now also includes a remarkable diagnos- 
tic package that allows you to quickly locate and correct 
defects in IBM XT, AT, 80286/80386, and compatible 

16 computers. Using your QuickTech diagnostic software 
and R.A.C.E.R. plug-in diagnostic card, you master today's 
high-tech computer troubleshooting skills. 

NEW! 
386sx 

mini -tower 
computer! 

2 Start a money -making 
career in 'N/video/audio 

servicing 

Consumers of video/audio equipment will spend over $26 
billion by 1995 as the demand grows for increasingly 
sophisticated technology. Now you can cash in on today's 
new opportunities in video/audio servicing as you learn to 
troubleshoot and service a full range of TV, video, and 
audio equipment. 

13" color TV, programmable VCR, 
and integrated audio rack system included! 

NRI training starts by giving you a firm grounding in 
electronics fundamentals, then moves you ahead with 
advanced coverage of digital controls, CDs and digital 
audio tape players, high-tech TV systems, cable TV, VCRs, 
camcorders, and more. 

Best of all, you get first-hand experience by working 
with all this state-of-the-art equipment: a 13" color TV with 
remote, a programmable VCR, and an integrated audio 
system including AM/FM tuner, 100 watt amplifier, CD 
player, dual cassette player, turntable, speakers, and audio 
rack cabinet...all yours to train with and keep! 



success in five of 
electronics careers 
3 Prepare for a 

career in 
telecommunications 

Some of today's hottest jobs in 
electronics are in telecommuni- 
cations, where an explosion of 
new technologies is creating unlimited opportunities for the 
trained technician. 

Now with NRI hands-on training, you can get a fast 
start in this exciting field...as you explore everything from 
satellite and cellular technologies to analog and digital 
switching systems, local area networks, fiber optics, 
modems, multiplexers, and more. 

AT -compatible computer, 
fax modem included! 

NRI prepares you thoroughly for today's telecommunica- 
tions opportunities by giving you practical experience with 
real -world equipment you keep. 

You actually assemble your own data communications 
system, featuring an IBM PC/AT-compatible computer, 
2400 baud fax modem, diagnostic breakout board, 
communications software, 40 meg IDE hard 
disk drive, near -letter -quality printer, 
and access to NRI's exclusive 
communications network. 

4Build your 
u own computer - 

controlled music center! 

Enthusiasts everywhere are discovering the 
excitement of today's electronic music 
technology. At the heart of the excitement is 
MIDI (Musical Instrument Digital Interface), an 
innovation that's transformed musical 
instruments into the ultimate computer 
peripherals. 

Now you can get in on the ground floor of 
this multibillion -dollar industry with NRI 
training in Electronic Music Technology. 

Get to the heart of today's 
MIDI technology 

Only NRI gives you hands-on experience with 
the equipment that's revolutionizing the music 
industry - an Atari 1040ST computer with 
built-in MIDI ports, Casio synthesizer with 
advanced MIDI operations, and ingenious MIDI 
software that links computer keyboard to 
synthesizer keyboard. Best of all, NRI gives 
you the knowledge and skills to use, program, 
and service this extraordinary equipment! 

New! 
Atari 1040ST 
computer! 

5 Make good 
money in 

security electronics 

Last year, Americans spent over 
$17 billion on security services 
and equipment. For you, this new 
consumer demand means a breakthrough opportunity to 
start a high -paying career - even a business of your own - installing, servicing, and maintaining residential and 
commercial security systems. 

Hands-on equipment for training 
and for use in your own home and auto 

You train with and keep a closed-circuit TV system. fire/ 
intrusion alarm, remote entry keypad, remote control auto 
alarm, and much more. Best of all, you actually safeguard 
your own property while gaining the expertise you need to 
make money as today's expert security electronics 
technician. 

Your FREE catalog tells more... send today! 
Discover how you can make it big in the electronics field 

of your choice. Just send today for a free, 
full -color catalog filled with all the facts 
about NRI's innovative, hands-on training in 
electronics. 

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

IBM. PC. XT, and AT are registered trademarks of IBM Corp. 
QuickTech and R.A.C.E.R. are registered trademarks of Ultra -X. 
Inc. West Coast is a member of the Syntax Group. 

SEND TODAY FOR YOUR FREE NRI CATALOG! 

L. 

Nom?/schools 
McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

/Check one FREE catalog only: 
1 MICROCOMPUTER SERVICING 

7 TV/VIDEO/AUDIO SERVICING 
1 TELECOMMUNICATIONS 

ELECTRONIC MUSIC 
TECHNOLOGY 

a; SECURITY ELECTRONICS 

Ì:11, For career courses 
approved under GI Bill, 
check for details. 

Other Career Courses: 
E Computer Programming 
E Industrial Electronics & 

Robotics 
Basic Electronics 

E Programming in C++ 
with Windows 

PC Applications 
Specialist 
Bookkeeping Si 

Accounting 

Name (please print) Age 

Address 

City/State/Zip Accredited Member, National Home Study Council 3 072 J 
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TOOLPAK BY PAKTEK. Save time, effort, 

i I I 

ELECTRONIC FREE CATALOG! TOOLS & and frustration by organizing your most im- TWO TRANSMITTERS IN ONE! 5 MINUTE 

TEST EQUIPMENT-Jensen's new Master portant tools, in over 100 specially designed ASSEMBLY! MONEYBACK GUARANTEE! 

Catalog, available free, presents major brand tool pockets and panels, made from durable, New Law Enforcement grade device on a 

name electronics tools, tool kits, and test in- Cordura nylon. Patent pending. Three zip- single chip is the most sensitive, powerful, 

struments, plus unique, hard -to -find products pered compartments hold 100 tools Six stable room transmitter you can buy. Uses 

for assembly and repair and custom field ser- panels that fold -out for easy tool access any 3V -12V battery. Or attach to telephone 

vice kits available only from Jensen. All fully Large map/diagram pocket Quick -release line to monitor all telephone conversations 

described and illustrated. Enjoy free technical trouble -light loop Two outer pockets Back- over 1 mile away without batteries! 100mW 

support and rapid, post-paid delivery any- pack straps Attaché handles for carrying output! 80-130MHZ. Receive on any FM radio 

where in the Continental USA. JENSEN unzipped. $89.97. Credit card & COD orders orwideband scanner. VT -75 microtransmitter. 

TOOLS, INC., 7815 S. 46th St., Phoenix, AZ call 1-800-258-8458 or send $89.97 + $4.00 $49.95 + 1.50 S&H. VISA, MC, MO. COD's 

85044. Phone: 602-968-6231; FAX S&H to PAKTEK INC., 7307 82nd St. Ct. SW, add $4.00. DECO INDUSTRIES, Box 607, 

1-800-366-9662. Tacoma, WA 98498. Bedford Hills, NY 10507. 1-800-759-5553. 
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GRIP 3 YEAR 

SIANDARD WARRANTY 

TEST DRIVE YOUR DESIGN WITH THE 
$495 FOR A PROGRAMMABLE DC 
POWER SUPPLY IS NOW A REALITY! 

CREATE INTELLIGENT PROJECTS WITH 
THE VERSATILE Z8 PROGRAMMABLE 

f2PC BOARD HIGH PERFORMANCE FRE- GPIB Interface Standard Output Voltage/ MICROCOMPUTER. This powerful comput- 

QUENCY GENERATOR. This inexpensive Current Programming & Readback Local & er was designed for flexibility and can be used 

test board generates clock signals that emu- Remote GPIB Operations Remote Sense for various electronic projects. I/O Intensive. 

late virtually any crystal can oscillator. Output Function Programmable Overvoltage and Up to 20MHz operation. Download programs 

frequency is controlled through parallel port Overcurrent Protection Software Calibra- or run EPROM code. Special hardware fea - 

of standard PC. Select any frequency from tion Superior Line/Load Regulation tures included. Prices from $285.00. Battery- 

320KHz to 120MHz with Configuration Con- Output Enable/Disable 3 Year Warranty. 
backed RAM, X -assembler, and other options 

trot Program. Only $69.95 + $5.00 S + H. FREE Orientation Video available. For de- available. CALL FOR FREE BROCHURE. 

Call toll free order line 1-800-669-0557 (VISA/ tails, call: AMERICAN RELIANCE INC. MJS DESIGNS, INC., 1438 W. Broadway 

MC) or send check to IC DESIGNS, 12020 800-654-9838 FAX: 818-575-0801. Rd., Suite B185, Tempe, AZ 85282. 
113th Ave NE, Kirkland, WA 98034. 602-966-8618. 
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FM BAND 50dB NOTCH FILTER-Can easi - Mir 
ly be tuned to eliminate any troublesome sig- CABLE TV CONVERTERS AND DE- APPLIANCE REPAIR HANDBOOKS -13 
nal in the FM band. Uses high quality SCRAMBLERS SB -3 $79.00 TRI -BI $95.00 volumes by service experts; easy -to - 
Johanson tuner. Tuning range of 88-120 Mhz M L D -$79.00 M 35 B $69.00 DRZ- DIC understand diagrams, illustrations. For major 

is also usable on Cable TV channels 95 thru $149.00. Special combos available. We ship appliances (air conditioners, refrigerators, 

99 or A-1 thru A-5. Just $30 each, includes COD. Quantity discounts. Call for pricing on washers, dryers, microwaves, etc.), elec. 

shipping. Visa, MC, or check. (C.O.D. $5 ex- other products. Dealers wanted. FREE CATA- housewares, personal -care appliances. 
tra.) Fast delivery, 30 day money back. Quan- LOG. We stand behind our products where Basics of solid state, setting up shop, test 

tity prices to $16. STAR CIRCUITS, P.O. Box others fail. One year warranty. ACE PROD- instruments. $2.65 to $5.90 each. Free 

94917, Las Vegas, Nevada 89193. Call 24 UCTS, P.O. Box 582, Saco, ME 04072. brochure. APPLIANCE SERVICE, PO Box 

hours 1-800-535-7827 FAX 1-702-795-2729. 1-800-234-0726. 789, Lombard, IL 60148. 1-708-932-9550. 
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TUNABLE 50dB NOTCH FILTERS-for TV. 
Can be tuned precisely to required frequency. 
Model 23H -Ch's 2-3 (50-66 Mhz) Model 
46FM-Ch's 4-6 plus FM (66-108 Mhz) Model 
713 -Ch's 7-13 (174-216 Mhz) Model 1417 -Ch's 
14-17 (120-144 Mhz) Model 1822 -Ch's 18-22 
(144-174 Mhz) $30 each, includes shipping. 
Visa, MC, or check. (C.O.D. $5 extra). Fast 
delivery, 30 day money back. Quantity prices 
to $16. STAR CIRCUITS, P.O. Box 94917, 
Las Vegas, Nevada 89193,1-800-535-7827. 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $940.00 per each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini -ADS, RADIO -ELECTRONICS, 500- 
B Bi -County Blvd., Farmingdale, NY 
11735. 

FAX: 516-293-3115 

EQUIPMENT REPORTS 
Paragon Engineering LA16PC Logic Analyzer 

A logic analyzer that can 
grow along with your 

applications. 

CIRCLE 10 ON FREE INFORMATION CARD 

Once considered to be little 
more than "kid -stuff," PC - 
based test equipment has 

become the choice of many profes- 
sionals. One reason, of course, is 

the economy of using the same in- 

put devices (keyboard and mouse) 
and the same output devices (dis- 
play monitor and printer) instead of 
duplicating them on each instru- 
ment. Another reason is the in- 
crease in flexibility that PC -based 
equipment makes possible. That 
flexibility is exemplified by the 
LA16PC expandable logic analyzer 
from Paragon Engineering (16420 
North 40th Ave., Phoenix, AZ 
85023). 

The LA16PC is a 16 -channel, 25 - 
MHz logic analyzer with a 4K x 16 

bit sample buffer. If 16 -channel ca- 
pability isn't enough for your ap- 
plications, you can add up to three 
other boards to your system to act 
as a single analyzer. But that's not 
where the expansion ends. 

Unlike any logic analyzer we've 
seen previously, the LA16PC can be 
expanded with both input and out- 
put pods, with either analog or dig- 
ital capability. Although we didn't 
have the opportunity to test them, 
Paragon is currently developing a 

16 -channel digital -output pod, ana- 
log output and input pods, and a 

digital-multimeter pod. 
To use the analyzer, you can get 

by with as little as an IBM XT -com- 
patible with a single free slot and 
256K free RAM. Anything better 
than DOS 2.0 is acceptable, and 

Hercules, CGA, EGA, and VGA 
graphics are supported. (With VGA, 
the analyzer can display up to 51 

channels simultaneously, with each 
channel having its own color.) 

The software is as easy to use as 
it is to install. Pull -down menus give 
you easy access to all of the boards 
functions. For example, the main 
menu lets you manipulate files, or 
change the display mode of the ana- 
lyzer. You can select a standard tim- 
ing -diagram or state display, or 
change to a logic -probe display or 
even to an event -counting (or event 
timing) display. Another menu 
choice lets you change trigger 
modes and trigger words. Yet an- 
other menu choice lets you select 
the clock source, polarity, frequen- 
cy, and two qualifiers. 

One of the most powerful fea- 
tures of the LA16PC is that chan- 
nels can be displayed in user - 
definable groups so that data is pre- 
sented logically for your application. 
Let's assume, for example, that you 
want to look at the signals on a 

computer bus. You could create one 
group that contained only the ad- 
dress lines, while other groups 
could contain data lines or control 
lines. You can change the color in 

which groups are displayed, or even 
hide groups-while they still remain 
in memory for triggering and the 
like. 

With it impressive expansion ca- 
pabilities and a suggested list price 
of $1099, the LA16PC promises to 
be a formidable competitor. R -E 21 
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Use the Free Information Card for more details on these products. 

ON-LINE SERVICE INFOR- 
MATION SYSTEM. For the 
first time, even service 
shops that aren't comput- 
erized can participate in 

electronic claims process- 
ing. The KeyClub/OASIS 
system from KeyPrestige, 
Inc. provides a link be- 
tween manufacturers and 
servicers, regardless of 
their level of automation. 
Servicers can submit 
claims to KeyClub/OASIS 
in any format-hardcopy, 
diskette, tape, or via 
modem. If necessary, Key - 
Prestige will enter the data, 
process it, and then for- 
ward it to the manufacturer. 

Service shops that al- 
ready use personal com- 
puters have immediate 
access to a considerable 
amount of information. 
That includes claims pro- 
cessing, warranty and 
parts information with de- 
scriptions, prices, and 
availability. Bulletins pro- 
vide technical support with 
quick reference, print - 

screen, and schematic or- 
dering capabilities, training 
schedules with date, time, 
class, location, and costs. 
Also included are up-to- 

KeyClub/OASIS Claims Processing 

HARDCOPY 

N. 
Checks 

and 
Distributed 

DISKETTE TAPE 

KeyPrestige 
KeyClub/OASIS 

Conversion Processing for 

Manufacturer's 

Approval 

User 
Look - 

Up 

All Manufacturers 
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the -minute announce- 
ments, advertisements, 
and news flashes. Sub- 
scribers can use their cur- 
rent emulation software 
packages such as Procom, 
Crosstalk, Carbon Copy, or 
Kermit. Alternatively they 
can use the program that 
KeyPrestige has config- 
ured for the system. When 
connecting to the central - 
source mainframe with 
one's user ID password, 
one can access all autho- 

rized information via menu - 
driven screens. The ser- 
vice provides on-line help. 
Information is available 24 
hours a day, seven days a 

week, with daily electronic 
updates. 

The KeyClub/OASIS 
system is free to the autho- 
rized service centers of 
subscribing manufac- 
turers.-KeyPrestige, Inc., 
11065 Knott Avenue, Suite 
B, Cypress, CA 90630; 
Phone; 714-893-1111. 

INFRARED TESTER. Almost 
every household now in- 
cludes several infrared re- 
mote -control devices. In- 
frared emissions are also 
used in inventory control 
and security systems. The 
EM -TEC 1000 infrared sen- 
sor from O. TI. International 
provides a simple and con- 
venient way to test for the 
presence of infrared sig- 
nals. To test the operation 

22 of each function on an in- 

frared remote control de- 
vice, the remote control 
device is pointed at the 
tester, and the buttons are 
pushed in a sequence. The 
EM -TEC 1000 emits an au- 
dible signal that alerts the 
user to the presence of in- 
frared emissions. The vol- 
ume of the audible tone 
also indicates a weak test- 
er battery. 

The tester can be used 
for other applications than 

testing remote contro 
modules. With the auxiliary 
input jack and the external 
sensor probe, the EM -TEC 
1000 can detect infrared 
emissions from VCR tape - 
end sensors. The external 
probe can also detect 
emissions from the IR 
semiconductor laser in a 

compact -disc or laser -disc 
player. When the auxiliary 
monitor jack attaches the 
tester to an oscilloscope, 

data codes are visually dis- 
played. Although the tester 
isn't calibrated to measure 
microwaves, it is capable of 
quickly checking for the 
presence of microwave en- 
ergy leakage around micro- 
wave oven door seals. 

The EM -TEC 1000 is 
about the same size as a 
typical handheld TV remote 
control. It is powered by a 

single 9 -volt battery. 
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The EM -TEC 1000 in- 
frared sensor is available in 

kit form for $49.95, or fully 
assembled for $64.95. 
Wholesale prices and 
quantity discounts are 
available.-O.T.I. Interna- 
tional, P.O. Box 194, 319 
North Main, West Point, 
NE 68788; Phone: 
402-372-5650. 

SHORT-CIRCUIT DETECTOR. 
A simple, unsophisticated 
instrument from Jensen 
Tools can significantly re- 
duce the time taken to lo- 
cate hard -to -find short cir- 
cuits. The Shortsqueak 
tone -ohmmeter indicates 
the proximity of a short with 
a gradual rise in the pitch of 
its tone from low (in the 
presence of 500 -ohm re- 
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sistance) to high (at 0 
ohms). The pocket -sized 
instrument is convenient 
for repair and service, and 
is more compact than a 
benchtop unit. It is sen- 
sitive to 0.01 ohms, and is 
powered by a 115 -volt 
AC/9-volt DC wall -mount 
transformer. 
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The Shortsqueak tone - 
ohmmeter costs $49.95. 
-Jensen Tools Inc., 7815 
South 46th Street, Phoe- 
nix, AZ 85044-5399; 
Phone: 602-968-6231. 

LAPTOP COLOR VIDEO CON- 
VERTER. You can output 
the graphics from your 
monotone notebook or lap- 
top PC to a color television 
or monitor with Telebyte's 
Model 701 Pocket Vid- 
eoverter. Ideal for sales 
presentations and demon- 
strations, the Pocket Vid- 
eoverterconverts the VGA 
signals of a PC display to 
the NTSC/PAL format re- 
quired by standard televi- 
sion monitors and VCR's. 
Most notebook and laptop 
computers are equipped 
with a VGA port connector 
that is compatible with an 
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external monitor. That port 
connects the 2 x 3.5 x 1 - 

inch Pocket Videoverter to 
the PC. The TV is con- 
nected to the device either 
by its S -video or com- 
posite -video port, or by an 
external RF modulator 
such as that built into a 
VCR. The device is avail- 
able in two configurations: 
NTSC for U.S. use and 
PAL for European use. 

The image on the TV 
screen can be turned on 
and off with a a hot key on 
the computer. In addition, 
the ALT and arrow keys can 
be used to move the image 
up or down and right or left. 
Other key combinations al- 
low one to change the size 
of the TV image. Those fea- 
tures are important be- 
cause a VGA display can 
resolve more horizontal 
display lines than a televi- 
sion receiver can produce. 
The converter can also be 
used to assemble a "desk- 
top video publishing" ca- 
pability by adding a VCR. It 
works with all major soft- 
ware packages and VGA 
displfiy cards, and provides 
both interlaced and non -in- 
terlaced display modes. 

The Pocket Videoverter, 
is supplied with an external 
power adapter, two eight - 
foot cables (one for an 
RCA AV input and the 
other for S -video), a refer- 
ence manual, and a 3.5 - 
inch floppy disc with the 
driver software. Its sug- 
gested list price is $399.- 
Telebyte Technology Inc., 
270 East Pulaski Road, 
Greenlawn, NY 11740; 
Phone: 516-423-3232 or 
1-800-835-3298; Fax: 
516-385-8184/7060. 

EXTRA DURABLE PROBES. 
Tektronix says that it's B - 
Series of l x 10x, and 
1 x /10 x passive voltage 
probes, specifically intend- 
ed for the company's ana- 
log and digital os- 
cilloscopes, are the most 

1-11 OAMEI® 
Instruments 

Top engineering 
needs top equipment 

Our line of high quality measuriig 
instruments Dffers a full range of 
outstanding features and unbea-a- 
ble price/performance standards. 

'OR.MRRp0 
3[FRyiOR 
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HAINE 
1939 Plaza Real 
OCEANSIDIE. CA 92056 
Phone (619) 630-4080 
Telefax (6191 630-6507 

Call toll free 
800 247 241 

INC. 
20 Lumber Road BLDG. # 2 
ROSLYN, NEW YORK 111576 
Phone (E16) 484-7121 
Telefax 1516; 434-7170 23 
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durable probes on the mar- 
ket. The probes are de- 
signed and manufactured 
to withstand the rigors of 
constant daily use and 
abuse, with guaranteed 
electrical accuracy from cir- 

cuit to probe. The series in- 

cludes the P61OB, 
P6103B, P6109B, P6119B, 
and P6129B probes, with 
bandwidths up to 100 MHz. 
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Each probe is encased in 

a patented rubber -molded 
casing that gives it a com- 
fortable, pen -like feel. The 
body is more resilient and 
is 50% lighter then pre- 
vious probes that have 
been introduced. A probe 
will bounce when dropped, 
with its casing protecting 
the probe's surface - 

mounted components. A 
patented integral strain -re- 
lief protects both ends of 
the cable from extreme me- 
chanical stress. Each 
probe tip can withstand up 
to 50 pounds of pressure. If 
the tip is exposed to ex- 
treme pressure in excess 
of that pressure, it is de- 
signed to break off and be 
replaced. This feature elim- 
inates the vulnerability to 
damage of the molded - 

plastic probe body. Each 
probe is supplied with an 
extra replaceable tip and a 

set of accessories. A full 
range of application -specif- 
ic adapters is available as 
an option. On these 

24 switchable probes, the 

miniature posi -lock switch 
ensures fault -free opera- 
tion and eliminates uninten- 
tional switching. 

The probes offer low in- 

put capacitance, which 
minimizes circuit loading, 
and provides for accurate 
signal acquisition. The 
probes also offer a com- 
pensation range of 15 to 35 
pF, matched to Tektronix 
portable oscilloscopes. 
This feature allows for 
accurate compensation 
adjustment and minimizes 
signal distortion. 

The B -Series probes are 
priced from $50.00.- 
Tektronix Inc., Test and 
Measurement Group, P.O. 

Box 1520, Pittsfield, MA 
01202; Phone: 1-800- 
426-2200. 

MULTIPURPOSE ANTENNA 
TUNER. For tuning both 
mobile and home anten- 
nas, the MFJ-247 SWR 
analyzer from MFJ Enter- 
prises provides quick and 
easy tuning of high -fre- 
quency beams, verticals, 
dipoles, and mobile anten- 
nas for the lowest stand- 
ing -wave ratio at your 
desired frequency. The fully 
self-contained unit displays 
your antenna's SWR over 
the entire band, and works 
without a transceiver, SWR 
bridge, or other equipment. 
You can observe SWR 
change while rotating your 
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beam, and you can observe 
the effects of ice, snow or 
wind motion. You can even 
check the SWR on the in- 

put of your linear amplifier, 
or pretune your antenna 
tuner without switching on 
your transceiver. The de- 
vice's large LCD readout 
provides a high -contrast 
display even under direct 
sunlight. 

The MFJ-247 is easy to 
use. You plug your antenna 
into its top SO -239 socket, 
and set the readout to the 
desired frequency. The 
SWR appears on the unit's 
meter. You can then short- 
en or lengthen your anten- 
na's active element or 
mobile whip for the lowest 
SWR at the desired fre- 
quency, tune in to band 
edges, and read the band- 
width of the antenna. 

The antenna tuner con- 
sists of a precise digital fre- 
quency counter plus a low - 
power signal generator and 
an SWR meter in one cab- 
inet. Its weak signal on your 
selected frequency is fed 
to the antenna, and then 
the antenna's SWR is read 
directly on the MFJ-247's 
meter. The device has a 

separate BNC input con- 
nector for accurate fre- 
quency counting. 

The MFJ-247 SWR ana- 
lyzer costs $189.95.-MFJ 
Enterprises, Inc., P.O. Box 
494, Mississippi State, MS 
39762; Phone: 610-323- 
5869 (1-800-647-1800 for 
orders); Fax: 601-323-6551. 

EXTERNAL SPEAKER/DTMF 
DECODER. The Silencer 
Model ARE -10 from 
Amateur Radio Engineer- 
ing is an external speaker 
with a DTMF decoder for 
use with VHF/UHF radios. 
The user -programmable, 2 - 

to 4 -digit DTMF code en- 
ables (opens) the speaker 
for about 10 seconds when 
the proper tone is received. 
Then an LED on the unit 
lights to notify the user that 

a call has come in. The front 
toggle switch can be set to 
MONITOR when the user 
wants to hear everything 
that's being said on the fre- 
quency. When the switch is 

set in Its MOMENTARY 

position, the LED turns off 
after a call has been re- 
ceived. In addition to 
providing easier selective 
calling, the Silencer also 
screens family members or 
coworkers from hearing ev- 

erything being said on busy 
frequencies. Rather than 
turning the radio off, the 
toggle switch can be set to 
DECODE, and the Silencer 
will eliminate all of the chat- 
ter yet still permit the user 
to receive calls. The ac- 
cessory, which measures 
only 3 x 31/4 x 43/8 inches, 
is easy to connect. It plugs 
into the external speaker 
jack on the radio and a 12 - 

volt DC power source. The 
unit's high -quality speaker 
will improve the audio from 
most amateur trans- 
ceivers. 

AflE.ïO 
The511encer 
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The Silencer Model 
ARE -10 costs $99.-Ama- 
teur Radio Engineering, 
Inc., P.O. Box 169, Red- 
mond, WA 98073; Phone: 
206-882-2837. 

INSIDE -MOUNT CELLULAR 
ANTENNA. Two common 
cellular telephone prob- 
lems-dropped calls and 
noisy transmission-are 
said to be significantly re- 



duced by Terk Tech- 
nologies' CFR900 Trans- 
ceptorcellular antenna. It is 
designed to mount on the 
inside of a vehicles window 
glass. 

The compact modular 
unit is hard -wired to a cable 
in a single -piece unit, pre- 
venting signal loss due to 
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wire braid separation. The 
uniquely polarized 
Tranceptor radiates in a 

360 -degree pattern, in- 
creasing power, coverage, 
and efficiency with respect 
to conventional stick or coil 
antennas. The unit's volt- 
age standing wave ratio 
(VSWR) is 1.0:1. This com- 
pares with the 1.9:1 VSWR 
of more conventional cel- 
lular antennas. 3ecause it 
is mounted inside the vehi- 
cle, the antenna is less like- 
ly to attract the attention of 
thieves and vandals. It also 
is said to eliminate inter- 
ference problems due to 
wind and inclement 
weather, and mechanical 
problems caused by car 
washes. Unlike other win- 
dow -mounted antennas, 
the CFR900 can be in- 
stalled even on a window 
that has a built-in defroster. 

The CFR900 Transcep- 
tor cellular antenna has a 

suggested retail price of 
$79.95.-Terk Tech- 
nologies Corporation, 233-8 
Robbins Lane, Syosset, 

NY 11792; Phone: 
516-942-5000 or 
1-800-942-TERK; Fax: 
516-942-TERK. 

NEEDLE -POINT PROBE TIR 

This spring -loaded, needle- 
point probe tip facilitates 
positive, non -slip probing 
of high -density lead traces. 
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ITT Pomona's Series 5789 
probe tip is intended for 
scanning test points on sur- 
face -mount and other high - 
density circuitry. It allows 
technicians to work on 
equipment with densely 

populated circuit boards 
without fear of damaging 
the thinly spaced traces. 
The sharp, insulated, 
stainless -steel tip is 
1.42mm (0.056 -inch) in di- 
ameter and 89mm (3.5 - 
inches) long. It can easily 
be attached to a range of 
test equipment and cable 
interfaces. It connects to 
0.64mm (0.025 -inch) diam- 
eter square or round sock- 
ets on test leads via gold- 
plated pins. The probe is 
rated at 50 volts, 1.5 amps, 
maximum. Weighing only 
0.66 grams, the needle- 
point probe tip is available 
in red or black. 

The Series 5789 needle- 
point probe tip is priced at 
$9.65 in single quan- 
tities.-ITT Pomona Elec- 
tronics, Customer Service, 
1500 East Ninth Street, 
P.O. Box 2767, Pomona, 
CA 91769; Phone: 
714-469-2900; Fax: 
714-629-3317. 

NEW 

OxGMN' 
20áB TV/STEREO SIGNAL BOOSTER 

595 SAVE $10 

Improve Your Image!! 2495 
Do you experience Poor TV Reception or 
FM broadcast due to WEAK Signals 
reaching your home?? 

Worry NO MORE! This 20dB Signal 
Amplifier will solve your problem!! 

*World's smallest 20dB Signal Amplifier 
*Simple connection **Isolated power 
supply for Noise -Free signal amplifi- 
cation. 

*Top Performance at a BARGAIN PRICE 
*American Technology at its finest!! 
*Enjoy Crisp, Clear Picture & Sound Ilke 
you've never experienced before. 

_____...... _. ... ,.. . 
RESPOND BEFORE JULY 20TH FOR THIS SPECIAL OFFER! 

YES! Please rush me the following 10xGAIN Signal Booster(a)1 

One 10xGAIN Signal Booster for just $24.95 plus $4 P&H. 

SAVE $10! Two for just $39.90 plus $5 P&H. 

SAVE $20! Three for just $54.85 plus 6 P&H. 

Endosed$ 
Payment method: (Check one) Check EMoney Order 

Print Name 

Address 
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I 

State Pp 25 

30 Day FREE TRIAL!! Mall G.E. Consumers Wholesale J To: P.O. Box 351001 - Palm Coast, Florkia 32135 



If You're Serious 
About a Future in 

Electronics, Ensure that 
Future width the Best 
Educational Training 

Available. 
elettl 

FREE! 
SEND FOR YOUR CIE HONE 
STUDY COURSE CATALOG AND 
RECEIVE A FREE 24 PAGE CIE 
ELECTRONICS SYMBOL HANDBOOK:! 

Includes hundreds of the mos: frequenty 
used electronic symbols. Pubished by AIIK 

AlCIE exclusively for our students and 
alumni. Yours free when you 
request a CIE Course Catalog. 
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If you want to learn about electron- 
ics, and earn a good income with that 
knowledge then CIE is your best 
educational value. 

CIE's reputation as the world 
leader in home study electronics is 
based solely on the success of our 
graduates. And we've earned that 
reputation with an unconditional 
commitment to provide our students 
with the very best electronics 
training. 

Just ask 
any of the 
150,000 -plus 
graduates of 
the Cleveland 
Institute of 
Electronics 
who are 
working in 
high -paying 
positions with 
aerospace, 
computer, 
medical, 
automotive 
and communi- 
cation firms 
throughout the 
world. 

They'll tell you success didn't 
come easy...but, it did come....thanks 
to CIE. And today, a career in elec- 
tronics offers more opportunities and 
greater rewards than ever before. 

CIE's COMMITTED TO BEING 
THE BEST....IN ONE 
AREA.... ELECTRON ICS. 
CIE isn't another be -everything -to - 
everybody school. We teach only one 
subject and we believe we're the best 
at what we do. Also, CIE is accredited 
by the National Home Study Council. 
And with more than a 1,000 gradu- e ates each year, we're the largest 
home study school specializing 
exclusively in electronics. CIE has 
been training career -minded students 
like yourself for nearly 60 years and 
we're the best at our subject 
ELECTRONICS ... BECAUSE IT'S THE 
ONLY SUBJECT WE TEACH! 

CIE PROVIDES YOU WITH A 
LEARNING METHOD SO 
GOOD, IT'S PATENTED. 
CIE's Auto -programmed lessons are a 
proven learning method for building 
valuable electronics career skills. Each 
lesson is designed to take you step-by- 
step and principle -by -principle. And 
while all CIE lessons are designed for 
independent study, CIE's instructors 
are personally available to assist you 

with just a toll - 
free call. The 
result is practical 
training... the 
kind of experi- 
ence you can put 
to work in today's 
marketplace. 

LEARN BY 
DOING...WFTH 
STATE-OF- 
THE-ART 
FACILITIES 
AND 
EQUIPMENT. 
In 1969, CIE 

pioneered the first Electronics Labora- 
tory course and in 1984, the first 
Mircoprocessor Laboratory course. 
Today, no other home study school 
can match CIE's state-of-the-art equip- 
ment and training. And all your 
laboratory equipment, books, and 
lessons are included in your tuition. 
It's all yours to use while you study at 
home and for on -the -job after 
graduation. 

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

WHY CHOOSE CIE FOR YOUR TRAINING? 
150,000 successful graduates from every country around the world. 
Only CIE rewards you for fast study. CIE offers an Associate Degree 
program based on actual study time used. The faster you complete your 
degree the less your overall tuition. 
State-of-the-art laboratory equipment is yours to keep and it comes 
assembled, ready for hands-on experiments. 

Approved for educational benefits under the G.I. Bill for veterans and other 
eligible persons. 

Upon graduation, CIE offers free preparation to pass the Certified 
Electronics Technician Exams. 

core lessons applicable to all areas of 
electronics. And every CIE course you 
take earns you credit towards comple- 
tion of your Associate in Applied 
Science Degree. So you can work 
toward your degree in stages or as 
fast as you wish. In fact, CIE is the 
only school that actually rewards you 
for fast study, which can save you 
thousands of dollars. 

SEND TODAY FOR YOUR CIE COURSE 
CATALOG AND WE'LL SEND YOU A 
FREE 24 PAGE CIE ELECTRONICS 
SYMBOL HANDBOOK! 
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I want to get started. 
Send me my CIE school catalog includ- 
ing details about the Associate Degree 
Program. (For your convenience, CIE 
will have a representative contact you - 
there is no obligation.) 

AE40 
Name 

Address 

City: State: 

Zip Age: 

Phone No. ( 

Check box for G.I. Bulletin Benefits 
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INSTITUTE OF 
ELECTRONICS 
1776 East 17th Street 
Cleveland, Ohio 44114 
(216) 781-9400 

A school of thousands. 
A class of one. 

Since 1934. 
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Use The Free Information Card for fast response. 

THE MODERN AMPLIFIER 
CIRCUIT ENCYCLOPEDIA; by 
Rudolf F. Graf. TAB Books, 
Division of McGraw-Hill 
Inc., Blue Ridge Summit, PA 

17294-0850; Phone: 
1-800-822-8138; $12.95. 

Written by an author 
well-known to readers of 
Radio -Electronics, this 
encyclopedia is intended to 
shorten your search 
through the hundreds of 
pages of larger circuit en- 
cyclopedias to find a spe- 
cific circuit. It provides fast, 
easy access to more than 
250 ready -to -use amplifier 
circuits. Those range from 
audio, video, and radio -fre- 
quency amplifiers to opera- 
tional, instrumentation, and 
voltage -controlled ampli - 

AMPLIFIER CIRCUIT 

CIRCLE 36 ON FREE 

INFORMATION CARD 

fiers. The circuits in Graf's 
encyclopedia are orga- 
nized by application for 
easy reference. Moreover, 
they are presented in the 
the same format in which 
they were originally pub- 
lished to prevent transcrip- 
tion errors. Each schematic 
is accompanied by a brief 
circuit explanation. A sec- 
tion at the back of the ency- 
clopedia lists the publica- 
tions in which each of the 
circuits was originally pub- 
lished, making it easy for 
the reader to obtain sup- 
plemental information. 

TTL POCKET GUIDE; VOL- 

UMES I, II, AND III. Elec- 
tronics Technology Today 
Inc., P.O. Box 240, Mas- 
sapequa Park, NY 
11762-0240; $18.95 plus 
$3.50 shipping and han- 
dling for each book, or 
$50.85 plus $8.00 shipping 
and handling for the three - 
volume set. 

CIRCLE 37 ON FREE 

INFORMATION CARD 

This three -volume set of 
pocket -sized books pro- 
vides a comprehensive list- 
ing of commonly used 
transistor -transistor logic 
(TTL) products from all ma- 
jor manufacturers. All cur- 
rent families are covered, 
including standard, low - 
power, advanced, ad- 
vanced low -power, and fast 
Schottky. Each page is lim- 
ited to the coverage of one 
device, and it is divided into 
eight sections. The first 
gives the device's sche- 
matic with a clear simple 
logic diagram. The second 
contains a brief circuit de- 
scription as a quick over- 
view of the device's internal 
structure. The next section 
gives details on operating 
the integrated circuit, de- 
scribing input signals or 
levels at individual pins. 
The fourth section lists pri- 
mary applications, and it is 

followed by a summary of 
essential data. The next 
section includes a table 
listing the devices available 
in each TTL family. Finally, 
device description and 
type -number references 
are highlighted for easy ref- 
erence. An index at the end 
of each book lists the man- 
ufacturers of each device. 

RTTY DATACARD; from 
Tiare Publications, P.O. Box 
493, Lake Geneva, WI 
53147; Phone: 
414-248-4845; $6.00 plus 
50 cents shipping and han- 
dling. 

CIRCLE 38 ON FREE 

INFORMATION CARD 

Converting radiotele- 
type tones into readable 
material can be a big hurdle 
for persons monitoring 
RTTY, even when they are 
using the latest decoding 
units. This two-sided, 81/2 

x 11 -inch, thickly laminated 
datacard simplifies that 
process. It presents and 
explains the Yarbrough Ma- 
trix RTTY Tuning Method, 
developed by Chuck Yar- 
brough, a seasoned RTTY 
hobbyist who happens to 
be a columnist for the 
Speedx Shortwave Club. 
One side of the card ex- 
plains RTTY emission 
modes and the Yarbrough 
system, while the other 
side contains the Matrix 

Tuning Table. A list of baud 
rate and various RTTY 
transmission methods 
classed under narrow, me- 
dium, and wide shifts for 
that tuning rate is in the ta- 
ble. It also summarizes the 
tuning method. 

1992 CATALOG; from Parts 
Express International Inc., 
340 East First Street, 
Dayton, OH 45402; Phone: 
1-800-338-0531; free. 

This 148 -page catalog is 
filled with descriptions of 
electronic parts and ac- 
cessories; it is geared to- 
ward consumer electronics 
and the technical hobbyist. 
The catalog includes exten- 
sive lines of electronic 
components such as 
speakers and audio ac- 
cessories for home and 
car. Also covered are repair 
parts and accessories for 

CIRCLE 39 ON FREE 

INFORMATION CARD 

CATV and VCR's, semi- 
conductors, tools, and 
telephone -related prod- 
ucts. Under supplies are 
chemical solvents, wire, 
and connectors. The cata- 
log even includes books 
and videotapes on elec- 
tronics -related subjects, 
and parts for arcade - 
games. The illustrated cat- 
alog contains product de- 
scriptions, prices, how -to - 
order information, and a 
comprehensive index. R -E 
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Science PROBE! - the only 
magazine devoted entirely to Amateur 
Scientists! If you are fascinated by sci- 
ence in all its many forms ... if you can't 
stay away from a microscope, tele- 
scope, calipers, or test tube - we in- 
vite you to share the wonders in every 
issue of Science PROBE! You will join 
a community of Amateur and Student 
Scientists who enthusiastically seek 
scientific knowledge or follow scientific 
pursuits for their own sakes and not 
merely as a profession. 

Obtain your next issue of Science 
PROBE! by visiting a quality News- 
stand, Convenience Store, or Super- 
market or by reserving your personal 
copy through the mail by completing 
the coupon below. 

From your very first issue of Science 
PROBE! you will be involved in a world 
of scientific facts, experiments, and 
studies pursued by amateur scientists 
who are university students, investors, 
academicians, engineers, or office 
workers, salesmen, farmers-whose 
quest is to probe into the mysteries of 
science and reveal them to all. 

Plan to become a Science PROBE! 
reader! 

Welcome to... 
SCIENCE 

RoßEr 
The Amateur Scientist's Journal 

Embark on an irresistible new journey into the realm 
of mystery, challenge, and exploration! The perfect 
magazine for the budding scientist, the serious 
amateur, the professional who would like to relax, 
and those who simply want to gaze at the stars. 

Articles to appear in upcoming issues of Science PROBE! 
are: 

Inside Internet-A Scientific Computer Network 
Make your own Seismometer 

Operate a Solar -Powered Weather Station 
Assemble a Solid -State Portable Barometer 

The Bicycle-A Traveling Scientific Laboratory 

If you're fascinated by science in all its many forms, 
if you are compelled to experiment and explore, then 
Science PROBE! is your kind of magazine! 

For Faster Service-Call Today: 

1-800-777-5489 

Science PROBE! 
500-B Bi -County Boulevard 
Farmingdale, NY 11735 

7RG23 

Please forward my copy of Science PROBE! as soon as it comes off the press. 
I am enclosing $3.50-U.S.A. ($4.23 -Canada -includes G.S.T.) plus $1.00 for 
shipping and handling. Better still, please enroll me as a subscriber and send 
the next four (4) quarterly issues of Science Probe. I am enclosing $9.95- 
U.S.A. (Canada: $16.00-includes G.S.T.) 

LI Next Issue Only E Next Four Issues (1 Year) 
Offers valid in the U.S.A. and Canada only. No foreign orders. 
Name 

IMO 

Address 

City State ZIP 
An Orders payable in U.S.A. Funds only. 

ON SALE AT QUALITY NEWSSTANDS, CONVENIENCE STORES AND SUPERMARKETS 

GET YOUR COPY TODAY-$3.50-U.S.A.--$3.95-Canada 



COMPACT DISCS, OR CD'S, ARE QUITE POPULAR THEME DAYS, NO1' ONLY AT HOME HUT 
on the go, too. Personal portable CD players are popular because of their 
convenient size-but their disadvantage is that only someone with head- 
phones can enjoy the music. However, if you build our stereo FM transmit- 
ter, you'll be able to listen to the CD audio on any FM receiver-whether it's in 
the car. at the beach, or in the yard. Since the transmitter can be used with 
any line -level audio source, other applications-such as a baby monitor or 
wireless microphone-are possible as well. 

The low -power, low-cost FM -stereo transmitter that we'll build develops a 
signal of only a few microwatts. But that's enough power to transmit a high - 
quality stereo signal to any FM receiver within about 50 feet. The project 
uses an integrated circuit specifically designed to be a complete FM stereo 
transmitter. Very few support components arc required. 

33 



FM basics 
Many simple wireless FM 

transmitters are monophonic 
only. A stereo broadcast signal 
has two channels: left and 
right. The audio signals occupy 
a bandwidth of 50 to 15,000 
Hertz, with the higher frequen- 
cies given a treble boost or pre - 
emphasis for noise -reduction. 
Both channels are added to- 
gether and broadcast as main 
channel audio (L+R) so that 
monophonic FM receivers will 
be able to reproduce all of the 
program material for the lis- 
tener to enjoy. 

Along with the main channel 
audio, a stereo signal contains a 
19 -kHz pilot carrier at 10% am- 
plitude of the main channel, 
and a sideband subcarrier from 
23 kHz to 53 kHz containing the 
difference between the right 
and left audio signals (L - R). 
The stereo receiver uses the 19 - 
kHz signal to recreate a phase - 
locked 38 -kHz signal (sup- 
pressed at the transmitter) to 
decode the sideband carriers 
back into the right and left 
channels. Figure 1 shows the 
frequency spectrum of an FM - 
stereo signal. The receiver also 
provides a treble cut (called de - 
emphasis), which compensates 
for the pre -emphasis that was 
added at the transmitter. 

How it works 
At the heart of this project is 

ICI, a BA1404 FM stereo trans- 
mitter (see Fig. 2). The left - 
channel input signal is adjusted 
to proper level by R1. Treble 
boost (pre -emphasis) is pro- 
vided by the parallel combina- 
tion of CI and R3. That tailors 
the audio response to the 75 - 
microsecond standard set down 
by the FCC. Audio is coupled by 
C10 into the left -channel input 

MAIN -CHANNEL 

AUDIO 

(L+R) 

PILOT 
19kHz 

of IC1 at pin 1. Stray RF signals 
are bypassed to ground by C2 to 
prevent unwanted feedback. 
The right -channel input cir- 
cuitry to pin 18 of IC1 is identi- 
cal to that of the left channel. 
Power -supply decoupling is 
done by C14, and any previous 
amplification to the audio input 
is decoupled by C12 on pin 2 of 
the chip. 

A 38 -kHz signal is needed to 
multiplex the incoming audio 
and create the pilot carrier. The 
internal circuitry of ICI sup- 
ports the use of a 38 -kHz SX-cut 
crystal, as shown by the dashed 
line in the schematic of Fig. 2. 
However, the 38 -kHz crystals 
are difficult to find, and they can 
be costly when you do. A more 
readily available crystal, man- 
ufactured by Statek, operates at 
38.400 kHz. It will work in most 
situations; tests made during 
the development of this project 
showed that some FM stereo re- 
ceivers wouldn't lock reliably to 
the pilot carrier derived from 
38.400 kHz crystal. The solu- 
tion was to use a highly stable 
external Hartley oscillator made 
from low-cost, easily obtainable 
parts instead of either crystal 
oscillator. 

The 38 -kHz sine wave is gen- 
erated by Q1 and the surround- 
ing components (the Hartley 
oscillator). High -gain transistor 
Q1 has a beta of over 300; lower - 
gain devices might not work 
due to the low supply voltage 
(1.5 volts DC) that is provided by 
a single AA cell. The adjustable 
coil used for T1 is a first inter- 
mediate -frequency (IF) trans- 
former found in portable tran- 
sistor radios, and it's designed 
for 455 -kHz operation. The coil 
in Tl is loaded with enough ca- 
pacitance by C23 to bring its 
operating frequency down to 

SUBCARRIER 
38k Hz 

STEREO -DIFFERENCE 

AUDIO 
(L -R) 

15kHz 23kHz 38kHz 53kHz 

FIG. 1-THE FM -STEREO FREQUENCY SPECTRUM contains left and right channels 
broadcast as main channel audio (L + R), a 19 -kHz pilot carrier, and a sideband subcar- 

34 rier from 23 to 53 kHz containing L - R. 

about 38 kHz. You can adjust 
Ti's core to put the oscillator ex- 
actly on frequency. Although 
the oscillator might drift more 
than a quartz crystal, it's not a 
problem because receivers use 
phase -locked loops that can 
track the minor drifting. Note 
that the circuit won't oscillate if 
transformer Ti's wiring is re- 
versed. A bottom view of Ti is 
included in Fig. 2 to help you 
with the wiring. 

The multiplexed audio exits 
pin 14 of IC1 and is mixed with 
the pilot carrier on pin 13 using 
the network of R5, R6, C22, and 
C13. The resulting signal is ap- 
plied to the modulator input at 
pin 12. To prevent any RF feed- 
back problems, pin 12 is by- 
passed by C6. A Colpitts 
oscillator, operating from 88 to 
95 MHz, is formed at pins 9 and 
10 with the network of C15 to 
C17, C20, and L3. The coarse 
frequency adjustment is made 
by varying the coil spacing of 
L3, and the fine adjustment is 
made with C20. RF energy that 
is generated from the tank cir- 
cuit is prevented from getting 
back into the power supply cir- 
cuitry with bypass -capacitor C7 
and RF -choke L2. 

The modulated signal at pin 
10 of ICI is coupled internally to 
the RF output amplifier consist- 
ing of C18, C19, and L4 con- 
nected to pin 7. That circuit 
boosts the oscillator signal to 
drive the antenna, and it pre- 
vents changes in antenna load- 
ing from shifting the oscillator 
frequency. The antenna is 
tapped at a point on L4 for the 
best power transfer. The design 
of ICI is optimized for 1.5 -volt 
operation with an absolute 
maximum of 3.5 volts. Early 
testing of this project showed 
that the transmit range didn't 
increase significantly when 3 
volts was used to power the cir- 
cuit, and the current drain tri- 
pled. Therefore, the increase in 
operating voltage is not recom- 
mended. The FM transmitter 
circuit draws only about 5 mA, 
so a single AA cell should last a 
very long time. 

Construction 
Any circuitry that operates at 

high frequencies needs proper 
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FIG. 2-THE HEART OF THE FM TRANSMITTER is a BA1404 FM stereo transmitter IC. 
The left input -signal level is adjusted via R1, pre -emphasis is provided by Cl and R3, 
and audio is coupled by C10 into the left -channel input. The right -channel input 
circuitry is identical. 

grounding and shielding. How- 
ever, to keep this project as sim- 
ple as possible, a PC board was 
not used. Instead, a single - 
sided copper -clad blank was 
used, with the copper on the 
component side forming a 
ground plane, and point-to- 
point wiring done on the under- 
side. You should be able to lo- 
cate all of the necessary parts for 
this project. If you can't find 
some of them, they are available 
from the source mentioned in 
the Parts List. 

To prepare the blank, drill 
four mounting holes in the cor- 
ners of the board; the author 
used the mounting holes of the 
aluminum project case as a dril- 
ling guide for the copper blank. 
After you drill the four mount- 
ing holes, put a short screw in 
each hole secured with a nut. 
That will form a miniature "ta- 
ble," making it easy to drill the 
holes in the board for compo- 
nent mounting. 

Next drill the 18 holes for ICI 
near the center of the board-a 
scrap of perforated con- 

struction board makes a good 
drilling guide. After drilling the 
holes for ICI, use a 3/16 -inch drill 
bit, twisting it between your fin- 
gers, to remove a small burr of 
copper around each hole except 
at pins 3 and 8, which must be 
soldered directly to the copper. 
That will prevent shorting any 
of the pins to the ground plane 
while still providing the circuit 
with near -perfect shielding. 

As shown in Fig. 2, many of 
the parts have one lead going 
directly to ground. For parts like 
that, drill a hole through the 
board only for the ungrounded 
lead. The other lead can be sol- 
dered directly to the ground 
plane on top of the board. It is 
suggested that you drill and sol- 
der only a few components at a 
time. That way it's easier to lay 
out all the parts neatly. 'fly to 
keep all leads as short as possi- 
ble. Also, it's important that de - 
coupling capacitors be placed 
as close as possible to the pins 
of ICI, L3, and L4. 

You can make coil L3 by close - 
winding three turns of #20 

enameled wire on the shank of 
your 3/16 -inch drill bit and 
spreading it out to 1/4 inch after 
removal. To make coil L4, close - 
wind four turns of #20 wire as 
before, and spread them out to 
3/s inch after removal. Both coils 
are mounted on the board 1/46 

inch above the copper surface. 
Place the coils at right angles to 
each other and at least one inch 
apart to reduce coupling be- 
tween them. The RF chokes (L1 
and L2) should also be mounted 
at right angles to coils L3 and 
L4. 

Checkout and tune up 
Take a few minutes to review 

your work. Make sure the cop- 
per is removed from around all 
holes intended for component 
lead pass -through. Before ap- 
plying power, make a few checks 
with an ohmmeter from IC1's 
pins to ground to see if any 
shorts exist where they 
shouldn't be. Also check for 
proper polarity of the elec- 
trolytic capacitors. Connect the 
battery and measure the cur - 35 



rent drain; it should be under 5 
milliamps. Attach the antenna 
to the top of L4, at the first turn 
from the end that is connected 
to pin 7 of IC1. The 17 -inch an- 
tenna on the prototype is the 
length most often found on por- 
table radios; use only enough 
length of the antenna to avoid 
interfering with other nearby 
radios. 

Connect a stereo audio signal 
to the transmitter-left at J1 
and right at J2. Thne your FM 
receiver through the band lis- 
tening for the transmitted sig- 
nal. Set C19 and C20 at their 
midpoints and adjust L3 for 
about 92 MHz. You can now use 
C20 to fine tune the desired fre- 
quency. Although you probably 
have a good transmitting dis- 
tance already, you can tune the 
circuit for maximum output by 
watching the signal -strength 
indicator on the FM receiver 
you're using, and adjusting the 
coil spacing of L4 with a plastic 
tool. As you get close to max- 
imum, the coils are slightly in- 
teractive, so adjusting one will 
affect the other. Repeat the pro- 
cedure until you reach a max- 
imum output. With a stereo 
signal applied to J1 and J2, lis- 
ten to the output from the FM 
receiver, preferably through 
headphones, and adjust Rl and 
R2 to the point just below where 
distortion occurs on loud 
portions of music. An input 
level to IC1 just below 200 mV is 
recommended. 

FIG. 3-A SINGLE -SIDED copper -clad 
blank provides a ground plane on the 
component side, and point-to-point wir - 

36 ing is used on the underside. 

PARTS LIST 

All resistors are Y4 watt, 5%, un- 
less otherwise noted. 

R1, R2-20,000 ohms, potentiome- 
ter 

R3, R4-75,000 ohms 
R5-150,000 ohms 
R6-2700 ohms 
R7-390,000 ohms 
R8-1500 ohms 
Capacitors 
C1-C9 -0.001 µF, ceramic disc 
C10-C14-22 µF, 16 volts, elec- 

trolytic 
C15, C16-15 pF, ceramic disc, 

NPO 
C17, C18-43 or 47 pF, ceramic 

disc, NPO 
C19, C20-2-20 pF, trimmer ca- 

pacitor 
C21, 022-220 pF, ceramic disc 
C23 0.0039 µF Mylar, 5% 
024-10 pF, ceramic, NPO (op- 

tional, see text) 
Semiconductors 
IC1-BA1404 stereo FM transmitter 
01-2N5210 NPN transistor 
Other components 
XTAL1-38-kHz crystal HC -18 style 

(preferred) or 38.4 -kHz crystal 
(both optional, see text) 

S1-SPST toggle switch 
T1 -455 -kHz 1st IF transformer 

(Sumida 1202-0042, Mitsumi 
410B, or equivalent) 

L1, L2-1.0 microhenry RF choke 
L3-three turns of #20 enameled 

wire wound on 3/,s -inch form 
L4-four turns of #20 enameled 

wire wound on 3/16 -inch form (tap 
at one turn) 

J1, J2-RCA phono jack 
J3-banana plug and jack for an- 

tenna 
Miscellaneous: 17 -inch telescop- 

ing antenna, single -sided copper - 
plated PC -board blank, 8 inches 
of 20 -gauge enameled wire, drill 
bits, suitable metal enclosure, AA 
battery holder, wire, solder, hard- 
ware, etc. 

Note: The following items are 
available from Pershing Tech- 
nical, P.O. Box 1951, Fort Worth, 
Texas 76101-1951: 

A kit of all board -mounted 
components, coil wire, 3 x 3 - 

inch undrilled PCB blank, AA 
battery holder, and audio con- 
nectors (crystal is not in- 
cluded) -$19.50 

Price includes first class ship- 
ping costs. Orders outside 
USA add $2. Please allow from 
4 to 6 weeks for delivery. 

+1 5V 

2.2K Cl 
MIC .001 

C10 
22µF 

-3177i5- 
FIG. 4-A WIRELESS MICROPHONE can 
be made by adding an electret con- 
denser microphone to the J1 input. 

The 38 -kHz oscillator is best 
adjusted with a frequency coun- 
ter connected to pin 5 of IC1. If 
no counter is available. adjust 
the core of T1 noting the posi- 
tions where the receiver's ster- 
eo -indicator light goes on and 
off. Adjust the core midway be- 
tween those two points. Figure 
3 shows the prototype stereo 
transmitter. 

Further refinements 
There might be times when 

you wish to transmit a mono- 
phonic signal, such as a speak- 
er's voice to an auditorium 
sound system. A switch can be 
added to the circuit to place a 
0.01-µF capacitor from pin 6 of 
IC1 to ground to inhibit stereo 
operation. If permanent mono- 
phonic operation is desired, the 
38 -kHz oscillator components 
and C5 can be omitted from the 
circuit. 

Adding an electret condenser 
microphone to the J1 input 
with a 2200 -ohm resistor con- 
nected to + 1.5 volts will convert 
this project to a wireless micro- 
phone for baby -room monitor- 
ing or lecture -hall use. Wire the 
parts into the circuit in place of 
Rl as shown in Fig. 4. Stereo 
operation allows you to double 
up on the inputs. You might try 
adding vocals on one channel 
and an instrument on the other 
for broadcast through your ster- 
eo system. You could also 
monitor the telephone or baby 
on the left channel and listen to 
your scanner on the right chan- 
nel-all while you wash your car 
or mow your lawn, while wear- 
ing a Walkman -type receiver. 
Those are just a few of the many 
possible uses for this simple 
project. We're sure you can come 
up many others. If you do, let us 
know what they are. R -E 
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To Get The Current Rate, 
You Have To PushThe Right Buttons. 

Announcing the new toll -free number for U.S. Savings Bonds. Now, if you want to find 
out how much interest your investment is earning, simply call 1 800 4 US BOND. The rates 
are adjusted every six months to keep pace with the market, and there is a guaranteed 
minimum yield when held for five years or more. So push the right buttons - 1 800 4 US 
BOND - and find out how much your U.S. Savings Bonds are earning today. 
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WARC 92 

RF Spectrum 
Prepped for 
Next Centu 
REPRESENTATIVES OF COUNTRIES 
with a stake in telecommunica- 
tions met recently in Tor- 
remolinos, Spain, to reallocate 
parts of the radio -frequency 
spectrum for satellite and space 
communications services in the 
21st century. But the meeting 
had its share of contention as 
national delegations clashed 
over frequency redistribution. 

The World Administrative Ra- 
dio Conference (WARC-92), held 

38 from February 3 through March 

3, allocated frequencies for 
many different concepts related 
to satellite and spacecraft to 
Earth communications. Some 
proposed systems that require 
special frequencies are only 
vague co lcepts, but others 
could be started even before the 
turn -of -the -century. Consider 
these possibili bes: 

A cordless telephone system 
that will permit you to dial an- 
other phone anywhere on earth 
using a constellation of 77 low - 

STANLEY LEINWOLL 

orbiting satellites. This system 
would also permit you to phone, 
page, or send fax messages from 
airplanes, ships at sea, or mov- 
ing cars. 

A satellite system that di- 
rectly broadcasts strong. clear, 
non -fading radio signals to 
home receivers worldwide with 
compact -disc quality reception. 

A satellite television system 
that beams clear, sharp images 
directly to your home that are 
better than those received di- 
rectly from terrestrial TV trans- 
mitters or cable. 

WARC-92 also allocated Earth 
and space exploration frequen- 
cies, including those required 
to establish a lunar colony, and 
for a manned expedition to 
Mars. In addition, WARC-92 al- 
located an additional 790 kHz of 
RF spectrum to high -frequency 
broadcasting (HFBC), and 
adopted a resolution calling for 
a future conference to plan 
HFBC. 



Nationalistic squabbles beset the conference that allocated 
frequencies for 21st -century telecommunications 

Tough allocation decisions 
Although many of WARC-92s 

accomplishments read like a 
chapter from Star Trek, they did 
not come easily. Participants 
found that attendance was 
strenuous, some delegations 
were highly contentious, and 
the results of certain sessions 
were confusing. 

WARC-92 reallocated fre- 
quencies in different parts of 
the electromagnetic spectrum 
ranging from high frequency 
(HF- 3 to 300 MHz) all the way 
up to the extra -high frequency 
(EHF -above 150 GHz). 

Conference accomplishments 
WARC-92's accomplishments 

include: 
1. High -frequency (HF) alloca- 
tions. Figure 1 shows the addi- 
tional frequency allocations 
made for high -frequency broad- 
casting. Four conditions were 
imposed on those allocations: 

They were limited to single- 
sideband (SSB) only. 

Their use is subject to plan- 
ning procedures of future 
WARC 's. 

They were allocated to the 
fixed and where appropriate, 
the mobile services until April 1, 
2007. 

Existing fixed and, where ap- 
propriate, mobile services can 
continue on a low -power, na- 
tional, and non-interference 
basis taking into account exist- 
ing HF -broadcasting schedules. 

A future planning WARC will 
probably be scheduled for 1995 
or 1996. In preparing for this 
important radio conference, the 
United States Delegation pro- 
posed the expansion of the 
shortwave broadcasting bands 
by an additional 1125 kHz in 
Europe, Africa, and Asia, and 
1325 kHz in the Americas. But a 
large bloc of developing coun- 
tries from Latin America, sub- 
Saharan Africa, and Asia stead- 
fastly refused to reallocate that 
amount of the RF spectrum to 
broadcasting. 
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The bloc pointed out that the 
HF bands below 10 MHz are 
used extensively in their coun- 
tries for internal point-to-point 
communication, and they are 
extremely congested. Con- 
sequently, those developing 
countries were adamant about 
releasing large amounts of spec- 
trum below 10 MHz. To avoid the 
possibility that HF broadcast- 
ing would not get any additional 
spectrum during WARC-92, an 
eleventh -hour compromise was 
struck, and a total of 2000 kHz 
was reallocated in the bands be- 
low 10 MHz. 

Mindful that the amount of 
spectrum reallocated to HF 
broadcasting was insufficient, 
the United States Delegation de- 
clared that WARC-92 failed to 
make adequate provision for 
that service, particularly below 
10 MHz. The delegation an- 
nounced that it "reserves the 
right to take the necessary steps 
to meet the HF needs of its (U.S. 
broadcasting service." 

The extension bands will be- 
come available to HF broadcast- 
ing on April 1, 2007. They will 
be planned, and can only be 
used än the SSB mode.EP 
2. Satellite sound broadcasting 
(BSS,': The issues I ere pro- 
duced a genuine tug-of-WARC. 
The conference was divided 
from the outset on allocation of 
frequencies. Most Europeans 
wanted the more economical 
and propagationally suitable L - 
Band, with an allocation 
around 1.5 GHz. However, the 
U.S. was firmly opposed to that 
allocation became military aero- 
nautical services are now oper- 
ating in that band. The U.S. 
wanted the allocation in the S - 
band, around 2.3 GHz. Other 
countries, notably, China, Rus- 
sia, Japan, India, and Pakistan, 
wanted the BSS allocation to be 
around 2.5 GHz. (See Fig. 1) 

In the end, BSS allocations 
were made in all three bands on 
a regional basis. In the U.S., sat- 
ellite sound broadcasting is al- 
located in the 2.31- to 2.36 -GHz 
band. However, China, Russia, 39 



Japan, India, Pakistan, and 
several other Asian countries 
will use the 2.535- to 2.655 -GHz 
band. The rest of the world will 
use the 1.452- to 1.492 -GHz 
band. All of those uses will be 
limited to digital audio broad- 
cast ing (DAB). WARC-92 agreed 
that the upper 25 MHz of each 
band can be used immediately, 
provided that suitable coordi- 
natIon procedures are followed. 
3. High -definition television 
(HDTV). This service ran into 
problems similar to those en- 
countered in BSS, and there 
was no agreement on worldwide 
allocations. Instead, Europe, Af- 
rica, and Asia will use the 21.4 - 
to 22 -GHz band, and the Amer- 
icas will use tho 17.3- to 17.8 - 
GHz band. Feeder links will be 
in the 18.1- to 18.4 -GHz band in 
the Americas, and 24.25- to 
-25.25-GHz band elsewhere. 
(See Fig. 1) These bands will be- 
come available on April 1, 2007. 

Prior to that date, HDTV could 
be implemented, provided that 
existing services are protected. 
4.Mobile satellite service, and 
aeronautical public correspon- 
dence (APC). The services that 
most excited WARC-92 atten- 
dees occur in the frequency 
bands assigned for telephony, 
worldwide paging, and fax ser- 
vices using many continually 
orbiting rather than geostation- 
ary satellites. 

In 1990 Motorola proposed a 
global telephone system called 
Iridium (see box). The APC sys- 
tem would enable passengers 
on commercial airlines to make 
phone calls or send FAX mes- 
sages anywhere on earth. Fre- 
quencies for these services were 
allocated in bands between 300 
MHz and 3.0 GHz, and they in- 
clude allocations for a future 
public land -mobile telecom- 
munications service (FPLMTS). 
That service would, among 

other services, permit anyone 
in a moving automobile with a 
car phone to call anywhere on 
Earth. 

Although some worldwide ex- 
clusive allocations were made, 
the interregional jousting that 
took place in BSS and HDTV 
also affected the mobile satellite 
service. Once many of these sys- 
tems are implemented, it will be 
necessary for the systems to car- 
ry dual standard equipment. 
For example, an airplane cross- 
ing the Atlantic must carry 
equipment that operates in the 
frequency bands allocated for 
the Western as well those allo- 
cated for the Eastern hemi- 
sphere. The world's electronic 
equipment manufacturers can 
expect to stay busy for years to 
come meeting the demand for 
equipment that will operate at 
the many WARC-92-allocated 
frequencies. 

Continued on page 73 

GLOBAL TELEPHONE NETWORK OF 77 SATELLITES 

SATELLIT=S 
AT A_TITUDE 
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AT 18,OCO MPH 

EARTH ROTATION -WEST -TO -EAST 

SEVEN POLAR 
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IRIDIUM TELECOMMUNICATIONS NETWORK would have 77 moving satellites in 

seven polar orbits at a 500 -mile altitude. 

Iridium, a proposed global cellular 
telephone network, would put 77 relay 
satellites in earth orbit. Those moving 
transceivers or "cell sites' would be sup- 
ported by 20 or more ground stations 
connected to terrestrial telephone lines. 
The system promises worldwide tele- 
phone, paging and fax service. 

Unlike existing telecommunications 
satellites that remain in a fixed position 
22,300 mile above the equator, Iridium's 
satellites would orbit the earth at an al- 
titude of 500 miles. The 77 satellites 
would be launched and syichronized in 

seven polar orbits with 11 satellites in 

each orbit. 
Moving from north to south at 18,000 

miles per hour, the satellites would be- 
have like electrons orbiting the nucleus 
of an atom. The earth will rotate west to 
east under this "shell" of satellites. As a 
result, at least one satellite will be in 

position above the horizon ready to 
transmit and receive calls at all times. 
Moreover, the low -altitude orbits will per- 
mit half -watt pocket phones to be used. 

This ambitious scheme, proposed by 
Motorola Inc., has received frequency 
spectrum allocations although t has not 
yet been authorized by the FCC. In addi- 
tion to revenues expected from tele- 
phone, fax, and paging services, 
Motorola envisions considerable work in 

making the satellites, ground station 
equipment, and pocket telephones. 
Critics, however, say that Iridium wil 
have to play catch-up with existing el- 
lular telephone services, and it will be 
too expensive to be profitable. R -E 



THIS MONTH WE CONTINUE 
our PC -based test 
equipment series by 
completing the first of 
several that are com- 
patible with the I1000 
interface we built last 
month. We also went 
over the Front -End cir- 
cuitry that must be con- 
tained in each I1000 
peripheral. This first pe- 
ripheral, the T1001, 
contains a 100 -MHz dig- 
ital frequency counter, 
an event/period meter, 
and a precision capaci- 
tance meter accurate 
from 1 pF to 10,000 µF. 

Capacitance 
measurement 

The Circuit Control 
Latch section (CCL) is 
made up of 16 control 
lines that are individu- 
ally routed to every block 
depicted in Fig. 1. The 
purpose of the CCL sec- 
tion is to enable, dis- 
able, reset, start, and 
stop the major pro- 
cesses of the T1001. The 
Capacitor Pulse section, 
when started by the CCL 
section, produces a 
negative -going pulse 
whose period is propor- 
tional to the capacitor 
under test. 

The pulse produced in 
the Capacitor Pulse sec- 
tion enables and dis- 
ables the 60 -MHz clock. 
lb determine the period 
of the pulse, the output of the 
clock is connected to the Cap/ 
Event section which contains 
the least -significant eight bits 
(byte 1) of a 32 -bit digital coun- 
ter, as well as a latch used to 
read those eight bits. The Coun- 
ter section provides the remain- 
ing 24 counter bits (bytes 2, 3, 
and 4) as well as three more 8 - 
bit latches that are used to read 
the count back into the comput- 
er. 

The complete sequence is as 
follows: Control data is sent to 
the address of the CCL. The 
Chip -Select (CS) section en- 
ables the CCL to store the con- 
trol data. The control data 
disables the Frequency, Event, 

PC -BASED 
TEST BENCH 

The first /1000 peripheral 
that we're going to build, the 
T1001, contains a frequency 

counter, an event/period meter, 
and a capacitance meter. 

STEVE WOLFE 

and Timebase sections, and re- 
sets the counter and Capacitor 
Pulse sections. Next, the CCL is 
sent a byte that causes a one- 
shot to fire in the Capacitor 
Pulse section. The resultant 
pulse enables the clock, which 
enables the counters. When the 
pulse has ended, the final coun- 
ter values are read back into the 
computer. The four counter 
bytes are then combined into a 
single decimal value. The resul- 
tant value is proportional to the 
capacitance of the component 
under test. 

Event/period measurement 
Event or period measurement 

uses most of the same circuitry 

as the capacitance 
meter. In this case, the 
CCL is programmed to 
deactivate the Capacitor 
Pulse section and to ac- 
tivate the Event -Pulse 
section. The Event 
Pulse section contains a 
CCL-controlled inverter/ 
buffer. The 60 -MHz 
clock is enabled and dis- 
abled by a negative -go- 
ing pulse. The inverter/ 
buffer ensures that a 
pulse of any polarity fed 
into the Event Pulse sec- 
tion will be negative -go- 
ing upon reaching the 
Clock section. That al- 
lows for measurement 
of either negative -going 
or positive -going 
pulses. As with capaci- 
tance measurement, 
the counters are clocked 
at a 60 -MHz rate for the 
duration of the event 
pulse, and are then 
stopped. The counter 
bytes are read back into 
the computer and com- 
bined into a single deci- 
mal value. The resultant 
period in seconds is 
equal to the final count 
divided by 60 MHz. 

Frequency 
measurement 

For frequency mea- 
surement, the CCL is 
first instructed to dis- 
able the Capacitor Pulse 
and Event Pulse sec- 
tions, reset all the coun- 

ters, and select one of eight 
available timebases, which are 
derived from the 60 -MHz clock. 
Next, a timing period begins, 
and the output of the Timebase 
section goes low. That allows the 
Frequency Input section to be- 
gin counting the frequency that 
is being measured. The first 
byte of the input frequency rip- 
ple carries into the Counter sec- 
tion (bytes 2, 3, and 4). When 
the timebase period ends, the 
output of the timebase section 
returns to a high condition, dis- 
abling the Frequency Input sec- 
tion. The final count bytes are 
then read back and are com- 
bined into a single decimal val- 
ue. The resultant frequency is 41 
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FIG. 1-T1001 BLOCK DIAGRAM. This peripheral contains a 100 -MHz digital frequency 
counter, an event/period meter, and a precision capacitance meter. 

equal to the final count divided 
by the timebase period in sec- 
onds. 

Controlling the T1001 
The first step in controlling 

any I1000 peripheral is to estab- 
lish a base address and select 
the desired peripheral. The first 
bit of code will be: 
bas = 768 : out bas + 31,1. 
768 (hex 300) is the factory -pre- 
set base address of the I1000. 
Next we have an out to bas + 31. 
Recall that address bas + 31 is 
reserved for peripheral selec- 
tion. The T1001 has a unit or 
peripheral address of "1." Con- 
sequently, if you send an out to 
bas+31 with a data byte of "1," 
the T1001 will be readied for full 

42 I/O operation. 

Take a look at the T1001 sche- 
matic in Fig. 2. (Note that the 
Front End circuitry is absent- 
you can find that, and a descrip- 
tion of it, in the June 1992 is- 
sue.) A 74HCT138 3 -to -8 line 
decoder (IC21) produces the 
read function chip selects with- 
in the T1001; it decodes three 
binary lines and produces a low 
on one of eight output lines. 
The low remains active as long 
as the handshake lines remain 
active. The handshake lines 
that come from the Front End 
are SEND, RD, and BEN. The ad- 
dress information present at 
pins 1-3 of IC21 corresponds to 
AO -A2 (A3 AND A4 are not used by 
the T1001). 

The BEN pulse is high as a re- 
sult of selecting the T1001. Ex- 

ecuting "a = inp(bas +3)" will 
cause SEND and A2 lines to go 
low, and AO and Al to go high. 
After 500 nanoseconds, the 
read pulse (ND) will go low, ac- 
tivating IC21 pin 12 for the du- 
ration of the rzD pulse (1 µs). If 
BEN were low, IC21 would not re- 
spond to read pulses. BEN is low 
in every peripheral except the 
one addressed with the bas + 31 
function. The + 0 through + 4 
designator on the outputs of 
IC21 correspond to bas + 0 
through bas + 4 in the software. 
Using that notation, it is easy to 
visualize the software's effect on 
the hardware. 

A byte latched into IC9 can be 
retrieved using the following: 
a = inp(bas + 0):a = inp(bas + 0) 
A read to bas + 0 will cause IC21 



pin 15 to go low, which in turn 
brings IC9 pin 1 low. That 
causes IC9 to go active and place 
its data onto the bus. Similarly, 
a read to bas + 1 will bring data 
held within IC19 onto the data 
bus. Reads issued to bas + 2, 
+ 3, + 4, and + 7 retrieve bytes 
from IC27, IC28, IC30, and 
IC25, respectively. Another 
74HCT138, IC22, produces the 
write function chip selects with- 
in the T1001. It functions in 
much the same way as IC21 ex- 
cept that it responds to the 
write pulse (wu) instead of the 
read Rn) pulse. 

An "OUT bas + 0,170" would 
cause IC22 pin 15 to go low and 
subsequently IC20 pin 8 to go 
high; IC20 pin 8 controls the 
latch input of IC23 pin 11. You 
may have noticed that chip -se- 
lect read -function outputs are 
active low, while write function 
outputs are inverted, or active 
high. That's because the 
74HCT573 latches need a low 
on pin 1 to output their byte, 
and a high on pin 11 to store a 
byte. Components IC23 and 
IC24 are used to clear, start, and 
stop all of the processes of the 
T1001. The labels on the output 
side of IC23 and IC24 match la- 
bels at the IC being controlled. 

Powering the T1001 
Peripherals attached to the 

I1000 are powered by the + 12 - 
volt DC power line of the host 
PC. The + 12 -volts DC is filtered 
and regulated to + 5 -volts DC 
within the peripheral. In the 
T1001, the + 12 -volts DC is con- 
verted into four different + 5 - 
volt supply lines. There are four 
different supply lines because 
the 60 -MHz master oscillator 
produces energy that can radi- 
ate to other parts of the circuit. 
(In an earlyT1001 prototype, the 
60 -MHz clock radiated enough 
energy to completely disable the 
frequency -counter section.) 
Giving each high -frequency 
section its own power supply 
eliminates such problems. 

Measuring capacitance 
To measure capacitance, you 

must first disable any systems 
not involved in capacitance 
measurement. Therefore, IC23 
and IC24 are used to disable 

T1001 PARTS LIST 
Resistors 

R1-200,000 ohms, 1/4 -watt, 1% 
R2-5110 ohms, 1/4 -watt, 1% 
R3-2200 ohms, 1/4 -watt, 5% 
R4-5600 ohms, 1/4 -watt, 5% 
Capacitors 
C1, 02, C7, C8, C10, C16, C17, C34, 
C41-10 µF, 35 volts, electrolytic 
C3, C5, C6, C12 -C15, C18, C20 -C30- 
0.15 µF, 50 volts, monolythic 
C4, 09, C11, C19, C31, C35, C36, C38, 
C39 -not used 
C32-105 pF, 100 volts, dipped mica 
C33, C37, C40-100 µF, 25 volts, elec- 
trolytic 
Semiconductors 
IC1-74LS123D dual one-shot 
IC2-74HCT861D quad 2 -input XOR 
gate 
IC3, IC11-74HCT32D quad 2 -input OR 
gate 
IC4-74HCT2OD dual 4 -input NAND 
gate 
IC5-74HCT74D dual D flip-flop 
IC6 IC16-74F86D quad 2 -input XOR 
gate 
1C7, IC10, 1C17-74ACT74D dual D flip- 
flop 

IC17, IC18, IC10, IC2-d, and 
IC5-b. That disables the Fre- 
quency Counter and Event sec- 
tions. Let's assume that you are 
going to measure a small capac- 
itor (less than 1 µF). Now IC23 
and IC24 clear IC1-a, IC1-b, IC7- 
a, IC7-b, IC8, IC26, and IC29. 
and another byte from IC23 and 
IC24 releases those chips from 
their reset modes. 

You are now ready to start IC 1- 
a by transitioning its start line 
at pin 2; that causes IC1-a pin 4 
to go low and IC4-b pin 8 then 
goes high. Flip-flop IC7-a-a 
74F74 high-speed flip-flop set 
up as a divide -by -two -contains 
the least -significant bit of the 
32 -bit counter. When IC6-d re- 
ceives a low on pin 13, IC7-a is 
disabled; when IC6-d receives a 
high on pin 13, IC7-a is enabled. 
Therefore, during the time that 
ICI -a is producing a negative 
pulse, IC7-a is counting at a 60 - 
MHz rate. 

The rest of the 32 -bit counter 
section is made up of IC7-b, 
IC8, IC26, and IC29. Each sec- 
tion ripple -carries to the next. 
Once the one-shot pulse has be- 
gun, IC25 continually reads 
back IC6 pin 13 to determine if 
the pulse has finished. When 
IC6 pin 13 is found to be low, the 

IC8, IC12-1C14, IC18, IC26, IC29- 
74HCT4040D 12 -stage binary counter 
IC9, IC19, 1C23 -1C25, IC27, IC28, 
IC30-74HCT573D octal latch 
IC15-74HCT1510 8 -channel multi- 
plexer 
IC20-74HCTO4D hex inverter 
IC21, IC22-74HCT138D 3 -to -8 line de- 
coder 
1C31-1C33-LM340T 5 -volt regulator, 
TO -220 case 
IC34-LM340K 5 -volt regulator, TO -3 
case 
D1 -1N4148 diode 

Other components 
OSC1-60-MHz crystal oscillator 
J1 -panel -mount BNC connector 
J2, J4 -red binding post 
J3 -black binding post 
J5 -J7 -spring jacks or other type of 
connector, see text 
Miscellaneous: project case, PC 
board, software, three TO -220 heat - 
sinks, one TO -3 heatsink, sheilded ca- 
ble, stranded jumper wire, hardware, 
ribbon cable, solder, etc. 

one-shot has finished and the 
contents of the counters are 
read back from IC9, IC27, IC28, 
and IC30. The four bytes are re- 
combined by the software to 
yield one decimal number pro- 
portional to the capacitance. 

One-shot circuits cannot pro- 
duce pulses that increase with 
capacitance in a 1:1, or linear 
fashion. In fact, the graph can 
be a curve resembling the natu- 
ral log of 2. To achieve better 
than one percent accuracy, ma- 
trices and determinants are 
used in the software to overlay a 
correction curve and thus can- 
cel any nonlinear charac- 
teristic. That is achieved by 
plugging capacitors with 
known values into the capacitor 
checker during a calibration 
process, allowing the checker to 
learn what capacitance equals 
what count. Therefore, the 
T1001 capacitance meter is 
accurate from 1 picofarad to 
10,000 microfarads. For op- 
timal performance, the calibra- 
tion process should be repeated 
every six to eight months. 

Measuring an event 
Period measurement is ac- 

complished with most of the cir- 
cuitry used for capacitance 43 
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one of eight output lines. 
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measurement. All of the sec- 
tions initially disabled or 
cleared during the capacitance 
test are treated the same way 
here. The event input is secured 
by D1 and R3 when it's not in 
use. When the anode of D1 is 
brought low, control is given to 
the Event Pulse input so that a 
pulse can be measured. If the 
pulse to be measured is 
positive -going, IC2-d is pulled 
high. If the pulse to be mea- 
sured is negative -going, IC2-d 
pin 12 is pulled low. That en- 
sures that any pulse leaving 
IC2-d pin 11 will be negative -go- 
ing. Next, a byte is sent to IC23 
and IC24 to release IC5-b, IC7-a, 
IC7-b, IC8, IC26, and IC29 from 
their reset modes. 

A positive -going START pulse, 
which tells the circuit produc- 
ing the event to begin, is sent 
out. The input pulse enters IC2- 
d pin 13, and a negative -going 
pulse leaves IC2-d pin 11 and 
goes to IC4-b pin 9, and the 
counters begin counting. Flip- 
flop IC5-b watches'for the event 
pulse to end; when the pulse 
ends (a rising edge is detected), 
IC5-b pin 9 goes high, disabling 
the Event section. That pro- 
vides noise immunity by pass- 
ing only the first pulse received. 
Because the pulse has ended, 
IC6-d pin 13 goes high, indicat- 

FRONT END PARTS LIST 

Resistors 
R1-33 ohms, 16 -pin DIP resistor 
R2-2200 ohms, 10 -pin SIP resistor 
R3-1000 ohms, 10 -pin SIP resistor 
Capacitors 
C1 -C7 -0.15µF, 50 volts, monolythic or 
polystyrene 
C8 -C11, C20 -C28-1500 pF, 63 volts, 
polystyrene 
C12 -C19--220 pF, 100 volts, ceramic 
disc 
Semiconductors 
IC1-74LS573D octal latch 
IC2-74LS688D 8 -bit magnitude com- 
parator 
IC3-74LS245D octal transceiver 
IC4-74LS02D quad 2 -input NOR gate 
IC5, IC6-octal buffer 
IC7-74LS08D quad 2 -input AND gate 
Other components 
J1 -16 -pin male header 
J2 -18 -pin male header 
J3-Right-angle PC -mount male DB25 
connector 
Miscellaneous: 17 shorting blocks (for 
J1 and J2), solder, etc. 
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ing that it is time to read back 
the final count. The period can 
then be determined with the for- 
mula described earlier. 

Measuring a frequency 
As in the other two processes, 

a set of initial conditions must 
be established. First bytes will 
be sent to IC23 and IC24 to dis- 
able IC1-a, IC1-b, IC2-d, and 
IC5-b. All counters will be reset 
as before and IC4-b pin 13 is 
pulled low to ensure that when 
IC7 is released from the reset 
mode it will be free -running. 

The period section consists of 
IC3-d, IC10, IC11-b, IC12, IC13, 
IC14, and IC15. Once released 
from reset, IC7 produces a 
CLOCK pulse which is applied to 
IC10-a and IC11-b. That part, 
IC11-b, is the clock enable/in- 
hibit gate that supplies IC12 
with clock pulses. A 
74HCT4040D 12 -bit counter, 
IC12, ripple -carries to another 
counter, IC13, which ripple -car- 
ries to the last counter in the 
period section, IC14. 

Eight channels from a 
74HCT151D 8 -channel multi- 
plexer, IC15, are connected to 
eight of the counter outputs. 
The multiplexer output channel 
is connected to IC11-b, IC3-d, 
and pin 6 of IC25, a 
74HCT573D octal latch. Pin 6 of 
IC25 is a read -back line for de- 
termining when the period has 
ended. 

The operation of the Period 
section is as follows: IC7-a, 
IC10-a, IC17, and IC18 are all 
released from reset. IC7-b pro- 
duces a 15 -MHz clock signal 
that is fed to IC10-a and IC11-b. 
When the first rising edge 
reaches the clock input of IC10- 
a, pin 6 of IC10-a goes low. That 
releases IC12, IC13, and IC14 
from reset. Prior to that event, 
all the counter, or "Q" outputs 
were low due to the reset con- 
dition. At this time, IC11-b has a 
low on pin 5 and a clock signal 
on pin 4. That produces a clock 
signal on IC12 pin 10. 

Since the counters are no lon- 
ger in a reset condition, they go 
into a free -running mode. Even- 
tually, the multiplexer line cur- 
rently selected is fed a high 
condition. The high is fed to 
IC11-b, IC3-d, and IC25 pin 6. 

When pin 6 of IC11-b goes high, 
it inhibits IC12, IC13, and IC14. 
The output of IC3-d was high 
before the reset was removed, 
low after reset and before the 
counter went high, and high 
after the counter went high. If 
IC3-d produces a high, then 
IC16-c is an inverter and con- 
sequently IC17-b is inhibited. If 
IC3-d is low, then IC16-c is a 
buffer and IC17-b is enabled. In 
other words, during the time 
when the counters are not in 
reset, but prior to the counter 
output being fed back to IC3-d, 
the frequency being measured 
is allowed to clock IC17, IC18, 
IC26, and IC29. The length of 
the period is determined by the 
counter output, or "Q" that is 
allowed to pass through IC15. 

The T1001 was designed to 
produce eight different time - 
bases between 0.1 and 20 sec- 
onds. The period of any given 
timebase can be determined by 
calculating the amount of time 
it will take for the target "Q" to 
go high at the given clock rate. 
That method is not as exact as it 
could be, due to propagation de- 
lays. The preferred calibration 
method is obtained by working 
backwards. You input a rela- 
tively high, known frequency 
into the counter input and start 
a period. Once the count is read 

ORDERING INFORMATION 

Note: The following items are avail- 
able from TSW Electronics Corp., 
2756 N. University Drive, Suite 168, 
Sunrise, FL 33322 (305) 748-3387: 

11000 kit-$65.00 
11000 PC board only-$35.00 
11000, assembled and tested- 

$77.00 
6 -foot interface cable (DB -25-6)-- 

$12.95 
T1001 kit (includes PC board, all 

listed parts, project case, and pre - 
assembled front and rear panels- 
$149.00 

T1001 PC board only-$49.00 
T1001, assembled and tested- 

$179.00 
T1001 software (included free with 

T1001 order)-$10.00 
Capacitor kit (unmeasured)- 

$21.00 
Capacitor kit (measured to within 

1%)-$26.00 
Add $5.00 S&H to any order. Check or 
money order only. 



back, the period in seconds is 
equal to the count divided by 
the frequency. In that way you 
can determine the exact period, 
propagation delays included. 
Once you have mapped out the 
exact value of all eight periods, 
you can save them to disk and 
reverse the equation so that the 
frequency is equal to the count 
divided by the period. 

Construction 
To build the T1001 peripheral, 

a PC board is recommended. 
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You can either buy a PC board 
from the source mentioned in 
the Parts List or make your own 
from the foil patterns we've pro- 
vided. Note that the parts for the 
Front End are contained on the 
T1001 board shown with a dark 
line around them. There is also 
a separate Parts List for the 
Front End. Do not confuse the 
two lists of parts, or where they 
go on the board. Install parts on 
the board as shown in Fig. 3. 
Also, for many of the capacitors, 
notice that there are three holes 
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FIG. 3-PARTS-PLACEMENT DIAGRAM. Note that the Front End section is contained 
on the T1001 board shown with a dark line around it. There are separate Parts Lists for 
the sections, so be sure not to confuse them. (The extra holes where capacitors are 
mounted are for accommodating capacitors of different sizes.) 

on the board, with two of them 
electrically the same. The holes 
accommodate capacitors of dif- 
ferent sizes. Use the pair of 
holes that best fits the capaci- 
tors you use. 

The frequency -input BNC 
connector (J1) must be wired to 
the board as shown in Fig. 3 
with shielded cable. Binding 
posts J2-J4 are connected to 
the board with insulated 
stranded wire. For testing ca- 
pacitors, "spring jacks" (J5-J7) 
allow quick insertion and re- 
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moval of test capacitors, as well 
as easy paralleling of capacitors 
to achieve any desired value. 
The spring jacks are simple 
springs bent in a semicircle, at- 
tached to the front panel with a 
screw at both ends, and con- 
nected to the PC board with 
insulated stranded wire. There 
is one spring jack for large -value 
capacitors (J5), one for small - 
values (J7), and a common one 
for ground (J6). 

However, a problem with the 
spring jacks is that a spring is 
an inductor, and the measured 
capacitance would vary depend- 
ing on how the capacitor is in- 
serted into the springs. There- 
fore, a fine -gauge shunting wire 
must be "woven" around the 
back edge of each spring and 
soldered to the jumper wire that 
connects the spring jack to the 
board. 

Making spring jacks can be 
difficult and tedious for the 
average do-it-yourselfer. There- 
fore, anyone who purchases a 
complete kit for the T1001 will 
receive a preassembled front 
panel-it's drilled, silkscreened, 
and all the jacks, including the 
three springs, are mounted on 
it. 1b save yourself a lot of hassle 
if you're not buying the kit, you 
can use any kind of capacitor 
test jacks such as binding posts 
or alligator clips. 

Four voltage regulators are 
used in the T1001: IC31-IC34. 
Three of them (IC31-IC33) are 
LM340T's in a TO -220 case, and 
the proper heatsink should be 
attached to each of them. The 
fourth regulator (IC34) is an 
LM340K in a TO -3 case. That 
regulator must be mounted on 
the back panel of the T1001 
case, also with an appropriate 
heatsink, and hardwired to the 
board. Figure 4 shows the com- 
pleted T1001 board. 

Software 
Each peripheral, including 

the I1000 itself, has its own soft- 
ware program to control its own 
operation. All of the programs 
end up in one directory as you 
add more peripherals. Software 
for the I1000 and the entire se- 
ries of peripherals, including 
the T1001, can be downloaded 

48 all at once from the RE-BBS 

,...I 11 

FIG. 4-COMPLETED T1001. A preassembled front panel is included with the purchase 
of a T1001 kit. 

(516-293-2283, 1200/2400, 
8N1) as a self-unarchiving zip 
file called I1000.ZIP. Both com- 
piled and uncompiled software 
is included. Software is in- 
cluded free with the purchase of 
any peripheral from the source 
mentioned in the Parts List. 
(Software can also be purchased 
from that source if you're not 
buying anything else from them 
and you have no way of down- 
loading it from the RE-BBS.) Be- 
fore you can do anything with 
the I1000 system, the software 
must be installed in your com- 
puter. lb do that, type "install" 
and then hit Enter. and follow 

the instructions you are given. 

Operation and calibration 
Before installing the I1000 

card in your computer, the card 
must be calibrated. lb calibrate 
the I1000, you'll need a dual - 
trace oscilloscope capable of 
measuring a 400 -nanosecond 
pulse, two x 1 probes, and a 
non-metallic alignment tool. 
Set both oscilloscope channels 
to 2 volts/division, the timebase 
to 0.2 microseconds/division, 
the trigger slope to negative ( - ), 
and then set the sync source to 
channel 1. 

Power down your computer, 

11mm :. . ii i1rIIIIIII.. If 1 ÌIIIIIlI =1Ì. 1 I : n t i .,..1 sc : : 1 _... 
-_ , r ~ --ti . 
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COMPONENT SIDE of the T1001 board. 
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install the I1000 card, and con- 
nect the scope's ground lead to 
the I1000's metal mounting 
bracket. Attach the channel -1 
probe to TP11 and channel 2 to 
TP5. Boot your computer and 
change directories to \TSW. 
Type "CALI1000" and press En- 
ter. Press the space bar until the 
status line indicates "WRIT- 
ING." Adjust the trigger level of 
your scope until you are in sync 
with channel 1. Adjust R12 until 
the waveform on channel 2 is 
centered within the waveform 
on channel 1. Move the chan- 
nel -1 probe from TP5 to TP7. 
Press the space bar until the 
status line indicates "READ- 
ING."Adjust R13 until the wave- 
form on channel 2 is centered 
within the waveform on chan- 
nel 1. Move the channel -2 probe 
from TP7 to TP9. Adjust R14 un- 
til the waveform on channel 2 is 
centered within the waveform 
on channel 1. Power down the 
computer and remove the 
probes; the I1000 is now fully 
calibrated. 

All three functions of the 
T1001 peripheral must also be 
calibrated. When the system is 
up and running, the main, or 
"TSW" menu allows you to 
choose between the different 
functions of the peripheral. 
First choose the frequency - 
counter option, and you'll then 
be presented with the frequen- 
cy -counter menu as shown in 
Table 1; pressing the keys 

shown on the right side will ex- 
ecute the functions shown on 
the left side. 

TABLE 1-FREQUENCY 

Function 
Units (Hz, etc.) 
Quit 
Main menu 
Direct 
Timebase 
Calibrate 

Press 
U 

Q 
M 
D tl 
C 

Connect the counter input to 
a known reference frequency, 
and make sure that frequency is 
displayed on the screen. Press 
"C," and answer "Y" to activate 
the calibration. After you are 
asked what frequency (in hertz) 
you are using for calibration, 
type it in and press Enter. The 
computer will take care of the 
rest. 

The event/period menu is 
shown in Table 2. Again, press- 
ing "C" activates the calibration 
mode. You will be asked to enter 
the number of nanoseconds 
needed to calibrate the period 
being displayed. The value you 
enter will be saved to disk and 
used in all subsequent read- 
ings. To remove the calibration 
offset, press "C" and enter a 
zero. 

The capacitance -meter menu 
is shown in Table 3. Pressing 

TABLE 2-FREQUENCY 

Function 
Units (µs, etc.) 
Quit 
Main menu 
Positive 
Negative 
Handshake toggle 
Calibration 

Press 
U 
Q 
M 
P 
N 
H 
C 

TABLE 3-CAPACITANCE 

Function 
Units (uF, etc.) 
Quit 
Main menu 
Large cap test 
Small cap test 
Zero 
Direct 
eXit zero or direct 
Calibrate 

Press 
U 
Q 
M 
L 
S 
Z 
D 
X 
C 

"C" and answering "Y" from 
that menu activates the capaci- 
tance calibration process. You 
will then be asked to insert vari- 
ous known -value capacitors 
and press a key. The calibration 
capacitors required are shown 
in Table 4. The more precise the 
values of the calibration capaci- 
tors, the more precisely cali- 
brated the T1001 will be. A 
package of the capacitor listed 
in Table 4 is available from the 
source mentioned in the Parts 
List. 

TABLE 4-CAPACITORS 

5 pF .47 µF 
10 pF 1.0 µF 
47 pF 4.7 µF 

100 pF 10 µF 
470 pF 47 µF 

1,000 100 µF 
pF 

4,700 470 µF 
pF 

.01 µF 1,000 µF 
.047 µF 4,700 µF 

.1 pF 10,000 µF 

The I1000/T1001 pair should 
now be completely calibrated. 
With that and your computer, 
you're well on your way to hav- 
ing a versatile computer -con- 
trolled test bench. R -E 49 



WHAT'S NEWS 

continued from page 6 

parks. Several days before the 
broadcast, a portable Switched 56 
"traveling case" is sent to the ball- 
park's technician. Somewhat larger 
than a briefcase, the case contains 
a modem, a codex, a digital service 
call-up unit, the power supply, and a 

power cord. The unit's AC power 
line and input and output connec- 
tions are plugged in, and a MCI's 
phone number is dialed. 

The equipment converts the ana- 
log voice signal to digital data for 
transmission to the CBS studios in 

New York where the broadcast is 
mixed and commercials are added. 
The finished product is than digitally 
transmitted (uplink) to a satellite for 
retransmission (downlink) to all 
CBS network and affiliate stations, 
which convert the digital data back 
to an analog broadcast signal. Be- 
cause the equipment is full duplex, 
the Switched 56 also carries two- 
way communication between New 
York and the broadcast site. 

CBS made use of the Switched 
56 system at the NCAA Basketball 
Tournament, the Masters Golf Tour- 
nament, and for live news coverage 
of the New Hampshire presidential 
primary. CBS affiliate, KMOX in St. 
Louis, will broadcast half of its Car- 
dinals games with the system. 

Correcting soil 
contamination 

According to Sandia National 
Laboratories, heavy-metal con- 
tamination of soil and ground water 
is a widespread problem for the na- 
tion. Sandia says the problem is par- 
ticularly serious at the Department 
of Energy's weapons complex. The 
Albuquerque, NM, laboratories are 
studying electrokinetics as one pos- 
sible technique for the direct re- 
moval of such contaminants from 
soil waters. 

In the electrokinetic technique, 
electrodes are implanted in the soil, 
and a direct current is passed be- 
tween the electrodes. This has two 
effects: First, ions in the soil -water 
solution begin to migrate toward the 
oppositely charged electrode-a 
process called electromigration. 

50 Second, and at the same time, soil - 

water begins to flow toward the 
cathode-a process called electro - 
osmosis. 

The combination of those two 
effects can cause contaminant ions 
to move toward one electrode or the 
other, promising in -place removal of 
contaminants from the soil. The 
contaminants are actually removed 
by one of sseveral methods, includ- 
ing electroplating at the electrode. 
Thje other methods are precipita- 
tion or co -precipitation at the elec- 
trode, and pumping or ion -exchange 
of water near the electrode. 

Both electrokinetics and electo - 
osmosis have been tried for increas- 
ing the density and solidifying slur- 
ries, and to to extract water from 
liquefied soils, paper mats, and con- 
crete. More recently electro -os- 
mosis has removed heavy metals 
and soluble organic contaminants 
from saturated clays in laboratory 
experiments. 

Sandia is now trying to learn more 
about electrokinetic remediation 
and to evaluate the kinds of con- 
taminants and soil conditions that 
are appropriate candidates for that 
remediation. The issues being eval- 
uated are: the removal of heavy met- 
als with complex redox chemistry, 
the effectiveness of the process in 

partially saturated soils, the effects 
of mixed soils on the process, and 
methods for scaling the process up 
to practical field applications. 

FCC allocates radio -spectrum 
space for interactive TV 

The Federal Communications 
Commission on January 16 voted 
unanimously to allocate a portion of 
the radio spectrum for interactive 
video and data services (IVDS) use, 
paving the way for a new wireless 
broadcast industry in interactive 
television, which will allow consum- 
ers to shop, bank, and pay bills di- 
rectly through their television sets, 
without requiring a telephone line or 
computer. The action was a result of 
a petition filed in 1987 by TV Answer 
(Radio -Electronics, February 
1992). 

The FCC, which will allocate one 
megahertz in the 218 -219 -MHz 
band for use by companies provid- 
ing IVDS services, is expected to 
issue the first IVDS licenses by the 
end of this year. 

Updated area -code plan 
Since area codes were first intro- 

duced in 1947, they've had "0" or 
"1" as the middle digit, indicating to 
the switch that a long-distance call 
is being made. With only two of the 
original 144 codes still available, 
we're in imminent danger of "run- 
ning out" of area codes in the near 
future. A plan mapped out by Bell - 
core's North American Numbering 
Plan (NANP) Administration 
(Livingston, NJ) describes how new 
area codes can be distributed. The 
proposed two-part strategy is de- 
signed to meet telecommunications 
numbering needs at least through 
the first quarter of the 21st century 
by allowing the numbers "2" 
through "9" to be used as the mid- 
dle digit. 

The plan is the backbone of the 
NANP Administration's long-range 
"Proposal on the Future of Number- 
ing in World Zone 1," which has 
been distributed to more than 3000 
telephone companies, manufac- 
turers, governments, and other in- 
terested parties in the World Zone 
1-the United States, Canada, and 
16 Caribbean countries-where 
Country Code 1 is the international - 
dialing designation. Under the plan, 
300 new area codes will be assign- 
ed to specific geographic areas, 
tripling the number now available. 
Ninety more codes will be reserved 
for non -geographic uses: 80 for per- 
sonal communications and 10 for 
special-purpose service access 
codes such as today's 800 or 900 
codes. The remaining codes will be 
allocated for future growth and as - 
yet -unidentified future needs. The 
plan predicts that eventually all calls 
made in World Zone 1 will require 
ten digits. 

Bellcore's NANP Administration, 
a small group that has the respon- 
sibility for administering the scarce 
telecommunications numbering re- 
sources for all countries in World 
Zone 1, works closely with local 
telephone companies that manage 
local telephone"exchanges. After 
hearing industry comments, the 
NANP Administration will reissue 
the proposal by the end of the year. 
Once consensus has been reached, 
further study of the steps needed to 
achieve the plan's long-term goals 
will begin. R -E 



PC 
PASSWORD 
PROTECTION 
IS YOUR DATA SAFE? IF YOUR PC SITS 
unsecured in a public place 
(your office or dorm room), the 
data in it is liable to theft-or 
destruction. Network servers 
and some new PC's contain 
built-in password boot protec- 
tion. But what do you do if 
you've got an older, unprotected 
machine? 

This article presents a simple, 
inexpensive circuit that allows 
you to add password boot pro- 
tection to any PC with an empty 
8 -bit expansion slot. Every time 
you boot with the board in- 
stalled, software on the board. 
gives you three tries to enter the 
correct password. If you don't 
guess correctly in three tries, 
you'll have to perform a cold re- 
boot and try again. 

An interesting feature of the 
circuit is that it is built with a 
battery -backed static RAM 
(SRAM), rather than an 
EPROM, to hold the code. A ben- 
efit of that arrangement is that 
you can use the circuit to de- 
velop and test your own PC 
BIOS extensions much more 
conveniently than with a tradi- 
tional EPROM burn/test/erase 
cycle. 

All circuitry fits on a short 8 - 
bit PC expansion card, for 

which foil patterns have been 
provided. Partial and complete 
kits of parts are available, as is 
software with complete source 
code. A tested and assembled 
unit is available for less than 
$60. 

Circuit theory 
A well-known feature of com- 

mon static RAM's (SRAM'S) al- 
lows them to maintain their 
contents when power goes off. If 
the cs line is held within 0.2 volt 
of Vcc when power goes down, 
and a suitable battery is con- 
nected to cs, RAM contents will 
be maintained. Design of the 
switching circuitry can be 
tricky, but a special device called 
a SmartSocket has both the 
necessary smarts and a built-in 
backup battery. A static RAM, a 
SmartSocket, some simple ad- 
dress decoding circuitry, and a 
few software tricks can thus add 
password protection to your PC. 

Figure 1 shows the complete 
circuit. Jumper JUl selects ei- 
ther the inverted on the non - 
inverted address line, A17, 
which in turn selects a base ad- 
dress for the circuit of either 
C000 or E000, respectively. De- 
coder IC3, a 74L.S138, then 
chooses one of eight 16K start - 

Add password boot 
protection to your 

PC with a novel 
battery -backed 

RAM circuit. 

MARK HATTEN 

ing addresses within that range 
(e.g., C000, C400, C800, . . . 

EC00). The selected output of 
IC3 then drives the Smart - 
Socket's cs line directly. Other 
than that, IC2-a, IC2-b, and 
IC1-d buffer memory -read and 
-write nines MEMR and MEMW, re- 
spectively, determine the direc- 
tion of data through 8 -bit 
bidirectional buffer, IC5. Writ- 
ing data to the device at a given 
address is as simple as exercis- 
ing the MEMW line. (For addi- 
tional security, you might wish 
to add a "write -protect" jumper 
between pin B11 of the PC ex- 
pansion bus connector and pin 
6 of IC2-b.-Editor) 

ROM BIOS extensions 
The software is a little bit 

trickier, but still straightfor- 
ward. When a PC is turned on, it 
executes a program in ROM 
called the Power -On Self-Thst, or 
POST. Depending on the type of 
BIOS in your machine, the 
POST can test various systems 51 
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FIG. 1-THE COMPLETE SCHEMATIC reveals a simple circuit. Gates ICI -a, ICI -b, and 
ICI -c, along with 1 -of -8 decoder IC3, and jumper JU1 decode a 16K address space for 
IC4, a 32K static RAM. The SRAM mounts in a "SmartSocket." which provides battery 
backup with automatic switchover. 

e. such as RAM, DMA, and timers. 
The POST also does something 

Icalled a ROM scan. The purpose 
of the ROM scan is to locate pe- 
ripheral devices with on -board 
ROM, give them a chance to ini- 
tialize themselves, and link 

w themselves into DOS. Many vid- 
eo adapters and hard -disk con- 
trollers link ROM's in that 
manner. 

52 The PC BIOS identifies a ROM 

extension by way of a two -byte 
"signature" (55h, AAh) that ap- 
pears in the first two ROM ad- 
dresses. The third byte indi- 
cates the number of 512 -byte 
blocks in the ROM that contain 
code. (The number of blocks 
can be smaller than the overall 
size of the ROM.) The last byte in 
the specified number of blocks 
contains a checksum of all bytes 
contained in those blocks. The 

PC calculates the checksum by 
summing all the bytes in the 
specified blocks, then subtract- 
ing the result from 100h. If the 
calculated value equals the val- 
ue stored in the last byte, the 
BIOS makes a far call and be- 
gins executing code at byte four. 
Typically, code there initializes 
some attached peripheral de- 
vice, "hooks" itself into DOS via 
one or more interrupts, and 
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PARTS LIST 

IC1-74LS04, hex inverter 
IC2-74LS28, quad dual, input 

NOR gate 
IC3-74LS138, 1 -of -8 decoder 
104-43256-100, 32K x 8 static 

RAM, 100 ns 
IC5-74LS245, octal transceiver 
S1 -8 -position SPST DIP switch 
C1-05 0.01 µF, bypass 
06-10 µF, 16 volts, electrolytic 
Miscellaneous: SmartSocket for 

104, header pins, IC sockets, PC 
board. 

Note: The following parts are 
available from Hatronics, 145 
Lincoln St., Montclair, NJ 
07042: 

Bare board-$17 
Kit of parts (not including 

SmartSocket)-$27 
Assembled and tested unit- 

$55 
All orders include software on 

floppy disk. Add $3.00 ship- 
ping and handling to all orders. 
NJ residents add appropriate 
sales tax. COD, money order, 
or personal check only. 

Note: The SmartSocket is avail- 
able from Dallas Semiconduc- 
tor (4401 South Beltwood 
Parkway, Dallas, TX 
75244-3292,214-450-0448), and 
from American Design Compo- 
nents (400 County Avenue, P.O. 
Box 2601, Secaucus, NJ 
07096-2601). 

then returns control to the 
BIOS by means of a far return 
instruction. 

There are several ways to 
write a ROM BIOS extension. 
Probably the simplest is to use 
assembly language. One catch 
is that a normal .EXE file pre- 
cedes a file with a 512 -byte head- 
er that is not used in ROM 
extensions. So, before dumping 
code to our device, the first 512 
bytes of the file must be re- 
moved, and then the modu- 
lo -100h checksum must be 
calculated from the result. 

Utilities 
All software discussed in this 

section is contained in a self - 
extracting archive file (PASS- 
WORD.EXE) that you can 
download from the RE-BBS 
(516-293-2283, 8N1). You'll 

need about 100K of disk space 
to unpack the file. Software is 
also available from the author. 
All source (in Microsoft C and 
assembler) and executable files 
are included. 

The software includes several 
utilities; most have a com- 
mand -line interface of the form: 

C>UTILNAME HEXADDR 
where UTILNAME is the name of 
the utility, and HEXADDR is the 
hexadecimal segment address 
at which the board is installed 
(C800, CCOO, ... EC00). Note 
that although the decoding cir- 
cuit supports addresses start- 
ing at C000, to avoid potential 
conflicts the software only al- 
lows starting addresses of C800 
and higher. 

The utilities all work in a sim- 
ilar manner. Typically, a pro- 
gram first verifies that the user 
has entered a valid address on 
the command line. If not, the 
program terminates; otherwise, 
it reads some data from the key- 
board or a disk file one byte at a 
time, then writes that data to 
the appropriate area on the 
board using normal C pointer 
arithmetic. 

The first two utilities allow 
you to enable and disable the 
board. DISABLE.EXE works by 

-C2- 

IC21 
o 

-C1 -- 

0- C4- 

-- - 

IC4 

Jíii 
1111111F.1111 

Ti. 

11i 
r-rr 

i iiii 
+" 

m 
4'-4 INCHES _1' i 

COMPONENT SIDE shown half size. 

41/4 INCHES 

SOLDER SIDE shown half size. 

00 

overwriting the first byte of the 
ROM with 00h, which prevents 

-C3 

IC3 

QJu1-c000 
JU1-E000 

111111111111111111111111 

C5 

1 

C6 

FIG. 2-MOUNT ALL COMPONENTS as shown here. Mount the SmartSocket at IC4; 
use header pins and a jumper at JU1. 53 



the BIOS from recognizing the 
remainder of the ROM. Con- 
versely, ENABLE.EXE works by 
restoring the first byte of the 
ROM to 55h. 

SETPASWD.EXE allows you 
to set the password that must 
be entered when booting your 
PC. The password can have a 
maximum of 15 characters. 
After obtaining a new password 
from the user, the program 
writes it to the SRAM, then cal- 
culates and installs a new 
checksum. 

INSTROM.EXE enables you 
to install the contents of a disk 
file in the SRAM board. Syntax 
for the command is: 

C>INSTROM FILENAME.TYP 
HEXADDR 

where FILENAME.TYP repre- 
sents a file and HEXADDR 
again represents the installa- 
tion address. 

Of course you can't install 
just any file; it must conform to 
the format outlined above. List- 
ing 1 shows how the password 
protection software works. Note 
first that the software is ORGed 
to byte 03h of the program. At 
location 03h, the program calls 
the main routine. Following 
that call is a far return, coded as 
a define byte (CBh). Following 
the far return comes the pass- 
word, then a byte (COUNT) that 
specifies the number of tries the 
input routine will accept. 

Then comes the main rou- 
tine. First, it sets up the key- 
board, then it checks whether 
the first byte of the password 
equals 00h. If so, the routine 
simply terminates; otherwise it 
continues by displaying a sign - 
on message. It then goes into a 
loop that collects a CR -termi- 
nated password from the user, 
and checks it against the stored 
password. If the user does not 
enter the correct value within 
three tries, the program dis- 
ables the keyboard and goes 
into an endless loop, forcing the 
user to reboot. 

Construction and use 
We recommend using a PC 

board for this project. Use sock- 
ets for all IC's. You might want to 
use one for the SmartSocket 
(IC4) but doing so increases 

54 overall board height so it could 

LISTING 1-ASSEMBLY SOURCE 
PAGE ,132 ;9 (CTRL -OH) IBM PC PRINTER CONDENSED MODE 

TITLE security password 

CSEG SEGMENT PARA PUBLIC 'CODE' 

ASSUME CS:CSEG,DS:CSEG,SS:CSEG,ES:CSEG ;ALREADY SET BY DOS LOADER 

INCLUDE 
org 03h 

;BIOS ROM SIGNATURE 

DISPLAY1.MAC 

TOP: call main 
_RETFAR DB OCBh 

PASSWORD DB 'avento',0Dh,' 

NEWWORD 
count 

DB 16 DUP(?) 
DB 3 

MAIN PROC near 

OKOUT: 

OVERIT: 
PRINTB<' 
PRINTB<"* 
PRINTB<' 
PRINTB<'+ 
PRINTB<' 

STI 
MOV AL,00h 
OUT 21H,AL 
MOV AL,20h 
OUT 20H,AL 
MOV DX,0 
mov CX,0050h 
MOV DS,CX 

MOV BYTE PTR DS:count,03h 
MOV AL,BYTE PTR CS:PASSWORD 
CMP AL,00h 
JE OKOUT 
JMP OVERIT 
RET 

password 

;set keyboard int 

;zero dx 
;zero cx 

;number of attempts var 
;GET FIRST BYTE OF PASSWORD 

;CHECK FOR ZERO 
;IF SO CONTINUE WITH POST 
;IF NOT CONTINUE WITH THIS bics EXT 

PC SECURITY PASSWORD UTILITY 
COPYRIGHT HATRONICS 

1991 

PRINTB<' 13,10> 
PRINTB<" PLEASE ENTER YOUR PASSWORD 
PRINTB< FOLLOWED BY THE ENTER KEY 

LOOP1A: 
LOOP1: 

GOOD: 

CHECK: 

MOV BX,00h 
CALL CI 
CMP AL,OEh 
JNE GOOD 
DEC BX 
JE LOOP1 

CMP AL,ODh 
JE CHECK 
MOV BYTE PTR DS:NEWWORD(BX],AL 
INC BX 
JMP LOOP1 
CALL CHECK1 
CMP DX,1 
JE OK 
CMP CL,0 
JE loop3 
JMP LOOP1A 

loop3: MOV AL,OFFh 

interfere with adjacent cards. 
After mounting all compo- 

nents, (Fig. 2 ) select a base ad- 
dress (C000 or E000) and install 
the appropriate header pin. 
Then select a starting address 
on S1 as shown in Table 1. 

Remove power from your PC, 
insert the card in an empty ex- 
pansion slot, then reboot. You 
haven't installed the software 
yet, so the board will not ask you 
for a password. 

Copy the software to a directo- 
ry on your hard disk. Then run 
INSTROM.EXE, specifying 
GENERAL.IMG as the file, along 
with your selected address. 
Then reboot. This time you 

.13,10> 
',13,10> 
,13,10> 
,13,10> 

,13,10> 

',13,10> 
',13,10> 

;zero bx 
;get keyboard data 

;check for CR 

;add to entered string 
;bump pointer 
;more input 
;lets check password 
;if 1 then good passwd 
;continue bio scan 
;if zero no more 
;chances 

TABLE 1-PASSWORD 
ADDRESSING 

JU1 IC3 iC3 PC 
Jumper Output Pin Address 
E000 YO 15 E000 
E000 Y1 14 E400 
E800 Y2 13 E800 
ECOO Y3 12 ECM) 
C000 Y4 11 D000 
C000 Y5 10 D400 
C000 Y6 9 DQ00 
C000 Y7 7 DC00 
C000 Y2 13 C800 
C000 Y3 12 CCOO 

should see a sign -on message 
and a request to enter your 
password. Enter the default 
password ("avento"), and you 



FOREVER: 

OK: 

MAIN 

CHECK1 

loop2: 

okword: 

badword: 

CHECKT 

PRINTB<' SORRY II',13,10> 
OUT 21H,AL 
MOV AL,20h 
OUT 20H,AL 
JMP FOREVER 

printb<' Thank you',13,10> 
ret 

ENDP 

PROC NEAR 
Inc bx 
mov byte ptr DS:NEWWORD[bx],al 
lea di,DS:NEWWORD 
lea si, cs:password 
XOR AX,AX 

mov al,byte ptr 
mov ah,byte ptr es:[si] 
cmp ah,ODh 
je okword 
cmp al,ah 
jne badword 
inc si 
inc di 
imp loop2 
MOV DX,1 
ret 
PRINTB<' TRY AGAIN 1',13,10> 
DEC BYTE PTR DS:COUNT 
MOV CL,BYTE PTR DS:COUNT 

MOV DX,0 
ret 
ENDP 

;disable input 
;from keyboard 

;loop forever 

;bump BX 
;ADD CR to string 

;point to new 
;point to fixed passwd 
;CLEAR AX 

;get byte newword 
;get byte password 
;check for end of string 
;must be ok 
;do bytes match 
;bad password 
;cycle password 
;cycle newpasswd 
;check next byte 
;a 1= success 

;dec try count 
;get try count 

;a 0 = fail 

; Copyright (c) FOSCO 1989 - All Rights Reserved 

; Module Name: Objex Library console input function 

; Version: 1.00 

; Author: FOSCO 

; Date: 5-1-89 

; Filename:ojci.asm 

; Language: MS MASM 5.1 

; Functional Description: 

Version History: 

; unsigned ci(void); 

.model small,c 
.code 

ci proc NEAR 
xor ax,ax 
int 16h 
ret 

ci endp 

CSEG ENDS 

should be able to continue the 
boot process. 

lb use the board for your own 
BIOS extensions, use Listing 1 

as a model; GENERAL.ASM is 
the corresponding source file. 
Assemble your code to create an 
EXE file. Then read that EXE 
file into memory using DEBUG. 
Determine the number of bytes 
the ROM image should contain, 
then write the file to disk start- 
ing from address O100h. Listing 
2 shows how to create a 2048 - 
byte (0800h) ROM image by 
reading in a file called GENER- 
AL.EXE and writing out a file 
called GENERAL.IMG. 

LISTING 2-DEBUG SCRIPT 

C>DEBUG GENERAL.EXE 
-N GENERAL.IMG 
- RCX 
CX 0351 
:0800 
-W 0100 
Writing 00800 bytes 
-p 
C> 

Creating ROM BIOS exten- 
sions is not easy. The tech- 
niques described here can 
greatly simplify the mechanics, 
enabling you to concentrate on 
the real programming task. R -E 
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OH! Tie is 
JUST GREAT! SO 

WHICH I.C. DID 
YOU LEAVE 

OUV9 

"The question isn't what it does, it's what it's 
supposed to 

"We'll never misplace the cordless phone 
again!" 

"Well, it wasn't an antique radio when you 
started on it. You've just got to learn to work 
faster!" 



THOMAS R. FOX 

EVEN THE LATEST AND MOST SO- 
phisticated automobiles have 
an Achilles heel-the battery. 
Improvements in lead -acid bat- 
teries have been glacial com- 
pared with advances in the rest 
of the car-regardless of the 
country of origin. Recent ad- 
vances in electronics have im- 
proved engine and emission 
control, made anti -lock braking 
affordable, and have put high - 
quality entertainment systems 
into the passenger compart- 
ment. Unfortunately, all of these 
improvements have added to 
rather than decreased the bat- 
tery load. 

If your car fails to start in your 
garage, it's usually just an ag- 
gravating situation. But if you 
stall out or can't get started at a 
vast shopping mall or, worse 
yet, out along an interstate, the 
situation becomes more se- 
rious. And if you're unfortunate 
enough to be caught in a crime - 
stricken urban area or on any 
highway at night, you could be 
facing danger. Getting help 
takes time and can be expensive 
even under the best of condi- 
tions. The point is that it pays 
to know that your battery is in 
top form-even more if it's not! 

A weak battery is the most 

common cause of an auto- 
mobile's failure to start. The 
battery remains the most. 
failure -prone component in any 
automotive (and boat, for that 
matter) ignition system. A prop- 
erly maintained engine can last 
for hundreds of thousands of 
miles, but few lead -acid storage 
batteries are at top performance 
for more than about three years. 
Even that time will be shortened 
if you live in a northern climate 
where your car is exposed to 
long winter cold "soaks" and 
hard starts. 

Don't think that just because 
you bought a new battery last 
month that it's immune io 
failure. However, batteries 
rarely fail without such warning 
clues as occasional slow crank- 
ing. Unfortunately, many driv- 
ers are either unaware of these 
clues or, if they are aware, they 
put off recharging or replacing 
the battery until it is too late., 

CRAE to the rescue 
The CRanking Amp Es- 

timator (CRAE) described here 
is a test instrument that will 
give you a reasonable estimate 
of your battery's power capacity. 
While CRAE is not a precision 
instrument, it will save you 
from being stranded in a hostile 
environment. 

Both the graph of relative 
power vs. temperature (Fig. 1) 
and the GW BASIC listing (List- 
ing 1) will, with a knowledge of 
the ambient temperature.. give 
you a reliable estimate of your 
battery's cold -cranking ampere 
(CCA) rating. The BASIC pro- 
gram is capable of estimating 
the CCA of a battery at all nor- 
mal ambient temperatures if 
the CCA at one temperature is 
known. Both Fig. 1 and the 

CAR 
BATTERY TESTER 

Build this simple 
meter to 
estimate 
your car 
battery's 
cranking 
amps. 
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FIG. 1-RELATIVE POWER CAPACITY in a battery at temperatures from 20°F to 
+ 80°F where 100 % available power is assumed. Cold -cranking amps (CCA) are read at 

a temperature of 0°F. 

BASIC program are based on 
General Motors Corp. studies. 

CRAE's drain on your battery 
is only a slight 2.5 amperes, so 
it is much safer to use than in- 
struments that test the load. 
Also, CRAE will not signifi- 
cantly discharge your battery if 
it is used as directed. Re- 
member that CRAE is not an 
ammeter so its readings will 
only give you an intelligent esti- 
mate of the potential CCA of 
your battery without actually 
measuring it. 

After you have learned how to 
use CRAE, all you need is a dig- 
ital voltmeter and a ther- 
mometer to keep you informed 
on the condition of your 12 -volt 
car or boat battery-if it has a 
CCA rating from 150 to 1000. 

Cold -cranking amps 
Cold cranking amps (CCA) is 

the value for the amount of cur- 
rent a battery can deliver for 30 
seconds at 0°F without drop- 
ping below a specified cutoff 
voltage. Figure 1 shows that the 
battery power output increases 
significantly from 0°F to 80°F In 
fact, a battery rated at 600 CCA 
(at 0°F) should be able to deliver 
1/0.61 x 600 or 984 cranking 
amps at 80°F! 

An approximate guide in de - 
58 termining the CCA rating for a 

battery that will start an engine 
reliably at 0°F depends upon en- 
gine displacement, typically 
measured in cubic inches. How- 
ever, If your engine displace- 
ment is specified in liters, mul- 
tiply that figure by 61 to get cu- 
bic inches before using the 
following guide: 

An eight -cylinder engine re- 
quires one cranking ampere per 
cubic inch of engine displace- 
ment. For example, to start an 
eight -cylinder 350 cubic -inch 
engine, the battery must deliver 
350 CCA. 

A six -cylinder engine has a 
CCA rating that is eight times 
the cubic -inch displacement 
per cylinder. For example, if a 
six -cylinder engine has a dis- 
placement of 231 cubic inches, 
the displacement per cylinder is 
approximately 39 cubic inches. 
Therefore, the battery must de- 
liver 39 x 8 = 312 CCA. 

A four -cylinder engine has a 
CCA requirement that is twice 
the engine's displacement in cu- 
bic inches. For example, if a 
four -cylinder engine has a dis- 
placement of 180 cubic inches, 
the battery must deliver 360 
CCA. 

If the ambient temperature is 
consistently below 0°F, the bat- 
tery should have a CCA rating 
that is 20% higher than that 

which would be calculated for 
warmer conditions. 

In addition to CCA, there are 
other battery ratings in use to- 
day. For example, the MCA, for 
marine cranking amps, is a rat- 
ing developed for boat batteries 
that is based on 32 °F instead of 
0°F for CCA. An MCA rating for 
the identical CCA-rated battery 
is typically 25 to 30% lower. 

Another specification is re- 
serve capacity, given in min- 
utes. It describes a battery's 
ability to continue supplying 
power to the engine and ac- 
cessories if the car's charging 
system fails. That test drains 
the battery at a 25 ampere rate 
until the battery voltage drops 
from more than 12 volts to 10.5 
volts. 
A 12 -volt battery model 

Most text books show a 12 - 
volt storage battery equivalent 
circuit either as an ideal 12 -volt 
source or as that source in se- 
ries with a small resistance, per- 
haps 20 milliohms or less. An 
ideal voltage source provides a 
constant voltage regardless of 
current flow. It can deliver infi- 
nite current and infinite power. 
Unfortunately, there is no such 
thing as an ideal voltage source. 

The equivalent circuit for a 
battery shown in Fig. 2 is a sat- 
isfactory model for the design of 
a CCA meter. However, the more 
realistic equivalent circuit 
shown in Fig. 3 includes a large 
capacitor and an additional re- 
sistor. That model accounts for 
changes in battery output with 
respect to time. 

An even more elaborate model 
would include a time- and cur- 
rent -dependent voltage source 
as well as time -dependent re- 
sistors and capacitors. How- 
ever, accounting for all of those 
additional variables would com- 
plicate the design of a simple, 
easy -to -use meter. Moreover, 
taking into account all of those 
additional variables would add 
little to the accuracy of the 
meter. 

How CRAE works 
CRAE's objective is to esti- 

mate the size of RINT as shown 
in Fig. 4. There is an inverse 
relationship between this re- 
sistor and battery capacity: the 
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FIG. 2-EQUIVALENT CIRCUIT FOR a 12 - 
volt lead -acid storage battery. RINT limits 
the battery current. 
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FIG. 3-CRAE EQUIVALENT CIRCUIT for 
a 12 -volt lead -acid battery. The one -min- 
ute test reduces the measurement error 
caused by CB and RB. 

smaller the value of R1N-p the 
higher the battery's capacity. In 
the absence of CB and RB, RINT 
could easily be estimated by ap- 
plying a load to the battery, mea- 
suring voltage and current, and 
making a few calculations. 
(CRAE does this for you auto- 

matically.) However, it is first 
necessary to discharge CB, the 
reason that CRAE has a timing 
circuit. 

There are three basic parts to 
CRAE: The first, the voltage - 
measuring circuit, is a sensitive 
voltmeter that measures an ad- 
justable voltage from 11.9 to 
12.5 volts. The second is a solid- 
state, constant -current load 
that is adjusted to draw 2.5 am- 
peres load regardless of the volt- 
age. The third is a one minute 
timer that lights an LED to indi- 
cate measurement readiness. 

The voltage -measuring cir- 
cuit consists of op -amp IC1-a (I/4 
LM324) connected in a differen- 
tial amplifier circuit. The volt- 
age reference for this circuit is 
the 5 -volt regulator IC2 
(LM2931Z). Resistor R13, the 
MAX ADJ potentiometer, trims 
this reference voltage to max- 
imize voltage readings under 
no-load conditions. Resistor R3 
is a PC -mount trimmer that ad- 
justs current flow through the 
meter and is a sensitivity con- 
trol on Fig. 4. 

Resistor R20 is a 1K PC - 
mount trimmer that sets the 
meter's zero point (0.05 milli- 
ampere). Resistors R5 and R6 
raise the meter's negative termi- 

nal above ground level, allowing 
the meter to be zeroed. Diodes 
D2 and D3 protect the meter, 
and D1 protects other sensitive 
parts of the circuit from acci- 
dental damage when the test 
leads are first connected to the 
battery. 

The primary component of 
the constant -current load is 92. 
When momentary two -position 
toggle switch Si is switched to 
the TEST position, current flows 
through Q1's emitter circuit be- 
cause ICI -c provides base cur- 
rent. That emitter current also 
flows through Q2's base circuit, 
resulting in considerable cur- 
rent flow. Resistor R17 both di- 
rectly and indirectly controls 
the constant current. 

As in any transistor with an 
emitter resistor, Q2's current is 
essentially constant because, as 
emitter current increases, emit- 
ter voltage follows. This means 
that VBE and VcE are smaller, 
thus tending to reduce emitter 
current. Nevertheless, this 
effect is not sufficient to provide 
a constant -current load. Op - 
amp ICI -c completes that task. 
Moreover, IC1-c helps to provide 
a near ideal constant current 
load, and it also simplifies load - 
current adjustment. 
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Examination of the sche- 
matic reveals that the inverting 
input is connected through R16 
to Q2's emitter. As Q2's emitter 
current increases, the voltage at 
the inverting input of IC1-c in- 
creases, resulting in a lower 
voltage output at pin 8 and less 
current at Q1's base. That 
causes a reduction in current at 
Q2's base and the resulting de- 
crease in Q2's collector and 
emitter current. R14 adjusts the 
voltage on IC1-c's non -inverting 
input, and thus provides ad- 
justment for the current 
through Q2's emitter. 

The timing circuit was de- 
signed so that the timing period 
would vary with voltage. (Low 
readings on CRAE's meter are 
related to low battery voltage 
and longer timing periods.) 
This, in part, compensates for a 
fully charged (high open -circuit 
voltage) battery's tendency to 
show somewhat smaller CCA 
values than if it were slightly 
discharged. 

The timing circuit consists of 
IC1-b, C4, and R18. When Si is 
in the TEST position, C4 starts 
to charge through resistor R18. 
When the voltage across C4 ex- 
ceeds 5 volts, the op -amp's out- 
put switches "on" and lights 
LED 1. 

Construction 
The most expensive compo- 

nent in CRAE is the moving -coil 
ammeter Ml, capable of reading 
1 milliampere. A meter with this 
rating could could cost from $10 
to more than $50, depending 
upon size. 

A custom-made PC board is 
not required because CRAE is a 
simple low -frequency instru- 
ment, but it will make assembly 
easier and faster, perhaps in as 
short a time as a few hours. 
However, if you assemble CRAE 
rapidly, be sure to allow extra 
time for thorough testing and 
calibration. 

Figure 5, the component - 
mounting guide, should be 
used together with the sche- 
matic in Fig. 4 when building 
CRAE to avoid problems. Meter 
Ml, switch Si, LED1 and poten- 
tiometer R13 are mounted on 
the front panel of the case; all 

60 other parts are mounted on the 
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FIG. 5-PARTS-PLACEMENT DIAGRAM for printed circuit board of CRAE. 

PC board. Be sure that the heat 
sink is in place when soldering 
Q2. The heat sink with Q2 at- 
tached is mounted on the foil 
side of the board. On the com- 
ponent side, wires are con- 
nected from Q2's base and 
emitter to the PC board with 
insulated jumper wires as 
shown in Fig. 5. 

Notice that R17's power rating 
is listed in the parts list as 5 to 
7.5 watts. Calculations indicate 
that the resistor must dissipate 
6.25 watts. However, because 
the current generally flows in- 
termittently only for a minute at 
a time, a 5 -watt resistor can be 
used. (An effective 1 -ohm re- 
sistor can be made by winding 
40 feet of 24 -gauge copper mag- 
net wire around the outside of a 
large -value power resistor.) Be 
sure to leave at least a 3/8 -inch 
gap between R17 and the circuit 
board to permit air to circulate 
for cooling. 

Crimp and solder flexible two - 
conductor electrical lamp cord 
to each large alligator clip. One 
conductor from each clip is at- 

tached to the voltage -measur- 
ing circuit, and the other 
conductor is attached to the 
load circuit. That 4 -wire ar- 
rangement prevents a voltage 
drop on the test lead wires from 
causing measurement errors. 
Those conductors should be 18 - 
gauge or larger stranded copper. 

Solder one conductor of the 
cord from the positive alligator 
clip to TP1 on the circuit board 
and solder or crimp the second 
conductor to pin 4 of switch S1 
as shown in Fig. 4. (Refer to Fig. 
6 for the pin numbering system 
of the switch as shown from the 
rear.) Similarly, solder one con- 
ductor of the cord from the 
negative alligator clip to TP2 on 
the circuit board, and solder or 
clip the second conductor to a 
circuit -board ground such as 
that at the lower right corner of 
the foil on the circuit board. 
Connect a wire from the " + " ter- 
minal of M1 to TP3 and a wire 
from the "-" terminal to TP4. 
Also connect some hookup wire 
from the left terminal (viewed 
from the rear) of R13 to TP5 and 



a wire from the center terminal 
to TP6. 

In performing the following 
steps refer to Fig. 6 , switch S1's 
pin -numbering guide. (The pin 
numbering shown is for the 
switch in the Parts List.) Con- 
nect a wire from pin 2 of S1 to a 
circuit board ground. Also, con- 
nect wires from pin 3 to TP9 and 
pin 5 to TP8. Finally, connect a 
wire from the LED's anode (long 
lead) to TP7, and a wire from 
LED's cathode (short lead) to a 
circuit ground. (The LED 
should be a high -efficiency 
GaAsP or GaP lamp that draws 
minimal current because the 
circuit is sensitive to small volt- 
age changes.) 

You'll want to calibrate the 
meter and, perhaps relabel the 
meter's face with the term "Esti- 
mated Cranking Amp"mark- 
ings, for a more professional 
appearance. Table 1 is a set of 
data for guidance in calibrating 
the meter. The photograph 
shows the end result. 

TO TP9 

FIG. 6-REAR CONNECTIONS for Si, a 

3 -way toggle switch. 

31/2 INCHES 

SOLDER -SIDE FOIL PATTERN for PC board shown actual size. 

There are several ways to label 
a meter face. In one you can use 
a PC and an appropriate com- 
puter -aided design program to 
relabel the graduations and set 
up the estimated cranking 
amps legend. That can be 
printed out on adhesive- backed 
paper or plastic with a laser 
printer for direct application. 
The only drawback to this meth- 
od is that the paper might be 
thick enough to interfere with 
the meter's moving needle. 

Another method is to erase 
the numbers on the meter face 
with a pencil or ink eraser, and 

LISTING 1-PROGRAM FOR ESTIMATING CRANKING 
AMP CAPACITY 

1 'THIS GW BASIC PROGRAM ESTIMATES THE CRANKING AMP CAPACITY OF A 12V LEAD -ACID 
2 'STORAGE BATTERY AT MOST PRACTICAL TEMPERATURES ASSUMING YOU SUPPLY IT DATA OF 
3 'THE CRANKING AMP CAPACITY AT A SPECIFIC TEMPERATURE. IF ALL YOU KNOW IS THE 
4 'MANUFACTURER'S "CCA" RATING, MAKE SURE YOU ENTER '0' WHEN ASKED 
5 ' "What is the temperature of the battery, in degrees F?" 
10 INPUT 'What is the temperature of the battery, in degrees F"; TFOT 
15 IF TFOT>120 GOTO 100 
16 IF TFOT>80 THEN TFOT-80 
20 INPUT ;"Estimated Cranking Amps at this temperature";CAOT 
30 PRINT "What temperature due you want the new estimate for cranking amps?" 
40 INPUT "PRESS RETURN FOR 0 F.(This will give you the CCA)";TFNT 
45 IF TFNT>120 GOTO 100 
46 IF TFNT>BO THEN TENT=80 
50 LET KTFOT=.61+,0082*TFOT-.0000417*TFOT*TFOT 
60 LET KTFNT=.61+.0082*TFNT-.0000417*TFNT*TFNT 
70 LET CANT=KTFNT*(CAOT/KTFOT) 
80 PRINT "Estimated Cranking Amps at ";TFNT;"F is "; CINT(CANT) 
90 END 
100 PRINT "Storage batteries should not be exposed to this high a temperaturet"; 
110 END 

TABLE 1-GUIDE TO 
LABELING AMMETER 

Milliamps Cranking Amp 
Markings 

0.00 
0.30 
0.48 
0.60 
0.70 
0.80 
0.94 
1.00 

150 (or below) 
200 
300 
450 
650 
800 

1000 
Infinite 

then use dry -transfer lettering 
to relabel it. However, you can 
simply use a soft pencil to add 
the cranking amp markings to 
the meter's markings. 

Double -momentary toggle 
switch Si, the MAX(INF)ADJ 
potentiometer R13 and LED1 
should be mounted on the front 
panel. Potentiometer R13 can 
be a stock single -turn potenti- 
ometer, but a multiturn potenti- 
ometer with dial makes CRAE 
easier to use. In labeling this 
potentiometer on the panel 
"max" stands for maximum, 
"inf"means infinite and 
"adj"means adjust. See the pho- 
tograph of the front of the in- 
strument. 61 



Testing and calibration 
First, preset all potentiome- 

ters (R3, R13, R14, and R20) to 
their center positions. Next, set 
the output of a regulated power 
supply capable of at least 12.6 
volts with a digital voltmeter 
(with minimum 0.5% DC volt- 
age accuracy.) If a regulated 
power supply is not available, 
substitute a fully charged 12 - 
volt storage battery with a 100 - 
ohm potentiometer across the 
terminals. The desired voltage 
can be taken from the center 
wiper arm. Connect the positive 
alligator clip (red) to the supply's 
positive terminal and the other 
clip to the negative terminal. Do 
not use the test switch at this 
time! 

Slowly increase the supply's 
voltage for a 12.5 -volt reading 
on the DC volts scale of a digital 
multimeter. Set R3 for a max- 
imum (1 milliampere) reading 
on meter MI. Now lower the volt- 
age to 11.9V and adjust R20 for 
a 0.05 milliampere reading. 
Again apply 12.5 volts and ad- 
just R3 and/or R20 to obtain a 
1.0 milliampere reading. Repeat 
this step for 11.9 volts. After sev- 
eral adjustments of R20 and R3, 
M1 should register 1.0 milliam- 
peres when the voltage at the 
alligator clips is 12.5 volts and 
0.05 milliamperes when the 
voltage is 11.9 volts. 

The DMM should then be 
used to set R14 for a 2.5 ampere 
current flow through R17. Con- 
nect CRAE's alligator clips to a 
12 -volt storage battery or a 12 - 
volt source that can deliver at 
least 5 amperes. (Be sure the red 
clip is connected to the plus ter- 
minal and the black clip to the 
negative terminal.) Next place 
the DMM's leads across the 1 - 

ohm power resistor R17 and ad- 
just R14 for a 2.5 -volt display on 
the DMM. (You are actually ad- 
justing the current for 2.5 am- 
peres flowing through R17.). 
This completes the basic cal- 
ibration of CRAE. 

If the meter faceplate con- 
e version table in Table 1 is used, 
8 CRAE should have an accuracy 

W better than 20%. The prototype 
CRAE was calibrated and tested 
with four different batteries of 
known CCA capacity lino bat - 

62 teries were new (600 CCA and 

PARTS LIST 

All resistors are 1/4 -watt, 5%, un- 
less otherwise indicated. 

R1-23,700 ohms, 1/4 -watt, 1% 
R2-20,000 ohms, 1/4 -watt, 1% 
R3-500 ohms PCB trimmer 
R4-47 ohms 
R5-470 ohms 
R6-68 ohms 
R7, R11-10,000 ohms 
R8-4700 ohms 
R9-1000 ohms 
R10-270 ohms 
R12-100,000 ohms 
R13-5000 ohms potentiometer 

(panel -mount) 
R14-2500 ohms PCB trimmer 
R15-150 ohms 
R16-33,000 ohms 
R17-1 ohm, 5.0 to 7.5 watt 
R18-10 megohm 
R19-15,000 ohms 
R20-1000 ohms, PCB trimmer, 15 

turn 
Capacitors 
C1 -0.111F, 25 volts 
C2 -10µF, 25 volts, electrolytic 
C3 -220µF, 16 volts , electrolytic 
C4 -10µF, 25 volts+'- 10%, tan- 

talum 
Semiconductors 
IC1-LM324 quad op -amp 

IC2-LM2931Z 5 -volt voltage 
regulator 

Q1 -2222A NPN transistor 
02-2N3055 NPN transistor 
LED1-Light-emitting diode (High - 

efficiency GaAsP on GaP)D1- 
IN4001 silicon rectifier 

D2-IN914 silicon diode 
D3-IN5817 schottky barrier rec- 

tifier 
Other components 
S1-DPDT momentary action with 

off at center 
M1-Panel meter, moving coil, 0 to 1 

mA. 
Miscellaneous: two alligator clips 

(1 -inch jaw length), two lengths of 
two -conductor parallel flexible 18 

AWG stranded copper lamp cord 
with PVC or rubber insulation (ap- 
prox. 3 feet long), PC board, 
case-Radio Shack Cat. No. 
270-232 or equivalent, control po- 
tentiometer knob, aluminum heat 
sink, LED mounting hardware 
insulated hook-up wire, solder, 
etc. 

165 CCA ratings, respectively), 
one was of average age (410 
CCA), and one was older but 
still functional (400 CCA). The 
batteries were tested with com- 
mercial test equipment which 

confirmed the battery manufac- 
turers' ratings for the three new- 
er batteries. 

The old 400-CCA battery test- 
ed 420 CCA at 50° F with com- 
mercial equipment. This sug- 
gests that its true rating is 
about 280 CCA and that its ser- 
vice life is probably at or very 
close to its end. While only four 
batteries were in the test sam- 
ple, CRAE was more extensively 
tested than this would imply be- 
cause the tests were made at dif- 
ferent ambient temperatures on 
each battery. 

The accuracy rating of CRAE 
can be increased if you calibrate 
it with the output of three bat- 
teries of known capacity. Ac- 
curacy of calibration can also be 
improved if CRAE's results are 
compared to those of a commer- 
cial battery tester and adjusted 
accordingly. 

You can also increase CRAE's 
accuracy by connecting it to a 
battery whose cranking amp ca- 
pacity is known, and then ad- 
justing trimmer R14 so that 
CRAE's meter reading equals 
that a battery's of the battery. 
Remember that cranking amp 
capacity changes with tempera- 
ture. 

How to use CRAE 
CRAE's reading will be most 

accurate when the open- circuit 
battery voltage is between 12.4 
and 12.6 volts. Do not use CRAE 
on an uncharged battery (open - 
circuit voltage below 12.2 volts) 
ora new, freshly charged battery 
(open -circuit voltage above 
12.65 volts). because the read- 
ings will be erroneous. lb avoid 
starting problems, replace any 
battery whose open -circuit volt- 
age falls below 12.2 volts within 
minutes of charging. Open -cir- 
cuit voltages should be taken 
under no-load conditions. That 
usually requires that the 
ground cable be disconnected 
from the terminals of the bat- 
tery before it is tested. 

If you want to test a new, re- 
cently charged battery, dis- 
charge it slightly for a few hours 
at a discharge current of a few 
amperes. A safe way to do this is 
to make up a simple load by sol- 
dering insulated wires to the 

Continued on page 71 
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WE WILL LOOK AT LIGHT-SENSITIVE 
devices in this article and find 
out how they can be used in 
various practical control cir- 
cuits. Light-sensitive devices 
include photocells, pho- 
todiodes, and phototransistors. 
Visible and infrared light (or the 
absence of that light) can trig- 
ger many different kinds of cir- 
cuits for the control of alarms, 
lights, motors, relays, and other 
actuators. Light-sensitive de- 
vices, sometimes called pho- 
toelectric transducers, alter 
their electrical characteristics 
in the presence of visible or in- 
frared light. 

Photocell basics. 
Photocells are also called by 

many other names including 
photoconductive cells, light -de- 
pendent resistors (LDR's), and 
photoresistors. They are varia- 
ble resistors with an extremely 
wide range of resistance values 
(up to hundreds of orders of 
magnitude) that are dependent 
on the level of incident light. Re- 
sistance in photocells varies in- 
versely with the strength of light 
that falls on them. In other 
words, resistance is very high in 
the dark, but low under bright 
light. 

Figure 1 is a cutaway view of a 
typical photocell showing the 
pattern of photoconductive ma- 
terial deposited in the serpen- 
tine slot separating the two 
electrodes that have been 
formed on a ceramic insulating 
substrate. This pattern max- 
imizes contact between the 
crystalline photoconductive 
material and the adjacent metal 
electrodes. 

The photoconductive materi- 
al is typically cadmium sulfide 
(CdS) or cadmium selenide 
(CdSe). The selection of the ma- 
terial and the thickness and 
width of its deposition deter- 
mine the resistance value and 
power rating of the device. The 
two -terminal assembly is en- 
closed in a metal or opaque plas- 
tic case with a clear glass or 
plastic window over the photo- 
conductive material. Figure 2 is 
the schematic symbol for the 
photocell. 

PHOTOSENSITIVE 
DEVICES 

Learn to use photoconductive cells, 
photodiodes, and phototransistors in 

practical light -controlled circuits. 

INCIDENT 
LIGHT 

ELECTRODE 
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.57' '5 
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PHOTOCONDUCTIVE 
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ELECTRODE 

CERAMIC 
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CLEAR 

FIG.1I-CUTAWAY VIEW of a photocell or light -dependent resistor (LDR). 

Photocells are made with di- 
ameters from about one -eighth 
inch (3 mm) to over one inch (25 
mm); the most popular devices 
have diameters of about three - 
eighth inch (10 min). The small- 
er units are suitable for applica- 
tions where space is limited, 
such as in card -reading applica- 
tions, but they have low power - 
dissipation ratings. Some pho- 
tocells are hermetically sealed to 
withstand the effects of de- 
manding environments. 

Figure 3 compares the re- 
sponse of photosensitive de- 
vices characteristics with that 
of the human eye. Relative spec- 
tral response is plotted against 
wavelength from 300 to 1200 
nanometers (nm). The bell - 
shaped human eye response 
curve shows that the eye is sen- 
sitive to a relatively narrow 
band of the electromagnetic 
spectrum, between about 400 

and 750 nm. The curve peaks in 
the green light region at about 
550 nm and extends down into 
the violet region (400 to 450 
nm) at one end, and up into the 
dark red light region (700 to 780 
nm) at the other end. 

Figure 3 shows why cadmium 
sulfide (CdS) photocells are so 
popular for light -controlled cir- 
cuits; the CdS spectral response 
curve peaks near 600 nm, and it 

FIG. 2-SCHEMATIC SYMBOL of a pho- 
tocell. 63 



closely matches that of the 
human eye. By contrast, the re- 
sponse curve for cadmium se- 
lenide (CdSe) peaks further out 
at about 720 nm. However, 
CdSe is also sensitive to most of 
the visible -light region. 

A typical CdS photocell 
characteristic curve is shown in 
Fig. 4. Its dark resistance is 
about five megohms. This value 
falls to about 600 ohms at a 
light intensity of 100 lux, typical 
of a well illuminated room and 
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to about 30 ohms at an inten- 
sity of 8000 lux, typical of bright 
sunlight. (The lux is the SI unit 
of illuminance produced by a lu- 
minous flux of 1 lumen uni- 
formly distributed over a sur- 
face of 1 square meter.) 

Commercial photocells have 
good power and voltage ratings, 
similar to those of conventional 
resistors. Power dissipation rat- 
ings could be between 50 and 
500 milliwatts, depending on 
detector material. Their only 
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FIG. 3-CHARACTERISTIC CURVES of photosensitive devices compared with the 
response curve of the human eye. 
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FIG. 5-SIMPLE NON -LATCHING light - 
activated relay switch. 

significant drawbacks are their 
slow response times. Cadmium- 
selenide photocells generally 
have shorter time constants 
than cadmium -sulfide pho- 
tocells (approximately 10 milli- 
seconds versus 100 millise- 
conds). They also offer lower 
resistance values, higher sen- 
sitivities, and higher tempera- 
ture coefficients of resistance. 

Photocells are included in 
photographic exposure meters, 
light- and dark -activated 
switches for controlling safety 
lights, and intrusion alarms. 
Some light -activated alarms are 
triggered by breaking a light 
beam. There are even light -re- 
flective smoke alarms based on 
photocells. Figures 5 to 20 show 
practical photocell circuits; 
each will work with almost any 
photocell. 

Photocell light switches 
Figures 5 to 10 illustrate prac- 

tical light -activated switch cir- 
cuits with relay contact outputs 
that are based on the photocell. 
The simple circuit shown in 
Fig. 5 is designed to react when 
light enters a normally dark 
space such as the inside of a 
cabinet or closet. The photocell 
Rl and resistor R2 form a volt- 
age divider that sets the base 
bias of Ql. Under dark condi- 
tions, the photocell has a high 
resistance, so zero bias is ap- 
plied to the base of Q1; in this 
state, Ql and the relay RY1 are 
off. When a sufficient amount of 
light falls on the photocell, its 
resistance drops to a low value, 
and bias is applied to the base of 
Ql. That bias activates RY1, and 
its contacts can control external 
circuitry. 
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FIG. 9-PRECISION DARK -ACTIVATED switch with hysteresis. R6 equals R7 at normal 
light level. 

The simple Fig. 5 circuit has for sensitivity adjustment. Fig - 
low sensitivity and no provision ure 6 illustrates how these 

drawbacks can be overcome 
with Darlington -coupled tran- 
sistors Q1 and Q2 replacing Ql, 
and the use of a potentiometer 
R2 for sensitivity control, re- 
placing fixed resistor R2. The 
diagram also shows how the cir- 
cuit can be made self -latching 
with the second set of relay con- 
tacts. Normally -closed pushbut- 
ton switch Si permits the 
circuit to be reset (unlatched) 
when required. 

Figure 7 shows how a pho- 
tocell can form a simple dark - 
activated relay that turns on 
when the light level falls below a 
value preset by potentiometer 
R1. Resistor R2 and the pho- 
tocell R3 form a voltage divider. 
The voltage at the R2 -R3 junc- 
tion increases with falling light. 
That voltage, buffered by emit- 
ter -follower Q1, controls relay 
RY1 with common -emitter am- 
plifier Q2 and current -limiting 
resistor R4. 

The light trigger or threshold 
levels of the circuits shown in 
Figs. 6 and 7 are susceptible to 
variations in supply voltage and 
ambient temperature. Figure 8 
shows a very sensitive precision 
light -activated circuit that is 
not influenced by those varia- 
bles. In this circuit the pho- 
tocell R5, potentiometer R6, 
and resistors Rl and R2 are con- 
nected to form a Wheatstone 
bridge, and op -amp IC1 and the 
combination of transistor Q1 
and RY1 act as a highly sensitive 
balance -detecting switch. The 
bridge balance point is inde- 
pendent of variations in supply 
voltage and temperature, and is 
influenced only by variations in 
the relative values of the bridge 
components. 

In Fig. 8, the photocell R5 and 
potentiometer R6 form one arm 
of the bridge, and R1 and R2 
form the other arm. Those arms 
can be considered as voltage di- 
viders. The R1 -R2 arm applies a 
fixed half -supply voltage to the 
non -inverting input of the op - 
amp, while the photocell -poten- 
tiometer divider applies a light - 
dependent variable voltage to 
the inverting pin of the op -amp. 

To use this circuit, potenti- 
ometer R6 is adjusted so that 
the voltage across the photocell 
and the potentiometer rises 65 
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FIG. 11-SIMPLE LIGHT -ACTIVATED 
alarm bell. 

fractionally above that across 
R1 and R2 as the light intensity 
rises to the desired trigger level. 
Under that condition, the op - 
amp output switches to nega- 
tive saturation, which turns on 
Q1 and thus RY1. When the light 
intensity falls below that level, 
the op -amp output switches to 
positive saturation, and Q1 and 
the relay are turned off. 

The circuit in Fig. 8 is so sen- 
sitive that it is able to respond to 

changes in light -level that are 
too small to be detected by the 
human eye. The circuit can be 
modified to act as a precision 
dark -activated switch by either 
transposing the inverting and 
non -inverting input pins of the 
op -amp, or by transposing the 

photocell and the adjacent po- 
tentiometer. 

The circuit in Fig. 9 also 
shows how a small amount of 
hysteresis can be added to the 
circuit with the feedback re- 
sistor R5 so that relay RY1 is 
actuated when the light level 
falls to a preset value. However, 
the relay is not de -actuated 
again until the light intensity 
increases substantially above 
that value. The hysteresis mag- 
nitude is inversely proportional 
to the value of R5, but it is zero 
when R5 is open circuited. 

Figure 10 shows how a preci- 
sion light/dark switch can be 
made by combining op -amp 
light and dark switches. The 
switch activates relay RY1 if the 
light intensity rises above one 
preset value of falls below an- 
other preset value. Potentiome- 
ter R1 controls the dark level, 
potentiometer R2 controls the 
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66 FIG. 12-IMPROVED LIGHT -ACTIVATED alarm bell with self -latching. 

supply voltage, and potentiome- 
ter R3 controls the light level. 

To organize the circuit shown 
in Fig. 10, first preset potenti- 
ometer R2 so that about half the 
supply voltage appears at the 
junction between photocell R6 
and potentiometer R2 when the 
photocell is illuminated at its 
normal intensity level. Potenti- 
ometer R1 can then be preset so 
that RY1 is actuated when the 
light intensity falls to the desir- 
ed dark level, and potentiometer 
R3 can be adjusted so that RY1 
is actuated at the desired 
brightness level. 

In the circuits shown in Figs. 
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FIG. 16-BOOSTED-OUTPUT PULSED -tone light -activated alarm. 

8 to 10, the resistance values of 
the series potentiometers 
should equal the photocell's re- 
sistance values at the normal 
light level of each circuit. 

Bell -output photocell alarms 
The light -activated photocell 

circuits in Figs. 5 to 10 all have 
relay outputs that can control 
many different kinds of external 
circuits. In many light -acti- 
vated circuit applications, how- 
ever, the circuits must trigger 
audible alarms. This response 
can also be obtained without re- 

lays as shown in Figs. 11 to 17. 
Figure 11 shows a simple 

light -activated alarm circuit 
with a direct output to an alarm 
bell or buzzer. The bell or buzzer 
must be self -interrupting and 
have an operating current rat- 
ing less than 2 amperes. The 
supply voltage should be 1.5 to 2 
volts greater than the nominal 
operating value of the bell or 
buzzer. Photocell R3 and re- 
sistor R2 form a voltage divider. 
Under dark conditions, the 
photocell resistance is high, so 
the voltage at the junction R3 
and R2 is too small to activate 
the gate of the silicon -controlled 
rectifier SCR1. Under bright 
light conditions with the pho- 
tocell resistance low, gate bias is 
applied to the SCR which turns 
on and activates the alarm. 

In the circuit of Fig. 11, keep 
in mind that although the SCR 
is self -latching, the fact that the 
alarm is self -interrupting en- 
sures that the SCR repeatedly 
unlatches automatically as the 
alarm sounds. (The SCR anode 
current falls to zero in each self - 
interrupt phase.) Consequently, 
the alarm automatically turns 
off again when the light level 
falls below the circuit's thresh- 
old level. 

The circuit of Fig. 11 has fairly 
low sensitivity and no sen- 
sitivity adjustment. Figure 12 
shows how that drawback can 
be overcome: Potentiometer R6 
replaces a fixed resistor and Ql 
is inserted as a buffer between 
photocell R5 and the SCR1 gate. 
The diagram also shows how to 
make the circuit self -latching by 
wiring R4 in parallel with the 
alarm so the SCR anode current 
remains above zero as the alarm 
self -interrupts. Switch Si per- 
mits the circuit to be reset (un- 
latched) when required. 

Figure 13 shows how to make 
a precision light -alarm with an 
SCR -actuated output based on 
a Wheatstone bridge formed by 
the photocell R6, potentiometer 
R5, and op -amp IC1. The op - 
amp balance detector provides 
precision control. That circuit 
can be converted into a dark - 
activated alarm by simply trans- 
posing the photocell and poten- 
tiometer. Hysteresis can also be 
added, if required. 67 
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Speaker -output alarms 
Figures 14 to 17 show dif- 

ferent ways of using CMOS 
4001B quad 2 -input NOR -gate 
ICs to make light -activated 
alarms that generate audible 
outputs with loud speakers. 
The 4001B is available as the 
CD4001B from Harris and from 

68 Motorola, National Semicon- 
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1K 

FIG. 20-REVERSE-BIASED DIODE 
circuit. 

ductor, Signetics and others 
under various designations 
that include 4001B. 

The circuit of Fig. 14 is a dark - 
activated alarm circuit that gen- 
erates a low -power 800 -Hz 
pulsed -tone signal at the speak- 
er.NOR gates ICI -c and ICI -d are 
wired as an 800 -Hz astable mul- 
tivibrator that can feed tone sig- 
nals into the speaker from Ql. It 
is gated on only when the out- 
put of ICI -b is low. NOR gates IC1- 
a and IC1-b are wired as a 6 -Hz 
astable circuit that is gated on 
only when its gate pin 1 is pulled 
low. (Pin 1 is coupled to the volt- 
age divider formed by photocell 

FIG. 22-PHOTODIODE WITH resistor 
between diode and supply. 
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E 

FIG. 23-SCHEMATIC SYMBOL for a 
phototransistor. 

R4 and potentiometer R5.) 
The action of the circuit is as 

follows: Under bright light con- 
ditions, the voltage at the junc- 
tion of the photocell R4 and 
potentiometer R5 voltage is 
high, so both astable circuits 
are disabled and no output is 
generated at the speaker. Under 
dark conditions, the photocell - 
potentiometer junction voltage 
is low, so the 6- Hz astable cir- 
cuit is activated, gating the 800 - 
Hz astable circuit on and off at a 
6 -Hz rate. As a result, a signal 
from Q1 produces a pulsed -tone 
in the speaker. 

The precise gating level of the 
4001B IC is determined by its 
threshold voltage value, which 
is a fraction of the supply volt- 
age-nominally 50%. That val- 
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ue might vary from 30% to 70% 
in individual devices, but gat- 
ing points of these IC's are gen- 
erally stable. The Fig. 14 circuit 
provides sensitive dark -acti- 
vated alarm triggering. 

Figure 15 is a schematic of a 
self -latching light -activated 
alarm with an 800 -Hz monoto- 
ne output. In this circuit, IC1-c 
and IC1-d are also wired as a 
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gated 800 -Hz astable circuit, 
but IC1-a and IC1-b are wired as 
a bistable multivibrator with a 
normally high output. Under 
bright light conditions, the 
photocell -potentiometer junc- 
tion goes high and latches the 
bistable circuit into its alter- 
native state. As a result, the 
800 -Hz astable circuit is gated 
on to generate the monotone 
alarm signal. The circuit re- 
mains in that state until dark 
conditions return, and the 
bistable circuit is simulta- 
neously reset with Si. 

The light/dark operation of 
the circuits in Figs. 14 and 15 
can be reversed by transposing 
the positions of the photocell 
and potentiomenter. Each cir- 
cuit produces only a few milli - 
watts of output power. Figure 16 
shows how the operation of the 
dark -operated circuit of Fig. 14 
can be reversed to become light - 
operated by switching the posi- 
tions of the photocell and poten- 
tiometer. The output power can 
be boosted with an additional 
output transistor Q2. This cir- 
cuit can operate from a 5- to 15 - 
volt supply and with 25- to 50 - 
ohm speakers. The output 
power can vary from 0.25 to 
11.25 watts, depending on the 

voltage and impedance values. 
The circuits shown in Figs. 14 

to 16 have adequate sensitivity 
levels for most practical applica- 
tions. However, if required, 
both sensitivity and trigger - 
level stability can be increased. 
That's done in Fig. 17 by insert- 
ing an op -amp voltage com- 
parator between the voltage 
divider junction formed by pho- 
tocell R7 and potentiometer R8 
and gate pin 1 of IC1-a. Resistor 
R3 controls the hysteresis of the 
circuit, but it can be removed if 
hysteresis is not needed. 

Selection of photocell circuits 
Photocells are widely used in 

alarms that are triggered by in- 
terrupting a visible light beam. 
They are also used in smoke 
alarms that are actuated when 
smoke particulates reflect light 
back to the photocell. Figures 18 
to 20 show self -interrupting 
alarm -bell versions of those 
warning circuits. 

The interrupted light beam - 
activated alarm circuit of Fig. 18 
acts like a dark -operated alarm. 
Normally, the photocell is il- 
luminated by the light beam so 
its resistance is low and only low 
voltage appears at the junction 
of potentiometer R4 and pho- 69 
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tocell R5. Consequently, both 
the SCR and bell are off. When 
the light beam is broken, pho- 
tocell resistance increases and a 
significantly higher voltage ap- 
pears at the potentiometer -pho- 
tocell junction. Under this 
condition SCR1 conducts and 
the alarm bell rings. Resistor R3 
in series with switch Si self - 
latches the alarm. 

Figure 19 is a cutaway view of 
a reflective -type smoke detector. 
The lamp and photocell are 
mounted on one wall of the box 
whose open ends are covered 
with lids mounted on spacers. 
The openings provided by the 
spacers permit smoke to pass 
through the detector while 
while ambient light is excluded. 
An internal baffle prevents in- 
candescent lamp light from fall- 
ing directly on the photocell. 

The lamp acts as both a 
source of light and heat; the 
heated air in the box rises, 
creating air convection cur- 
rents that draw air in at the bot- 
tom of the box and expell it from 
the top. The inside of the box is 
painted matte black to elimi- 
nate reflections. 

If the air currents moving 
through the detector box are 
free of smoke, no light will fall 
on the photocell, and its resis- 
tance will be very high. However, 
if the air contains smoke, the 
particulates of that smoke re- 
flect light from the lamp back 
onto the photocell face, causing 
its resistance to decrease sharp- 
ly. That resistance drop can trig- 
ger an alarm. Figure 12 is a 
practical control circuit that 
can be used in the smoke alarm 
shown in Fig. 19. 

Photodiodes put to use 
If a conventional silicon diode 

is connected in the reverse -bi- 
ased circuit of Fig. 20, only leak- 
age current will flow through 
the diode and no voltage will be 
developed across resistor R1. 
However, if the case is removed 
from a conventional silicon di- 
ode to expose its PN junction, 
and the diode is then replaced 
in the same circuit, its pho- 
tosensitive properties can be 
observed. 

When the diode is exposed to 
light, its current could rise to as 

much as one milliampere, pro- 
ducing a voltage across Rl. 

All silicon PN junctions are 
photosensitive. Thus a pho- 
todiode is essentially a conven- 
tional silicon PN junction diode 
in a case with a transparent 
cover to permit light to reach its 
junction. Figure 21 shows its 
standard schematic symbol. 

In Fig. 22 the photodiode is 
reverse biased and its output 
voltage is taken across a series - 
connected load resistor R1. 
That resistor could also be con- 
nected between the diode and 
ground as shown in Fig. 20. 
Photodiodes also have spectral 
response characteristics, which 
are determined by the doping of 
the semiconductor material. 

Figure 3 shows a typical re- 
sponse curve that applies for all 
silicon photoreceptors, a cate- 
gory which includes both pho- 
todiodes and phototransistors. 

While silicon photodiodes 
have lower visible -light sen- 
sitivity than either cadmium - 
sulphide or cadmium-selenide 
photocells, they respond faster 
to changes in light level. As 
stated earlier, cadmium -sulfide 
and cadmium-selenide pho- 
tocells are best suited for ap- 
plications in visible light in 
which they are directly coupled 
and where relatively slow re- 
sponse time is acceptable. By 
contrast, photodiodes are bet- 
ter suited for applications in the 
infrared region in which they 
receive AC signals and where 
fast response is required. 

Photodiodes are typically 
used in infrared remote -control 
circuits, beam -interruption 
switches and alarm circuits. 
However, lead -sulfide (PbS) pho- 
tocells have characteristics that 
are similar to those of visible - 
light photocells except that they 
function only in the infrared re- 
gion. 

Phototransistors 
Figure 23 shows the standard 

phototransistor symbol. The 
phototransistor is a silicon bi- 
polar NPN transistor in a case 
with a transparent cover that al- 
lows light to reach its PN junc- 
tions. The device is normally 
used with its base pin open -cir- 
cuited as shown in both parts of 

Fig. 24. In Fig. 24a, the base - 
collector junction of the pho- 
totransistor is effectively re- 
verse -biased so it acts as a 
photodiode. The light -gener- 
ated currents of the base -collec- 
tor junction feed directly into 
the base of the device, and the 
normal current -amplification of 
the transistor causes collector 
current to flow as the output. 
That amplified current across 
R1 produces the output voltage. 

Phototransistor collector and 
emitter currents are usually 
similar because the base con- 
nection is open circuited, and 
the device is not subjected to 
negative feedback. As a Con- 
sequence, the alternative cir- 
cuit shown as Fig. 24b offers 
about the same performance as 
the circuit shown in Fig. 24a. 
The output voltage appears 
across R1 which is connected 
between the emitter and 
ground. 

The sensitivity of a pho- 
totransistor is typically one 
hundred times greater than 
that of a photodiode. However, 
its useful maximum operating 
frequency of a few hundred kilo- 
hertz is proportionally lower 
than that of a photodiode's tens 
of megahertz. A phototran- 
sistor can be converted into a 
photodiode by connecting it as 
shown in Fig. 25. 

Alternatively, the sensitivity 
and operating speed of a pho- 
totransistor can be made varia- 
ble by wiring a potentiometer 
between its base and emitter, as 
shown in Fig. 26. With R2 open 
circuited, phototransistor oper- 
ation is obtained; with R2 short 
circuited, a photodiode re- 
sponse occurs. 

In practical applications of 
the circuits shown in Figs. 24 
through 26, the R1 load value is 
usually selected as a compro- 
mise because voltage gain in- 
creases but the useful operating 
bandwidth decreases with the 
value of Rl. Also, the value of R1 
value must, in many applica- 
tions, be chosen to bring the 
photosensitive device into its 
linear operating region. 

Darlington phototransistors 
consist of two transistors cou- 
pled as shown in the schematic 
symbol of Fig. 27. Typical sen- 



sitivities of photodarlingtons 
are about ten times greater than 
those of standard phototran- 
sistors, but their useful max- 
imum operating frequencies 
are only tens of kilohertz. 

Preamplifier circuits 
Photodiodes and phototran- 

sistors are used as lightwave 
signal receivers or detectors in 
fiberoptic transmission lines. 
The light traveling in the optical 
fiber can be modulated by either 
analog or digital methods. Pho- 
todiodes and phototransistors 
are also detectors in op- 
tocouplers and infrared light - 
beam interruption switching 
and alarm -control systems. 

In those applications, the sig- 
nal reaching the photosensor 
could either be very strong or 
very weak. Moreover, the pho- 
tosensor could be subjected to a 
lot of noise in the form of ran- 
dom, unwanted visible or in- 
frared emissions. To minimize 
interference problems, optical 
links are usually operated in the 
infrared range, and the op- 
tosensor's output is then pro- 
cessed with a low -noise pre- 
amplifier having a wide dynam- 
ic operating range. Figures 28 
and 29 illustrate typical exam- 
ples of preamplifier circuits 
with photodiode sensors. 

The Fig. 28 circuit is de- 
signed for use with a 30 -kilo- 
hertz carrier. The tuned circuit, 
consisting of L1, Cl, and C2, is 
wired in series with D1 and 
damped by R1 to provide the 
necessary frequency -selective 
low -noise response. The output 
signals are tapped off at the 
junction between Cl and C2 
and then amplified by Ql. 

The 20 -kilohertz selective 
preamplifier shown in Fig. 29 is 
intended for an infrared light - 
beam alarm. The alarm sounds 
when the beam is broken. "Rvo 
IR photodiodes, D1 and D2, are 
wired in parallel so that the op- 
tical signals are lost only when 
both photodiode signals are cut 
off. Register R1 is shunted by C 1 

to reject unwanted high -fre- 
quency signals. The output sig- 
nals across R1 are fed to the 
inverting op -amp through C2, 
which rejects unwanted low -fre- 
quency signals. R -E 

BATTERY TESTER 

continued from page 62 

base terminals of a standard 
#1157 automotive incandes- 
cent lamp and crimping al- 
ligator clips to the other ends of 
the wires. This load can then be 
clipped across the battery's ter- 
minals for several hours. (The 
assembly is also a handy, inex- 
pensive trouble -shooting light 
that you can use for working 
under the hood of your car.) 
After disconnecting the load, 
wait until the voltage stabilizes 
before doing the CCA test. Ide- 
ally, the open, circuit voltage of a 
new battery should be 12.6 volts 
(± 0.02 volt). 

CRAE test procedure 
When using CRAE to test a 

battery, follow these steps: 
1. Determine the manufac- 
turer's CCA rating for the bat- 
tery. This information is a 
reference that will help you to 
determine if the battery should 
be replaced. Also, estimate the 
ambient temperature of the bat- 
tery by taking the air tempera- 
ture of the battery's location 
immediately before you begin 
the test. 
2. Disconnect the ground cable 
from the battery if it is con- 
nected to the electrical system of 
a vehicle before doing the test. 
3. Using an accurate digital 
multimeter with a basic DC - 
voltage accuracy of at least 
0.5%., measure the open -circuit 
voltage of the battery. If the volt- 
age is below 12.25 volts, re- 
charge the battery and recheck 
the voltage. 
4. Under some conditions the 
battery voltage will exceed 12.65 
volts. In that case, discharge it 
slightly as explained earlier in 
the text. Because CRAE itself is 
a light (2.5 ampere) load, it can 
be used to discharge the battery. 
However, Do not use CRAE for 
sustained periods of more than 
two minutes because it is not 
designed for continuous use ! 

To measure the output of the 
battery most accurately, the bat- 
tery's open -circuit voltage 
should be between 12.4 and 
12.6 volts. 
5. Connect CRAE's positive 

(red) alligator clip to the " + " ter- 
minal of the battery and the 
negative (black) clip to the "-" 
terminal. Adjust the MAX(INF)ADJ 
knob on the panel so that the 
needle points to the maximum 
deflection. Be sure that all con- 
nections are secure. A poor al- 
ligator clip connection will 
cause CRAE to give an er- 
roneous reading. 
6. Throw switch SI to the TIMER 
RESET (left) position and then let 
it snap back to the center "off" 
position. Remember that Si has 
three positions: center is "off' 
and the others are momentary 
action. 
7. To test the battery, hold Si in 
the TEST position until the LED 
lights in about 1 minute. When 
that occurs, take the reading 
and let S1 return to the center 
"off' position. 
8. For the most accurate retest 
the battery. Any difference be- 
tween the first and second read- 
ings on a satisfactory battery is 
insignificant. However, expect 
that the second reading on a 
weak battery will be lower than 
the first. The second reading is 
the most accurate. If you want 
to retest the battery a third 
time, be sure to wait at least two 
minutes between the tests to 
avoid stressing CRAE. 
9. Do not use the MAx(INF/ADJ 
knob for the second or subse- 
quent readings on the same bat- 
tery. (The 1 -minute, 2.5 -ampere 
load of the initial test has 
changed the battery's open -cir- 
cuit voltage.) However, if you 
want to test another battery pro- 
ceed as stated originally. Also, if 
the subsequent test on the 
same battery occurs an hour or 
more later, reset the meter nee- 
dle to the INF position. A general 
rule is that if the open -circuit 
voltage voltage of the battery is 
constant-no matter when test- 
ed-use the MAX (INF) ADJ knob 
to set the meter needle to the INF' 

position. 
After determining the crank- 

ing amp capacity and tempera- 
ture, use either the GW BASIC 
program in Table 1 or the graph 
in Fig.1 to determine the bat- 
tery's CCA capacity. Replace the 
battery if the calculated CCA is 
substantially lower than the 
manufacturer's rating. R -E 71 
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screen and where to turn it off on 
the left, you can see why there's no 
room for more than one set of con- 
trol signals-no matter how many 
images you want to mix together. 

There are two standard ways to 
mix video signals. The first is to sep- 
arate the picture and control infor- 
mation from each signal and then to 

HARD -DRIVE LED 
I have an AT -class computer 

with an IDE hard drive and I just 
recently added a second hard 
drive. The equipment works 
fine, but the LED that indicates 
hard -drive activity lights only 
when the first drive is active. 
The second drive works fine, but 
the LED doesn't come on. Can 
you tell me what's wrong?-G. 
Fishben, Enterprise, NY 

Since both hard drives are work - 

and other lines. The real answer to 
your question can be found by look- 
ing at the pinout of the standard IDE 
connector. If you're lucky, that can 
be found in the instruction manual 
you got with the controller card. 
You'll see that pin 39 is marked as 
"SLV ACT"-which, in plain Eng- 
lish, means "slave drive active." 

That line goes low when your sec- 
ond drive is selected, and it should 
be connected to the hard -drive ac- 
tivity LED along with whatever other 
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FIG. 3-TO MIX TWO OR MORE VIDEO SIGNALS you must combine the picture areas, 
but use only a single control area. 

combine them with a single set of 
control information from one of the 
video sources. The second method 
is similar, but instead of using the 
control information from one of the 
original sources, you generate it 
separately. 

Remember that the picture infor- 
mation in each line has a start and 
end point. Before you mix the pic- 
tures together, you have to be sure 
that all of them are lined up accu- 
rately. The circuit that does every- 
thing necessary to mix video signals 
is called a timebase corrector. It's a 
fairly complex piece of equipment 
and, as you might expect, it carries a 
fairly serious price tag as well. 

Nothing would make me happier 
than being able to give you a simple 
circuit to do the job but, unfor- 
tunately, I can't. I can tell you, how- 
ever, that it's worth your time to try 
to come up with one because, if 
you're successful, you'll have 
something that can lead to a lot of 

72 profit and an early retirement. 

ing correctly, I have to assume that 
the question is academic-interest- 
ing, but not vital. The LED activity 
indicator is a nice thing to have, but 
we'll both agree that it's a lot better 
to have the drive working and the 
LED messed up than having it the 
other way around. 

The reason for the problem is not 
with the drive but with the IDE con- 
troller card. The people who made 
the card in your computer, or the 
circuitry on the motherboard if your 
computer has a built-in IDE control- 
ler, cheaped-out when they de- 
signed the circuit. For some reason, 
the IDE standard isn't quite as 
"standard" as some of the earlier 
hard -disk encoding schemes such 
as MFM, RLL, or even SCSI. 

The hard -disk activity LED is usu- 
ally triggered by decoding several of 
the control lines connected to the 
cable. The exact method varies 
from card manufacturer to card 
manufacturer, but it's generally 
some combination of READ, WRITE, 

control lines are used for the first 
drive. If you put a meter on that pin 
and access your second drive, you'll 
see that the pin becomes active. 
The manufacturer should have used 
an OR gate (or a resistor -combina- 
tion equivalent) when the card was 
designed. You can do it yourself by 
tying pin 39 to the LED connector 
with a resistor of about 1000 ohms. 

One side of the LED is connected 
to 5 volts and the other can be the 
output of a gate or a node on a 

resistor network. You want to con- 
nect the 1K resistor from pin 39 of 
the IDE connector to the pin of the 
LED that's not connected to 5 volts. 
Since you probably don't have sche- 
matics for the controller card, it's a 

good idea to use a small diode such 
as a 1N914 to isolate pin 39 from the 
LED. Since you have to take your 
computer apart to do that, you have 
to figure out if the final result is 
worth the effort. Should you decide 
to do it, you might consider using a 

second LED (triggered by pin 39) as 
an indication that the second drive 
is active. R -E 
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WARC-92's notable statistics 
WARC-92 was attended by 

more than 1400 delegates from 
127 countries, and there were 
several hundred observers from 
31 regional and international 
organizations. The conference 
produced six million pages of 
text weighing 28 tons. There 
were two all-night sessions on 
the last two days of the con- 
ference, and when the con- 
ference concluded, most of the 
participants weren't clear about 
what decisions had been made, 
particularly in the sound - 
broadcasting satellite service, 
BSS. 

A total of 81 declarations were 
made at the end of the con- 
ference. A declaration is a state- 
ment by a country's delegation 
that is appended to the Final 
Acts of the Conference, calling 
attention to an issue of par- 
ticular concern to that delega- 
tion. Perhaps the most telling 
declaration was entered by the 
French Delegation; it set the 
tone for the conclusion of 
WARC-92. It expressed reserva- 
tions about the number and 
complexity of the texts adopted 
within the short time of 
WARC-92, and it was concerned 
about possible interpretations 
which would not conform with 
the final consensus of the con- 
ference. 
[Editor's Note: Stanley Leinwoll, 
director of engineering in U.S. 
for RFE/RL, was a member of 
the United States Delegation to 
WARC-92.] R -E 
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nine beast whose barking can be- 
come quite a nuisance. 

About a year ago I built a magnet- 
ic field meter that was featured as a 

kit in Radio -Electronics. After 
completing the unit, I was checking 
around the house for relatively high 
sources of EMF's when I noticed 
that my dog, Sparky, had a very in- 

tense field surrounding him. I initially 
thought that was due to a high static 
charge accumulated from rolling 
around on the carpet or brushing 
against the TV screen. I tried dis- 
charging him to a water pipe and 
even rubbing him on the carpet, with 
no measurable effect on the field. 
Sparky is a very large dog and 
somewhat hyperactive. I believe 
that might coincide with his high 
electrical potential. 

My concerns are with the micro - 
receiver -resonator module. That is 

obviously a very low power unit 
using the dog's own bio -magnetic 
field as a power source. I am afraid 
that Sparky's unusually strong mag- 
netic field could quite possibly inter- 
fere with, or completely inhibit, the 
operation of this unit. With it's cost 
in mind, I would hate to think that it 
could be damaged or even rendered 
useless after it's installed. I am hop- 
ing that you can provide me with a 

source for detailed specifications 
concerning power requirements 
and EMF shielding of this unit. 

If everything works out okay, I'm 
planning to use multiple resonators 
at various locations on Sparky in 

combination with an extensive train- 
ing program in hopes of teaching 
him some very advanced tricks. 
That might also prove to be the long- 
awaited edge we need to take the 
blue ribbon at this summer's dog 
show. Although this might sound far- 
fetched, I'm even thinking of adding 
a module to my home -automation 
system that would allow complete 
control over Sparky's behavior. 

Thanks for your continued efforts 
in bringing the latest in innovative, 
entertaining, and exciting proj- 
ects-and your best April Fool's kit 
yet! 
JOHN SLADE 
Hillsdale, MI 

Kudos to the author of "Remote 
Control For Your Dog" (Radio - 
Electronics, April 1992). The best 
April Fool's article yet. Incidentally, 
for those readers who might be hav- 
ing trouble with the high price of the 
actuator module, I went to work 
right away in my basement. I'm 
proud to say that I can make avail- 
able the same at a price of $4.95 
per unit. 
BYRON HODGES 

Thank you for the article "Remote 
Control for Your Dog." It is yet an- 
other star in Radio -Electronics' 
glittering firmament. However, it 
seems that Mr. Canino failed to real- 
ize the true potential of his device. 
The applications need not stop at 
simple behavior suppression. A dog 
is an intelligent animal and can be 
taught very complex behaviors. 
Why not use the subcutaneous re- 

ceiver to initiate a behavior, for in- 

stance, fetching your slippers. Why 
stop there? Several receivers could 
be implanted in different locations 
and their control could be consoli- 
dated in one transmitter. A buzz in 

the left thigh would make the dog 
lick -shine your boots, a tickle be- 
hind the left ear to answer the door, 
and a tingle in the tail to fetch you a 

beer from the fridge-all for the 
fraction of what it would cost for a 

butler or personal robot. 
I personally have trained my dog 

so that at the receipt of my sum- 
mons he leaps onto a treadmill that 
provides electrical power for the 
"Low -Cost Laser Printer" that I built 
from an article in last year's April 
issue. 

Mr. Canino failed to address the 
potential for abuse of this tech- 
nology. For example, what if your 
dog was kidnapped by a hostile in- 
telligence agency or an estranged 
family member, who subjected him, 
unbeknownst to you, to a receiver 
implant and intensive aversion 
therapy. He returns seemingly un- 
harmed, but ready at any moment to 
receive the tear -your -throat -out sig- 
nal from a waiting agent. The last 
place the secret service would look 
for a threat to the President would 
be his dog! 

I have obtained evidence that this 
may already be happening to the 
pets of many high-ranking officials. 
The implant is small enough to use 
in all sorts of animals-cats, par- 
rots, lions, tigers, bears, and even 
farm animals are no longer above 
suspicion. This may very well create 
a totally new arena for military esca- 
lation among the major world 
powers. 

I, for one, will never look at my pet 
turtle in quite the same way ever 
again. 
JAMES SENTMAN 
Lake Bluff, IL 73 
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BP 248-TEST 
EQUIPMENT CON- 
STRUCTION 
$5.95. Details con- 
struction of simple, in- 
expensive, but ex- 
tremely useful test 
equipment. AF Gen, 
Test Bench Ampl, Au- 
dio Millivoltmeter, Tran- 
sistor Tester and six 
more. 

GREAT PAPERBACKS AT SPECIAL PRICES 

TMtEpttpmnt 
ConN1u0a0n 

CMOS1-CMOS POCKET GUIDE 1 

$18.95. Works like the TTL Guides but covers 
all commonly used CMOS standard devices. 
Six major sections. The first shows the device 
schematic. Next is a brief description of the 
component and is followed by full operating 
details. The fourth section lists major applica- 
tions, while the 5th and 6th sections present 
essential data for that device and a list of the 
relevant manufacturers. The final two sections 
are a valuable cross-reference. 

.=n n BP245-DIGITAL 
AUDIO PROJECTS 

$5.95. Practical cir- 
cuits to build and ex- 
periment with. In- 
cludes A/D converter, 
input amplifier, digital 
delay line, compander, 
echo effect and more. 

BP303-UNDERSTANDING 
PC SOFTWARE $6.95. This 
book will help you understand the 
basics of various types of business 
software in common use. Types of 
software covered include word pro- 
cessors, spelling checkers, graph- 
ics programs, desktop publishing, 
databases, spreadsheets and util- 
ities. 
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BP267-HOW TO 
USE OSCILLO- 
SCOPES AND 
OTHER TEST EQUIP- 
MENT $6.95. Mas- 
tering the oscilloscope 
is not really too difficult. 
This book explains all 
the standard controls 
and functions. Other _ equipment is also de- 
scribed. 

f I BP247-MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

I I BP265-MORE 
ADVANCED USES 
OF THE MULTI- 
METER $5.95. Use 
these techniques to 
test and analyze the 
performance of a vari- 
ety of components. 
Also see how to build 
ad-ons to extend multi - 
meter capabilities. 

n BP299-PRACTICAL 
ELECTRONIC FILTERS 

$6.95. Presents a doz- 
en filter -based practical 
projects with applications in 
and around the home or in 
the constructor's workshop. 
Complete construction de- 
tails are included. 

BP251-COMPUT- 
ER HOBBYISTS 
HANDBOOK 
$8.95. A wrapup of ev- 
erything the computer 
hobbyist needs to 
know in one easy to 
use volume. Provides a 
range of useful refer- 
ence material in a sin- 
gle source. 

BP257-INTRO TO 
AMATEUR RADIO 
$6.95. Amateur is a 
unique and fascinating 
hobby. This book gives 
the newcomer a com- 
prehensive and easy to 
understand guide to 
the subject. 

i1 BP249-MORE 
ADVANCED TEST 
EQUIPMENT CON- 
STRUCTION 
$6.95. Eleven more 
test equipment con- 
struction projects. 
They include a digital 
voltmeter, capacitance 
meter, current tracer 
and more. 

Preamplifier 
..d 

Flu.rclmux. 

BP256-INTRO TO 
LOUDSPEAKERS 
AND ENCLOSURE 
DESIGN $5.95. We 
explore the variety of 
enclosure and speaker 
designs in use todayso 
the reader can under- 
stand the principles in- 
volved. 

BP309-PREAMPLI- 
FIER AND FILTER CIR- 
CUITS $6.95. Provides 
circuits and background 
info for a range of pre- 
amplifiers, plus tone con- 
trols, filters, mixers and 
more. All are high-perfor- 
mance circuits that can be 
built at a reasonable cost. 

PCP115-ELECTRONIC 
PROJECTS FOR HOME SECUR- 
ITY $10.00. 25 projects ranging 
from a single -door protection cir- 
cuit that can be completed in an 
hour or two, to a sophisticated 
multi -channel security system. 
Each project is described in detail 
with circuit diagrams, explanations 
of how it works, instructions for 
building and testing, and how to 
adapt circuits to meet special re- 
quirements. 

ELECTRONIC 
PROJECTS 

NOME SECURITY 

BP195--INTRODUCTION TO SATELLITE TV $9.95. A definitive introduction to 
the subject written for the professional engineer, electronics enthusiast, Or others 
who want to know more before they buy. 8 x 10 in. 

BP190-ADVANCED ELECTRONIC SECURITY PROJECTS $5.95. Includes a 

passive infra -red detector, a fiber-optic loop alarm, computer -based alarms and an 
unusual form of ultrasonic intruder detector. 

r 1 BP235-POWER SELECTOR GUIDE $10.00. Complete guide to semiconduc- 
tor power devices. More than 1000 power handling devices are included. They are 
tabulated in alpha -numeric sequency, by technical specs. Includes power diodes, 
Thyristors, Triacs. Power Transistors and FET's. 
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Dye -based solar energy, Neo -Geo interface cables, another sad patent 
story, micro -avionics newsletter, and RGB monitor fundamentals. 

DON LANCASTER 

Uh whoops. Back in April 
(page 65, Fig. 2), one of my 
last minute "improve- 

ments" to the PC layout for the sync 
stripper and universal video inter- 
face left one extra trace from pin 9 

to the SYNC output line. Sorry about 
that. If you have already etched your 
board, just cut that tiny run out. Fig- 

ure 1 had it correct. 
Moral: It is always the things that 

you thought you triple checked that 
are certain to return to haunt you. 

We will see several other possi- 
ble changes to the sync stripper in 

just a moment when we look at 
some new Neo -Geo interface ideas 
below. 

An update to the crystal -sta- 
bilized FM stereo broadcaster cir- 

cuit that we looked at last month: 
I've now had a brief chance to check 
into that new SonyXA7A unit. While 
it uses pretty much the same circuit 
we looked at, it seems more costly, 
klutzier, and far harder to hack. 

The BA1404 has a surface mount 
package. There are some tight and 
tiny shields, and some awkward "3- 
D" component arrangements. 
Sony appears to be getting two 
channels by pulling its crystal an as- 
tounding 200 kilohertz in either di- 

rection. I'd bet its stability isn't as 

good as in a Pioneer CD -FM -1. 

Speaking of which, it should be 
possible to significantly improve the 
CD -FM -1's range by replacing the 
SAW filter load used by Q4 with a 

simple tapped resonant tank lo- 
cated outside of the existing shield. 
That would switch Q4 from class -A 
over to class -C operation. Some by- 

passing on R19 could also help, as 
might lowering its value somewhat. 

More details when I get a chance. 
Meanwhile, do let me know what 
you come up with on your own. 

Patents again 
The morning mail had yet another 

sad example of a hardware hacker 

done in by the patent system. Or 
more correctly, done in by the out- 
landish popular myths and all the 
gross misconceptions surrounding 
patenting. One more time: Any 
hardware -hacker -based small-scale 
involvement in the patent system is 

absolutely certain to result in the net 
loss of time, energy, money, and 
sanity. Your state lottery is a vastly 
better investment. 

This example involved an Oregon 
inventor who sent me a copy of his 

new patent and asked for my help in 

marketing it. The patent is intended 
to recover electrical energy from a 

steam line by impinging the steam 
onto a piezoelectric generator. The 
patentee admitted he lived in a very 
"remote area" where all research 
was difficult. And he did specifically 
ask me for comments, so here 
goes. 

Well, it must have been my kind of 
remote area. There was obviously 
no telephone available to call the 
Dialog Information Service, and no 
postal or UPS service to receive 
UM/ reprints. Their local library had 
to be so small that they had no 
Uhlricht's Periodical's Dictionary 
which included the EPRI Electric 
Power Research Institute Journal. 

And, of course, no Encyclopedia 
of Associations which would in- 

clude the Association of Energy En- 

gineers with their great conference 
publications on this type of 
cogeneration device. 

I felt the patent was rather weak. I 

NEED HELP? 

Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 
Synergetics 
Box 809 
Thatcher, AZ 85552 
(602) 428-4073 

think I could personally find all kinds 
of prior art way back in the 
1890-1930 time frame. And I do 
think the idea would be so totally 
obvious to any "practitioner in the 
field" that prior art would not even 
be required to quickly bust this pat- 
ent. In fact, attempting to defend it 

could easily lead to a nasty old frivo- 
lous litigation countersuit. 

"Outside of that Missus Lincoln, 
how was the play?" Well, I do not 
know of any high -power electricity - 
producing piezo generators. Piezo 
tends to be grossly inefficient and 
involves frequencies and imped- 
ance levels that are hard to ele- 
gantly deal with at higher power. 
Piezo transducers tend to have 
lousy power factors, since they are 

often very capacitive. The optimum 
working temperatures are well be- 
low that of live steam. 

Further, we obviously have a heat 
engine here that has to obey the 
laws of thermodynamics. The best 
possible efficiency (called the 
Carnot efficiency) would be rather 
low. Which is why we don't have too 
many steam engines these days. 
And I feel the P -V (pressure -volume) 
diagram for the proposed impinge- 
ment system would be absurdly far 
away from the best possible. It is 

clearly not adiabatic. 
I would be quite surprised if the 

overall electrical recovery efficiency 
could ever exceed 0.1 percent. 
Thus, I feel this product would never 
be able to pay for itself or for the 
time value of the money used. Let 
alone recover any useful power. 

So, I'd guess my answer on any 
marketing of this product would be 
"Uh, to whom?" 

Now, there are all sorts of exciting 
steam recovery developments go- 
ing on. They involve bottoming and 
scavenging cycles and can use ex- 
otic fluids other than water vapor. 
And they are revolutionizing com- 
mercial electric -power production 75 
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by sharply improving efficiencies. 
And the pulse -combustion furnace 
folks are playing lots of neat games 
in super efficient latent heat (gas to 
liquid) recovery. So there are 
bunches of new possible oppor- 
tunities in this area. Some of them 
eminently hackable. 

By the way, one ancient but quite 
readable book on thermodynamics 
is Sanford's Heat Engines, found in 
the Doubleday Science Series. No 
hacker can afford to ignore the fun- 
damental laws of thermodynamics. 

Where to go from here? First and 
foremost, avoid any and all involve- 
ments with the patent system in any 
way, shape, or form. Do so re- 
ligiously. 

Second, get yourself a fresh copy 
of The Case Against Patents, either 
in my Blatant Opportunist reprints 
or as our GEnie tutorial PSRT text - 
file #162 NOPATENT.TXT. Rumor 
has it that this reprint may also 
shortly appear in the Whole Earth 
Review. 

Third, there is a unique magazine 
known as Midnight Engineering that 
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specifically supports the small- 
scale developers, product pro- 
totypers, and startups. With proven 
and realistic help. Free samples on 
request. 

Inventing, of course, is a highly 
reprehensible and incurably addic- 
tive social disease that is simply not 
talked about in polite company. So, 
fourth and finally, you might want to 
join some AA -type support group. A 
typical example group would be the 
Zimmer Foundation, associated 
with the Michigan Inventor's Coun- 
cil. Just be certain that your se- 
lected group isn't a marketing scam 
in disguise. 

Another solar 
breakthrough? 

Lots of credibility has been newly 
given to dye methods of solar ener- 
gy conversion. As we have seen in 
past issues, certain dye molecules 
can act as both an antenna and rec- 
tifier, converting any incoming pho- 
tons into an electron current. The 
dye method is potentially very 
cheap, very efficient, and should 
end up quite easy to mass-produce. 
Only low-cost and low -tech materi- 
als are involved. 

Do check out the October 24, 
1991 issue of Nature (vol. 353 
#6346). Especially Thomas Mal- 
louk's Bettering Nature's Solar 
Cells (on pages 698-699) and also 
Brian O'Regan and Michael 
Gratzel's A Low -Cost High -Efficien- 
cy Solar Cell Based Upon Dye -Sen- 
sitized Collodial Titanium Dioxide 
Films (on pages 737-739). 

Some librarians appear to have 
lots of trouble finding Nature, possi- 
bly because it is British. Which is a 
real mystery, since Nature is re- 
garded by most of those in the know 
as the finest and most significant 
science publications anywhere in 
the world. 

Obviously, any magazine that 
gets up to weekly issue #6346 
must be doing something right. If 
you get any static picking up any 
Nature copies locally, scream and 
holler and stamp your feet. Or use 
the address found in our Names & 
Numbers sidebar. 

Figure 1 shows you the general 
idea behind any dye -based solar 
cell. The cell uses liquids and is re- 
lated to a wet -cell battery. An elec- 
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FIG. 1-ANOTHER SOLAR BREAKTHROUGH? The dye -based solar method uses a 
large -area monolayer of individual dye molecules to act as optical antennas and 
rectifiers. An electron "borrowed" from the electrolyte by the dye gets its energy level 
raised by an incoming photon, jumps the rectifying semiconductor gap, delivers 
useful load power, and then returns to the electrolyte. The high -efficiency process is 
related to the first stage of plant photosynthesis. All the materials used are cheap and 
fairly low tech. 

trolyte of a lithium salt or something 
similar is used. The uppermost ter- 
minal is a conductive metal film un- 
der a layer of clear glass. The 
bottom terminal is also a conductive 
metal film. Onto this film, a very thin 
and very rough layer of a titanium 
dioxide semiconductor is deposit- 
ed. Together they form the metal 
barrier diode. 

The semiconductor film is made 
as rough as possible to greatly in- 
crease its surface area. The present 
effective areas are in the 2000:1 
range. A one -molecule thin 
monolayer of trimetric ruthenium 
dye then is deposited on the semi- 
conductor surface. 

The single -dye molecules can act 
as both an antenna and a rectifier. 
An existing electron in the elec- 
trolyte solution will have its energy 
level increased by the incoming op- 
tical photons. These high-energy 
electrons jump the semiconductor 
junction, go through the load deliver- 
ing useful power, and return via the 
top electrode, creating a self -rectify- 
ing and light -induced photocurrent. 

So far, the actual efficiencies are 
only slightly better than polysilicon 
cells. But all of the materials are far 
cheaper (titanium dioxide is used to 
make white house paint; only small 
amounts of dye are used). They also 
lend themselves to larger area, 
high -volume processing. 

There are several remarkable sim- 
ilarities between dye -based solar 
and plant photosynthesis. In fact, 
the biggest difference is that dye - 
based photosynthesis stops with its 
generated electrons, while plant 
photosynthesis will go on and use 
the high-energy electrons to drive 
the intermediate chemical reac- 
tions, which can ultimately create 
sugars, cellulose, and other tasty 
stuff. 

Dye -based solar -energy con- 
version is already more efficient 
than the most efficient plants known 
today. On the other hand, plants can 
create and repair themselves. 

RGB video fundamentals 
I have recently been working with 

Dennis Carper of Redmond Cable 
in interfacing all sorts of video 
games to all types of leftover sur- 
plus computer monitors. So, I 

guess it might be a good time to 
review some of the fundamentals of 
RGB monitors. 

The reasons we go to the sepa- 
rate red -green -blue route in the first 
place are for picture quality and for 
picture resolution. Regardless of 
how much trouble you go to, it is 
simply not possible to glomp onto 
the antenna terminals of an ordinary 
TV set and display anything even 
remotely near what is needed as a 

bare minimum for all of today's color 
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computer displays or premium ar- 

cade video games. The needed 
bandwidths and scan rates are sim- 
ply not there. 

Unlike broadcast signals (such as 
NTSC, PAL or SECAM), there are 
no universal standards being used 
for RGB monitors. If it has three 
separate video lines on it, it is an 
RGB system. Period. Thus, you will 
have to be very careful about what 
your video source and your video 
monitor are capable of before you 
try to connect them. 

The simplest RGB system uses 
"TTL" monitors. It does not accept 
video as such. Instead, it receives 
digital logic signals that turn its red, 
green, and blue beams entirely off 
or on. Thus you can get only eight 
possible colors. All eight of which 
are always fully saturated. Some 
TTL monitors include a fourth 
brightness line that gives you a 

choice of "full" or "half" bright, in- 
creasing the apparent color total to 
sixteen. 

Instead, on a linear RGB monitor, 
all shades of all colors are possible. 
Linear monitors need much more in 

the areas of video amplification and 
linearization (or gamma correction) 
circuits. Obviously, linear monitors 
are required for "real" video from a 

cable or broadcast source, or when- 
ever you need a very wide range of 
hue and saturation values. 

Most linear monitors are not too 
fussy over accepting interlaced 
scans, used on standard TV, or the 
noninterlaced scans, as must be 
used on most data displays. 

But linear monitors are extremely 
fussy about their horizontal scan 
rates. Ordinary TV uses the hori- 
zontal scan rate of 15.735 kilohertz 
for color or 15.750 kilohertz for 
black and white. Most computer 
scan rates are double that, up in the 
32 -kilohertz range. And premium 
systems can have scan rates of 80 
kilohertz or higher. 

Unless your monitor is carefully 
designed to be a multisyncing type, 
it will accept only a very limited hori- 
zontal scan rate range. Thus, there 
is no way you could use an ordinary 
broadcast RGB monitor to display a 

Mac or VGA output. It flat out can 
not operate at the higher scan 
rates. 

78 One of the ruder surprises to Ap- 

ple Ilgs people downgrading to a 

Mac LC is that their old color 
monitor will no longer work. Their 
Ilgs monitor is a broadcast -only 
style, while those LC video scan 
rates are up in the 30 -kilohertz 
range. Fortunately, a simple jumper- 
ing option (which we saw a few col- 
umns back) lets the LC use an 
ordinary and cheaper VGA monitor. 

Thus, you have to be sure that 
your intended RGB monitor is capa- 
ble of accepting the horizontal scan 
rates provided by your video 
source. Some combinations simply 
will not work. 

A final major consideration is the 

monitor's resolution. The resolution 
is set by the video bandwidth and 
the pitch of the color bars or dots on 
the screen. Images will smear if you 
try to view them on any monitor 
whose resolution is too low for the 
intended application. The results 
can end up as a cause for slight 
eyestrain to being totally unviewa- 
ble. 

So, a second rule: Make abso- 
lutely certain that you test and use 
any monitor for its intended pur- 
pose before you actually pay for it. 

Your video lines could be high im- 
pedance cables if the runs are 
short, or terminated ones (usually 
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FIG. 2-THIS SYNC AMPLIFIER can take "linear" or "weak" RGB composite sync 
signals and make them CMOS- and/or TTL-compatible. It also gives you an optional 
and rarely needed active -high sync output. 

75 ohms) for longer distances. A 
fair amount of power is required to 
properly drive a terminated video 
cable. Maxim is one good source 
for video drivers. Video cables are 
best made either as fully shielded, 
or, at the least, as twisted pairs. If 

any separate grounds are provided, 
they should be used as they were 
intended. 

If your video source has any DC 
offset present (such as the emitter - 
follower outputs of a Super Ninten- 
do), then you must provide for a 

capacitor coupling between the 
source and the monitor. Very large 
capacitors are recommended, at 
least 220 microfarads or more. But 
they might already be built in, so 
check first. 

There are several synchronizing 
options used in RGB systems. 
Some systems tack sync signals 
onto the green channel and later 
strip them off. But most systems 
have separate sync line(s) that de- 
liver horizontal, vertical, or com- 
posite sync signals. 

To further confuse matters, sync 
lines can be smaller one -volt signals 
at analog levels, or they can be TTL- 

or CMOS-compatible. Others can 
be at TTL levels, but end up too 
small for CMOS and too weak for 
TTL. We saw a Super Nintendo 
workaround for this last month with 
a simple 680 -ohm resistor to 
ground. 

Typical sync lines are active -low 
meaning that the sync tips are at 
ground. But a few (especially earlier 

Commodore products) demand an 

active -high composite sync. 
Figure 2 shows you how to use 

several inverters to amplify low-level 
sync signals into full CMOS and 
TTL compatibility giving you a 

choice of either active -low or active - 
high sync tips. The first stage can 
be a biased inverter amplifier having 
a gain of twenty or more. The sec- 
ond inverter further cleans up the 
now -digital waveform, while the 
third and fourth stages act as inver- 

ters or drivers. 
If you try that linear amplifier stunt 

with other CMOS gates or inver- 
ters, be sure to use "single stage" 
unbuffered (UB) versions; other 
buffered ones might have too much 
gain and could oscillate. More de- 
tails in my CMOS Cookbook. 

Our sync separator and universal 
video interface from the April col- 
umn is easily modified to provide 
suitable sync amplification for the 
Neo -Geo or Super Nintendo. 

Sound is dealt with separately in 

an RGB system. Sometimes, there 
will be no sound at all. One clue here 
is the absence of any volume con- 
trol. Radio Shack makes a neat little 
$11 lab amplifier that can sit in for 
you. Other options are monophonic 
sourd, stereo sound, or a 

multiplexed stereo sound accepting 
R + L and R -L inputs. Super Nin- 
tendo uses a multiplexed sound 
output. 

If you forget to demultiplex, one 
channel will sound monophonic, 
and the other might sound awfully 
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now in our 42nd year, is highly ex- 
perienced in "distance education"- 
teaching by correspondence-through 
printed materials, computer materials, 
fax, and phone. 

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

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways- 
to learn more and to earn your degree 
in the process. 

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

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRA NTHA M 
College of Engineering 

Grantham College Road 79 

Slidell, LA 70460 
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tinny and just plain "wrong." To de - 
multiplex properly, you add the two 
signals together to get the right 
channel and subtract them to get 
the left one. 

Regardless of your sound sys- 
tem, totally shielded audio cables 
are a must. Ideally, they should be 
totally separate from all your video 
cables, due to the strong "hum" 
and "buzz" induced by vertical rate 
signals. 

So, what can you interface to 
what? Use your oscilloscope to 
view all the normal outputs of your 
video source run in its intended way. 
Then do the same for the "normal" 
inputs to the monitor. 

Some hints: To tell if a source is 
capacitor -coupled, briefly connect a 

470 -ohm resistor between it and 
ground or +5 volts. If the scope 
display bounces around and slowly 
drifts back, you are AC -capacitor 
coupled. If it stays in the initial posi- 
tion (or possibly gets slightly small- 
er), then you are DC coupled. Be 
sure to take note any fixed offset 
voltage. 

To determine your source imped- 
ance, note that any resistive load 
equal to your source impedance will 
drop your output signal level to one 
half of the open -circuit value. 

Neo -Geo interface ideas 
Sorry, but our renowned experts 

(the munchkin division of Special 
Editions) were not at all impressed 
with the new Neo -Geo game sys- 
tem. Their preerence for Super Nin- 
tendo was totally overwhelming, 
and I will certainly defer to their ex- 
pertise. But, if you happen to like 
the Neo -Geo system, Fig. 3 shows 
you the rear A/V output interface 
connector pinouts. 

There are several interesting in- 
terface options here. Present are 
the usual NTSC composite video 
on pin 3, a ground on pin 2, and a 
+5 -volt supply on pin 4. You could 
use that supply for such low -current 
needs as modulators or sync ampli- 
fiers. For RGB use, there is a red 
line on pin 6, a green line on pin 5, 
and a blue line on pin 8. Those are 
capacitor -coupled video with a 70 - 
ohm source impedance. 

Their RGB active -low sync line 
appears on pin 7. It is also in the 

80 form of capacitor -coupled video at a 

J 
8 I BLUE VIDEO 

I 
For linear RGB monitor use. 
One volt peak -to -peak gets 
internally capacitor coupled. 

J 7 I /RGB SYNC 

For linear RGB monitor use. 
Active low combined vertical 
and horizontal sync pulses. 

1 volt capacitor coupled source 
is not CMOSITTL compatable 
and may need amplification. 

Neo -Geo AV/out 
rear panel female o 

o. 
NTSC VIDEO 

Plain old NTSC composite video 
appears on this line. The sync 
tips are at ground. 

One volt peak to peak into a 7552 
load. Internally capacitor coupled. 

5 GREEN VIDEO 

For linear RGB monitor use. 
One volt peak -to -peak gets 
internally capacitor coupled. 

.0 

6 I RED VIDEO 

For linear RGB monitor use. 
One volt peak -to -peak gets 
internally capacitor coupled. 

MONO SOUNI] 
The monophonic sound output 
appears on this pin. 

One volt peak is suitable for 
amplifiers but not headphones. 
Use separate shielded cable. 

Use standard DIN -8 
male connector 

4 I+5 VOLTS DC] 
A limited amount of +-5 volts 
supply power may be drawn out 
of this pin for sync amplifiers. 

Limit current to 50 milliamperes 
and use thorough bypassing. 

2 I GROUND 

Used for all cable shields, 
video return, and any sync 
amplifier grounding. 

FIG. 3-THE NEO -GEO AV -OUT rear connector has both NTSC and RGB output pins 
available. Here are the key details. 

one -volt amplitude. Thus, the sync 
line is not presently TTL/CMOS 
logic compatible, and you might 
need the sync amplifier of Fig. 2. 

Figure 4 shows you a baseline 
RGB interface for the Neo -Geo. 
The connector is a standard DIN -8 
that is Radio Shack stock. As with 
our previous Super Nintendo inter- 
face, stock and custom cables, con- 
nectors, and any and all individual 
parts are obtainable through 
Redmond Cable. 

Surplus resources 
As our resource sidebar for this 

month, I decided I would gather to- 
gether what I feel are only the best 
of the very best in hacker surplus 
stores. These are the ones I have 
used consistently over the years 
and can personally recommend. 

The best surplus store anywhere, 
of course, is Jerryco, which has re- 
cently become American Science & 
Surplus. It is strong in elec- 
tromechanical parts and unusual 

materials. 
For genuine World War II vintage 

surplus, Fair Radio Sales is the pre- 
eminent place to go. For heavier 
iron stuff, especially motors, step- 
pers, or hydraulics, try either C&H 
Sales or Burden's Surplus Center. 
And for the best prices on a wide 
variety of components, try Surplus 
Traders. 

Several other outfits I have found 
useful include Herbach and 
Rademan (infrared people detec- 
tors), Marlin Jones (power supplies 
and steppers), Circuit Specialists 
(for harder -to -find hacker integrated 
circuits), Time Line (solid-state 
imaging chips), and either All Elec- 
tronics or R&D Electronics (gener- 
ally good electronic buys). 

Finally, for totally outlandish plain 
old weird stuff, Archie McPhee is it, 
claws down. Where else can you 
get a three-foot rubber iguana? 

For our contest this month, just 
tell me about your favorite surplus 
or any other hacker -friendly and rea- 



IGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPYGUARDS 

sync amplifier 
from figure two 

+5VDC 

/SYNC 

GND 

GREEN 

BLUE 

RED 

SOUND -. 

/SYNC 

GND o@ 
GREEN 
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C1 Q 

RED cc -- 
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INPUT 

FIG. 4-TYPICAL NEO -GEO RGB INTERFACE connections. The details and pinouts 
vary with your choice of monitor. The sync amplifier shown might or might not be 
needed. Custom cables and individual parts are available from Redmond Cable. 

sonably priced source of unusual 
goodies. There will be several of my 
Incredible Secret Money Machine II 
book prizes, plus an all -expense - 
paid (FOB Thatcher, AZ) tinaja 
quest for two going to the best of all. 

If possible, include a catalog or 
put me on their mailing list. Be sure 
to send your written entries directly 
to me here at Synergetics rather 
than to Radio -Electronics. 

New tech lit 
The Ashtech folks now offer 

some really great and reasonably 
priced ($100) four -day courses on 
those GPS navigation systems, be- 
sides offering free notes. 

From OKI Semiconductor, some 
speech application notes on the sol- 
id-state speech -synthesis chips. 

The Micro -Avionics Newsletter is 

a brand new and sorely needed la- 

bor -of -love hacker publication. It 
focuses on the remote controls, 
navigation, autopiloting, and the 
television links used on low -end and 
amateur radio -controlled R/C mod- 
els, and other aerial platforms. Sam- 
ple issues are $5. 

Another very interesting maga- 
zine is Lighting Dimensions, a slick 
and well-done publication intended 
for a readership of stage, theater, 
television, and rock -concert lighting 
specialists. 

It's been a while since I men- 
tioned the Society for Optical Engi- 
neering. Their freebie SPIE Tech- 
nical Publications lists all sorts of 
unique books and reprints on such 

goodies as solid-state gyros, high- 
speed photography, robot vision, 
lasers, liquid crystals, and even on 
binary optics. 

There are several exciting new 
developments in hacker printed cir- 

cuits these days. The Kepro folks 
now offer a new How to make 
printed circuit boards booklet. A 
product called PCBTF-1000 is a 

brand new transfer film for their di- 
rect -toner method, newly available 
by way of Techniks Incorporated. 

And I've just posted my share- 
ware printed -circuit layout package 
over to GEnie PSRT as our file #401 
PRNCRCT.GPS. Plus our summary 
tutorial on new hacker printed -cir- 
cuit techniques as file #419 
NUTS3.PS. 

You will also find lots of wavelet 
info, caller -ID news, and unique tech 
tutorials over on PSRT. Your aver- 
age downloading costs are around 
21 cents each. 

If you are at all interested in the 
PostScript language, I stock the 
blue book tutorial from Adobe; my 
own LaserWriter Secrets book/disk 
combo whose insider secrets apply 
to most printers; and The Whole 
Works, one each of everything 
worthwhile by all of the major 
PostScript authors, at an unbeat- 
able price. 

As usual, we've gathered many of 
the resources mentioned together 
into the Names & Numbers or the 
Surplus Resources sidebars. Be 
sure to check these out before 
using our helpline. R -E 

While watching rent- 
al movies, you will 
notice annoying pe- 
riodic color darken- 
ing, color shift, 
unwanted lines 
flashing or jagged 
edges. This is 
caused by the copy 
protection jamming 
signals embedded 
in the video tape, 
such as Macrovision 
copy protection. THE 
DIGITAL VIDEO STABI- 
LIZER: RXII COMPLETELY 
ELIMINATES ALL COPY 
PROTECTIONS AND JAM- 
MING SIGNALS AND 
BRINGS YOU CRYSTAL 
CLEAR PICTURES. 

WARNING 
THE DIGITAL VIDEO STA- 
BIUZER IS INTENDED FOR 
PRIVATE HOME USE 
ONLY. IT IS NOT IN- 
TENDED TO COPY RENT- 
AL MOVIES OR 
COPYRIGHTED VIDEO 
TAPES THAT MAY CON- 
STITUTE COPYRIGHT IN- 

FRINGEMENT. 

FEATURES 

Easy to use and a 
snap to install 
State-of-the-art 
Microchip technol- 
ogy 
100% automatic 
Compatible to all 
types of VCRs and 

s 
The best and most 
exciting Video Sta- 
bilizer in the 
market 
Light weight (8 
ounces) and com- 
pact (1x3.5x5") 
Uses a standard 9 
Volt battery ( last 1- 
2 years 
Fast UPS delivery 
Air shipping avail- 
able 
UNCONDITIONAL 
30 day money 
back guarantee 
1 year warranty 

(Dealers Welcome) 
FREE 20P Catalog 

To Order: $59.95 ea +$4 for p & h 
Visa, M/C, COD Mon -Fri: 9-6 EST 

1-800-445-9285 
ZENTEK CORP. DEPT. CREI 
3670-12 WEST OCEANSIDE RD. OCEANSIDE, NY 11572 
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CABLE TV 
DESCRAMBLERS 

How You Can Save Money on 
Cable Rental Fees 

Bullet Proof 

trlrl 1 
1 Unit 5+ 

REST Super Tri -Bi Auto/ 
Var. Gain Adjustment $119.95..$85 
Jerrold Super Tri -Bi ... $109.95..$79 
Scientific Atlanta $109 $79 
Pioneer $109 $79 
Panasonic TZPC145.... $99.95 $79 
Stargate Converter $9$ $69 
Digital Video Stabilizer. 559.95 929 
Wireless Video Sender..$59.95 $49.95 

30 Day Money Back Guarantee 
FREE 20 page Catalog 

Visa, M/C, COD or send money order to: 

U.S. Cable TV Inc. Dept. KR E7 
4100 N. Powerline Rd., Bldg. F-4 

Pompano Beach, FL 33073 

1-800-772-6244 

US Cable'lI Beat 
Anyone's Price 
Advertised in 
this Magazine! 

For Our Record 
1, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be 
used on Cable TV systems with proper authorization from 
local officials or cable company officials in accordance with all 
applicable federal and state laws. FEDERAL AND VARIOUS 
STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL 
AND CIVIL PENALTIES FOR UNAUTHORIZED USE. 

Date: 

Signed: 

No Florida Sales! 81 
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AUDIO UPDATE 
The kit era passes: Heath pulls the plug 

LARRY KLEIN 

Afront-page article in a re- 
cent issue of The New York 
Times was headlined "Plug 

Pulled on Heathkit, Ending a Do -lt - 
Yourself Era." I won't say that the 
story brought a tear to my eyes, but 
it certainly did send me on a trip 
down memory lane. In late 1947, I 

was in the U.S. Army Signal Corps 
assigned to White Sands Proving 
Grounds, in New Mexico. We used 
liberated German V-2 rockets as 
part of a space -flight research pro- 
gram. I served as an electronics 
technician who manned a Doppler 
tracking station during launches and 
did electronic construction and 
maintenance work for the Doppler 
Lab between "shots," 

On a weekend pass in El Paso, 
TX, I picked up a copy of Radio Craft 
and settled down in the local YMCA 
for a good read. (Yes, I was truly a 

wild and crazy guy during my Army 
days!) A Heath Company ad caught 
my eye. The ad offered an os- 
cilloscope kit with top-quality war - 
surplus parts for only $39.95. De- 
spite the fact that the cost of the kit 
far exceeded my Technician, Fourth 
Grade's monthly pay, I felt I had to 
have it. My plan was to store the kit 
behind my bunk (it wouldn't fit in my 
footlocker), and work on it during 
my free hours. As I might have pre- 
dicted, it caused a major hassle dur- 
ing the next barracks inspection, 
and I was persuaded to finish its 
construction in the Doppler Lab. 

In any case, using the single blue- 
print sheet provided, I successfully 
completed the kit and fired it up. It 

didn't compare very well with the 
Mil -Spec Dumont scopes in the 
lab-but it was all mine! The trace 
was a little thick, and the sweep 
slightly nonlinear, but I now owned a 

real live oscilloscope. 
Let's take a quick jump to the 

early 1950's. Encouraged by its suc- 
cess with a basic scope kit, Heath 
ultimately developed a full line of 

82 test -equipment and hi-fi kits that in- 

cluded separate AM and FM tuners 
at $29.95 each, single- and dual - 
chassis Williamson -type amplifiers, 
and a sophisticated preamplifier. 
Aside from the fact that the preamp 
was powered from an octal socket 
on the power amplifiers' chassis, 
the $19.95 unit was an electronic 
knock -off of a top -of -the -line self - 
powered Fisher preamp that sold for 
about $100. (In general, the kit com- 
panies that proliferated during the 
next decade freely borrowed from 
each other's designs and those of 
the factory -wired units. For exam- 
ple, I recall seeing several H -P in- 
struments lifted wholesale into kit 
equipment.) 

Customer problems 
By now I had gone to work as a 

troubleshooter/technician for 
Heath's major competitor, the Elec- 
tronic Instrument Company, better 
known as Eico. A large part of my 
job involved correspondence with 
kit buyers who couldn't make their 
completed units work. 

The problems mostly came down 
to careless wiring errors, but any- 
one who has worked in the kit busi- 
ness has accumulated a collection 
of funny stories. During my five 
years at Eico, I came across at least 
one oscilloscope and one audio 
generator whose novice builders 
had, as instructed, carefully used 
spaghetti (never defined in the con- 
struction manual) on all the long 
insulated component leads. In truth, 
it wasn't spaghetti they used, but 
rather elbow macaroni of the appro- 
priate length and diameter. The only 
reasons the kits didn't work were 
wiring errors. 

A more common blunder was the 
use of "liquid solder," a now -extinct 
commercial concoction apparently 
composed of airplane glue and sil- 
ver paint. Needless to say, those 
hundreds of glued "solder" joints 
didn't conduct very well, although at 
a casual glance they really did look 

legitimate. 
Another story is worth telling. In 

Eico's product line was a rather so- 
phisticated DC -scope kit that had 
an edge -lit scribed Plexiglas grati - 
cule over the CRT face. Shortly 
after the scope hit the market, I be- 
gan to get mail from kit -builders who 
had completed their kits, complain- 
ing that the CRT trace was dim and 
blurred. I wrote back with appropri- 
ate suggestions, but to no avail. I 

wondered whether we might have 
shipped out a bad batch of CRT's, 
and I asked one kit -builder to send 
back his CRT for test and possible 
replacement. When his CRT check- 
ed out fine, I asked him to ship the 
entire scope back to my attention. 
Less than a minute after the scope 
arrived at my desk, I diagnosed the 
problem. We had sent out the Plex- 
iglas CRT graticule screen with a 

protective brown paper covering, 
which he had not removed before 
installation. Turning up the intensity 
made the trace visible through the 
paper coating but, of course, com- 
pletely defocused the beam. (The 
ultimate solution was a stamp that 
said: "Peel off protective paper be- 
fore installing graticule.") 

To return to my involvement with 
Heath, my early years at Stereo Re- 
view coincided with Heath's heyday. 
A typical issue in 1964 might have 
six pages of Heathkit product adver- 
tising compared with Fisher's four 
pages. You have to understand that 
the Heath power amps were the au- 
diophile product of the day. Heath's 
success didn't go unnoticed by the 
conventional hi-fi manufacturers. In 

1962, high -quality kits were avail- 
able from dozens of companies in- 

cluding Dynaco, Fisher, Harman- 
Kardon, plus many speaker, turnta- 
ble, and tone -arm manufacturers. 

Kit costs 
During the 1970's, I wrote several 

"Joy of Kit Building" articles where- 
in I dealt with the question of kit 



economics. Although the early 
Heath power amps were not avail- 
able factory -wired and there were 
no exact commercial equivalents 
available elsewhere, many compo- 
nents from other manufacturers 
were available in both kit and wired 
forms. I calculated that the average 
kit -builder was saving the equivalent 
of about 50 cents for each hour in- 
vested-not bad for having fun. 

Eico produced both factory -wired 
and kit equipment. Knowing what I 

do about the complexities of pro- 
ducing a kit and its manual, I'm sur- 
prised, in retrospect, that kits were 
usually about 30% cheaper than the 
physically and electrically identical 
wired units. For example: An excel- 
lent 60 -watt power amplifier cost 
$72.95 in kit form and $99.95 
wired. 

Death knell 
What killed Heath and the other 

companies involved in kit produc- 
tion? It seems to me that as soon as 
factory -wired equipment became as 

A HEATHKIT TEST GENERATOR and manuals 
tronics over the years. 

good as the kits and (thanks to the 
Japanese) just as cheap, then kits 
were in trouble. My earlier point 
about having fun still stands, but 
competing computing and video fun 
was now available to the electronic 
hobbyist. As the readers of Radio - 
Electronics demonstrate, there 
are still those who relish the smell of 
bubbling solder flux-and I'm one of 
them-but apparently our numbers 
are not sufficient enough anymore 

from some of the many kits built at Radlo-Elec- 

to support large kit companies. 
Perhaps it is symbolic that my 

family's Heath H-89-an 8 -bit, 64K 
microcomputer that my wife spent 
52 hours (D building in 1981-finally 
also died this year. Since I can't 
bring myself to put it out at curbside 
for Thursday trash pickup, anyone 
interested in providing it with a good 
home-or using the parts it con- 
tains-can drop me a note in care of 
this magazine. R -E 

Over 750,000 readers of earlier 
editions of 

The 
Forrest 
Mims 
Engineer's 
Notebook 

V« 

agree-nobody 
knows practical IC applications 
like Forrest Mims! This newly - 
revised edition contains hundreds 
of proven, tested circuits-hand- 
drawn by Forrest -using today's 
most popular linear, TTL, and 
CMOS ICs. Forrest gives you full 
data for each device and circuit- 
pin numbers, logic tables, supply 
voltages, and signal waveforms- 
so you can quickly duplicate each 
circuit. There's also practical in- 
formation on construction meth- 
ods, troubleshooting, and inter- 
facing different IC families. If you 
work with ICs you gotta get this 
book! 

Only $14.95 at bookstores or electronic 
parts dealers. Or order direct from 
HighText! Add $3 shipping ($4 to Canada, 
$5 elsewhere). CA please add sales tax. 
U.S. funds only please. 

IiighÌaxt 71'tß M1liramar Road 
Suilc I31. 
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Cable TV 
Article Parts 

We stock the exact Parts & PC 
Board for an article published in 
Radio Electronics Magazine on 
building a Snooper Stopper. 

Snooper Stopper Kit $19.95 
Includes all the original Parts & Etched, Dnlled 
Silk -Screened PC Board. 

Snooper Stopper $39.00 
This is en assembled and tested fixed frequency 
106.5Mttz Snooper Stopper tor most Jerrold systems. 

Protect yourself from descrambler 
detection and stop the Bullet with 
one of our Snooper Stoppers. 

Macrovision..now you see it, 
now you don't. 
Macrovision Kit $29.00 
Includes all the ongmal Parts & Etcned. Onll 
Silk -Screened PC Board. Onginally Published in 
Radio Electronics Magazine 

Call Toll Free 1-800-886-8699 

Visa, MasterCard or COD 

Northeast Electronics, Inc. 
PO Box 3310 

N. Attleboro, Ma. 02761 
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BIG PROFITS IN 
VIDEO REPAIR! 
WORK FROM HOME -EARN $85 HR! 

With the tens of millions of VCRs and 
Camcorders in use, there 
currently is a serious shortage of 
trained techs to perform cleaning and 
repair jobs on these popular devices... 
Learn how you can start yo 
own highly profitable, 
jFlomeBased video 
servicing 
business... 
And since up to 
95% of ail VCR 
and 
Camcorder 
malfunctions 
are due to a simpl 
mechanical or electro- 
mechanical 
failure, you need not spend 
months or even years of 
complicated study before starting paid, 
professional service work! 
Let Viejo's Training Program show you how! 

CALL 
I OLL -FREE 1-800-537-0589 

or mail coupon today! 

r VIEJO PUBLICATIONS, INC. 
4470-107 Sunset Blvd., Suite 600 
Dept. RE Los Angeles, CA 90027 

Yes! Bash me your FREE OPPORTUNITY KIT today! 
(Check appropriate box) 
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Camcorder Repair 
Advanced VCR Repair 
Fax Machine Repair 

Name 

Address 

City/State 

L 
Zip 

[) pt kf- J83 
CIRCLE 181 ON FREE INFORMATION CARD 



84 

3610 $28.95 

ROBOT BUILDER'S 
BONANZA 

99 INEXPENSIVE 
ROBOTICS PROJECTS 

2800P $16.95 
Softcover 

Basic 
Electronics 

Course 

2613P $17.95 
Softcover 

BUILD YOUR OWN 
LASER, PHASER, 

ION RAY GUN 
AND OTHER WORKING 
SPACE-AGE PROJECTS 

1604P $17.95 
Softcover 

the complete book of 

OSCILLOSCOPES 

3825 $26.95 

Home Re111obe{ontrol 
& Automation Pc(!lect6 

t, ,G-Sre+erSiFpóuyERaºr:Etya 

3765 $29.95 

3374P $16.95 
Softcover 

ALARMS 
55 ElectronicPs 

and Circuits 

2998P $14.95 
Softcover 

586023 $26.95 
Counts as 2 

MASTERING 

IC ELECTRONICS 
INm/i Pnjrhó Elpfinerna 

Eon 

3660 $32.95 
Counts as 2 

TROUBLESHOOTING 
AND REPAIRING 

PERSONAL 
COMPUTERS 

2nd EDITION 

3677 $34.95 
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ELECTRONIC 
POWER CONTROL 

G,, ,,1+ß«.r u rr,.a or.. 

3837 $27.95 

HOMEMADE 

HOLOGRAMS 

The Complete 
Guide to 

Inexpensive 
Do -It -Yourself 
Holography 

3460P 514.95 
Softcover 

Build Nxlr OM 

IRM Cdnee 
wAnaa% j%tnd/I 

3804P $19.95 
Softcover 

ELECTRONICS Fligffl 

2883P $18.95 
Softcover 

THE GUST BOOK OF 

ELECTRONICS 
PROJECTS 

1387P $29.95 
Softcover 

3550 $34.95 
Counts as 2 

Irru,lliessglingand Rlpriroc 

FAX 
MACHINES 

3241P $16.95 
Softcover 

Maintain S. Repair 
You Computer Printer 

and'Ire .1 Ituudir 

3922 $26.95 

CI lMi'1('1` 
DLSL 

F'LAl'L:RS 

3107P $18.95 
Softcover 

BUILDYOIRON^ 
TEST EQUIPMENT 

r- 

3778 $26.95 3475 $27.95 

THE 
ILLUSTRATED 
DICTIONARY 

OF 
ELECTRONICS 

FIFTH EDITION 

3345 $39.95 

TRIGGERED-SWEEF 
OSCILLOSCOPE 

3569 $27.95 

ELECTRONIC 
IC. CIRCUITS 

VATH 

AFFrF ÌJICATIOPISS 
.rr..wwra.on 

2920 529.95 
unts as 2 

TV REPAIR 
:R I ;, INNERS 

3827P $19.95 
Softcover 



Select any 5 books for 
$495 

when you join the Electronics Book Club (values up to $15575) 
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3485 $27.95 

2617P $9.95 
Softcover 

ELECTRONIIC 
CIRCUITS 
VOLUME ONE 

roneromrostreenro 

rogeromiromrolivorier 

1938 $60.00 
Counts as 3 

How to Test 
Almost Everything 

Electronic 

2925P $10.95 
Softcover 

THE 

ELECTRONICS 

WORKBENCH 

Tools, Testers, 
and Tips 

for the Hobbyist 

3672P $18.95 
Softcover 

I MÑOBÓÓ HANDBOOK 
OF 

PRACTICAL 
ELECTRONIC 

CIRCUITS 

2980P $19.95 
Softcover 
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DRAWING BOARD 

Let's add the final touches to our oscilloscope 

ROBERT GROSSBLATT 

We've finally come to the 
point where we almost 
have a complete working 

scope on the bench. I say "almost" 
because even though it can display 
waveforms on the LED's, we have 
very little control of the input, and 
have no easy way to get it to trigger 
on an external signal. Those things, 
however, are minor details that we'll 
clean up this month. 

As things stand now, the scope is 

set to display a full-scale input signal 
swing of 0 to 2.4 volts. Those aren't 
bad numbers, but it's more than like- 
ly that the signals you're interested 
in measuring are somewhere out- 
side that range. What you have to 
add to the circuit to take care of that 
depends on whether you plan on 
looking at signals that are usually 
below 2.4 volts, or if you're one of 
those people who are into high volt- 
ages. Not too high, though. 

An amplifier should be added in 

front of the 3914 input; the particular 
amp depends on the kinds of sig- 
nals you expect to look at on the 
scope. Remember that the circuit 
we're working on, although useful 
and educational, is not really intend- 

ed to replace a good CRT -based os- 
cilloscope. The twenty -by -twenty 
resolution we have is high enough to 
distinguish a sine wave from a 

square wave from a triangle wave, 
but unless you have a lot more than 
four hundred dots, all you'll be get- 
ting is a rough idea of what the 
waveform looks like. 

For most applications, a front-end 
amp based on a single op -amp is a 
good choice. Since we're not ask- 
ing a whole lot from the amplifier, 
you can use just about any op -amp 
you happen to have around. The 
only thing you should keep in mind is 
that if the op -amp works best with a 
bipolar supply (as in the case of a 

741), you should give it one. We're 
not looking for hi-fi here, but we do 
want the scope's display to bear as 
much resemblance as possible to 
the input signal, and running a 741 
off a single -ended supply isn't going 
to help. 

If you're absolutely determined to 
use a 741 -type amplifier, there are 
ways to get a true negative supply 
from the single -ended five -volt sup- 
ply we're using for the rest of the 
circuitry. We've shown how to do 

FIG. 1-A FRONT-END AMP based on a single op -amp is a good choice for most 
applications. The general circuit for the amplifier is shown here. The gain of the amp 
with the values shown is a maximum of 10. 

that numerous times here, but if you 
don't remember and don't have ac- 
cess to back issues, drop me a note 
and I'll go through it again. For the 
rest of us, the two most likely candi- 
dates for the op -amp are the LM324 
or the LM3900. Both are quad op - 
amps designed specifically to work 
off a single -sided supply, making our 
job much easier. 

The general circuit for the ampli- 
fier is shown in Fig. 1. I used an 
LM3900 simply because that's 
what I had on hand. The gain of the 
amp is determined by the ratio of R7 
(the feedback resistor) to R8 (the 
input resistor). With the values 
shown, the amp has a maximum 
gain of 10. 

The 3900 will accept signals in 

the range normally supplied by line - 
level audio-from about 100 mV to 1 

volt or so. Signals above that can be 
padded down to size with the input 
potentiometer but if you plan to be 
looking at signals with levels way 
down in the basement you'll have to 
add a preamplifier to the front end of 
the circuit. That can be as simple as 
the one -transistor amp shown in 

Fig. 2. 
Another preamp possibility is the 

three other amps in the 3900 pack- 
age; while the interchannel 

1-v 

/OK 

O SIGNAL 
OUT 

2N.2.222 

FIG. 2-THE LM3900 CAN ACCEPT line - 
level signals from about 100 mV to 1 volt. 
If you plan on looking at very low-level 
signals, you'll have to add a preamplifier 
to the front end like the one -transistor 
amp shown here. 



crosstalk in the chip isn't down in 

the electron -noise range, it's cer- 
tainly low enough to cascade the 
individual amps in the IC. Once you 
have the amp wired up on the board, 
set the feedback potentiometer at 
mid range and leave it there. That 
will give you a gain of about five, 
which should be enough for most of 
the signals you'll be measuring on 
the scope. The general settings can 
be done with the potentiometer on 
the input. 

Since any good test instrument 
has to be calibrated before it can be 
used, you should feed the amplifier 
input with known signal levels and 
then trim the input potentiometer to 
a point where a particular LED on 
the display just starts to light up. If 

you use a signal source of one volt, 
for example, rotate the input poten- 
tiometer to the point where the 
next -to -last. LED of the first 3914 
(pin 11) comes on, and mark that 
point on the potentiometer. Once 
you have that done, use a two -volt 
signal and you'll see the seventh 
LED on the second 3914 (pin 13) 

come on. 
When that happens, turn the in- 

put potentiometer clockwise and, 
because you're increasing the resis- 
tance, the signal seen by the scope 
will drop and the LED's will drop as 
well. When the LED's driven by pin 
11 of the first 3914 come on, mark 
that spot on the potentiometer as 
well, since you've found the point 
where the full-scale reading of the 
scope has been doubled. By doing 
that several times and measuring 
the resistance of the potentiometer 
at those points, you'll come up with 
a table of resistor values that can be 
used with a selector switch to 
change the range of the scope. 

The choice and number of ranges 
is up to you since you're the one 
using (and building) the scope. Un- 
less you have some special need for 
it, I can't see why you'd want more 
than three or four of them-but hey, 

it's your instrument, and this is 
America, so you're the one who 
makes the decisions. 

We also have to take care of the 
scope's trigger. Switch S1 lets us 
choose between freewheeling and 
external triggering but it would be 
nice to have a trigger control that's 
tied to the input signal. If you've 

been following the development of 
the scope over the last few months, 
I'd be very surprised if you haven't 
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FIG. 3-IF WE REPLACE Si with a sin- 
gle -pole, three -position switch, we can 
have the scope trigger whenever the in- 
put signal reaches a particular level. 

already done that part of the job on 
your own. 

If we replace S1 with a single - 
pole, three -position selector 
switch, we can do an interesting ad- 
dition to the circuit. The third posi- 
tion we're adding can be used to 
have the scope trigger whenever 

the input signal reaches a particular 
level. We need a multiposition, sin- 
gle -pole switch (the number of posi- 
tions depends on how many steps 
you want) to tap the outputs of the 
3914's as shown in Fig. 3. I've 
shown only an eight -position 
switch, but the choice is yours. It's a 

handy addition to the circuit be- 
cause it will trigger the scope on 
selectable voltage levels of the input 
signal. 

That feature is extremely useful 
and is just one of the many features 
you can add to the circuit. Variable 
sensitivity for the input, trigger level, 

and even for the sweep speed are 
only a few of the additions you can 
design on your own. None of them 
are difficult and all they require is a 

good bit of careful thought. 
Let me know what additions 

you've made to the scope and how 
you designed them. I'll print the 
most interesting ones and the top 
few will get their name in print and a 

year's subscription to the magazine. 
Next month I'll give you a list of 
sources for the matrixed LED's and 
start something new. R -E 
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Russian dolls and the virtual PC 

JEFF HOLTZMAN 

Microsoft-$2.5 billion soft - 
ware giant-has issued a 
challenge to the hardware 

side of the industry. In the process, 
Gates and Co. have fundamentally 
altered our entire conception of a 
personal computer. 

Figure 1-a shows how we've all 
been thinking about personal -com- 
puter hardware and software since 
1981. The hardware base includes 
CPU and memory, video system, 
floppy- and hard -disk systems, and 
the Direct Memory Access (DMA), 
timing, and bus -interface circuitry 
that holds it all together. 

Sitting on the hardware is the 
BIOS, which attempts to provide 
applications programs with some in- 
dependence from the specific hard- 
ware installed on a given machine. 
Thus, within certain tightly pros- 
cribed limits, the same application 
can run on various display adapters 
and disk systems. 

Above the BIOS are device driv- 
ers, installable modules of code that 
provide a clean way of seamlessly 
integrating new hardware devices 
unsupported by the original BIOS. 
Typical device drivers support SCSI 
hard disks and CD-ROM's, high - 
resolution display adapters, mice 
and graphics tablets, test and mea- 
surement instruments, network 
cards, and fax adapters. 

Above the device -driver layer is 
DOS itself. Note that DOS does not 
communicate directly with the hard- 
ware; it does so only through the 
device -driver and BIOS layers. In 
theory, this allows DOS to run on 
various hardware configurations, 
but in practice, the zone of potential 
variation is very small. 

At the top is the application layer. 
Ideally, an application would com- 
municate only with DOS, which 
would in turn communicate with de- 
vice drivers and the BIOS, and ulti - 

90 mately the hardware. Unfortunately, 
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for the sake of better performance 
applications long ago developed the 
habit of communicating directly with 
device drivers, the BIOS, and even 
the hardware foundation. Doing so 
gained short-term performance 
benefits, but has created a morass 
of compatibility issues that, to this 
day, haunt every PC manufacturer, 
software developer, and end user. 

For several reasons it would be 
nice to sever the direct connections 
between applications and the un- 
derlying hardware. Doing so would 
give developers the potential to de- 
velop device -independent applica- 
tions that would run on multiple 
hardware platforms. It would give 
users a wider variety of choices in 

making hardware purchase deci- 
sions. It would give hardware ven- 
dors freedom to innovate, which 
would, in turn, inspire developers to 
develop more sophisticated ap- 
plications. That would, in turn, ulti- 
mately benefit end users. 

Enter Windows. And a clever new 
marketing strategy from the guys in 

Redmond, Washington. 

The virtual PC 
When the industry made the tran- 

sition from CP/M to DOS, several 
products allowed users to run CP/ 
M applications right on their PC's. 
There were hardware products that 
amounted to complete CP/M en- 
gines on expansion cards, emu- 
lators that created an 8080 
processor and the CP/M operating 
system in software, and (with 8088 - 
compatible V20's from NEC), emu- 
lators that ran the CPU in an 8080 - 
compatible mode and emulated 
CP/M under DOS. (In fact some of 
those software emulators are still 
available.) As a class, emulators 
were slow, quirky, and buggy, but 
they allowed users to run their old 
software and make a fairly smooth 
transition to DOS. 

Running that kind of emulator put 
a "virtual" CP/M machine inside 
the PC. Ever since Intel introduced 
the 386, we've been putting multi- 
ple "virtual" DOS sessions on the 
PC. DESQview and OmniView did it 
for us in a nongraphical environ- 
ment. Windows 3.0 and higher does 
it in a graphical environment. So 
does OS/2 2.0. 

Windows 3.0 popularized the vir- 

tuai PC with its 386 Enhanced 
Mode, which does a good job with 
the video system by emulating text 
and simple graphics modes. Win- 
dows 3.1 extends the concept with 
an optional 32 -bit disk, access 
mode for ST -506 -compatible disk 
controllers. The next version of Win- 
dows will extend the concept even 
farther perhaps to include emula- 
tion of all hardware subsystems. 
(We'll come back to that idea in a 

moment.) OS/2, which has already 
taken the DOS virtualization con- 
cept farther than Windows, also 
provides the user comprehensive 
and reliable video and DOS file sys- 
tem emulation services. 

Microsoft outlined its vision of 
the virtual PC, shown in Fig. 1-b, last 
spring at a conference to inspire 
hardware vendors to start building 
multimedia features into the next 
generation of PC's. (If all goes well, 
the fruits of these efforts will start 
appearing this coming fall.) Note in 

the figure that both DOS and Win- 
dows applications are completely 

insulated from the underlying hard- 
ware. That architecture will make it 

possible to run identical applica- 
tions on totally dissimilar CPU's. Mi- 
crosoft's initial targets include Intel 
X86 and MIPS R3000/R4000 RISC 
chips. Full cross -platform Windows 
support won't happen until Win- 
dows NT (New Technology) is re- 
leased, possibly as early as 1993. 
Nevertheless, the seeds are there 
now, as evidenced by the in- 
creasingly reliable DOS sessions in 

Windows 3.1. 
Ironically, Windows is often pan- 

ned for being slow, especially com- 
pared with the Macintosh. The 
response has always been that 
whereas the Mac had very few hard- 
ware variations (e.g., display adapt- 
ers) to contend with, Windows had 
to be designed in a general enough 
manner to run on continually evolv- 
ing systems from a multitude of ven- 
dors. And that made it slow. Now, 
however, Microsoft's marketing has 
skillfully turned that "weakness" 
into a strength. It's not that Win - 
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dows is slow because it has to sup- 
port such a wide variety of 
hardware. Windows is powerful, 
scalable, and adaptable because it 
can run on all that hardware-plus 
new platforms barely a glimmer in 

the eyes of the designers. 

Russian dolls 
Take a good look at Fig. 1-b. Now 

draw a box around it, and label the 
box "OS/2 2.0" (which as we 
speak does "contain" both DOS 
and Windows). Now draw a box 
around that, and label it "AIX" 
(IBM's UNIX dialect for its RS/6000 
workstations). (Actually, you could 
replace AIX by offerings from Dig- 
ital, HP, and others, all of which are 
based on OSF/1, and all of which 
will be compliant with the IEEE's 
POSIX spec.) Draw a box around 
that and label it "Taligent" (the joint 
operating -system company set up 
by IBM and Apple). To be sure, the 
last few boxes are speculative-but 
not by much. Even Windows NT will 
have a POSIX-compliant Applica- 
tion Programming Interface (API), 
as shown in Fig. 1-c. (For historical 
fun, draw a small box inside the one 
labeled MS-DOS. That box repre- 
sents the CP/M file calls and data 
structures still present in DOS after 
more than ten years.) 

At the beginning of this harangue, 
I said that Microsoft has issued a 
challenge to the hardware manufac- 
turers. The challenge can be stated 
simply: Innovate! Build exciting new 
capabilities into your systems to at- 
tract new users, and get present 
users to upgrade. Windows' vast 
memory space, extendibility, and 
ability to virtualize underlying hard- 
ware together provide an environ- 
ment in which it is safe to innovate. 
That's in stark contrast to the DOS 
years, in which any significant hard- 
ware innovation was risky to de- 
velop and expensive to support. 
Now, under Windows (and the same 
applies to OS/2), innovations can 
be accommodated and integrated 
into the environment. 

This fall we will start seeing the 
first wave of X86 personal comput- 
ers with innovative built-in multi- 
media capabilities, particularly in the 
area of sound. We'll also see rapid 
advances in miniaturized machines. 
If you thought the first ten years 

were exciting, hold on to your 
pants-you ain't seen nothin' yet. I 

can't wait! 

They're off! 
As expected, IBM unwrapped 

OS/2 2.0 on March 31, and Micro- 
soft released Windows 3.1 a week 
later. Microsoft has gathered a tre- 
mendous amount of market energy 
behind its efforts; IBM has so far 
played it much cooler. Big Blue re- 
leased OS/2 with weak support for 
everything but standard devices 
(VGA video and ST -506 compatible 
hard drives); Windows comes with 
built-in support for a wide range of 
devices. OS/2 requires 18-36 
megabytes of disk space, and will 
not work with disk -compression util- 
ities (e.g., Stacker). Windows re- 
quires about 9 megabytes and will 
work with Stacker and the like. Win- 
dows has extensive support for run- 
ning DOS and Windows applica- 
tions, but not for OS/2 applications. 
However, compelling native OS/2 
applications are still rare. Initial tests 
indicate that OS/2's Windows sup- 
port is nowhere near the "better 
Windows than Windows" that IBM 
has been aiming for. 

IBM promises to release a much 
wider range of device drivers over 
the next few months, and is report- 
edly evaluating the Stacker tech- 
nology to reduce disk -space re- 
quirements. Meanwhile, Microsoft 
will continue to add momentum. 

New X86's 
The good news is that Intel has 

finally released several models of its 
clock -speed doublers. The bad 
news is that the technology is not 
quite as universal as we had hoped. 
These chips use a phase -locked 
loop (PLL) to run internally at twice 
the speed of the clock signal fed 
into the device. So a machine with a 

25 -MHz bus would run the CPU at 
50 MHz, 33 would go to 66, 50 
would go to 100 . . . maybe. The 
problem is that the initial wave of 
x 2 chips are only for 486SX 
motherboards with "vacancy" 
sockets, not regular 486DX's. Intel 
is planning to release x 2 486DX's 
eventually (possibly by the end of 
the year), but not as user upgrades. 
It appears that there are several dif- 
ficulties, including problems with 

heat dissipation and BIOS incom- 
patibilities due to timing loops writ- 
ten around specific clock rates. This 
means that the 486DX2 might not 
be an end -user upgrade. Even if it is, 
don't expect twice the perform- 
ance; Intel claims an average in- 
crease of 70%. Initial list pricing will 
probably be in the $600 range. 

Intel also plans to release the 586 
by the end of the year; we hope to 
run a detailed technical description 
of it when it is released. 

Meanwhile, IBM has developed a 

few speed -multiplying tricks of its 
own. You might recall the 386SLC 
processor discussed here in the 
past. The 386SLC is a souped -up 
386SX that achieves about 80% 
better performance than a plain 
386SX running at the same speed. 
Now IBM says it will release, by the 
end of the year, a line of 486 -based 
devices that runs not only twice as 
fast as the bus clock, but three, four, 
and even five times as fast. Running 
the processor faster than the bus 
clock doesn't make much dif- 
ference if the processor ends up 
waiting on slower memory devices, 
so look for large on -chip caches. 

For years there were persistent 
rumors that Intel would release a 16 - 
bit 386 that would plug into à 286 
socket. No such luck, but Cyrix has 
done something similar. The Texas - 
based firm, known for X87 math 
coprocessor clones (and bitter legal 
disputes with Intel) has released 
several CPU's that claim to provide 
486 performance at 386 prices- 
and that fit in 386 sockets. One, the 
Cx486SLC, fits in a 386SX socket, 
but is compatible with the 486SX. 
The other fits in a regular 32 -bit 386 
socket, and is also compatible with 
the 486SX. The Cyrix CPU's have 
small caches (1K vs. 8K in all Intel 
486's to date), and do not support 
burst -mode memory access. None- 
theless, published reports indicate 
preliminary findings of 75% perfor- 
mance increases over 386SX's run- 
ning at the same clock speed, 
probably due to a single -instruction - 
per -clock -cycle execution unit. Al- 
though pin -compatible with the 386 
devices, they will not be user up- 
grades. Both part name and 
performance data suggest a per- 
haps coincidental kinship with 
IBM's enhanced CPU. R -E 
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Education/Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $25.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 ($46.50) 

16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00) 

21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50) 

26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00) 

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

Please Print Name Signature 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for 
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST 
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 55e 
per word additional. Entire ad in boldface, $3.70 per word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per 
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED 
TYPE AD: $4.70 per word prepaid. Entire ad in boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS 
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2v:"-$410.00; 2" x 21/4"-$820.00; 3" 
2',4"-$1230.00. General Information: Frequency rates and prepayment discounts are available. ALL 
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS WILL 
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS 
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the 
issue. li.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturday, 
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number 
49 on the Free Information Card. 

TUBES, new, up to 90% off, SASE, KIRBY, 298 
West Carmel Drive, Carmel, IN 46032. 

T.V. notch filters, phone recording equipment, bro- 
chure $1.00. MICRO THinc. Box 63/6025, Mar- 
gate, FL 33063. (305) 752-9202. 

TUBES: "oldest," "latest." Parts, schematics. 
SASE for lists. STEINMETZ, 7519 Maplewood 
Ave., R.E., Hammond, IN 46324. 

Quality Microwave TV Antennas 
WIRELESS CABLE - IFTS - MAIDS - Amateur TV 
Ultra High Gain 50db(+) Tuneable 1.9 to 2.7 Ghz. 

55 -Channel Dish System $199.95 
36 -Channel Dish System $149.95 
20 -Channel Dish System $124.95 
Optional Commercial Grid Antenna Trot shown) Add $50.00 
Vagi Antennas. Components Custom Tuning Available 
Call or write (SASE) for "FREE" Catalog 

PHILLIPS-TECH ELECTRONICS 
Dish System P.O. Bon 8533 Scottsdale, AZ 85252 

LIFETIME (802) 947-7700 163.00 Credit all phone orders) 
WARRANTY MasterCard Visa Amerman Express COOS Nudity Pricing 

SPEAKER repair. All makes - models. Stereo & 
professional. Kits available. Refoaming $18.00. 
ATLANTA AUDIO LABS, 1 (800) 568-6971. 

ENGINEERING software and hardware, PC/ 

MSDOS. Circuit design and drawing, PCB 

layout, FFT analysis, Mathematics, Circuit 
analysis, etc. Data acquisition, generation, 
I/O PCB's, etc. Call or write for free catalog. 
(614) 491-0832, BSOFT SOFTWARE, 
INC., 444 Colton Rd., Columbus, OH 

43207. 

CABLE TV Equipment. Most type available. 
Special: Oak M35B $39.95. No catalog. COD or- 
ders only. 1 (800) 822-9955. 

CABLE TV DESCRAMBLERS 
*CONVERTERS* 

and ACCESSORIES. 

SAVE MONEY. 
DON'T RENT. 

PANASONIC, JERROLD, OAK, 
PIONEER, SCIENTIFIC ATLANTA 

AND MORE. LOWEST PRICES. FREE CATALOG. 

CABLE READY (800) 234.1006 COMPANY 

FIBER optics kits, Experimenters $24.50, 
Datalink w/PCB $36.25, HILL ELECTRONICS, 
Box 47103, Phoenix, AZ 85068-7103. 

CLOCK, 1-32MHz variable square wave gener- 
ator. Request specs, price. TROLEX, 1292 
Mearns Rd., Warminster, PA 18974. 

CB RADIO OWNERS! 
We specialize in a wide variety of technical 
information, parts and services for CB radios. 
10 -Meter and FM conversion kits, repair books, 
plans, high-performance accessories. Thousands 
of satisfied customers since 1976! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500RE, PHOENIX, AZ 85046 93 
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electronic kits available in 
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bargain priced, components 

in our catalog, 

MACHO 
METER 

KIT 

IpN o 
your 

9V battery not n. 

C6362 $10.ró 

JUNGLE BIRD KIT 
The kit produces he sands of exotic 
jungle birds we, 2 m,trod b adult eund. 

9V belted rd ndded. 
C6374 $6.a 

INSANITY 
ALARM KIT 

In light it's Mani, but Mine go od 
the 

fete 
on! 

Lola d fro um 9V 
battery rd included. 

C6240 
$6r 

INEXPENSIVE GEIGER 
Detests bap Bet. and Game Rays 

9V battery not ndiuieV 

C6447 $39.96 

. 

ÓO1(1)1 (' itó 

p6' 
ATALOG 

OVER 1400 

DIFFERENT 
iron 
INCLUDING 
52 KITS) 
REQUEST YOUR 
COPY T0DAY1 

$; KS. 

ROLLING DICE Krr 
This Vt w,li replace yar ordered doe 

and mill 'mr your number for you 
9v battery not ncluded. 

C6412 $14.°6 , 
1 1 1 °I °I 

_ri ot4p - 
FISH CALLER )j' 

kilasaidrodatlrel,!Cmiá itr'y'r 
9V battery rottr.hdad. 

C4566 $4.6p 

FLASHING STOP 
SIGN KIT 

Mete , 
- Mgr 22 rAa- 

bndrl red 

IudeO STOP 
$10605aß\ 

MINIMUM ORDER: $1000 plu 0350 shipping and handling. 
We accept MC Visa and Money Orders 

SEND ORDERS TO: The Electronic Goldnone 
P O Be, 5408 Scotlsd: le AZ 85261 

PHONE ORDERS (602) 451-7454 FAX ORDERS (602) 451-9495 

CIRCLE 177 ON FREE INFORMATION CARD 

Cable TV 
Descrambler Kits 
Universal Kit $55.00 
Includes all parts and PC Board. Not included 
is the ac adaptor or enclosure. 

Tri -Mode Kit $39.00 
Includes all parts, PC Board and AC Adaptor. Not 
Included is the enclosure. 

SB -3 Kit $29.00 
Includes all parts, PC Board and AC Adaptor. Not 
included is the enclosure. 

Universal Tutorial $9.95 
Includes an in depth study of the techonology used 
and has troubleshooting hints. 

Tri -Mode Tutorial $9.95 
Includes a gate by gate study of the circuit and has 
troubleshooting hints. 

Snooper Stopper $39.00 
Protect yourself trom descrambler detection and 
stop the 'bullet'. 

Call Toll Free 
1-800-258-1134 

C.O.D. 

M & G Electronics, Inc. 
301 Westminister Street 
Providence, RI. 02903 

WIRELESS CABLE RECEIVERS 1.9 TO 2.7 GHz 

VISAMC.AMEX 

30 CH PARABOLIC DISH SYSTEM $173.90 
30 CH ROD ANTENNA SYSTEM $193 90 

30 CH CRYSTAL CONTROLLED SYSTEM 5294.95 

SUN MICROWAVE INT'L. INC. SEND $1.00 FOR 

P.O. BOX #31522 CATALOG ON THESE 

PHOENIX, AZ. 85067 AND OTHER FINE 

(6021 230.1245 VIDEO PRODUCTS 

QUANTITY DISCOUNTS 

atoms (INLY 1-4OP/M-IIN CODE 2713 

80052 -Basic microcontroller board. Basic inter- 
preter, 32K RAM, 16K Eprom, Eprom programmer, 
RS232, expansion connector. Bare board with 
manual, schematics $22.95. 80052 -Basic micro- 
processor chip $25.95. Assembled and tested 
$124.95. PROLOGIC DESIGNS, PO Box 19026, 
Baltimore, MD 21204. 

JERROLD, Tocom and Zenith "test" chips. 
Fully activates unit. $50.00. Cable de - 
scramblers from $40.00. Orders 1 (800) 
452-7090. Information (310) 867-0081. 

FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 
FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 

TOCOM-Jerrold Impulse -Scientific Atlanta 
Converters, two year warranties, also test mod- 
ules for your converters. Contact NATIONAL CA- 
BLE, (219) 935-4128 full details. 

TEST -Aids for testing units in full service mode. 
Starcom VII, $40.00; Starcom VI, $30.00; Star- 
com DPBB, $50.00; Pioneer, $75.00; Tocom VIP 
5503/5507, $25.00; S.A. call; Zenith, $25.00; N.E. 
ENGINEERING, (617) 770-3830. 

CABLE equipment... wholesale only. Starcom 
7 test kits $18.00. New tags from $25.00. New 
converters from $55.00. SA DF Pans from 
$45.00. Starcom 6 factory Tri -bi combos from 
$99.00.... in quantity to the trade 1 (800) 
866-2232. 

R 

RECEIVING TUBES 
OVER 3000 TYPES IN STOCK! 
Also hard -to -find transformers, capaci- 
tors and parts for tube equipment. 
Send $2.00 for our 32 page catalog. 

ANT QUE ELECTRONIC SUPPLY 
6221 S. Maple Ave Tempe, AZ 85283.602-820-5411 

CABLE test chips S -A 8550, S -A 8500 - 310, 
311, 320, 321 (specify) - $33.95. S -A 8580/338 - $69.95. Tocom 5503/07 VIP - $33.95. TELE - 
CODE, PO Box 6426 -RE, Yuma, AZ 85366-6426. 

OSCILLOSCOPE 50 MHz, Hewlett-Packard, sol- 
id state calibrated, manual $290.00. 1 (800) 
835-8335 X-159. 

CABLE converters, all brands in stock at un- 
believable prices, example RTC -56 at $69.00 ea. 
in lots of 5, SYL 4040-DIC $59.00 ea. in lots of 5, 
Zenith and Tocom test chips $29.00 ea. in lots of 5. 
We now carry the PTD phone tap detector at 
$69.00 ea. with quantity discounts available. 
MOUNT HOOD ELECTRONICS, 206-260-0107. 

CABLE TV, Zenith, Tocom, Oak, Hamlin, Jerrold, 
Pioneer at discount prices. Tocom and Zenith test 
chips 5 @ $29.00 ea. S.A.C., 1-800-622-3799. M- 
F 7AM-3PM P.S.T. 

LAND/GENERAL mobile radios, CB's scan- 
ners, radar detectors, auto alarms, marine 
transceivers catalog $2.00, Rays, Box 
14862RE, Ft. Worth, TX 76117-0862. 

SECRET cable descramblers. Build your own 
descrambler for less than $12.00 in seven easy 
steps. Complete instructions $10.00. Radio 
Shack parts list and free descrambling methods 
that cost nothing to try included. HARRYWHITE, 
PO Box 1790D, Baytown, TX 77520. 

SELLING test chips for Zenith, S.A. and Jerrold, 
also turned -on boxes at best prices. Buying raw 
boxes. Call 305-425-4378. 

LOW cost logic analyzer -A must for compa- 
nies and serious hobbyists: 8 digital inputs, sam- 
pling rate from 50 nsec to 1 msec. Connects to PC 
or compatible via RS -232. Only $250.00 US. For 
info: OPENTEK, PO Box 71, Sorel, Quebec, Can- 
ada, J3P 2T6. 

ASSEMBLY services. We quote and assemble 
printed circuit boards. Competitive cost and quali- 
ty. TEXANA, (512) 572-3381. 

CABLE T.V. all make and model converters- 
descramblers in stock, low low prices, testing 
chips for Tocom and Zenith $29.00 ea. All 
products carry a full warranty. We ship C.O.D. 
Now stocking the P.T.D-1 phone tap detector 
$69.00 ea. Catalog and orders call, KABLE 
KONNECTION (702) 433-6959. No Nevada 
sales. 

DESCRAMBLERS, converters, Z -TAC $199.00 
ea. Hamlin 6600-3M $89.00, 4040-DIC $69.00, 
Pioneer, TRI -B1, SA3-B, MLD-1200, add on, low 
low prices. Orders and catalog, ULTIMATE CA- 
BLE, (702) 646-6952. 

PROTECT yourself and equipment from electrical 
shocks. Complete unit $98.95. SAFETY -UN- 
LIMITED, 1743 Baldwin Road, Yorktown, NY 
10598. S/H $5.00. 

REMOTE CONTROL KEYCHAIN 
Complete w/rani-transmitter 

and +5 vdc RF receiver 
Fully assembled Including plans 

to build your own auto alarm 
Check,Visa or MIC 

@ $1 95, 10 @ $14.95 
Visitec Inc. Box 14156, Fremont, Ca. 94539 
(510) 651-1425 Fax (510) 651-8454 

PLANS AND KITS 
FASCINATING electronic devices! Dazers! 
Lasers! Transmitters! Detectors! Free energy! 
Tesla! Kits/assembled! Catalog $4.00 (refunda- 
ble). QUANTUM RESEARCH, 17919-77 Ave., 
Edmonton, AB. T5T 2S1. 

HOBBY/broadcasting/HAM/CB/surveillance 
transmitters, amplifiers, cable TV, science, bugs, 
other great projects! Catalog $1.00. PANAXIS, 
Box 130-F7, Paradise, CA 95967. 

PCB and schematic CAD. $195.00 IBM EGA CGA 
Multilayer, rubberband, autovia, NC drill, laser, dot 
matrix, plotter, library, Gerber, AUTOSCENE, 
10565 Bluebird St., Minneapolis, MN 55433. (612) 
757-8584 free demo disk. 

DESCRAMBLER kits. Complete cable kit $44.95. 
Complete satellite kit $49.95. Md $5.00 shipping. 
Free brochure. No New York sales. SUMMIT RE, 
Box 489, Bronx, NY 10465. 

REMOVE 
LEAD 
VOCALS 

From 
Records & CDs 
513 444 2216 

Build this kit which removes lead 
vocals from standard stereo records, 
CD's, tapes or FM broadcasts. Sing 
along with the background music. 
Use with any home component 
stereo. Additional kit adds reverb to 
your voice, then mixes it with music. 
Pre -assembled boards also avail- 
able. Call or write for free info. 
Weeder Technologies, 14773 
Lindsey Rd., Mt. Orab, Ohio 45154. 

SURVEILLANCE transmitter kits tune from 65 
to 305 MHz. Mains powered duplex, telephone, 
room, combination telephone/room. Catalog with 
Popular Communications, Popular Elec- 
tronics and Radio-Electrpponiigcs bbqook 

ui 
reviews of 

De- 
sign," $2.00. SHEFFIELDIELECTRONICS, PO 
Box 377785-C, Chicago, IL 60637-7785. 

FREE! catalog of exciting new electronic kits. 
Speech devices, microprocessors and more! 
Send request to: LNS TECHNOLOGIES, 20993 
Foothill Blvd., Suite 307R, Hayward, CA 
94541-1511. 

CIRCLE 188 ON FREE INFORMATION CARD 



DESCRAMBLING. New secret manual. Build 
your own descramblers for cable and subscrip- 
tion TV. Instructions, schematics for SSAVI, gated 
sync, Sinewave, (HBO, Cinemax, Showtime, 
UHF, Adult) $12.95, $2.00 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20824. 

ETCH PCB's yourself, no chemicals, easy, cheap, 
full instructions, $2.00, SASE, NICKNAP, PO Box 
593, Howell, NJ 07731-0593. 

HAND held digital recorder announcer. New 
technology permits permanent storage of person- 
al recordings and messages. Plans $9.95. Kit 
$49.95. Send check or money order to CD&M, 
303 Northwoods Drive, Ballground, GA 30107. 

VHF -FM amplifier plans 75-110MHz, 15-25 watts. 
$8.95: PROGRESSIVE CONCEPTS, 1313 North 
Grand Ave., #291, Walnut, CA 91789. 

SINGERS 
Unlimited Backgrounds' 
From Standard Records E CD's with the 

Thompson Vocal Eliminator*. Call for Free 

R.d t 

Catalog E Demo Record. 
Phone (404)482-4189 Let 72 
Singer's Supply, Dept ttt.-1 

7987 Hightower Trail li , GA 30058 
24 Hoourur Demo/Info Request ,. 

Une (404)482.2485 Est 72 
Singer's Supply. We NaveAnyf/dng & Everything For Singers 

f REMOVE , 
VOCALS! 

CREDIT card encoding standard explained in 
plain English. Illustrative examples included, send 
$5.00 BSC, Box 1841, Alexandria, VA 22314. 

CELLULAR hackers bible Theory - hacks - 
modifications - $53.95. TELECODE, PO Box 
6426 -XX, Yuma, AZ 85366-6426. 

VIDEOCIPHER II /satellite/scanner/cable/ama- 
teur/cellular/repair manuals, modification books & 
software. Catalog - $3.00. TELECODE, PO Box 
6426 -RE, Yuma, AZ 85366-6426. 

KENWOOD & ICOM service bulletins. 175+ 
pages covering all models. $39.95. Catalog - 
$3.00. CODs (602) 782-2316/FAX (602) 
343-2141. TELECODE, Box 6426 -RE, Yuma, AZ 
85366-6426. 

ROBOTIC hand easy to build, very strong. Send 
$5.00 for plans to ROD LILLEY, PO Box 10363, 
Lancaster, PA 17605-0363. 

DEFEAT videotape anti -copy PCB. PAL instruc- 
tions w/s&h $17.50. LOGICAL CHOICE, 955 NW 
Ogden Bend, OR 97701. 

ANTIQUE RADIO CLASSIFIED 
Free Sample! ,'.,.-:._ " 

Antique Radio's 1. ; 

Largest Circulation Monthly. Ige o 

Articles, Ads & Classifieds. °°° 

6 -Month Trial: $15. 1-Yr: $27 ($40 -1st Class). 
A.R.C., P.O. Box 802-L9, Carlisle, MA 01741 

BEST BY MAIL 
Rates: Write National, Box 5, Sarasota, FL 34230 

OF INTEREST TO ALL 

RETIRE EARLY 1.900-776-3348 CODE AB 5180 Mention 
Code ($6.95). 
HAIR PROBLEMS? THINNING, FALLING, BREAKING. 
Hair Helpers promises results. 1 -800.4 -HAIR -10. 

FINANCIAL 

CASH, GUARANTEED CARDS. Send $10.00: STARLITE, 
POB 60066 -(RE), Oklahoma City, OK 73146. 

MONEYMAKING OPPORTUNITIES 
"EASY MONEY" TAKING Snapshots. Send LSASE To: 
Global, 1404 -(RE) Ouachita 67, Camden, AR 71701. 

MASTERCARD AND VISA are now accepted 
for payment of your advertising. Simply 
complete the form on the first page of this 
section and we will bill. 

MCM 
ELECTRONICS 

CAPTURES YOUR 
ELECTRONIC PARTS 

NEEDS FAST! 
When you want quality electronic parts, there's no 

need to go hunting. MCM Electronics has put together 
the resources to capture your needs-fast. We've 
corralled over 17,000 top-quality items, including the 
largest selection of Japanese semiconductors in the 
country, in our huge Distribution Center. And we're 
geared up to get them out to you 
immediately-in 24 hours, with 
overnight shipment if necessary. 

So call our experts toll free at 
800-543-4330 to round up the 
electronic parts you need. And 
ask for our latest catalog with 
hundreds of new products while 
you're at it. 

MCM 
ELEC7'RONICS 

CALL TOLL FREE 
1-800-543-4330 

r°aewnoarut>.nsaarerrr 

MCM ELECTRONICS 
650 CONGRESS PARK DR. 
CENTERVILLE, OH 45459-4072 

A PREMIER Company RE -77 
95 
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A Monumental Selection 
Test/Measurement and Prototype Equipment 

Jameco Solderless Breadboards 

Jameco's long-lasting breadboards feature screen -printed color coordinates and are 
suitable for many kinds of prototyping and circuit design. Larger models feature a 
heavy-duty aluminum backing with voltage and grounding posts. 

Part Dim. Contact Binding 
No. L" x W" Points Posts Price 

Part Dim. Contact Binding 
No. L" : W" Points Posts Price 

JE21 3.25 x 2.125 400 o $4.95 JE25 6.500 x 4.25 1,660 3 $17.95 
JE23 6.50 x 2.125 830 0 6.95 JE26 6.875 x 5.75 2,390 4 24.95 
JE24 6.50 x 3.125 1.360 2 12.95 JE27 7.250 x 7.50 3.220 4 32.95 

GoldStar 20MHz Dual Trace Oscilloscope 

BNC Cable Assemblies 
for GS7020 

BNC1 BNC(M) to BNC(M) RG58 

A/U (39"L) $3.95 

BNC2 BNC(M) to Micro Hook 

RG 174 39"L) 3.95 

BNC3 BNC(M) to Macro Hook 

RG174 (39"L) 3.95 

JAM 
ELECTRONIC COMPONENTS 

ELO 
COMPUTER PRODUCTS 

24 Hour Toll -Free Order Hotline 
1.800.831.4242 

Please refer to 

Mail Key2 
when 

ordering 

The perfect unit for today's 
testing and measurement 
needs! Features include a 6" 
CRT display, and bandwidth 
from DC to 20 MHz. The 
GoldStar Oscilloscope comes 
with two 40MHz probes, two 
fuses, power cord, operation 
manual, schematics and block 
and wiring diagram. Ifs 
lightweight and portable with 

dat a two-year warranty. 

GS7020 $399.95 

National and Intel 
Databooks 

400026 National General Purpose 
Linear Devices Databook 19.95 

400039 National Logic Databook 19.95 

400015 National Data Acquisition 
Linear Devices Databook 11.95 

400104 National Special Purpose 
Linear Devices Databook 11.95 

400044 National LS/S/TTL 
Databook 14.95 

230843 Intel Memory Databook 24.95 

270645 Intel Embedded Controller 
Processors Databook 24.95 

Additional Data books available ' 

Motel( Digital Multimeters 
Handheld, high accuracy AC/DC voltage, AC/DC 
current, resistance, diodes, continuity, transistor hFE 
(except M3900) 
Manual ranging w/overload protection 
Comes with probes, batteries, case and manual 

M3650 & M4650 only: 
Also measures frequency and capacitance 

M3800 3.5 Digit Multimeter $39.95 
M3610 3.5 Digit Multimeter $59.95 
M3900 3.5 Digit Multimeter 

with Tach/Dwell $59.95 
M3650 3.5 Digit Multimeter w/Frequency 

& Capacitance $74.95 
M4650 4.5 Digit w/Frequency & Capacitance 

& Data Hold Switch $99.95 

Jameco IC Test Clip Series 
Test Clips are designed for temporary 

connections to DIP package components 
Heavy-duty spring loaded hinge provides 

positive contact 
Part No. 
JTC16 
JTC2o 
JTC24 
JTC28 
JTC40 

Description Price 
16 -pin (for 8, 14 & 16 -pin ICs) ..$5.95 
20 -pin (for 18 & 20 -pin ICs) 6.95 
24 -pin 7.95 
28 -pin 8.95 
40 -pin 11.95 

EPROMs - for your programming needs 
Part No. Price Part No. Price Part No. Price 
TMS2516 $4.25 2764A-20 $3.75 27256-25 $4.89 
TMS2532A 6.95 2764A-25 3.49 27C256-12 6.49 
TMS2564 5.95 27C64-15 3.95 27C256-15 5.95 
TMS2716 5.95 27C64-25 3.49 27C256-20 5.49 
1702A 3.95 27C64-45 2.95 27C256-25 4.95 
2708 4.95 271280TP 2.49 275120TP 4.95 
2716 3.95 27128-20 7.95 27512-20 6.75 
2716-1 4.25 27128-25 7.75 27512-25 5.95 
27C16 4.25 27128A-15 4.95 27C512-12 7.49 
2732 4.95 27128A-20 4.75 27C512-15 6.95 
2732A-20 4.49 27128A-25 3.75 27C512-20 6.49 
2732A-25 3.49 27C128-15 5.75 27C512-25 5.95 
2732A-45 2.95 27C128-25 7.95 27C010-15 9.95 
27C32 4.75 27256011' 4.19 27CO20-15 17.95 
2764-20 3.95 27256-15 5.49 27CO20-20 15.95 
2764-25 3.75 27256-20 5.29 68766-35 4.95 

A.R.T. EPROM 
Programmer 

Programs all current EPROMs in the 2716 

to 27512 range plus the X2864 EEPROM 
RS232 port Software included 

EPP $199.95 

UVP EPROM Eraser 

Erases all EPROM's Erases 1 chip in 
15 minutes and 8 chips in 21 min 
UV intensity: 6800 UW/CM2 

DE4 $89.95 

Partial Listing Over 4000 Electronic and Computer 
Components in Stock! Call for quantity discounts. 
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at Competitive Prices 
Computer Upgrade Products and Electronic Components 

Upgrade your existing computer system! Jameco will help you upgrade easily and economically. 

Jameco 80386SX Motherboard Fujitsu 101 -Key Enhanced Keyboard 

Jameco IBM Comports 
JE1030: 

Output: +5V @ 15A, -5V @ 0.5A, 
+12V @ 5.5A, -12V @ 0.5A 
150 Watt 
110/220V switchable 
Built-in fan 
Size: 9.5"L x 5.5"W x 4.625"H 
One-year Warranty 

16MHz processing speed 
Baby motherboard (8.5°x13") 
Zero or one wait state operation 
Supports up to 16MB of RAM 
Intel 80387SX/compatible math coprocessor socket 
AMI BIOS 
Six 16 -bit and two 8 -bit expansion bus slots 

One-year Warranty 

JE3616SN' $249.95 

b1. Power Supplies 
JE1036: 

Output: +5V @ 20A, -5V @ 

0.5A,+12V @ 8A, -12V @0.5A 
200 Watt 
110/220V switchable 
Built-in fan 
Size: 6.5"L x 5.88"W x 6"H 
One-year Warranty 

JE1030 150Watt PC/XT Power Supply $69.95 
JE1036 200 Watt AT Power Supply $89.95 

Additional 
power 
supplies 

available! 

This keyboard features 12 function keys, separate cursor and numeric keys. 

IBM PC/XT/AT and compatible computers 
Automatically switches between XT or AT 
LED Indicators for Num Lock, Caps 
Lock, and Scroll Lock 

Tactile Feedback 
Manual included One-year Warranty 

FKB4700 $79.95 

PPrPPP"`-s Pratrtl rrPPPr#APrr PrPPrrPr P 
18111111188111Ps 

Many more 
upgrade 

products 
available! 

Toshiba 1.44MB 3.5" 
Internal Floppy Disk Drive 

IBM PC/XT/AT and compatibles 
Compatible with DOS versions 3.3 or higher 
Includes all necessary installation hardware 
1.44MB formatted high density mode 
720KB formatted low density mode 
Size: 1 "H x 4"W x 5.9"D (actual drive size) 

One-year Manufacturer's Warranty 

356KU $99.95 

Integrated Circuits' 
Part No. 1-9 

Memory 
Part No. Function Price 

Connectors 
Part No. Description Price 

IC Sockets 
Low Profile Wire Wrap(Gold) Level #2 

74LS00 $.25 41256-120 256K DIP 12Ons $1.69 DB25P Male, 25 -pin $.65 8LP $.10 8WW $.54 
74LS0 25 41256-150 256K DIP 150ns 1.59 DB25S Female, 25 -pin .75 14LP .11 14WW .79 
74LSO4 25 511000P-80 1MB DIP 80ns.... ...... 5.99 DB25H Hood .39 16LP .12 16WW .89 
74LS08 29 

511000P-10 1MB DIP IOOns 5.49 DB25MH Metal Hood 1.35 24LP .19 24WW 139 
74LS14 
74LS3 
74LS32 

39 
25 
25 

41256A9B-80 256K SIMM 8Ons 16.95 

421000A9A-80 1MB SIPP 8Ons 54.95 
LEDs 

XC209R T1, (Red) $.14 

28LP .22 28WW 1.69 
40LP .28 40WW 1.89 

74LS74 29 421000A93-60 1MB SIMM 6Ons 64.95 XC556G T1 3/4, (Green) .16 
74LS76 49 421000A9B-70 1MB SIMM 7Ons 59.95 XC556R T1 3/4, (Red) .12 
74LS86 25 421000A9B-80 1MB SIMM 8Ons 54.95 XC556Y T1 3/4, (Yellow) .16 
74LS112 35 
74LS123 39 Miscellaneous 
74LS138 
74LS175 

39 
35 

Components' Call or Write for your 
74LS193 
74LS244 
74LS245 
74LS373 
74LS374 

Linear ICs' 
Part No. 

59 
69 
69 
69 
69 

1-9 

Potentiometers 
Values available (insert ohms into space marked 

5000, 1K, 5K, 10K, 20K, 50K, 100K, 1MEG 

43PXX 3/4 Watt,15 Turn $.99 
63PXX 1/2 Watt, 1 Turn 89 

FREE Spring Catalog: 
1.800.637.8471 

24 -Hour Toll -Free Order Hotline: 

110800 831 4242 

Mention 
Mail Key 

2 

TL082CP $.59 transistors And Diodes 
LM317r 
LM324N 
LM336Z 

59 
35 

1.09 
PN2222 $.12 1N751 $.15 
PN2907 .12 C106B1 .65 JAMECO® $30.00 Minimum Order 

FAX: 1.800.237.6948(D",,,estir) 

ELECTRONIC COMPONENTS LM339N 45 1N4004 .10 2N4401 .15 FAX: 415.592.25030nu,,,oia"a1) 
NE555V 
LM556N 

29 
49 

2N2222A .25 1N4148 .07 
1N4735 .25 2N3055 .69 BBS Support: 415.637.9025 COMPUTER PRODUCTS 

LM723CN 49 2N3904 .12 1N270 .25 1355 Shoreway Road Technical Support: 1.800.831.0084 
LM741CN 
LM1458N 

29 
39 Switches Belmont, CA 94002 ServiceLinerm: 1.800.831.8020 

LM1488N 
LM1489N 

45 
45 

JMT123 SPDT, On -On (Toggle) $1.15 
206-8 SPST, 16 -pin (DIP) 1.09 For International Sales, Customer Service, Credit Department and All Other 

ULN2003A 69 MPC121 SPDT, Inquiries: Call 415.592.8097 between 7AM-5PM P.S.T. 
LM3914N 
NE5532 
7805T 
7812T... 

2.49 
1.19 

45 
45 

On -Off -On (Toggle) 1.19 
MS102 SPST, Momentary 

(Push -Button) 39 

CA Residents 

FEpf J Lim 
please add applicable sales tax Terms: Prices subject to change without notice. 

Shipping, handling Items subject to availability and prior sale. 

and insurance are Complete list of terms/warranties is available 

upon request. 

® 
II 

Call fora complete listing of ICs Additional components available 
m 1992 Jameco 7/92 

additional. 

All trademarks are registered trademarks of their respective companies. 
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CABLE TV DESCRAMBLERS 
THE MOST ADVANCED 

TECHNOLOGY IN CABLE EQUIPMENT: 

BASE BAND JERROLD PIONEER 
TOCOM HAMLIN ZENITH 
SCIENTIFIC ATLANTA OAK 

FOR OUT OF THIS WORLD PRICES CALL 
WORLDWIDE CABLE 

1 800-772-3233 
FREE CATALOG AVAILABLE 

1291 A POVVERLINE ROAD, SUITE 109 
POMPANO BEACH, FL 33069 

MC / COD/ VISA No Ronda Sales 

SATELLITE TV 
FREE catalog - Lowest prices worldwide. SKY - 
VISION, 1012 Frontier, Fergus Falls, MN 56537. 1 

(800) 334-6455. See full page ad The Shopper 
Section. 

SATELLITE TV - Do it yourself, systems, up- 
grades, parts. Major brands discounted 
40%-60%, we'll beat everyone's price. LJH INC., 
call Larry (609) 596-0656. 

VIDEOCIPHER II, descrambling manual. Sche- 
matics, video, and audio. Explains DES, Eprom, 
CloneMaster, 3Musketeer, Pay -per -view (HBO, 
Cinemax, Showtime, Adult, etc.) $16.95, $2.00 
postage. Schematics for Videocypher Plus, 
$20.00. Schematics for Videocypher 032, $15.00. 
Collection of software to copy and alter Eprom 
codes, $25.00. CABLETRONICS, Box 30502R, 
Bethesda, MD 20824. 

VIDEOCIPHER II and plus, schemetics, manuals, 
software, all codes, updates and more. For cata- 
log send SASE, suite 154, 1614-0 Union Valley 
Rd., W. Milford, NJ 07480. 

i 

SATELLITE 
TV 

BUYING 

GUIDE 

CALL FOR 

SATELLITE TV 
NAME BRANDS AT 500/o DISCOUNT 
This FREE 24 page Consumer Buying 
Guide tells all about Satellite TV and 
lists guaranteed lowest prices. 

Satman, Inc. 
6310 N University No. 3798 Peoria, IL 61612 

1-800-472-8626 

BUSINESS OPPORTUNITIES 
YOUR own radio station! Licensed/unlicensed 
AM, FM, TV, cable. Information $1.00. BROAD- 
CASTING, Box 130-F7, Paradise, CA 95967. 

LET the government finance your small business. 
Grants/loans to $500,000. Free recorded mes- 
sage: (707) 449-8600. (KS1). 

EASY work! Excellent pay! Assemble products at 
home. Call toll free 1 (800) 467-5566 Ext. 5192. 

HOME assembly work available! Guaranteed 
easy money! Free details! HOMEWORK -R, Box 
520, Danville, NH 03819. 

HANDS-ON TECHNICAL SEMINARS 
For Professionals 

"CD School" -EIA/CEG "Digital Compact Cassette 
"Microprocessor School" -EIA/CEG Overview" 
"Camcorder School" -Hitachi -Philips Consumer Electronics 
"Car Audio CD" -Kenwood USA "Switch Mode Power Supplies" 
"Microwave Oven School" -Sencore Inc. 

-Matsushita Services Co. "LN -1 TV Chassis" -Sony Corp. 
"Cellular Telephones" "PIP in the X90 -E TV Chassis" 

-Mitsubishi Electronics America -Toshiba America 

PLUS: The Introduction of the All New EIA Curriculum 
for Consumer Electronics 

Courses FREE when registered at the 
National Professional Electronics Convention 

August 3-8, 1992 * Worthington Hotel * Ft. Worth TX 

Full $275 Registration Includes: 
* All Technical Seminars * Head -to -head Meetings with 
* All Management and Business Manufacturers' Representatives 

Seminars * NESDA/ISCET Association 
* Continuing Education Units for all Meetings 

seminars attended * Price Discounts Available for 
* All Sponsored Meals and Pre -Registration 

Functions * Daily Registration Available 

For more information, contact NPEC '92 
2708 West Berry St., Fort Worth TX 76109 * (817) 921-9061; Fax (817) 921-3741 

MONEYMAKERS! Easy! One man CRT rebuild- 
ing machinery. $6,900.00 rebuilt. $15,900.00 new. 
CRT, 1909 Louise, Crystalake, IL 60014. (815) 
477-8655. Fax (815) 477-7013. 

MAKE $75,000.00 to $250,000.00 yearly or more 
fixing IBM color monitors. No investment, start 
doing it from your home (a telephone required). 
Information, USA, Canada $2.00 cash for bro- 
chure, other countries $10.00 US funds. RAN- 
DALL DISPLAY, Box 2168-R, Van Nuys, CA 
91404 USA. Fax (818) 990-7803. 

WANTED 
INVENTIONS/ new products/ideas wanted: call 
TLCI for free information/inventors newsletter. 1 

(800) 468-7200 24 hours/day - USA/Canada. 

INVENTORS: We submit ideas to industry. Find 
out what we can do for you. 1 (800) 288 -IDEA. 

CABLE 1.\ I)h:s('RAMB1.1:Rs 
BEST BUYS BEST SERVICE 

BULLET PROOF TV TESTED 
WANT TO BUY: 
TOCOM, SA 85B0,DPV7212 
Must be reasonable price. 

FREE Catalog Dealers Wanted 

Multi -Vision (402)331.3228 800-835-2330 
Electronics*" 2730 50.123rd a0126 Omaha, NE 68144 

INVENTORS 
INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORP. for 
free information. Serving inventors since 1975. 1 

(800) 338-5656. 

EDUCATION & INSTRUCTION 
F.C.C. Commercial General Radiotelephone li- 
cense. Electronics home study. Fast, inexpen- 
sive! "Free" details. COMMAND, D-176, Box 
2824, San Francisco, CA 94126. 

ELECTRONIC engineering. 8 volumes com- 
plete. $109.95. No prior knowledge required. Free 
brochure. BANNER TECHNICAL BOOKS, 1203 
Grant Avenue, Rockford, IL 61103. 

MAKE a thing... make a living... Study Industrial 
Design Technology and bring your ideas to life. 
Learn to problem -solve, sketch, render and de- 
sign. Develop models, create prosthetic appli- 
ances. Build your future in movie and theater 
special effects, toy and product, exhibit, transpor- 
tation, furniture/fixture, architectural and amuse- 
ment environmental design at The Art Institutes 
of Pittsburgh, Philadelphia, Fort Lauderdale, 
Seattle or The Colorado Institute of Art. For 
information write 526 Penn Avenue, Dept. 61, 
Pittsburgh, PA 15222. Or call 1 (800) 525-1000. 

''' - - ' LEARN COMPUTERS! 

Name 

Address 

City State_ Zip 

SCHOOL OF COMPUTER TRAINING 
2245 Perimeter Park L Dept.KH342 Atlanta, Georgia 30341 I 

eli sti sti etimo sew - std 

Home study. Be- 
come a personal 
computer expert at 
home and in busi- 
ness. Learn at your 
own pace. Exciting 
and easy to follow. 
Send or call today 
for free literature. 
800-223-4542 



-NICORN 
ELECTRONICS 
10010 Canoga Ave . Unit B-8 

Chatsworth, CA 91311 

LAS 
STOCK # MFG. WAVE- 

LENGTH 
LS9220 TOSHIBA 660nm 
LS9200 TOSHIBA 670nm 
LS9201 TOSHIBA 670nm 
LS9211 TOSHIBA 670nm 
LS9215 TOSHIBA 670nm 
LS3200 NEC 670nm 
LS022 SHARP 780nm 
SB1053 PHILLIPS 820nm 

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!! 
NO SHIPPING CHARGES ON PRE -PAID ORDERS!* 

NO CREDIT CARD SURCHARGE! 
SCHOOL P.O.'s WELCOME! 

OUTPUT 
POWER 

OPER. 
CURR. 

OPER. 
VOLT. 

1-24 25-99 100+ 

3 mW 85 mA 2.5 V 129.99 123.49 111.14 
3 mW 85 mA 2.3 V 49.99 47.99 43.19 
5 mW 80 mA 2.4 V 59.99 56.99 51.29 
5 mW 50 mA 2.3 V 69.99 66.49 59.84 
10 mW 45 mA 2.4 V 109.99 104.49 94.04 
3 mW 85 mA 2.2 V 59.99 56.99 51.29 
5 mW 65 mA 1.75 V 19.99 18.99 17.09 
10 mW 90 mA 2.2 V 10.99 10.44 9.40 

WAO II PROGRAMMABLE ROBOTIC KIT 

Power Source - 3 AA batteries (not included) 

STOCK # 

MV961 
WIIAP 

DESCRIPTION 

WAO Il Programmable Robotic Kit 
Interlace Kit For Apple Il, IIE, Il+ 

The pen mechanism in- 
cluded with the robot allows it 
to draw. In addition to drawing 
straight lines, it can also accu- 
rately draw circles, and even 
draw out words and short 
phrases. WAO II comes with 
128 x 4 bits RAM and 2K ROM, 
and is programmed directly via 
the keypad attached to it. With 
its built-in connector port, WAO 
II is ready to communicate with 
your computer. With the 
optional interface kit, you can 
connect WAO II to an Apple II, 
Ile, or Il+computer. Editing and 
transfering of any movement 
program, as well as saving and 
loading a program can be 
performed by the interface kit. 
The kit includes software, 
cable, card, and instructions. 
The programming language is 
BASIC. 

1-9 10-24 25+ 

79.99 75.99 68.39 
39.99 37.99 34.19 

PROTOBOARD DESIGN STATION 

The total design workstation - including 
expanded instrumentation, breadboard 
and power supply. 
Ideal for analog, digital and micro- 
processor circuits 
8 logic probe circuits 
Function generator with continuously 
variable size, square, triangle wave 
forms, plus TTL pulses 
Triple power supply offers fixed 5 VDC 
supply plus 2 variable outputs - +5 - 15 
VDC and -5-15 VDC 
8 TTL compatible LED indicators, switches 
Pulsers 
Potentiometers 
Audio experimentation speaker 
Multiple features in one complete test 
instrument saves hundreds of dollars 
needed for individual units 
Unlimited lifetime guarantee on bread- 
board sockets 
Fixed DC output 
+5 VDC @ 1.0 amp, ripple - 5 mV 
Variable DC output 
+5 - to +15 VDC @ 0.5 amp, ripple - 

5 mV 

STOCK # 

P8503 

DESCRIPTION 

Variable DC output 
-5 -to -15 VDC @0.5amp, r 

5 mV 
Frequency generator 
frequency range: 0.1 Hz to 10C KHz in 6 
ranges 
output voltage: 0 to t 10V (20 Vp-p) 
output impedance: 600 (except TTL) 
output current: 10mA max., short circuit 
protected 
output waveforms: sine, square, triange, 
TTL 
sine wave: distortion 3% (10 Hz to 100 
KHz) 
TTL pulse: rise and fall time 25ns 
drive 20 TTL loads 
Square wave: rise and fall time - 1.5 s 
Logic indicators 
8 LED's, active high, 1.4 volt (nominal) 
threshold, inputs protected to. 20 volts 
Debounced pushbuttons (pulsers) 
2 push-button operated, open -collector 
output pulsera, each with 1 normally - 
open, 1 normally -closed output. Each 
output can sink up to 250 mA 
Potentiometers 
1 - 1K , 1 10K , all leads available 
and uncommitted 
BNC connectors 
2 BNC connectors pin available and 
uncommitted shell connected to ground 
Speaker 
0.25W,852 
Breadboarding area 
2520 uncommitted tie points 
Dimensions 
11,5" long x 16" wide x 6.5" high 
Input 
3 wire AC line input (117 V, 60 Hz 
typical) 
Weight 
7 lbs. 

Protoboard Design Station 

pele - 

1-9 10-24 25+ 

299.99 284.99 256.49 

IDC BENCH ASSEMBLY PRESS COLLIMATING PEN LASER DIODE MODULE 
The Panavise PV505 1/4 ton 
manual IDC bench assembly 
press is a rugged, practical instal- 
lation tool designed for low 
volume. mass termination of 
various IDC connectors on flat 
ribbon cable. 

Assembly base 8 standard 
platen included 
Base plate 8 pialen may be 
rotated 9V for maximum 
versatility 
Base plates 8 cutting acces- 
sories are quickly changed 
without any tools required 
Additional accessories below 
Size -10"Wx8.75" Dx9"H 
Weight -5.51bs. 

STOCK e DESCRIPTION 

A low power collimator pen contain- 
ing a MOVPE grown gain GaAiAs laser. 
This collimator pen delivers a maximum 
CW output power of 2.5 mW at 820 nm. 

The operating voltage of 2.2-2.50 @ 
90-150mA is designed for lower power 
applications such as data retrieval, 
telemetry, alignment, etc. 

The non -hermetic stainless steel case 
is specifically designed for easy align- 
ment in an optical read or write system. 
and consists of a lens and a laser diode. 
The lens system collimates the diverg- 
ing laser light .t8 mrad. The wavefront 
quality is diffraction limited. 

The housing is circular and precision manufactured measuring 11.0 
mm in diameter and 27.0 mm long. Data sheet included. 

As with at special buy items, quantity is limited to stock on hand. 

1-9 10-24 25+ STOCK a 

PV505 Panavise Bench Assembly Press 149.99 142 49 128.24 

COLLIMATING LENS 

DESCRIPTION 1-9 10-24 250 STOCK a 

581052 Infra -Red Collimator Pen 49.99 47.49 42.74 

DUAL MODE LASER POINTER 

The LDM 135 integrated as- 
sembly consisting of a laser 
diode, collimating optics and 
drive electronics within a single 
compact housing. Produces a 
bright red dot at 660-685 nm. It Is 
supplied complete with leads for 
connection to a DC power supply 
from 3 ío5.25 V. 

Though pre-set to produce a 
parallel beam, the focal length 
can readily be adjusted to focus 
the beam to a spot. 

Sturdy. small and self-con- 
tained the LDM135 is a precision 
device designed fora wide range 
of applications. 0.64" diam. o 2" 
long. 

DESCRIPTION 

This economical collimating 
lens assembly consists of a 
black anodized aluminum 
barrel that acts as a heat sink, 
and a glass lens with a focal 
point of 7.5 mm. Designed loft 
standard 9mm laser diodes, 
this assembly will fit all the 
above laser diodes. Simply 
place diode in the lens assem- 
bly, adjust beam to desired 
focus, then set with adhesive. 

STOCK a DESCRIPTION 1-9 10-24 25+ 

LSLENS Collimating Lens Assembly 24.99 23.74 21.37 

POWER SUPPLY 
Input: 115/230V 

Output: +5v @ 3.75A 
.12v @ 1.5A 
-12v @ 4A 

Size: 7" L x 51/2" W x 21/2" H 

STOCK # PRICE 
PS1003 $19.99 

New slimline laser pointer is only Vs" 

in diameter x 6.4" long and weighs 
under 2 oz., 670 nm @ less than 1 

mW produces a 6 mm beam. 2 
switches, one for continuous mode, 
and one for pulse mode (red dot 
flashes rapidly). 2 AAA batteries 
provide 8+ hours of use. 1 year 
warranty. 

LDM735-.5 
LDM135-1 
LDM135-2 
LDM135-3 

.5 mW Laser Diode Module 
1 mW Laser Diode Module 
2 m W Laser Diode Module 
3 mW Laser Diode Module 

179.99 170.99 153.89 
189.99 180,49 162.44 
199.99 189.99 170.99 
209.99 199.49 179.54 

He -Ne TUBES 

STOCK a DESCRIPTION 1-9 10-24 25+ 

LP35 Dual Mode Laser Pointer 199.99 189.99 170.99 

ROBOTIC ARM KIT 
Robots were once confined to science 
fiction movies. Today, whether they're 
performing dangerous tasks or putting 
together complex products, robotics 
are finding their way into more and 
more industries. The Robotic Arm Kit 
is an educational kit that teaches 
basic robotic arm fundamentals as wet 
as testing your own motor skills. 
Command it to perform simple tasks, 

STOCK # PRICE 
YO1 $43.99 

New, tested 632nm He -Ne laser 
tubes ranging from .5mW to 3mW 
(our choice). Perfect for hobbyists 
for home projects. Because of the 
variety we purchase, we cannot 
guarantee specific outputs wit be 
available at lime of order. At units 
are new, tested, and guaranteed 
to function at manufacturers 
specifications. 

STOCK a DESCRIPTION 1-9 10-24 25+ 

LT1001 He -He Laser Tube 69.99 66.49 59.84 

AVOIDER ROBOT KIT 
An intelligent robot that knows how 
to avoid hitting walls. This robot 
emits an infra -red beam which 
detects an obstacle in front and then 
automatically turns left and con- 
tinues on 

STOCK # PRICE 
MV912 $43.99 ,, ORDER LINE - (800) 824-3432 INTERNATIONAL ORDERS - (818) 341-8833 L`! FAX ORDERS - (818) 998-7975 TECHNICAL SUPPORT - (818) 341-8833 

VISA 

15.00 MINIMUM ORDER UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT 
CA RESIDENTS ADD 81/4°,0 SALES TAX CALL FOR QUANTITY DISCOUNTS CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR 

CATALOGS DELIVERED OUTSIDE THE U.S. - SEND $2.00) WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS 
*NO SHIPPING CHARGES ON PRE -PAID ORDERS DELIVERED IN THE CONTINENTAL U.S. 
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Enter A World Of Excitement with a Subscription to 

Popular Electronics 
Get the latest electronic technology 

and information monthly! 
Now you can subscribe to the magazine that plugs you into 
the exciting world of electronics. With every issue of Popular 
Electronics you'll find a wide variety of electronics projects 
you can build and enjoy. 

Popular Electronics brings you informative new product and 
literature listings, feature articles on test equipment and 
tools-all designed to keep you tuned in to the latest devel- 
opments in electronics. So if you love to build fascinating 
electronics, just fill out the subscription form below to sub- 
scribe to Popular Electronics ...It's a power -house of fun for 
the electronics enthusiast. 

EXCITING MONTHLY FEATURES LIKE: 

CONSTRUCTION-Building projects from crystal sets to 
electronic roulette 
FEATURES-Educational training on digital electronics, 
Ohm's Law, Antennas, Communications, Antique Radio, 
Simplified Theory 
HANDS-ON-REPORTS-User test comments on new and 
unusual consumer products 
SPECIAL COLUMNS-Think Tank, Circuit Circus, Com- 
puter Bits, DX Listening, Antique Radio, Amateur, Scanner 
Scene 

PLUS: ALL OUR GREAT DEPARTMENTS! 
You'll get 12 exciting and informative issues of Popular Elec- 
tronics for only $18.95. That's a savings of $16.45 off the regular 
single copy price. Subscribe to Popular Electronics today! Just fill 
out the subscription order form below. 

HOW RADIO GOT ITS VOICE 

A Buyer's Guide to DMM's 
Explore the digital-multimeter 
marketplace at a glance in our 
handy round up 

Does Your Meter 
Lie To You? 
Even the best meter can lead 
you astray it you don't fully 
understand what you are 
measuring 

Build a Precision Dual - 
Output Power Supply 
An inexpensive, adjustable, 
dual -output supply that's 
packed with features 

The Light -Beam 
Communicator 
Talk on a beam of light with 
this just -for -fun project 

Product Reviews 
Canon Lt Camcorder, Yamaha 
AM/FM Stereo Them, Heath 

'- Analyzer, Neo -Geo Vld. 
wtem, and more 

SS9t^vA 
: NEW 

w EocICO(tls 
IN THIS ISSUE 

^.TfilEF,491 

Also: Think Tank 
Ham Radio 
Antique Radio 
Scanner Scene 

FOR FASTER SERVICE CALL TODAY 

1-800-827-0383 
(7:30AM-8:30PM) 
EASTERN STANDARD TIME 

rFpu1aro [lectrollicsaSUBSCRIPTION ORDER FORMIi 
FO. Box 338, Mt. Morris Il.. 61054 

YES! I want to subscribe to Popular Electronics for PLEASE PRINT BELOW: 
1 Full year (12 Issues) for only $18.95. That's a savings 
of $16.45 off the newstand price. 

Payment Enclosed Bill me later 

Please charge my: Visa Mastercard 

Acct #1 I 1 1 1 1 1 1 1 1 1 1 1 1 

Signature Exp. Date 

NAME 

ADDRESS 

AREG2 

cm( STATE ZIP 

Allow 6 to 8 weeks for delivery of lust issue. U.S. Funds only. 

In Canada add Sl.lix Postage I Includes G S.T.I. All Other Foreign add $7.51I Pinitapa J 
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CABLE TV DESCRAMBLERS! 

CABLE KINGDOM! 

*JEROLD* *OAK* *HAMLIN* 
*ZENITH* *PIONEER* 

*SCIENTIFIC ATLANTA* 

IN STOCK 

6 MONTH WARRANTY! WE SHIP COD'. 

ABSOLTLEY LOWEST 
WHOLESALE/RETAIL PRICES! 

******FREE CATALOG******* 
J.P. VIDEO 

1470 OLD COUNTRY RD 
SUITE 315 

PLAINVIEW, NY 11803 
NO N.Y. SALES 

CALL NOW! 1 (800) 950-9145 

PAY TV AND SATELLITE DESCRAMBLING 

ALL NEW 1992 EDITION ALL NEW 

1992 edition update on cable, wireless and satellite. Turn-ons, circuits. 
bullets, bags, B -Mac, blackciphers. Includes New VC Plus Fixes. Our best yet. 
Only $15.95. Other (all different) editions. Volume One (Basics), 1989 Edition, 
1991 Edition, $15.95 each. MDS Handbook $9.95. Satellite Systems under 
$6W. $12.95. Any 3429.95 or 51$49.95. Scrambling News Year One (154 
oages) $39.95. Video $29 95. Scrambling News Monthly $24.95/yr. Sample 
S3 New catalog $1 Special this month eveMhino listed for 599.95. 

Scrambling News. 1552 Hertel Ave.. 
Buffalo. NY. 14216. Voice/Fax (716) 874-2088 

C00 'S ARE ON 000 SE, 

CABLE TV 
DESCRAMBLERS 

1 -800-582-1114 
FREE CATALOG 

GUARANTEED BEST PRICES IMMEDIATE SHIPPING 

M.K. ELECTRONICS 
8362 Pines Blvd. Suite 276 
Pembroke Pines, FI 33024 

f ELECTECH f 
CABLE T.V. DESCRAMBLERS 

All quality brand names 
All fully guaranteed All the time 

Knowledgeable Sales Service Department 
FOR FREE CATALOG 800-253-0099 

FREE CATALOG 
CABLE T.V. BOXES - ALL TYPES 
LOW PRICES - DEALER PRICES 

AACE PRODUCTS Jib 
1-800-234-0726 

EXERCISE 
Does Your Heart Good. 

v American Heart Association 

MAKE THE CONNECTION 
ICI! DifeDieD(WIC[SX1(. 1 I 1 

CABLE TV EQUIPMENT 

11111111131:4 
ORDER 'TOLL TREE 
1-800-228-7404 

DON'T FORGET TO ASK ABOUT OUR 

FREE CATALOG WITH BUYING GUIDE 

FRIENDLY, PROFESSIONAL SERVICE 

30 DAY MONEY BACK GUARANTY 
BEST PRICE - BEST SERVICE 

r-] («it"- [C.O.D 
FOR MORE NrORIwbN NU-1EK B.EC9RONCS 

1-512-250-50312,8 D t, 

FREE CATALOG! 
1-800-648-7938 

JERROLD HAMLIN OAK ETC 

CABLE TV 
Hi] 4=1 : 1 :-? 

Special Dealer Prices! 
Compare our Low Retail Prices! 
Guaranteed Prices & Warranties! 
Orders Shipped Immediately! 

REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. #15, Dept R6792 

Las Vegas, NV 89109 
For all other information (702) 362-9026 

#### PRESENTING #### 

DEfflaRS ##### STARRING ##### 
JERROLD, HAMLIN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

FINEST WARRANTY PROGRAM AVAILABLE 
LOWEST RETAIL I WHOLESALE PRICES IN U.S. 

ORDERS SHIPPED FROM STOCK WITHIN 24 HRS. 

ALL MAJOR CREDIT CARDS ACCEPTED 

FOR ALL INFORMATION 
1.800.345.8927 

PACIFIC CABLE CO., INC. 
7325, z Reseda Blvd.. Dept. 2116 

Reseda, CA 91335 

CABLE TV 
DESCRAMBLER LIQUIDATION! 

FREE CATALOG! 
Hamlin Combos 544, Oak M35B $60 (min. 5), etc. 

WEST COAST ELECTRONICS 
For Information: 818-709-1758 

Catalogs & Orders: 800-628-9656 

Courteous Service Discount Prices Fast Shipping 

ALL ELECTROAICS CORP. 
Mail Order Electronic Parts And Supplies 

P.O. Box 567 Van Nuys, CA 91408 

VERY SPECIAL DEAL - 17 VDC 
210 MA WALL TRANSFORMERS 

transformers. 

New 17 
210 ma wall 

6 ft. cord. 
Unusual eft,,: "r -y.,,, 
co -axial device on end of 
cord can be cut oft and used for another application. 

Large quantity available. 
CATS CO 

100 for $1.25 each each 1000 for $1.00 each 

ll) 

Handset Coil Cord 

12' beige coil cord with modular plugs on each end. 
Small modular plugs for handset to phone connection. 

Retracted length a 2'. 

S 
0CATS110for$12.50 $15I-12 each 

Electroluminescent 
BACKLIGHTS 

et 0 
MO 

At last) A low cost electroluminescent glow strip and 
inverter. These brand-new units were designed to back- 

light small LCD TVs made by the Citizen Watch 
company. The inverter circuit changes 3 or 6 Vdc to 

approximately 100 Vac, the voltage required to light the 
glowstrp. Luminescent surface area is 1.7' X 2.25". The 
strip is a salmon color in its off state, and glows white 
when energized. The circuit board is 2.2` X 1". Glow 
strip and circuitry can be removed easily from plastic 

housing. Ideal for special lighting effects and 
backlighting. Two models available: 

Cilizena 91 TA operates on 3 Vdc CATS BLU -91 

Citizen* 92TA operates on 3-6 Vdc CATS BLU -92 

QUANTITYLARGE 350 
AVAILABLE each 

10 for $32.00 100 for $275.00 

ELECTRET MIKE 

High efficiency, omni-directional,miniature 
electret condenser microphone element. LJ 
Low current drain, good signal to noise ratio, 
operates on 2 to 10 Vdc. Ideal for telephones, 
tape recorders, noise -activated alarms and other 
applications. 0.39" dia X 0.31" high. 
CATS MIKE -10 
200 pcs $150.00 

(75ceach) 5eaeh 
TOLL FREE ORDER LINES 

1-800-826-5432 eor CHARGE ORDERS to VW, .MaerKCard or OL w 

TERMS: Minimum order $10.00. Shpping and ha rd hng 

for the 48 continental U.S.A. 53.50 per order. AA others 

including AK, Hl, P14 or Canada must pay full shipping. 

All orders delivered in CALIFORNIA must include state 

sales tax (7.25%, 7.5%, 775%, 8.25% 8.5%) .Quantities 

Limited NO C.O.D. Prices subject to change wiout notice. 

Call or Write For Our 
FREE 64 Page Catalog 

(Outside The U.S.A. Send $2.00 Postage) 

ALL ELECTRONICS CORP. 
P.O. Box 567 Van Nuys, CA 91408 
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Your Ticket To 

SUCCILSS 
Over 28,000 technicians have gained admit- 
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 

ISCET offers Journeyman certification in 
Consumer Electronics, Industrial, Medical, 
Communications, Radar, Computer and 
Video. For more information, contact the 
International Society of Certified Electro- 
nics Technicians, 2708 West Berry Street. 
Fort Worth, TX 76109; (817) 921-9101. 

Name 

Address 

City 

State Zip 

Send material about ISCET and 
becoming certified. 

Send one "Study Guide for the 
Associate Level CET Test." En- 

t_ closed is $10 (inc. postage). J 

CABLE DESCRAMBLEAS 
Converters Remote Controls Descramblers more 

All major brands carried 
*JERROLD, *TOCOM, *ZENITH 
*GENERAL INSTRUMENTS 
*SCIENTIFIC ATLANTA, *OAK 
*HAMLIN, *EAGLE, *PIONEER 
7th Year in business. Thank You 
Member of Omaha Chamber of Commerce 
1 Year warranty on new equipment 
30 Day money back guarantee 
Orders shipped from stock within 24 hours 

CALL TODAY FOR A FREE CATALOG 

1-800-624-1150 
LC: kid C.O.D. 

evea% 

DIX%E :: 

875 SO. 72nd St tp0° Omaha, NE 68114 

ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 

108 AMC Sales 89 Popular Electronics 100 

75 Ace Products 20, 101 R.E. Video Offer 9 

107 All Electronics 101 Science Probe 32 

176 American Reliance Inc. 20 Star Circuits 20 

84 Appliance Service 20 123 Test Probes 14 

77,210 B&K Precision 15 The SPEC-COM Journal 91 

109 C & S Sales 11 187 The School Of VCR Repair .... 15 

CIE 26 180 Unicorn 99 

CLAGGK, Inc. 13 190 U.S. Cable 81 

183 Cable Warehouse 89 181 Viejo Publications 83 

Command Productions 91 193 Weatherport 14 

127 Deco Industries 20 189, 190 Zentek Corp 81 

Doc Tech International 25 

Elec. Industry Association 7 

177 Electronic Goldmine 94 

Electronic Tech. Today 74 
ADVERTISING SALES OFFICE 

Gernsback Publications, Inc. 

Electronics Book Club 5 84 
500-B Bi -County Blvd. 
Farmingdale, NY 11735 
14516) 293.3000 

121 Fluke Manufacturing CV2 President: Larry Steckler 
For Advertising ONLY 

184 Global Specialties 3 516.293-3000 
Fax 1-516-293-3115 

Grantham College 79 Larry Steckler 
publisher 

182 HAMEG Instruments 23 Christina Estrada 
assistant to the President 

Arline Fishman 
178 Hewlett Packard CV4 advertising director 

Denise Haven 
HighText Publications, Inc 83 advertising assistant 

Kelly McQuade 
194 IC Designs 20 credit manager 

Subscriber Customer Service 
ISCET 102 1-800-288-0652 

Order Entry for New Subscribers 
114 Jameco 96, 97 

1-800-999-7139 
7:00 AM - 6:00 PM M -F MST 

115 Jensen Tools 20 
SALES OFFICES 
EAST/SOUTHEAST 

188 M&G Electronics 94 
Stanley Levitan, Eastern Sales Manager 
Radio -Electronics 
1 Overlook Ave. 

M.K. Electronics, Inc 101 Great Neck, NY 11021 
1-516-487-9357, 1-516-293-3000 

87 MCM Electronics 95 Fax 1.516.487.8402 
MID WEST/Texas/Arkansas/Okla. 

53 MD Electronics 102 Ralph Bergen, Midwest Sales Manager 
Radio -Electronics 

179 MJS Design 20 One Northfield Plaza, Suite 300 
Northfield, IL 60093-1214 
1-708-446-1444 

Multi Vision 98 Fax 1-708.559.0562 
PACIFIC COAST/Mountain States 

NESDA 98 Marvin Green, Pacific Sales Manager 
Radio -Electronics 

NRI Schools 16 5430 Van Nuys Blvd. Suite 316 
Van Nuys, CA 91401 

186 Northeast Electronics 83 1-818-986-2001 
Fax 1.818-986-2009 

185 Optoelectronics CV3 RE Shopper 
Joe Shere, National Representative 

192 Paktek, Inc 20 
P.O. Box 169 
Idyllwild, CA 92549 
1.714.659.9743 

101 Pomona Electronics 77 Fax 1-714-659-2469 
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IBM lliji..L.imAt.o ï 1111,164/11 
Call for free catalog - Factory Direct Order Line: 

FL (305)771-2050 FAX (305)771-2052 

BLEMO 
You want a 
bargraph & a full 
range counter - 
Optoelectronics 

can deliver! 

DO' 
This t Wait, 

No dsoe Lan 

ants No tr.lde_in, 

Now for a limited time only, $160. 
off the list price. for our Full Range 
Model 2810 with bargraph - plus: 

Full range -10Hz to 3GHz. 
LCD display (daylight visibility). 
True state-of-the-art technology 
with the high speed ASIC. 
NiCads & Charger included. 
Ultra -high sensitivity. 
4 fast gate times. 
Extruded metal case. 
Compatible with MFJ207. 

Suggested options 
TA100S: 
Telescoping Whip Antenna $ 12. 

CC30 
Vinyl Carry Case $ 15. 

BL28: 
EL Backlight for use in roomlight and low 
light $ 45. 

TCXO 30: 
Precision ±0.2ppm 20 to 40°C temp. 
compensated time base $100. 

Universal 
Handi-CounterTM 
Model 3000, $375. and 
Bench Model 8030, $579. 
Both offer frequency, 
period, ratio and time 
interval. 

5821 NE 14th Ave. Ft. Lauderdale, FL 33334 
5% Ship;Handling (Max. $10) U.S. & Canada. 
15% outside continental U.S.A. 
Visa and Master Card accepted. 
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Within budget. 
Without compromise. 

®1992 Hewlett-Packard Co. T ILID135iB/RE 

Get more of what you 
want in a 61/2 digit DMM 
for just $995. 
The HP 34401A gives you more 
performance than any other DMM 
for the price. More resolution. 
Better accuracy. The highest read- 
ing speed. Fastest throughput. And 
widest AC bandwidth.. 

It has more standard features. 
Like HP-IB, RS -232 and built-in 
SCPI commands for more system 
flexibility. Plus ten extended func- 
tions including continuity, diode 
test, limit test, reading hold, dB and 
null to give you greater flexibility 
on the bench. 

What more could you want? 
The HP 34401A also comes with 
a 3 -year warranty, standard. 

Ô For more information, or same - 
day shipment from HP DIRECT, 
call 1-500-452-4844°°. Ask for 
Ext. TB26. And we'll send you 
a data sheet. 

HP 34401A Digital Multimeter 

DC Accuracy (1 year) 0.0035% 

AC Accuracy (1 year) 0.06% 

Maximum input 1000 Vdc 

Reading speed 1000/sec 

Resolution 100 nV, 10 nA, 

100 µi2 

* U.S. list price 
**In Canada call 1.800-3873867, Dept. 434 

There is a better way. 

HEWLETT 
PACKARD 

CIRCLE 178 ON FREE INFORMATION CARD 


