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NEW IC Pinout Guide: 
The compact, low -cost solution to 

your repair and maintenance headaches. 
Do you repair TVs, radios, computers . . anything 
containing ICs? 
Now you can open one book and find all the info you need 
to help you do your repair jobs quickly. 

This complete, compact, easy -to -use IC Pinout Guide 
contains: 

IC circuit connection data -pinouts -for over 170,000 ICs 

currently in use worldwide 
Package style drawings 
IC descriptions 
Manufacturer information 

Your time is money and you can't afford to spend valuable 
time looking for IC info. 

The NEW IC Pinout Guide: Put the world of ICs in 
tour hands. 

Global Engineering 
2805 McGaw Ave., Irvine, CA 92714 
Telephone 714- 261 -1455; 
Toll -free 800 -854 -7179 

30 -day money -back guarantee. We guarantee the new 
IC Pinout Guide will pay for itself within two weeks. If you 

don't agree, just contact us within 30 days. We'll refund 
your purchase price (less shipping and handling). 

Order your copy now at the introductory price of only 
$99! Fill out and send in the coupon below today and you'll 
save $50 off the list price of this valuable guide. 

Mail this coupon to Global Engineering. 2805 McGaw Ave .. Irvine. CA 92714 
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selecting just the right equipment for the shack, whether 
is be HForVHF /UJHF rigs or accessories. All the informa- 
tion is here in one handy, concise directory with descrip- 
tions, technical specificatio idel numbers, retail 
prices and photogra hs. y do to get a license? 
How do you put a tion on the air? What trans- 
ceiver features are important to DXers? What equipment 
will you need for the new code -free license? These ques- 
tions and more are answered in feature articlies. Buy with 
confidence when you make your decisions based on all 
the facts. 
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You'll need the Antenna Buyer's Guide to squeeze 
every last dB out of your antenna dollars. Make sure you 
get the best possible antenna system for the best price! 
HF and VHF /UHF, direct'ional and omnidirectional, ver- 
tical and horizontal, mobile and portable -they are all 
covered in depth. Tuners., cables, wattrreters and more!! 
You'll find detailed charts, specifications :. photos and 
retail prices. Advice or getting the proper tower and 
antenna permits from a leading authority on PRB -1. Step - 
by -step guide to putting up your first beam! The bands 
are hotter than ever right now. You can't afford to wait. 

ORDER YOUR BUYER'S GUIDES TODAY! 

Don't miss the most valuable buying guides in the Amateur Radio field! 
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Ill MODERN ELECTRON/CS NEWS 
HANDS FREE FUN 'N' GAMES. Broderbund Software has introduced 
hands -free- control cartridges for Nintendo Entertainment Systems. 
With its "U -Force Power Games," a 4- games -in -1 cartridge, all the 
player has to do is wave his hands or turn his body to control 
game play. No wires, joysticks, or whatever. It operates without 
any external power source and works with more than 40 percent of 
existing games, allowing game play in an entirely different way. 
The U -Force costs from $70 to $80. Included are accessories, such 
as a firing handle combination to intensify play for certain 
games, as well as other enhancers. 

Selectech, Ltd., So. Burlington, VT, announces it has 
completed development of a novel remote control "mouse" for 
interactive video. The cordless device, called an "AirMouse," 
works in conjunction with an AirMouse base station mounted atop 
or at the side of the video monitor or TV set. Using digital 
infrared technology with a patented sensor, the single -button 
point- and -pick device is said to work like a conventional 
computer -type mouse, but with no set connection. 

PERSONAL COMMUNICATIONS. An Arthur D. Little survey predicts 
skyrocketing personal mobile communications services. Half of all 
U.S. households want to become part of such a revolution, 
according to the independent study. In the next three to five 
years, 12- million households will actually buy such services, the 
firm's telecommunications industy experts estimate. This goes 
beyond existing cellular offerings, with services linked into the 
public telephone network. It's expected that subscribers will 
carry and speak over pocket -size mobile phone sets rather than 
over telephones attached to walls. Accordingly, such personal 
communications services will provide people -to- people 
communications when they are not even near an office, home or pay 
telephone. 

There's a proposal out to the FCC to create a new "CD- 
quality" broadcast radio service for the automobile radio market. 
Satellite CD Radio (202- 408 -0080) made the application. Program 
material would be delivered over satellite facilities to existing 
broadcast stations that choose to operate as radio 
"superstations." This would require new CD car radio receivers 
and antennas. According to a spokesman, this car equipment would 
cost the owner less than $200. 

The Ford Motor Company annouces a national carrier airtime 
network as part of its launch of the Ford Cellular System. The 
airtime network will allow Ford dealers, who already offer 
factory -installed cellular phones for Lincoln cars, to activate 
the phones before delivering new vehicles. The Network consists 
of major carriers throughout the country. Subscribers will also 
receive a free 60 -day custom calling packing. 

CHALLENGING THE SPINNING -DISK METER. The 100 -year -old spinning 
disk electric utility meter long used by the industry is being 
challenged by electronics technology. A new technology, NetComm 
(Network Coimmunications), is Southern California Edison's 
experimental system to develop all- electronic meters to the 
utilities' computers via a network of packet- switching radios 
located atop street lights. The low -power transceivers use the 
900 -MHz band. Currently linking 1,000 Valencia -area customers, 
field tests include metering, monitoring and diagnostics. 



Which symbol 
represents a 

variable inductor? 

What is the principle disadvantage 
of neon lights? 

What are out -of -phase signals? 

Heath Video Courses 
speed your learning curve! 
Learn basic electronics at home at your own 

pace with four, 60- minute video tapes. Know 
the variable inductor symbol. Recognize a PN 

junction. Understand oscillator fundamentals. 
Clearly SEE what most basic electronic books 
can only describe. 

DC ELECTRONICS. Covers electron move- 
ment to troubleshooting and repairing a 

simple electronic circuit. EV- 3101 -A. 

AC ELECTRONICS. Follow -up to DC Electron- 
ics. Covers the principles of AC, voltage and 
electrical measurement. Includes motors, 
generators and test instrument meter 
movements. EV- 3102 -A. 

SEMICONDUCTORS. Complete the DC /AC 
videos and you're ready to learn how semi- 
conductor devices are made, plus the 
principles of discrete devices, integrated 
circuits & optoelectronic devices. EV- 3103 -A. 

ELECTRONIC CIRCUITS. Complete the basic 
course with amplifier configurations, biasing, 
coupling, audio amplifiers, closed -loop vs. 

open -loop operation and more. EV- 3104 -A. 

An activity- filled workbook and explanation 
of how to solve each problem comes with 
each tape so you learn three ways - video, 
workbook and hands -ori 

Order today! 
Call Toll free, 
24 -hours a day. 
1-800- 253 -0570. 

We accept VISA, 
MasterCard, American 
Express and Heath Revolving 
Charge card. Use Order Code 601 -019 

Heat 
Benton Harbor, MI 

Call for a FREE catalog 1- 800- 44HEATH. 
'Price does not include 
shipping and handling, 
or applicable sales tax. 
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'1111111 EDITORIAL 1111111=IM 
Never Buy a Zero 

Macintosh computer users are generally 
deeply attached to computing with the 
machine, it always seems to me. Is it be- 
cause of its graphical user interface 
(GUI), with easy -to- identify icons? May- 
be it's due to the interactive movement of 
the mouse, clicking on objects, dragging 
graphic symbols from one location to an- 
other, and not having to remember a host 
of disk operating system code letters and 
words to make things happen. 

Most Mac users are still working in 
monochrome, although I must admit 
that it's paper -white video is super. They 
paid a bundle for the machine and its pe- 
ripherals, too, while IBM -type computer 
prices are relatively low. But maybe this 
lends a sense of elitism to its proponents, 
endearing the computer and its innova- 
tive creators to them. Mac applications 
software is easier to learn and use, it's 
been said. And until the recent advent of 
Hewlett -Packard's LaserJet II, Post- 
script typography really only made sense 
with a Mac and a Postscript -type laser 
printer, both quite costly. But cost aside, 
one didn't have to wait forever for print 
output, and cursive type faces came out 
looking the way they are supposed to in- 
stead of the disfigurement caused by the 
dropping of dots. 

Recently, this all changed. With the 
H -P Model III, printer type fonts with 
serifs are automatically scaled so that all 
the dots are reproduced instead of being 
tossed out because some don't fit into a 
set frame. It's almost like having a 600 - 
dpi printer instead of having a 300 -dpi 
printer. The final touch, though is the in- 
troduction of Microsoft's "Windows 3.0." 

I never liked Windows in all its earlier 
incarnations: Too slow, klutzy- looking 
graphics, etc. But 3.0 transformed an ug- 
ly duckling into a princess. Working with 
it has brought me computing pleasure 
that I never had before with an IBM -type 
computer. Yes, the Mac owners certainly 
had reason to crow. 

In a way, they still do. After all, the 
cheapest Mac is built with a classy GUI. 
To approach it, an MS -DOS computer 
had better be equipped with plenty of 
memory and a mouse or trackball. And it 
can't be anything less powerful than a 
speedy 286 computer, although I would 
prefer at least a 386SX with a minimum 
of 2MB of memory. 

Add color (VGA as a minimum) to the 
above and wait a bit for some new appli- 
cations software designed to take advan- 
tage of Windows 3.0, and Macintosh bet- 
ter watch out. Graphics are splendid 
now. And the 640K DOS barrier is brok- 
en without muss or fuss. Moreover, it's 

got multitasking, virtual memory, a bevy 
of beautiful desktop accessories and a 
Paintbrush program that works in full 
color, not to mention a terrific Solitaire 
electronic card game that even impressed 
my non -computing wife. 

Admittedly, operating speed isn't 
breathtaking, although it's now suffici- 
ently fast to not be bothersome. And it's 
certainly a memory hog (6MB worth on 
your hard disk). Also, it works terribly on 
laptop computer LCD screens that are 
anything less than VGA paper white. But 
its pluses clearly overshadow these short- 
comings, which will have to wait for the 
OS /2 operating system to eliminate. It 
even has such niceties as COM3 and 
COM4 communication ports, network 
support and a very easy Setup program 
that does all sorts of things for you 
automatically. 

Windows 3.0's abbreviated terminal 
communications program is fine for any- 
one except true modem power users. It 
now supports binary file transfer with 
XMODEM and Kermit (University stud- 
ents and staff will appreciate the latter). 
The latest Windows version now has a 
dual -mode calculator, adding a scientific 
calculator that tech people will surely ap- 
preciate. A new recorder simplifies mak- 
ing macro programs by capturing key- 
strokes instead of forcing you to fight 
your way through various codes. In this 
vein, too, a text editor allows you to edit 
ASCII files without resorting to DOS's 
cryptic EDLIN. 

Windows 3.0 has worked flawlessly for 
me for the past month. The "fun" hasn't 
worn off yet, either. I still need another 
month or two to give Windows 3.0 a more 
thorough workout, of course, since there 
is so much to investigate. I haven't even 
loaded the runtime version of Toolbox by 
Asymetrix that's included with the new 
Windows, for example. With it, it's 
claimed that you can write your own ap- 
plications without being a programmer. 
We'll see about this and other things in a 
while. 

Thus far, for the first time, I believe I 

have a version of software with a zero ex- 
tension (3.0) that I can recommend. Prior 
to this, I witnessed DOS 1.0, 2.0, 3.0 and 
4.0 bomb out with major bugs or obsole- 
scence, as did all other software I know of 
whose version number ended in ".0." 
Never buy a zero? Well, there are always 
exceptions to the rule, I guess. 
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Product Update 
We would like to correct some informa- 

tion that got by us with regard to the B&B 
Electronics Model 232MSD modem se- 

curity device featured in the July 1990 
New Products section of Modern Elec- 
tronics. One is that the actual retail price 
of the unit is $149.95. The other is that 
automatic rate selection is from among 
300, 600, 1,200, 2,400, 4,800, 9,600 and 
19,200 baud. 

B &B Electronics Mfg. Co. 
Ottawa, IL 

Reader Feedback 
"Designing Oscillators" in the June 

1990 issue contained errors. In Equation 
[1], for example, the first "L" should be 
deleted. Equation [4] should read V. = 
V,A 01, Equation [5] should read A = 
V./V10 and Equation [8] should read A 
= Aoi /(V;A,01). In the paragraph just 
before the section on Wein -Bridge Oscil- 
lators, R4 should be equal to or greater 
than 29R1. Finally, the waveforms 
shown in Fig. 4(B) are 90 degrees out -of- 

phase, regardless of what the text states. 
Robert Smits, EE 

Lafayette, CA 
In the Basic Theory section of "Design- 

ing Oscillators (June 1990), I had a hard 
time following the derivation of the 
transfer function of the feedback net- 
work. A much simpler way is as follows: 

In the above diagram, Ayot and B are the 
gains of the amplifier and feedback net- 
work, respectively. Notice that V1 = 
BV.; V2 = Vi,, + Vt = V;o + BV.; and 
Vo = V3 = AroiV2. Substituting the ex- 
pression for V2 in the last equation, we 
get Vo = A,ot(Vio + BV.). Rearranging 
this last equation, we obtain Vo = 
(AotVio) /(1 - A113) and (Vo /Vio) = 

Avoi /(1 - A01B), which is the same as 
Mr. Carr's Equation [9]. 

Jerry VanWinkle 
University of Texas at Austin 

Math Feedback 
We were glad to see the flattering re- 

view of out Derive® symbolic math pro- 
gram for IBM PC and compatible com- 
puters in the May 1990 issue. Here are a 
few clarifications: 

Shift -PrtSc dumps a graphics screen to 
a graphics printer or to a file, provided a 
screen dumper or screen grabber is load- 
ed prior to loading Derive. Respective 
commercial examples of such programs 
are RaindropTm from Electric Systems 
(703-4.40-0064) and Pizazz P1usTM from 
Applications Techniques (508 -433 -5201). 
WordPerfectTM includes a grabber 
named GRAB, and WordTM 5.0 includes 
one called CAPTURE. 

The vector function produces a range 

(Continued on page 68) 

MCM ELECTRONICS STAYS 
`ON TRAÇK... 

Top Brands 
Competitive Prices 
Superior Service 

'All Aboard" MCM's new 196 -page catalog of over 15,000 in -stock electronic 
parts and components from Weller, Leviton, Switchcraft, Audio - Technica, 
Xcelite, Pioneer, PIC, GC, Sams -and lots more. Enjoy TOLL -FREE or 
FAX ordering, convenient hours, rapid order processing, and virtually 
unlimited customer service support, too. Don't wait! Get your ticket now! 

For A FREE, ONE -YEAR SUBSCRIPTION to the MCM Electronics 
Catalogs, Call TOLL -FREE, 1- 800 -543 -4330 

Say You Saw It In Modern Electronics 

MCM ELECTRONICS 
650 CONGRESS PARK DR. 
CENTERVILLE, OH 45459 -4072 

A PREMIER Company 

CIRCLE NO. 24 ON FREE INFORMATION CARD 

SOURCE NO. ME -55 
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For more information on products 
described, please circle the appropri- 
ate number on the Free Information 
Card bound into this issue or write to 
the manufacturer. 

Wrist-Watch Pagers 
Telephone paging has caught up to 
Dick Tracy with two recently an- 
nounced products from different 
companies. Motorola and Timex led 
the way with its land -mobile Wrist 
Watch Pager, with AT &E Corp. 
(Ogden, UT) and Seiko in the van. 

Motorola /Timex's user -friendly 
Wrist Watch Pager features separate 
controls for timekeeping and pager 
functions and weighs less than 2 ozs. 
Its nonvolatile memory stores mes- 
sages even when the pager is turned 
off, and a message -erase feature al- 
lows the user to delete all read mes- 
sages without affecting unread and 
protected messages. Message time - 
stamping displays the time a message 
was received on the LCD screen fol- 
lowing the actual message. 

The Wrist Watch Pager integrates 
the standard features of Motorola's 

Color Video Digitizer 
ComputerEyes Color Professional 
Series is a video digitizing system for 
the Macintosh II family of comput- 
ers from Digital Vision, Inc. (Ded- 
ham, MA). It consists of a NuBus 

ComputerEyes Color captures and 
displays 256 colors in 8 -bit mode and 
16.7 -million colors in 24 -bit mode. It 
provides a complete color image scan 
in 6 seconds. It also offers a preview 
window for permitting color capture 

COLOR VIDEO MONIER 
FON 
MACINTOSH COMPUTERS 

CüMvUT[RSt+rs 

board and software on 3.5 -inch disk- 
ette. The system captures high -reso- 
lution images by acquiring 640 x 
480 -pixel samples for display on ei- 
ther 8- or high -resolution 24 -bit dis- 
play systems. Images can be captured 
from any standard video source, in- 
cluding any NTSC composite or S- 

video source. It captures mono- 
chrome or color images with 8 or 24 
bits of color information per sample 
for near -photographic quality 
imaging. 

adjustments, including brightness, 
contrast and colors (which can be ad- 
justed before or after capture). 

This system is 32 -bit QuickDraw 
compatible and supports standard 
Macintosh color file formats, includ- 
ing 1 -, 8- and 24 -bit PICT and TIFF 
formats for use in popular color 
graphics programs. It also optionally 
captures and displays monochrome 
images and supports the standard 
black- and -white formats (TIFF, 
PICT and MacPaint) for use in desk- 

top publishing and other applica- 
tions in which monochrome images 
are required. 

System requirements include: any 
NuBus computer, 2 MB of RAM, a 

3.5 -inch floppy -disk drive and 8- or 
24 -bit color graphics display capabil- 
ity. $449.95. 

CIRCLE. NO. 33 ON FREE INFORMATION CARD 

Digital Vision also has a version of 
ComputerEyes Professional Series 
video digitizer for capturing real - 
world, high -resolution (640 x 480 - 
pixel) color images from any stan- 
dard, Super -VHS or 8 -mm camcord- 
er on IBM PC and compatible com- 
puters. It does this at up to 24 -bit 
(16- million -color) palette depth. 
Captured images are displayed in 
standard EGA, VGA or Super -VGA 
with no additional hardware. 

This version of ComputerEyes/ 
Pro supports PCX, IFF, Targa 
TGA, TIFF, ColorRix, Windows 
and other formats, with full 24 -bit 
color images possible in TIFF and 
Targa formats. A developer's soft- 
ware kit with object module and 
DOS call -able routines available. 
The kit offers developers the ability 
to easily incorporate image scanning 
capabilities directly into their appli- 
cations. $449.95. 

CIRCLE NO. 34 ON FREE INFORMATION CARD 
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cordata 
386SX COMPUTER 

WITH VGA MONITOR 

.... .-- 

100% IBM compatible. 
- 80386SX -16/8 MHz speed, zero wait 

state, upgradable to 20 MHz. 
One 3 -1/2" 1.44 MB floppy disk drive. 
One 5 -1/4" 1.2 MB floppy disk drive. 
40 MB hard drive /28 millisecond 
access time. One MB RAM on 
motherboard, expandable to 8 MB. 
Expansion slots: three 16 -bit IBM AT 
compatible accessory slots; one 8 -bit 
IBM PC /XT compatible accessory slot. 
Three 1/2" peripheral bay. 
Built -in VGA video support. 
Battery backed real time clock/calendar. 
One serial port. One parallel port. 
80387SX -16 math co- processor socket. 
101 key detachable IBM style keyboard. 
Phoenix BIOS. Includes MS -DOS 4.0. 
Dim.: 16 "W x 18 "D x 5 "H. 
Model #: CPC8248. Does not include 
software shown on screen. 
1 Year Warranty through Cordata. 
Factory New! Factory Perfect! 

VGA monitor: 
14" non -glare color monitor. 
100% IBM compatible. 
42 mm 

Mfr. Sugg. Retail: 
dot pitch. 
256 colors. $2,968.00 
Resolution: 
640x480. 
Dim.: 
14.72 "W 

DAMARK PRICE: 

$149999 
x 12.40 "H Item No. B- 2243 -143578 
x 15.64 "D. Insured Ship /Hand.: $49.00 

FOR FASTEST SERVICE 
CALL TOLL FREE 

1- 800 - 729 -9000 
VISA MasterCard) 

DAMARK INTERNATIONAL, INC. 
7101 Winnetka Ave. N., Minneapolis. MN 55428 -1619 

Customer Service 612 -5310082 

Please rush me: Cordata Computer(s) 
@ $1499.99 each, plus $49.00 s/h each. 

Item No.B- 2243 -143578 
MN res. add 6% sales tax. 

Name 

Address 

City,State Zip 

D Check/MO D VISA D Master Card D Discover 

Card No 

Exp. Date / Ph N ( ) 

Signature 

Copyright 1990 DAMARK International. All rights reserved. 

DELIVERY TO 48 U.S. STATES ONLY 

pagers with those of a digital wrist 
watch. Its two -line LCD window dis- 
plays time in 12- or 24 -hour format, 
day of week and date. While reading 
a message, the time display is re- 
placed with the message received. 

CIRCLE NO.35 ON FREE INFORMATION CARD 

The AT &E Seiko Receptor Mes- 
sageWatch allows messages to be ini- 
tiated by telephone, called in to a lo- 
cal Receptor Message center, which 
then broadcasts the message over an 
FM subcarrier for readout by the 
wearer of the MessageWatch. Service 
for this Receptor Message center sys- 
tem is initially targeted for 52 cities 
nationwide and, ultimately, can be- 
come worldwide. 

A unique miniaturized receiver is 

built into the case, an antenna into 
the wristband of the watch. The Mes- 
sageWatch displays and stores a vari- 
ety of messages (messages are num- 
bered, and the eight most -recent ones 
are stored in memory, along with 
message number and time received), 
including alphabetic ones and tele- 
phone numbers designated by the 
caller. Messages can also be coded as 
urgent. In addition to displaying day, 
date and time, the MessageWatch 
keeps track of two different times. It 
automatically corrects the time 48 
times per day, based on the National 
Bureau of Standards' atomic clock, 
in areas where AT &E's ReceptorTM 

Personal Communication System 
(PCS) network is operational. 

When a message is received, a beep 
sounds and the message appears in 
the display. The beep can be turned 
on and off. Subscribers can contact 
the Receptor Message Center to re- 
trieve their messages for up to 48 
hours after transmission and to en- 
ter, change or delete their passwords 
and privacy numbers. Messages can 
also be forwarded to other cities 
where Receptor PCS is available. 

MessageWatch has four control 
buttons. TIME is for setting time in 
the secondary time zone. LOCK locks 
and unlocks the time mode. ROAM 

activates the frequency scanner to lo- 
cate the FM signal in a new Receptor 
Service area. MESSAGE permits re- 
view of the up to eight messages 
stored in memory, message number 
and date and time received. $225, 
MessageWatch; $12.50 per month, 
messaging service charge. 

CIRCLE NO. 36 ON FREE INFORMATION CARD 

Function Generator 
Beckman Industrial's new Model 
FG2A portable function generator 
generates sine, square and triangle 
waves over seven frequency ranges 
that cover from 0.2 Hz to 2 MHz. It 
features both TTL -pulse and adjust- 
able low- distortion outputs in all 

three waveforms. Pushbutton switch- 
es are provided for enabling and dis- 
abling power and selecting frequency 
range and waveform. 

A Duty Cycle control allows the 
user to change the nominal 50°/o duty 
cycle of the signal to any desired val- 
ue. A DC Offset control adds a varia- 
ble dc offset voltage to the output sig- 
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No other training 
anywhere shows you 

service computers 
Only NRI walks you through the 
step -by -step assembly of a powerful 
AT- compatible computer system 
you keep- giving you the hands -on 
experience you need to work with, 
troubleshoot, and service all of today's 
most widely used computer systems. 
With NRI at -home training, you get everything you need 
to start a money- making career, even a computer service 
business of your own. 

NEW! 
Now includes 
AT- compatible 

computer with 1 meg 
RAM and 20 meg 

hard drive! 

No doubt about it. The best way to 
learn to service computers is to 
actually build a state -of -the -art 
computer from the keyboard on 
up. As you put the machine 
together, performing key tests and 
demonstrations at each stage of 
assembly, you see for yourself how 
each part of it works, what can go 
wrong, and how you can fix it. 

Only NRI, the leader in career - 
building electronics training for 
more than 75 years, gives you such 
practical, real-world computer 
servicing experience. Indeed, no 
other training -in school, on the 
job, anywhere -shows you how 
to troubleshoot and service 
computers like NRI. 

You get in- demand 
computer skills as you 

train with your own 
AT-compatible computer 

system -now with 20 meg 
hard drive and 1 meg RAM 

With NRI's exclusive hands -on 
training, you actually build and 
keep the powerful new AT- 
compatible West Coast 1010 ES 

computer, complete with 1 meg 
RAM and 20 meg hard disk drive. 

You start by assembling and 
testing the "intelligent" keyboard, 
move on to test the circuitry on the 
main logic board, install the power 
supply and 5 -1/4 " floppy disk drive, 

then interface your high - 
resolution monitor. But 
that's not all. 

Only NRI gives you 
a top -rated micro 
with complete 

training built into 
the assembly 

process 

Your NRI hands -on 
training continues as 
you install the powerful 
20 megabyte hard disk 
drive -today's most - 
wanted computer 
peripheral- included 

HARD DISK DRIVE 
20 megabyte hard 
disk drive you 
install internally for 
greater disk storage 
capacity and data 
access speed. 

DIGITAL 
MULTIMETER 
Professional test 
instrument for 
quick and easy 
circuit 
measurements. 

AT- COMPATIBLE 
COMPUTER 
80286 CPU (12 MHz 
clock, O wait states), 1 

meg RAM (expandable 
to 4 meg), 1.2 meg 
high -density flopp 
disk drive. 

LESSONS 
Clearcut, illustrated 
texts build your 
understanding of 
computers step by 
step. 

in your course to 
dramatically increase your 
computer's data storage capacity 
while giving you lightning -quick 
data access. 

Having fully assembled your 
West Coast 1010 ES, you take it 
through a complete series of diag- 
nostic tests, mastering professional 
computer servicing techniques as 
you take command of the full 
power of your computer's high- 
speed 80286 microprocessor. 

In no time at all, you have the 
confidence and the know -how to 
work with, troubleshoot, and 
service every computer on the 
market today. Indeed, you have 
what it takes to step into a full -time, 

SOFTWARE 
Including MS -DOS, 
GW- BASIC, word 
processing, 
database, and 
spreadsheet 
programs. 

money -making career as an 
technician, even start a computer 
service business of your own. 

industry 

Voice synthesis 
training adds an 

exciting new dimension 
to your computer skills 

Now NRI even includes innovative 
hands -on training in voice syn- 
thesis, one of today's most exciting 
and widely applied new develop- 
ments in computer technology. 

You now train with and keep 
a full- featured 8 -bit D/A converter 
that attaches in -line with your 
computer's parallel printer port. 



in school, on the job, 
how to troubleshoot and 
like NRI 
MONITOR 
High -resolution, 
nonglare, 12" TTL 
monochrome 
monitor with tilt and 
swivel base. 

TECHNICAL 
MANUALS 
You get "inside" 
your Packard Bell 
computer system 
with exclusive NRI 
Training Kit Manuals 
plus technical specs 
direct from the 
manufacturer. 

DISCOVERY LAB 
Complete 
breadboarding 
system to let you 
design and modify 
circuits, diagnose and 
rchair faults. 

DIGITAL 
LOGIC PROBE 
Gives you first -hand 
experience analyzing 
digital circuit 
operation. 

Using your D/A converter along 
with the exclusive text -to- speech 
software also included, you explore 
the fascinating technology behind 
both digitized and synthesized 
computer speech. 

You discover how you can 
use your computer to access and 
play back a variety of prerecorded 
sounds ... you see how to add 
speech and sound effects to 
programs written in BASIC, C, 
Pascal, and others ... you even 
learn how to produce high- quality 
speech directly from your own 
original printed text. 

NRI's exclusive new hands -on 
training in voice synthesis is just 

one more way NRI gives 
you the confidence- 
building experience you 
need to feel at home with 
the latest advances in 
computer technology. 

No experience 
needed, NRI 
builds it in 

You need no previous 
experience in computers 
or electronics to succeed 
with NRI. You start with 
the basics, following 
easy -to -read instructions 
and diagrams, moving 
step by step from the 
fundamentals of elec- 
tronics to sophisticated 
computer servicing 
techniques. 

With NRI's unique 
Discovery Learning 
Method, you're sure to 
get the kind of practical 
hands -on experience 
that will make you fully 
prepared to take 

MAß/ 
1 

1 
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1 
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advantage of every opportunity 
in today's top -growth field of 
computer service. 

With NM, you learn at your 
own pace in your own home. 
No classroom pressures, no night 
school, no need to quit your 
present job until you're ready 
to make your move. And all 
throughout your training, you 
have the full support of your 
personal NRI instructor and the 
NRI technical staff. 

Your FREE 
NRI catalog tells more 

Send today for your free full-color 
catalog describing every aspect of 
NRI's innovative computer training, 
as well as hands -on training in 
robotics, video /audio servicing, 
telecommunications, electronic 
music technology, and other 
growing high -tech career fields. 

If the coupon is missing, 
write to NRI School of Electronics, 
McGraw -Hill Continuing Education 
Center, 4401 Connecticut Avenue, 
NW, Washington, DC 20008. 
AT is a registered trademark of International Business 
Machines Corporation 

=I NM I= MI MO =I MN 

School of 
Electronics 

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

CHECK ONE FREE CATALOG ONLY 

Computers and Microprocessors 
Robotics 
TVNideo /Audio Servicing 
Computer Programming 

1:111 

For career courses approved 
under GI Bill 

check for details 

Security Electronics 
Electronic Music Technology 
Basic Electronics 
Telecommunications 

Name (Please Print) Age 

Address 

City/State /Zip 
Accredited Member, National Home Study Council 



THE 

Battery operated 
InfraRed Detector 

Parts Express introduces 
the first Battery 
operated InfraRed 
Detector pen. 
This compact 
device will 
instantly 
confirm 
operation 
of infrared 
emitting 
prod- 
ucts. 

Indi- 
cates 

presence 
of infrared 

in normal 
light. Slim 

design easily 
reaches IR 

emitters on 
crowded VCR 

circuit boards. This 
low cost and easy to 

use instrument will 
soon become standard 
equipment for all techni- 
cians in the consumer 
electronics repair 
industry. 

CALL TOLL FREE 

1- 800 -338 -0531 
Parts 

EX iVgs 

340 E. First St. 
Dayton, Ohio 45402 
Phone: 513-222-0173 
FAX: 513- 222 -4644 

CIRCLE NO. 26 ON FREE INFORMATION CARD 

NEW PRODUCTS ... 
nal. A VCF input permits the output 
frequency to be controlled with an 
external dc control voltage, a feature 
useful for generating 1000:1 or 1:1000 
sweep signals. 

Housed in a durable case, the 
Model FG2A also features a cushion - 
grip carrying handle that doubles as a 

tilt stand on the benchtop, rear cord 
wrap posts and a recessed area in the 
cover for easy stacking of multiple 
units. $215. 

CIRCLE NO. 37 ON FREE INFORMATION CARD 

Solder Removal Braid 
Solder Removal Co. (Covina, CA) 
now has Soder -Wick Brand Fine - 
Braid with water -soluble flux that 
eliminates the need for CFC solvents. 
With appropriate pH and holding 
medium, the flux coating acts as a 
mildly- activated flux. Residue is re- 
moved by applying de- ionized water 
and brushing. Fine -Braid is braided 
with highest -purity, fine -gauge 
strands of pure copper wire and fea- 

Power Inverter Line 
Statpower Technologies Corp. (Point 
Roberts, WA) has introduced a line 
of dc-to-ac power inverters designed 
for use by computer users. Its Pocket 
Power Inverter and PROwatt 600 
permit ac- powered equipment, in- 
cluding laptop computers, printers, 
fax machines, scanners, monitors 
and other peripherals to be operated 
from any 12 -volt dc source that has 
sufficient current -delivery capabili- 
ty, such as the electrical system of a 
motor vehicle. Both units require a 
dc input of 10 to 15 volts and output 
115 -volt modified sine -wave output. 

The PC100 + Pocket Power Invert- 
er provides 200 watts peak and 100 
watts of constant power to a single ac 
receptacle. It has an efficiency rating 
of 90% and no -load current draw of 
0.06 ampere. An audible alarm sounds 
when the input drops to 10.7 volts 
and automatic shutdown occurs 
when the input drops to 10 volts, ven- 
tilation is inadequate or an overload 
occurs. This compact 14 -oz. unit (it 

measures 4.5 " x 3.5 " x 1.2 ") is said 
to run most laptop computers and 
has been tested and approved by such 
manufacturers as Toshiba, Mitsubi- 
shi, NEC and others. $179.95. 

The PROwatt 600 is said to pro- 
vide enough power for a complete 
mobile office, including simultan- 
eous operation of a computer, print- 
er and fax machine. It is also claimed 
to provide enough power to operate 
hand power tools, kitchen appliances 
and a wide range of electronic equip- 
ment. This compact 5 -1b. unit (it 
measures just 10" x 9" x 3 ") devel- 
ops 800 watts of continuous power 
for about 10 minutes to run small mi- 
crowave ovens and other high -power 
appliances. It sounds a low- battery 
alarm when the input drops to 10.7 
volts and automatically shuts down 
when the input drops to 10 volts. The 
unit also automatically shuts down 
when over -temperature, overload 
and short -circuit conditions are de- 
tected. It is claimed to be able to safe- 
ly deliver a surge of 1,500 watts to 
start high -power equipment. $449. 

CIRCLE NO. 38 ON FREE INFORMATION CARD 
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tures an optimized weave pattern and 
lowest level of residue impurities on 
the surface. No oxides or hydrocar- 
bons are released by application of 

heat. Ranging in width from 0.03 " 

(size 1) to 0.21 " (size 6), Fine -Braid is 

available in 5 -, 25 -, 50 -, 100- and 
500 -foot bobbins with standard and 
ESD packaging. 

CIRCLE NO.19 ON FREE INFORMATION CARI) 

High -Tech Music System 
Bose has a new LifestyleTM Music 
System that can be tailored to the 
user's needs. The unobtrusive high - 
performance system features multi - 
zone capability and control from 
anywhere in a home via an r -f remote 
controller. The system consists of 

'w 

physically small components. The 
main component is a Lifestyle Music 
Center that contains an AM /FM tun- 
er, CD player and microprocessor. 
Amplifiers are not part of the Con- 
trol Center; rather, they are built into 
each speaker system used. 

Where top audio performance is 

required, Bose has the Powered 
Acoustimass® speaker system that 
contains a 100 -watt amplifier in the 
bass module and two 50 -watt ampli- 
fiers in the individual cube speaker 

arrays. Built -in active electronic 
equalization provides tonal balance. 
Patented Dynamic EqualizationTM 
ensures proper tonal balance, even at 
"background" listening levels. The 
bass module also has controls for ad- 
justing bass and treble to match the 
acoustics of a given room. For secon- 
dary listening areas, such as a kitch- 

en, bedroom, etc., the Powered Life- 
style Speaker are available. Each 
contains a single Helical Voice Coil 
(HVC) driver and its own separate 
power amplifier, equalization and 
volume control. 

Use of the multiple -room capabili- 
ty makes it possible to create two sep - 

(continued on page 77) 

ELENCO & HITACHI PRODUCTS 
AT DISCOUNT PRICES 

.1 RSOs (Real -Time & Storage Oscilloscopes) From HITACHI ,t, Compact Series Scopes 
NS The RSO - its the new solution Fi$9 'tl ., Delayed Sweep View, Acquire, Test, Transfer and Document Your Waveform Data ,_ - 

LLight 4- Channel, 100M5/s Model Introductory Price ,}. :: - 
Senns 

ghlwe (1310s) 

100MSis (25MS75 on 4 channels simultaneously), 100MHz, 4kw s Ich., 2kw x 2ch., Ikw x lath, VC -6145 $ 4,695.00 3 Y Warranty 

Compact, Full Feature Models 
Model V-1065 

40MSIS, 100MHZ, 41w x 1ch., 2kw x 2ch. VC -6045 S 3,049.00 Shown 
20MSis. 50MHz, 2kve x 2ch. VC -6025 1 2,295.00 This series provides many new functions such as CRT 
Low Cost /High Value Models Readout, Cursor measurements (V- 1085/1065/665), 

2OMSls, 50MHz. 2kw x 20. VC -6024 $ 2,049.00 Frequency Ctr (V- 1085), SweepLme Autoranging and 

20M5/s, 20MHZ, 2kw x 2ch. VC -6023 $ 1,749.00 Trigger Lock using a 6-inch CRT. You don't feel the 

RSOs from Hitachi feature such functions as roll mode, averaging. save memory, smoothing, interpolOgn,pretrggeri,g, compactness in terms of performance and operator. 

cursor measurements, plover interlace, and RS-232C interlace. With the comfort of analog and the power of dgrtal. V -660 60MHz Dual Trace $1,195 

1 te. 
r. V -212 Hitachi Portable Scopes V -665 60MHz Dual Trace w/Cursor $1,345 

a,. 
-' , 

a 
$435 DC to 50MHz, 2- Channel, DC offset V -1060 100MHz Dual Trace $1,425 

k 
"se DC to 20MHz function, Alternate magnifier function V -1065 100MHz Dual Trace w/Cursor $1,695 

Dual Channel V -525 CRT Readout, Cursor Meas. $1,025 V -1085 100MHz Quad Trace w/Cursor $2,045 
V -523 Delayed Sweep $995 V -1100A 100MHz Quad Trace w /Cursor $2,295 

V -422 40MHz Dual Trace 8795 V.522 Basic Mode, 5895 V -1150 150MHz Quad Trace w/Cursor $2,775 

20MHz Elenco Oscilloscope FREE DMM Elenco 35MHz Dual Trace 

$375 with purchase of GOOd to 50MHz $495 
MO 1252 - I ' MO -1251 ANY SCOPE High luminance 6' CRT 

Dual Trace ,e',. tit', È ImV Sensitivity 
Component Tester SCOPE PROBES b. WVAcoeleralionVoltage 

' 6. CRT 4 lOns Rise Time 
P -1 65MHz, 1x, 100 S19.95 

-r. 
` x,Y Operation t . $ # X Y 

Delayed 
True Z Axis 

TV Sync P -2 100MHz, lx, 10x 523.95 r Dtl yed Triggering Sweep 
e 

2 20-1 Probes 
_a. Includes 2 P.1 Probes 

All scopes include probes. schematics, operators manual. and 3 year (2 yrs for Elenco scopes) world wide warranty on parts 8 labor. Many accessories available for all 
Hitachi scopes. Call or write for complete specifications on these and many other fine oscilloscopes. 

WE NOW 
CARRY 

COMPLETE LINE 
OF 

FLUKE 
MULTIMETERS 

Models 
21F 83 

23F 85 

25F 87 
27F 806Á 

80608 
75 8062A 
77F Mare 

CALL FOR 

SPECIAL PRICING 

true RMS 4 1/2 am Digit Munimeter 
M -7000 

5135 
os.1 oc Accenace 

.1% Resistance 

` with Freq. Counter 

_ 
and deluxe cue 

10 Function 
Mill Multimeter 

t "" . CM -365 

Voltage 

$65 A 
A 

AC e a B Amps 

Died. Legk B Trans kill 
de. 

Logic, 

lornstest 

capacitance to 200uF 

Digital Capacitance Meter 
AIM CM -1 

$58.95s 

pi 20 OOOVM 

.5 

Zero control Zaro mmrd t wth case 

Dig Rol LCR Meter 

ll 
LC-I801 

5125 

Canis 1 uM 200H 

caps 1ps20Wl 
Res Ot @W 

Function Generator x9600 Blox 

$za.95 

mvides s rte li orriople square 
ve Irom IHZ Id IMHZ wa 

AM or FM capability 

Triple Power Supply XP -620 
Assembled $65 

IN $IS It 21015V et 1A, 

2 to 151/ al IA 

to, 4 to 30V at 1A) 

and 5V tl 3A 

Contains all the dell ed features for doing experiments. 
Feature, shod circuit protection all supplies. 

Wide Bond S nal Generators 

!e 
SG -9500 a 

SG -9000 
.1 $129 129 

RF F 10a1.45UMHz 
- ell Modulation of IKHz 

e. 1 E ' Variable RF output 

Digital Display and t 50MHz bulli -In Counter s2Á9 

Soldering Station 
Controlled 

SL-30 $99 i.) SL 3O arisgpel 

Temp 
F F F 

e. Grounded lip 
nayprotoa 

Color Convergence Generator 
SG -200 

Finest in the Industry 
IO rock deadypalloro $x9.95 

10MHz Oscilloscope 
,.. S -3000 } $275 

Temperature Probe 
M -110CF . $29.95 

Semiconductor 

Fes mod t,^p 
digital muKmelers '5° "02F 

Autoranging DMM 
M-5000 

$45 
9 Wndbns 
Memory and 
Dale 

ecc 
31/2 digit LCD 

taw, DC or AC 
rigger 

Tit lLraled Veit & Hn 
Reads Volts B Freq 

AC Currant Mater Decade Blos Quad Power Supply XP -580 LEARN TO BUILD AND PROGRAM 
ST -1010 

$69.95 

1000 Amps 

Data s Peak hold 
B Functions 

Deluxe Cane 

119610 or 

$18.95 
new RMleno Moe 

47 do Io IMa10a(pa 
48820 Capade Not 

4701 to 10MFD 

$59.95 
220V tl 2A 

1Ái 
zv XI u 

- rm. }.' 
s.. sv n 5A '..'i. 

-SV tl.SA 

Fully regulated and short trait protected 

XP575 alteut matara $39.95 

COMPUTERS WITH THIS Kin 
INCLUDES: AB Parts, Assembly and Lesson Manual 

Model 
MM-$000 

$129.00 

Digital Triple Power Supply XP -765 

$249 
GF -8016 Function Generator 

with Freq. Counter srarong kom saaen you it a compete system. cur k iw.Masu 
trainer dies you acume into RAM, ROk4W e0e6mbcgoua. __ o-2OVtl to 

e. 404 0.20V al 1A 

eheN 48e 4et PE RV re 5A 

Fuly regulated, snort p roan prdedsa with 
2 lime control, 3 separate supplies separ 

OP -660 Willy Analog Ratan $175 

$249 
$Ina g., TCOIN 

Pulse, Ramp 2 to 2MHz 
Fred Counter .1 10MHz 

GF801$ without Freq. Maur 1179 

sor which uses similar mxMne Language as IBM PC Y e i whets M 
Waal instructions to tea Ve Bass PVrs.or toppp/t1 ,toolend store Mesa 

x 
ROM Teaches all 

about ,,pm and O0 ,l porn co,,,,,,, 
in permanent memory m a 2016 

and ream her: to scan keyboed and display No P.O. =mauler 
knowledge required Simple easy m uderwnd enn009o, awakes you 

in machine luaus,. mum 
KIT FOR ABOVE (MM -8010) $71.95 

WE WILL NOT BE UNDERSOLD! C & S SALES INC. UPS Shipping. 48 Slates 5% 
1245 Rosewood, Deerfield, II, 60015 

($10 Max) IL Res., 7% Tax -. (800) 292 -7711 1708) 541 -0710 

15 Day Money Back Guarantee 
2 Year Warranty ' -ceon bectoc -.o --e 

WRITE FOR FREE CATALOG 

CIRCLE NO. 17 ON FREE INFORMATION CARD 
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Communications 

A Ground 
Communication System 

Transmit and receive Morse code and voice signals 
with this "clandestine " system that uses the earth as 
the communication medium 

By Joseph O'Connell 

The technique of communi- 
cating through the earth was 
used to great effect by the 

French during WWI and amateur ra- 
dio operators during WWII when 
they were forced to leave the air. 
Though through -ground communi- 
cations came into existence as the re- 
sult of armed conflict, it has peace- 
time uses as well and, as a result, 
never died out. Today, the primary 
application of underground commu- 
nication remains as a short -range 
way to send and receive messages. 

The very nature of the operation 
lends an almost -clandestine flavor to 
the hobby. 

If you and a friend live within 
about a quarter of a mile or so of each 
other, you can communicate through 
the earth. This method of communi- 
cating does not use radio frequencies 
and does not propagate through the 
air as r -f does; thus, it requires no li- 

cense and no expensive radio gear. In 
fact, you probably already have all 
the equipment needed to communi- 
cate through the earth on hand. All 
you need to do is to adapt it for this 
exciting hobby. 

Setting Up a Station 
To be able to communicate through 
the earth, at least two stations must 
be established. Furthermore, two 
conductive paths are required to car- 
ry voice or code signals between 
stations. 

One conductive path can be the 
cold -water pipe at the station loca- 
tion, assuming all stations are con- 
nected to the municipal water- deliv- 
ery system and are in common elec- 
trical contact with each other. If you 
live in an area where there is no muni- 
cipal water system, you can still use 
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this method of communicating, but 
you will have to establish a good 
ground system yourself. Later on, we 
will give full details on how to go 
about this. 

The second conductive path is 

formed by driving a metal stake into 
the ground at each station's location. 
The conductive path then exists be- 
tween the stations, through the earth. 

A third conductive path can be 
added to each station, in the form of 
an extra stake driven into the ground 
to eliminate the push -to -talk ar- 
rangement encountered in simplex 
communication techniques. 

Shown in Fig. 1 is an illustration of 
the simplest ground- communication 
arrangement. This particular setup 
offers the easiest way to try out this 
communication technique. It uses 
only a cold -water pipe for ground 
and one additional stake. 

When setting up a ground system, 
you can use the cold -water pipe in 
your home if it goes to a municipal 
water -delivery system. If there is no 
municipal water system in your com- 
munity, you must drive a separate 
stake to make the required ground 
connection. If you must use a separ- 
ate ground stake, drive it into the 
ground so that it goes as deep and 
touches as much earth as possible. 
Typically, a 4 -foot length of galvan- 
ized steel pipe, rod or angle iron 
should be minimum length for the 
stake. Drive the stake all the way into 
the ground with a heavy hammer. 

For an even better ground, it is ad- 
visable that you dig a hole and bury 
some sheet metal or other conductive 
materials at the bottom of the hole, 
touching moist earth to provide a 
large surface contact area. Thorough- 
ly wet down the hole and refill it with 
the removed soil. Solidly tamp down 
the soil and saturate it with water. 
Then drive the stake into the midst of 
the buried conductive material to ob- 
tain good electrical contact. 

If you use a steel rod or pipe, be 
sure to fasten a cross -piece to the top 
of it, as shown in Fig. 2. This cross- 
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ELECTRICAL GROUND 

Fig. 1. How to set up an earth station using a one "hot" stake approach. 

piece has nothing to do with the com- 
municating ability of the system. 
Rather, it provides a convenient han- 
dle for pulling up the stake if you re- 
locate it in the event you encounter 
buried rock or other obstacles that 
cannot be penetrated while driving 
the stake. Do not be surprised if you 
have to make two or more tries at 
driving the stake to have it go all the 
way into the ground. In most loca- 

tions, especially where the soil is 

tightly packed and has a high clay 
content, more than one try is to be 
expected. 

Locate the signal or "hot" stake as 
far away from the cold -water pipe (or 
stake) ground as possible. Consider 
not only where the water pipe enters 
your house from the municipal sup- 
ply, but also how it runs out to the 
pipe in the street. In addition, when 

Fig. 2. Be sure to provide some way to remove your ground stake, like the cross- 

piece shown at the top of the stake in this photo, in case it must be relocated. 
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Fig. 3. Aerial view diagram of a typical suburban plot shows direction of strong- 
est communication for two different "hot" stake positions relative to the ground 

used in the system. 

using a cold -water pipe as a ground, 
take into consideration your neigh- 
bors' cold -water pipes and treat them 
in the same manner, since they are in 
electrical contact with your own. 
You also want the stake and water - 
pipe ground arranged so that a line 
connecting the two will be perpendi- 
cular to an an imaginary line between 
your and your friends' houses. Fig- 
ure 2 shows how the direction of 
strongest communication depends on 
the location of the stake and cold- 
water pipe. 

Check the quality of the ground 
stake by measuring the impedance 
between it and the water -pipe (or 
stake) ground. The measured imped- 
ance should be between 20 and 60 
ohms at 1 kHz. The lower the imped- 
ance figure, of course, the better the 
ground. Measure the impedance in 
both directions (that is, take a read- 

ing and then reverse the meter leads 
to obtain a second reading) and take 
the average of the two readings. This 
two -reading cancels out the effect of 
any direct current flowing between 
the two grounds. 

Owing to the fact that ground com- 
munication is at low audio frequen- 
cies, no fancy transmission line is re- 
quired. You can run ordinary heavy - 
duty speaker -type zip cord between 
the "hot" stake and your house; like- 
wise if you had to drive a separate 
ground stake in lieu of using a cold- 
water pipe as a ground. Because you 
will be pumping 40 watts or more of 
power into the earth, use at least 18- 

gauge zip cord. 
The line between the "hot" stake 

and your house will be at nearly 
ground potential and is not likely to 
pick up interference, unless it passes 
near a very powerful source of r -f or 

other electromagnetic radiation. If 
you encounter excessive electrical in- 
terference, use heavy -duty shielded 
cable between the "hot" stake and 
your house. 

In addition to the stake(s) and 
transmission line, you need a stereo 
integrated amplifier and a few other 
components to complete your sta- 
tion, as illustrated in Fig. 1 and speci- 
fied in the Bill of Materials. One am- 
plifier channel is used to amplify the 
output from a microphone for trans- 
mission, the other to amplify the sig- 
nal from the ground during reception. 

The best amplifiers to use for 
ground communication have separ- 
ate left- and right -channel volume 
controls that permit you to leave 
transmission volume at maximum 
while allowing you to adjust receive 
volume as needed. In the absence of 
separate volume controls, you can 
use the balance and volume controls 
to obtain roughly the same effect. Of 
course, for maximum communica- 
tion distance, use the most powerful 
amplifier you can get your hands on. 

Both transmission and reception 
require impedance- matching trans- 
formers. These increase communica- 
tion range and isolate the electronic 
equipment from the small dc current 
that almost always flows between 
earth grounds. 

For reception, you must match the 
low impedance of the ground to the 
high input impedance of most ampli- 
fiers. Use a transformer that offers 
good fidelity, such as a small speaker 
output transformer. Connect its 4- or 
8 -ohm secondary winding across the 
tie points to the earth and its 
1,000 -ohm primary winding across 
the input to the amplifier. 

For transmission, the transformer 
needed has less of an impedance dif- 
ference to contend with. However, 
this transformer must be able to safe- 
ly handle the high output power of 
the amplifier being used. Though a 
transmit transformer is not absolute- 
ly essential, it helps the amplifier de- 
velop its full rated power into the 
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Fig. 4. How to set up an earth station using two "hot" stakes to provide simulta- 
neous transmit /receive operation. 

higher impedance of the earth. 
This author has had a great deal of 

success using power transformers 
with 50- to 70 -volt secondary wind- 
ings. With their 117 -volt primaries, 
such transformers offer an imped- 
ance ratio of about 1:2, which is al- 
most ideal for matching the 8 -ohm 

output of the amplifier to the 30 -ohm 
impedance of the earth. Regardless 
of its secondary voltage rating, the 
transformer must be able to safely 
handle the power developed by the 
amplifier. Any transformer with a 
secondary current rating of 5 am- 
peres or more should work. How- 
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Fig. S. Frequency- response plots of the earth made during tests. 

ever, be sure you can connect an os- 
cilloscope across the output while 
you are transmitting so that you can 
check to make sure the transformer is 

not saturating on signal peaks. 
So far, only the one "hot" stake 

configuration has been discussed. 
This approach requires a push -to- 
talk switch that alternately connects 
a single "hot" stake between the 
transmitting and receiving trans- 
formers, as shown in Fig. 1. Without 
this switch to disconnect the receiv- 
ing section when you transmit, the 
amplifier would be damaged or you 
would get tremendous feedback. 

Good switches for this application 
are spdt microswitches that require 
very little effort for switching and 
have contacts that can safely carry 
the full transmitting power devel- 
oped by your amplifier. You can use 
such a switch as -is or connect to it a 
lever that is easier to press than is the 
tiny button typically supplied on 
these switches. 

Use of separate transmit and re- 
ceive "hot" stakes allows you to 
communicate without having to con- 
stantly push a switch to talk and re- 
lease it to listen. Such an arrange- 
ment is illustrated in Fig. 4. 

Having more than one "hot" 
stake also allows you to orient your 
stakes in relation to the water pipe to 
permit you to transmit and receive in 
different directions. The two stakes 
shown in Fig. 3 have different opti- 
mal directions for communication, 
based on their positions in relation to 
the water -pipe ground. Either stake 
could be used with the one "hot" 
stake method to communicate in its 
own optimal direction. Alternative- 
ly, both stakes could be used with the 
two -stake method to communicate 
with an earth station located straight 
behind them. 

You may be able to improve recep- 
tion by installing tone controls or a 
graphic equalizer in the receiving half 
of the system. Even with just simple 
bass and treble tone controls, it 

should be possible to reduce much of 
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BILL OF MATERIALS 
Integrated stereo amplifier -Rated to 
deliver 40 watts or more per channel 
(see text) 
Microphone -With table stand and 
shielded output cable 
Microphone Preamplifier- required 
only if stereo amplifier does not have 
a built -in microphone preamplifier 
(see text) 
Graphic Equalizer -useful for elimin- 
ating hiss, 60 -Hz hum and other noise 
(optional -see text) 
Speaker -to match the receive output 
of amplifier 
Tl -Audio impedance- matching trans- 
former (see text) 
T2 -5- ampere or more power trans- 
former with 50- to 70 -volt secondary 
(see text) 
Stakes -Galvanized -steel rod, pipe or 
angle iron (see text for number required) 
Push -to -talk switch- Momentary -ac- 
tion spdt microswitch with retrofitted 
lever (required only for single "hot" 
stake setup -see text) 
Shielded cable -For reception side of 
system only if transmission cable picks 
up excessive electrical interference; 
otherwise, use ordinary heavy -duty 
speaker zip cord 
Miscellaneous- Interconnects; hard- 
ware; solder; etc. 

the 60 -Hz hum and high- frequency 
"hash" that the receiving stake will 
pick up, without compromising the 
quality of the voice signal. 

Notes on Range 

Usable range with the methods dis- 
cussed in this article can be from a 

few hundred feet to a few miles. Ac- 
tual range depends on so many fac- 
tors that no accurate estimate can be 
given for any specific location. 
Range depends on type of soil, prox- 
imity of water pipes to your stakes, 
number of water pipes in a network 
and other electrically grounded ob- 
jects between stations, transmit pow- 
er, size and type of earth stakes used, 
and whether or not you use an equal- 
izer to improve reception clarity. 

SIGNAL 
GENERATOR 

POWER AMPLIFIER 

\ 

TRANSMIT 
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(4 foot steel rod) 

LEADER LMV -185 
2- CHANNEL 
AC MILLIVOLTMETER 

' 
RECEIVE 
STAKE 

(4 foot steel rod) 

162 feet, predominantly clay soil 

Fig. 6. Arrangement author used to obtain plots . plots S.hown in Fig. 5. 

Range for Morse code transmis- 
sion is considerably greater than for 
voice. With code, intelligibility does 
not suffer so much in the presence of 
noise. Also, you can select a transmit 
frequency that corresponds to a peak 
in the frequency response of the earth. 

Different frequencies travel far- 
ther through the earth than do others, 
as illustrated by the plots in Fig. 5. To 
obtain these plots, transmission of 
audio frequencies was measured 

through 162 feet of soil that was pre- 
dominantly clay, using the setup 
shown in Fig. 6. There was a water - 
pipe ground between the two stakes 
that acted as a partial short -circuit to 
signals traveling between them. 

The two plots in Fig. 6 show the re- 
sponse as measured directly at the 
stake and passing through a trans- 
former. The slight high- frequency 

(continued on page 76) 
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Fig. 7. Schematic diagram of a simple build -it- yourself microphone preamplifier. 
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Technology 

Deep -Notch Resonant Filters 

Practical advice for designing these extremely useful 
electronic filter devices 

By Douglas A. Kohl 

Notch filters are used in a va- 
riety of electronic devices 
ranging from audio to vid- 

eo to general communications. To be 

effective, they must be carefully de- 
signed to yield high -Q performance 
at the frequencies of interest. In this 
article, we will detail the theory and 
practical approach to designing ef- 
fective deep -notch filters. 

Filter Characteristics 
An ideal notch filter passes zero sig- 

nal voltage over a very narrow band- 
width. At all other frequencies, the 
filter passes the signal without having 
an effect on it. In actual practice, 
however, some signal voltage always 
passes through the filter at the notch 
frequencies. 

One technique commonly used in 

active notch filters built around op 
amps is to subtract a portion of the 
input signal from the output of a fre- 
quency- modified stage. 

By matching a fraction of the input 
signal to equal the voltage present at 
the notch frequency, the depth of the 
notch effect from the overall filter 
output at the notch frequency and 
the output can approach zero voltage. 

You can apply the same principle 
to resonant LC filters that operate at 
much greater (r -f) frequencies than 
do most op -amp notch filters. A sim- 
ple series resonant filter like that 
shown schematically in Fig. 1(A) ex- 

hibits a low output voltage, Eo, at the 
resonant frequency: fnotch = 1/(27r 

ft). At resonance, notch voltage 

(A) 

(B) 

(C) 

Notch 

)0 

E0- Eg 

Rw 

Rw + R1 

Rw 

I 

EQ 
Rw + R1 

NOTCH 

Frequency 

Fig. 1. A conventional series reson- 
ant circuit and its equivalent circuits. 

is not zero, due to the effective wire 
resistance, R, in the inductor and 
other coil and capacitor losses. Out- 
put voltage E. is the result of voltage - 
division action of RI and R2. There- 
fore, Eg is the input signal applied to 
the filter, as illustrated in Fig. 1(B). 

Note in the Fig. 1 filter that capaci- 
tor and inductor reactances cancel 
each other out at resonance, leaving 
only RN, effectively in the circuit. Be- 

low resonance, capacitive reactance 
becomes much larger than RN, and 
the divider fraction in the formula in 

(A) 

(B) 

A 
1/ 

i° 

(C) 
R' 

R2RW 

R2+Rw 

Eo 

Fig. 2. A high -Q series circuit filter 
and equivalent circuits at resonance. 

Fig. 1(C) approaches 1.0. This makes 
E. nearly equal to the input. Similar- 
ly, at frequencies beyond resonance, 
inductive reactance increases and E. 
increases. 

Q Versus Notch Depth 
In a series resonant circuit like that 
shown in Fig. 1(A), the current that 
flows at resonance must pass through 
coupling resistor R1, as well as the 
source of voltage, which itself has 
some internal resistance. These addi- 
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Fig. 3. Frequency responses of high -Q series filter circuits. 

Fig. 4. Schematic diagram of a typical notch filter circuit. 

tional resistances lower the Q of the 
circuit. This effect can be calculated 
as follows: 

Q = XL /All circuit losses 

= (2irfnL) /(RW + R1 + Rg) 

In this formula, XL is inductive reac- 
tance and Rg is the internal resistance 
of the signal source. 

To increase the Q of the circuit and 
make the notch narrower in frequen- 
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cy (Q = foo«h /bandwidth), an addi- 
tional resistance, R2, must be added 
to provide a low- resistance path for 
the circulating current between the 
capacitor and inductor at resonance. 
In Fig. 2(A), the smaller in value R2 is 
made, the higher the Q of the circuit. 
At resonance, the circuit acts as 
though coil resistance RW is in paral- 
lel with R2, as illustrated in Fig. 2(B). 
The effect of combining R2 and RW 

into one equivalent resistance is 

too 
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Fig. S. Depth -of -notch improvement of typical notch 
filter circuit. 

Fig. 6. Graph shows circuit performance for Q values 
from 8 to 98. 

shown as R ' in Fig. 2(C). 
In practical applications, the value 

of RI must be much greater than that 
of R2 to make the input resistance of 
the filter high. Thus, Vo = Eg x 
(R' /R1). This would make E0 in the 
notch much smaller than Eg. 

Results of the Fig. 2(A) circuit are 
shown in Fig. 3. The bandwidth of 
the notch is smallest for highest Q 
condition (R2 with a value of 10 

ohms). However, the output voltage 
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at resonance is relatively high, which 
means that the depth of the notch is 

shallow. 
When the value of R2 is 100 ohms, 

the Q of the circuit is decreased to 9, 
but output voltage at the notch is 

much smaller. The circuit design 
problem then becomes a matter of a 
narrow bandwidth with a shallow 
notch or a wide bandwidth with a 
deep notch. The circuit shown sche- 
matically in Fig. 4 provides a solution 
to this dilemma and has both a nar- 
row bandwidth and deep notch. 

Practical Circuit 
In Fig. 4 the series circuit with E. dis- 
cussed above and the voltage dropped 
across it are identified. When R2 has 
a small value to achieve high Q, E. at 
resonance is about 85 percent of what 
it is at frequencies below and beyond 
the notch, as shown by the upper 
curve of the normalized frequency 
response in Fig. 5. Even though it has 
very high Q, the depth of the notch is 

so shallow that it would be a very 
poor filter without the rest of the cir- 
cuitry shown in Fig. 4. The phase of 
the notch voltage at E. is the same as 
that of the input signal to the filter. 

In this circuit, a common 2N2222 
general -purpose transistor extracts 
the difference between the input sig- 
nal and Eo, which cancels out E. 
from the output at the notch frequen- 
cy. To be able to do this, a 100 -ohm 
potentiometer is provided for adjust- 
ing the level of input signal that ap- 
pears at the base of the transistor to 
exactly match the E. voltage present 
at the emitter of the transistor at res- 
onance. The output voltage of the fil- 
ter at the center of the notch will typ- 
ically drop to less than 3 percent, as 
illustrated by the lower curve in Fig. 5. 

To change the notch frequency, ei- 

ther L or C can be changed. Since Q 
varies with frequency, it is also neces- 
sary to readjust the potentiometer to 
achieve deepest null performance at 
each different frequency. 

Maximum attainable Q from a 
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notch filter depends on the loss char- 
acteristics of both the inductor and 
the capacitor chosen for the circuit. 
Experimental data presented in Fig. 6 

show the effect on the Q of the circuit 
as the value of R2 is varied. The coil 
used in the Fig. 4 circuit is a common 
air -core r -f inductor. 

The circuit can be adjusted to pro- 
vide a deep notch that exceeds 30 dB 
over a wide range of Q values or 
bandwidths. The voltage- divider loss 
at the series resonant circuit, Eo, was 
restored at the filter circuit output, 
due to the gain of the transistor. AE 
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Project 

Non -Composite Video Adapter 
Provides a sync separator and sorts the vertical from 
from horizontal sync pulses to permit a non -composite 
video monitor to work with a current computer 

By Steve Pence 

If you haunt flea markets, ham - 
fests and computer -swap meets, 
you've probably run across 

some nice video monitor with an ex- 
tremely low price tag. What you 
thought was a bargain, however, of- 
ten turns out otherwise when you get 
it home and find you can't stuff nor- 
mal video down its throat. Your bar- 
gain buy is likely to be a non- compos- 
ite video monitor that wants the hori- 
zontal and vertical sync pulses al- 
ready separated from the video. Or 
perhaps you upgraded the video card 
in your PC and are left with compos- 
ite video out, which your old non - 
composite monitor can't use. If 
you're in this boat, don't despair. 
The Non -Composite Video Adapter 
described here can put the "bargain" 
back into your purchase. 

Our Adapter provides all you need 
-a sync separator and a circuit that 
sorts the vertical from the horizontal 
sync pulses. Though TV receivers get 
a composite signal over the air and 
have these circuits built into them, 
most computers generate video and 
sync separately and, thus, have no 
need to combine them into a compos- 
ite signal only to have them separated 
again by the monitor. If the separa- 
tor circuitry is left out, the computer 
can directly drive the scanning cir- 
cuits in the monitor, which makes the 
monitor cheaper to build. 

Monitors in General 
There are literally hundreds of non- 

NI. r 

composite video monitors on the sur- 
plus market, practically no two of 
which operate identically. However, 
there are some general things they 
have in common and some basic con- 
figurations we can look at. 

Two broad categories are preva- 
lent: those that accept digital video 
and those that accept analog video. 
With digital video, you have only two 
brightness elements -black and 
white. In these monitors, the electron 
beam that paints the picture on the 
CRT screen is either on full blast and 
lighting up the phosphor screen or is 

cut off altogether. An analog moni- 
tor, on the other hand, can produce 
shades of gray (or green or amber or 
whatever the color of the phosphor), 
as well as reproduce a digital signal. 

Digital monitors normally require 
a 5 -volt TTL -level drive signal on the 
video input. If you trace the input 
video signal to a TTL IC, you have a 
digital monitor on your hands. If 
there is only a transistor or two be- 
tween the video input and the CRT, 
you probably have an analog moni- 
tor. The sync inputs, however, will 
just about always require a TTL level 
whether the monitor is digital or ana- 
log in design. 

At this point, you can forget about 
any kind of logic or consistency. Sig- 
nal requirements for sync inputs are 
not standardized. Sometimes the in- 
put signal must be normally low and 
go high on sync, at other times, vice - 
versa. Often, vertical must be one 
way and horizontal the other. Our 
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Fig. 1. Composite video signal consists of video, blanking and sync pulses. 

Non -Composite Video Adapter proj- 
ect offers a solution to this problem 
by making all possible combinations 
available. You simply mix and match 
as needed. 

How It's Done 
The composite video signal, as 
shown in Fig. 1, consists of video, 
blanking pulses and sync pulses. The 
sync pulse level represents blacker 
than black. Blanking level corres- 
ponds to black. Everything more 
positive than blanking represents 
varying shades of gray between white 
and black. The objective is to sepa- 
rate all this into its component parts. 
The circuit for doing so consists of 
four basic parts: a dc restorer, sync 
separator, horizontal and vertical 
separator and high -speed compara- 
tor for digital video. 

When the analog video signal is ap- 
plied to the circuit shown in Fig. 2, 
the first requirement is restoration of 
the dc component. Basically, dc res- 
toration forces all sync pulse tips to 
align at the same dc level -in this 
case, about 100 millivolts above 
ground. The dc restorer is made up of 
Cl , C2, DI, D2, R2 and R3. 

The negative -going horizontal 
sync pulse tips cause Dl to conduct 

and rapidly charge Cl and C2, which 
are connected back to back to form a 
non -polarized capacitor. For the rest 
of the waveform (the time between 
sync pulse tips), DI is reverse- biased, 
forcing CI and C2 to discharge 
through R3. The discharge current 
creates a bias voltage across R3. This 
current is proportional to the average 
value of the video signal. 

As the video signal level varies, the 
bias voltage varies, forcing the tips of 
the sync pulses to line up at the same 
level. Resistor R2 and diode D2 bias 
the anode of DI at 0.65 volt. There- 
fore, DI begins conducting when its 
cathode approaches 150 to 200 milli- 
volts or less. This forces the sync 
pulse tips to line up at about this level. 

With the sync tips clamped to a 
known level, they can be separated 
from the video using LM311 compar- 
ator ICI. Trimmer potentiometer R5 
is set to produce 0.175 volt at the 
junction of R4, R5 and R6. When the 
input signal on pin 3 of ICI is less 
than 0.175 volt (which it is during 
sync pulse time), the output of the 
comparator is high. When the video 
signal is greater than 0.175 volt 
(which it is anytime except sync pulse 
time) the output is low. 

Since R6 pulls the output of ICI to 
+ 5 volts when it is high, the sync 

pulses are converted to a logic level 
signal and the video portion is dis- 
carded. This can be more readily vis- 
ualized by examining the timing dia- 
gram given in Fig. 3. 

The next step is to split the hori- 
zontal pulses from the vertical 
pulses. This is done with dual D -type 
flip -flop IC2. The first section of IC2 
is configured as a one -shot multivi- 
brator. When the output of ICI goes 
high, it triggers IC2A. The Q output 
follows the D input and goes high. As 
soon as the Q output goes high, C3 
begins charging through R9. 

When the potential across C3 
reaches approximately 2.5 volts, it 

forces IC2A to reset, bringing the Q 

output low again. When the Q output 
goes low, C3 rapidly discharges 
through D3, making the circuit ready 
to accept another trigger. Thus, for 
every trigger signal on pin 3, the Q 

output goes high for a period of time 
determined by the R9 /C3 time con- 
stant. The values of these compo- 
nents are selected to provide a period 
that is a few microseconds wider than 
a horizontal sync pulse. At the Q and 
not -Q outputs of IC2A are fully sepa- 
rated complimentary horizontal syn- 
chronizing pulses. 

Flip -flop IC2B is a duty -cycle de- 
tector for vertical sync. Since the 
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Fig. 2. Complete schematic diagram of circuitry used in Non - Composite Video Adapter. Only component not shown 
is ac power transformer, which can be a plug -in wall -type unit. 

CLOCK input at pin 11 of IC2B is 

driven by the not -Q output of IC2A, 
it is triggered at the end of the time - 
out period when the not -Q output 
goes high. Note that the D input of 
IC2B is driven by the separated sync 
signal. Therefore, the D input of 
IC2B will always be low when it re- 

ceives a clock pulse (remember that 
the time -out period is longer than the 
sync pulse period). This means then 
that the Q output of IC2B will remain 
low after each horizontal sync pulse. 

The duty cycle of a vertical sync 
pulse is much wider than that of the 
horizontal pulse; so pin 9 of 1C2 will 
still be high when the one -shot sec- 
tion times out and the trigger is ap- 
plied to pin 11. The Q output of IC2B 
will follow the D input, which this 
time is high, placing a high on pin 13 

and a low on pin 12. It remains in this 
condition until a narrow equalizing 

PARTS LIST 
Semiconductors 
Dl,D2,D3- 1N4148 or 1N914 switch- 

ing diode 
D4,D5- 1N4001 or similar silicon recti- 

fier diode 
ICI -LM311 voltage comparator 
IC2- CD4013 dual D -type flip -flop 
IC3 -LM360 voltage comparator 
IC4- 74LS241 octal buffer /line driver 

with 3 -state output 
IC5 -7805 fixed + 5 -volt regulator 
IC6 -7905 fixed - 5volt regulator 
Capacitors 
C1,C2- 10 -µF, 16 -volt tantalum or 

electrolytic 
C3- 470 -pF ceramic 
C4,C8,C10- 0.1 -µF ceramic or polyes- 

ter 
C5,C6- 0.01 -µF ceramic or polyester 
C7,C9- 330 -µF, 25 -volt electrolytic 
Resistors ('/ -watt, 50/o tolerance) 
R1 -75 ohms 
R2,R8 -1,000 ohms 

R3,R9- 20,000 ohms 
R4- 11,000 ohms 
R6, R 10- 10,000 ohms 
R7 -1 megohm 
R11 -1,300 ohms 
R12-100,000 ohms 
R13,R14 -4,700 ohms 
R5 -1,000 -ohm pc -mount trimmer po- 

tentiometer 
Miscellaneous 
Jl -Phono jack 
SI ,S2-Spdt slide or toggle switch (op- 

tional -see text) 
Printed -circuit board or copper -clad 
single -sided pc blank (see text); 
8 -to -12 -volt transformer or plug -in 
wall -type transformer; press -fit ter- 
minal pins (Mouser Cat. No. 574 - 
K24C; two 8 -pin, one 14 -pin and one 
16 -pin DIP IC sockets (Mouser No. 
562 -IC- 308 -SGT, 562 -IC -314 -SGT 
and 562 -IC- 320 -SGT, respectively); 
bus wire and Teflon sleeving or Wire 
Wrap wire (see text); solder; etc. 
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Fig. 3. Signal waveforms that appear at various locations in circuit. 

pulse is received at the end of vertical 
sync. This results in a series of com- 
plimentary vertical sync pulses. Buf- 
fering and TTL- compatible output 
drive are provided by ICS. 

If you have a digital monitor, you 
must convert the analog video to dig- 
ital video. High -speed comparator 
IC4 provides this function. Compar- 
ator action here is identical to IC], 
except the switching point is approxi- 
mately 0.6 volt instead of 0.175 volt. 
This slices the standard 1 -volt peak - 
to -peak video signal at about the 50- 
percent point. The LM360 also pro- 
vides TTL -compatible complimen- 
tary outputs. 

The polarity of the video signal re- 
quired is determined by the number 
of video amplifier stages in the moni- 
tor. If it is an odd number of stages, 
you need one polarity; if it is an even 
number, you will need the opposite 
polarity. You can choose what ever 
you need with SI. Switch S2 allows 
you to select between ANALOG and 
TTL video. 

Construction 
Just about any traditional wiring 
technique can be used to build the 
project. Component layout is not 
critical. The circuit can be built on 
perforated board that has holes on 

0.1 -inch centers using bus wire and 
sleeving or Wire Wrap methods to in- 
terconnect the components. Alterna- 
tively, you can design and fabricate a 
double -sided printed- circuit board 
(the top of the board will be used as a 
ground plane). Whichever method 
you choose, however, make sure by- 
pass capacitors CS and C6 are locat- 
ed as close as possible to IC4. 

The prototype of the project was 
built on single -sided copper -clad 
printed- circuit blank using press -fit 
pins and IC sockets. This is a fairly 
fast and easy method of building a 
circuit board. It provides about the 
same quality as a printed- circuit 
board with a ground plane and per- 
mits operation at frequencies up to 
several megahertz. Press -fit pins are 
available from Mouser Electronics 
(Part No. 574- K24C), among other 
sources, at a cost of about $40 per 
1,000. Though this cost may seem 
high at first, the package contains 
enough pins to build about 20 proj- 
ects of this size, making the cost per 
project around $2. Mouser also car- 
ries Wire Wrap pins, if you prefer, 
that are priced somewhat lower. 

Layout of the components that 
make up the circuit should initially be 
planned on tracing -paper weight 
graph paper that has 10 squares per 
inch. The layout is best done with the 

Fig. 4. To ensure that IC sockets fit 
properly, clamp piece of perforated 
board with holes on 0.1 "centers to pc 

blank to serve as drilling guide. 

Fig. 5. Tip of No. 27 drill ground al- 
most flat removes circle of copper for 

both terminal pins and IC pins. 

view from the top (component side) 
of the board. Once the layout is 

done, flip over the graph paper to get 
a soldering -side view and pencil in 
the wiring pattern. Use the hand - 
drawn artwork directly as template 
for locating the centers for the holes 
to be drilled for the press -fit pins. 

Tape the graph paper, back side 
up, over the copper -clad side of the 
pc blank, and use a center -punch 
guide for marking the mounting pin 
holes. A scratch awl can be used as a 
center punch. The copper provides a 
convenient ground plane, reducing 
the chances of oscillation and other 
problems caused by stray inductance. 
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Fig. 6. After all holes are drilled and 
terminal pads are cleared of copper, 
IC sockets install by pounding them 

into place on board. 

Once the copper side of the board 
is center punched, use a No. 58 bit to 
drill holes in all marked locations. To 
assure accurate drilling for the IC 
sockets, temporarily clamp a piece of 
perforated board that has holes on 
0.1 -inch centers with vise grips to the 
pc blank, as shown in Fig. 4. Use the 
perforated board as a drilling guide. 
When you are finished drilling the 
holes for the sockets, remove the per- 
forated board and proceed to drilling 
press -fit terminal holes. 

To keep the component pins from 
shorting to the copper cladding, 
grind a No. 27 drill bit so that it is al- 
most flat and use this to cut away the 
copper at each terminal and IC pin 
site (except of course, those that are 
supposed to be grounded). You can 
also use a ball- shaped carving bit and 
Dremel Moto -Tool to clear away the 
unwanted copper. The procedure us- 
ing the drill bit is shown in Fig. 5. 

To obtain solid mechanical mount- 
ing for them, the IC sockets used in 
the prototype were the Hi -Rel pc- 
mount type with machined contacts 
available from Mouser. The board 
hole for pin 1 of each IC socket was 
drilled with a No. 55 bit, the other IC 
holes with a No. 54 bit. This makes 
pin 1 a very tight fit and keeps the 

sockets from falling out of the board. 
In fact, the fit is so tight that the 
sockets had to be pounded into place 
on the board with a hammer and '/c- 

inch rod (the shaft from an old rotary 
switch or potentiometer works well), 
as shown in Fig. 6. If you use another 
type of socket, you will have to devise 
your own method of securing them to 
the board. 

Pressing the component pins into 

place can be accomplished in a num- 
ber of ways. For example, you can 
cut off the end of an old soldering 
iron tip and drill a No. 56 hole down 
the center. Plug in the iron and use 
the heated tip to press the pins into 
place. Alternatively, you can use a T 
handle made from % "- diameter alu- 
minum or brass rod to press the pins 
in by hand. If you have a drill press, 
you can also use it (turned off, of 

Interconnections are made using bus wire and sleeving (photo). If proper pins 
and sockets are employed you can use Wire Wrap techniques. Wire runs and sol- 
dering points are illustrated in drawing (solid black dots indicate points soldered 

to copper cladding). 
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course) as an arbor press. 
Use the wiring side layout shown in 

Fig. 6, and refer back to Fig. 2 as nec- 
essary, to wire together the compo- 
nents by the point -to -point tech- 
nique. Use 26 AWG buss wire and 
clear Teflon sleeving or 26 or 28 

AWG Wire Wrap wire. 
When wiring is done, turn over the 

circuit -board assembly and install 
the components according to Fig. 2. 
On the right side of the board, you 
should have an unused pin between 
the two vertical outputs and between 
the two horizontal outputs. The hori- 
zontal and vertical inputs of your 
monitor connect to these two pins, 
which allows you to quickly jumper 
to either polarity of sync signal dur- 
ing set -up maneuvers. When the cor- 
rect combination is found, you can 
solder in permanent jumpers. 

Checkout & Use 

When you are finished assembling 
the project, there should be no ICs in 
the sockets. At this point, check for 
connections you missed soldering, 
poor soldering and solder bridges, 
the last especially between the closely 
spaced IC socket pins. Solder any 
missed connections, reflow the sol- 
der on any suspicious connections an 
clear solder bridges. 

Connect the common lead of a dc 
voltmeter or multimeter set to the dc- 
volts function to any point in the cir- 
cuit that is supposed to be at ground 
potential. Power up the project and 
touch the "hot" probe of the meter 
to the OUT pins of IC5 and 106 and 
note that your readings should be + 5 

and -5 volts, respectively. If you do 
not obtain either or both readings, 
power down and rectify the problem 
before proceeding. 

Once you are certain that the pow- 
er- supply section is operating proper- 
ly, touch the "hot" probe of the me- 
ter to pin 8 of the IC] socket, pin 14 

of the 1C2 and pin 8 of the 1C3 sock- 
et. In all three cases, your reading 
should be + 5 volts. Similarly, touch- 
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ing the "hot" probe of the meter to 
pin 4 of the IC3 socket should yield a 
reading of -5 volts. 

Touch and hold the "hot" probe 
of the meter to the junction of R4 and 
R5. Adjust the setting of R5 for a 
reading of + 0.175 volt. Power down 
the project and allow the charges to 
bleed off the filter capacitors in the 
power- supply section. Then careful- 
ly install the ICs in their respective 
sockets. Make sure each is properly 
oriented and that no pins overhang 
the sockets or fold under between ICs 
and sockets. 

Connect a source of composite 
video to JI (this can be the output of 
a computer, VCR, video camera, 
etc.) and power up the circuit. If you 
have an oscilloscope handy, check to 
see if there is a vertical sync pulse at 
pin 18 of 105. If you see this pulse on 
the CRT screen, use this to trigger the 
scope, and check the other outputs 
for the proper waveforms. If you do 
not have a scope, connect the project 
to your monitor and try various com- 
binations of normal and inverted 
sync until you get a stable raster. 

If no combination of connections 
in the absence of a scope seems to 
work, you may have one of two prob- 
lems. Either the project is not work- 
ing properly and requires complete 

checkout to rectify the problem or 
you have a monitor with non -stan- 
dard sweep rates. If the latter, there is 

very little you can do other than mod- 
ify the monitor sweep circuits to op- 
erate at the proper frequency. 

In most cases, you will build this 
project for use with one specific 
monitor. If this is the case, SI and S2 
are optional since only one video for- 
mat and sync combination will be re- 
quired. Hence, you can just hard 
wire whatever is needed and often 
mount the circuit -board assembly in- 
side the monitor. 

If the power supply in your moni- 
tor provides positive and negative 
voltages, you can eliminate the pow- 
er transformer or power adapter in 
the project. Regulator 105 accepts 
inputs between 8 and 32 volts, and 
IC6 accepts inputs between -8 and 
- 32 volts. 

If you have an analog monitor, it 
may already have a 75 -ohm termina- 
tion resistor on its input. If it does, 
you should not install RI on the cir- 
cuit -board assembly; otherwise, you 
will end up with a double termination 
and about half the normal video sig- 
nal level needed. If you do not know 
for sure that this termination resistor 
is in place, check the input resistance 
of your monitor with an ohmmeter. 

USE YOUR FREE INFORMATION CARD 

Free Product Information 

Readers can obtain free information on 
products advertised, as well as for 
some editorially mentioned products. 
Simply circle the appropriate number 
printed below an advertisement onto 
the AE "Free Information Service" 
card bound into this issue. After filling in 

your name and address, just mail the 
postpaid card. Your request will be for- 
warded directly to the advertiser with a 

mailing label prepared by our reader - 

service department. 
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Project 

Add Light -Meter Modules 
To Any Digital Voltmeter 

(Part 1) 

Simple project gives you a choice of two sensitive and 
accurate adapters to use with a digital voltmeter or 
multimeter for direct display of light level 

By Tom Fox 

More than 40 percent of 
easuring visible light lev- 
els is far from a trivial pro- 

cedure. Part of the problem is that a 
plethora of terms is used to express 
light measurements, including the 
traditional ones like lumens, cande- 
las and lux, to name just a few. Newer 
terms like foot -candles, standard 
candles and candlepower add to an 
already confusing situation. In this 
article, we present details for build- 
ing two light meter adapter types that 
can be used with any digital voltme- 
ter or multimeter that has a 200- milli- 
volt full -scale range to provide highly 
accurate direct -read display of light 
levels foot -candles and lux. 

In this first installment of a two - 
part article, we discuss the methods 
employed for measuring light, the 
nature of light and operation of the 
project circuits. Next month in the 
concluding installment, we will focus 
on construction of both versions of 
the project and how to check it out 
and calibrate it. 

Measuring Light 
Before discussing how the circuitry 
for this project works, you should 
read the "Nature of Light" box else- 
where in this article to familiarize 

yourself with the meanings of the 
terms used here. 

Two basic electronic sensors are 
used for measuring light. These are 
photovoltaic, using silicon and selen- 
ium sensors, and photoconductive, 
using cadmium -sulfide and cadmi- 
um-selenide sensors. Each sensor type 
has advantages and disadvantages. 

Commercially available photocon- 
ductive cells have several advantages 
over photovoltaic cells. They're very 
sensitive to low light levels, and cells 
like Clairex's No. CL909L have a 
spectral response that closely matches 
that of the human eye. Additionally, 
commercial photoconductive cells 
have guaranteed characteristics 

32 / MODERN ELECTRONICS / September 1990 Say You Saw It In Modern Electronics 



that aid in designing circuits and 
helps simplify the calibration proced- 
ure. Few photoconductive cells, 
however, respond linearly in intense 
light above 100 foot -candles (fc), 
which complicates the design of a 
simple light meter like the ones to 
be described. 

In contrast, selenium cells are pho- 
tovoltaic in nature. They generate a 
voltage when light strikes them. The 
spectral response of selenium closely 
follows that of the human eye. Huy - 
gen Corp.'s famed Weston Photron- 
ic Cell is a selenium barrier layer cell 
that was specifically designed to mea- 
sure light. This cell and the cotn- 
pany's Viscor filter provide an al- 
most perfect match to the standard 
CIE curve. 

Having both types of light sensors 
at hand gives you a choice of the best 
of both worlds. 

The Photronic cell is an excellent 
sensor choice for designing an ex- 

tremely accurate light meter. Its main 
disadvantage is its cost, which ranges 
from $153 for the No. 594 -GB to 
$370 for the No. 856 -YYV. Vactec is 

apparently still making selenium 
cells. The surplus market also occa- 
sionally offers selenium cells. More- 
over, plenty of International Recti- 
fier's famous No. B2M "sun batte- 
ries" should still be floating around. 

One of the problems with selenium 
cells is locating them -especially in- 
expensive ones. In contrast, locating 
silicon photovoltaic solar cells pre- 
sents no problems; most electronic 
parts distributors sell them. A minor 
disadvantage is that the silicon cell is 

inherently physically fragile. (Seleni- 
um cells have an aluminum or steel 
back plate that makes them physi- 
cally durable.) 

The chief difficulty with silicon so- 
lar cells is that their peak response is 

in the infrared range between 800 and 
900 nm. This can be significantly re- 
duced by use of a special filter that 
absorbs infrared radiation but passes 
radiation at 780 nm and shorter 
wavelengths. A gelatin filter can 

sometimes be used, and a camera type 
80A blue filter can also be effective. 
Even a simple piece of glass helps. 

Unless a proper filter is used, a 
light meter built around a silicon cell 

will register a higher reading when 
pointed at a hot light source than 
when pointed at a cooler surface, 
such as a cloud. However, if you re- 

strict your light measurements to 
"normal" sources, this is only a mi- 

nor problem. 
In the past, light meters were es- 

sential equipment for taking quality 
photos. Most modern cameras, how- 
ever, are automatic or have built -in 
light metering. If you're serious 
about photography, though, you'll 
still want a good -quality light meter. 

Another common use for a light 
meter is to check the illumination in a 

room. A room in which the illumina- 
tion is too bright can be more uncom- 
fortable than one where the light in- 
tensity is not considered sufficient. 
Table 1 lists general recommended il- 

lumination for various situations. 
Notice that for electronic testing and 
coil winding the recommended illu- 
mination is 100 (fc). 

A light meter is also quite useful if 
you grow indoor plants or have a 
greenhouse. Assuming properly bal- 
anced light (red, green and blue 
wavelengths), most foliage plants 
will grow with a daytime light intensi- 
ty of just 100 fc. Fuschia, dieffen- 
bachia and wandering Jew do well at 
200 fc; vegetable seedlings generally 
need at least 700 fc; and flowering 
plants require 1,000 fc. Generally 
2,000 foot -candles is sufficient for 
sun -loving plants. 

Few plants really want (or can 
make use of) light intensities above 
3,000 fc. Foliage plants whose ances- 
tors grew beneath the thick canopy of 
the Amazon jungle do better with 
light intensities of 100 to 500 fc. If 
you grow citrus plants indoors, you 
can survey your house with a light 
meter to find the "brightest" area 
that will provide you with the biggest 
"ponderosa" lemons. A light meter 

Table 1 

Illumination Levels 

Type 

Office 
conference room 
regular work area 
designing, detailed 

drafting 
Electric equipment testing 
Machine shop 

rough bench work 
fine work 
extra -fine work 

Home 
living room 
kitchen work 

Major -league baseball 
outfield 
infield 

School 
auditorium 
classroom 

Restaurant 
subdued 
bright 
fast -food 
kitchen 

Stairway, elevator 
Public rest room 
Hospital 

emergency room 
television stage 
autopsy table 
morgue 

Moonlight 
Bright overcast sunlight 
Direct sunlight 

(maximum) 

Light (fc) 

30 
100 

200 

100 

50 
500 

1,000 

5 

50 to 100 

100 

150 

20 
50 to 100 

3 to 15 

10 to 30 
50 to 100 

70 
20 
30 

2,000 
2,300 
2,500 

20 
about 0.04 

about 1,000 
9,000 

can also be used in outdoor gardens 
to find the "brightest" shady areas. 

About the Circuits 
Two light meter modules are de- 

scribed here. One uses a silicon cell, 

the other a selenium cell. Both are de- 
signed to plug into a digital multime- 
ter that has been set to the 200- milli- 

volt dc full -scale range so that each 
millivolt corresponds to 1 fc. 
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Fig. 1. Schematic diagram of basic circuitry for silicon Fig. 2. Schematic diagram of basic circuitry for selenium- 
solar -cell version of project. 

Despite the problems cited for it, 
one meter module uses a silicon pho- 
tovoltaic cell for two good rea- 
sons -low cost and ready availabili- 
ty. If compared to the CIE curve, its 
accuracy can be significantly increased 
with use of a suitable high -pass or 
band -pass filter that blocks infrared 
radiation with a wavelength longer 
than 780 nm. 

If an incandescent lamp is used to 
calibrate it, the module will be quite 
accurate when taking readings under 
this type of light. With a simple 
epoxy -glass filter, its accuracy ap- 
pears to be within 5% from 1 to sev- 
eral hundred fc and within 10% up to 
1,500 fc. Beyond 1,500 fc, its curve 
tends to flatten out, which means 
when it is registering 2,500 fc, actual 
light intensity might be closer to 
3,000 fc. 

If you can obtain a selenium cell, 
our second module will be of interest. 
This module has approximately the 
same accuracy rating as the silicon 
cell module but is fundamentally 
more accurate since the selenium cell 
does not respond to infrared radia- 
tion from hot objects. If you must 
have an accurate light meter, place an 

cell version of project. 
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o t 0 
-10µF 
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Fig. 3. Schematic diagram of power supply used with both versions of project. 

ultraviolet filter in front of the seleni- 
um cell, which is sensitive to wave- 
lengths as short as 250 nm. Window- 
pane glass will stop wavelengths 
shorter than 300 nm, and a UV came- 
ra filter should stop all ultraviolet 
wavelengths. 

Let us now discuss operation of 
each module in turn. 

Silicon Solar -Cell Module. Opera- 
tion of this module, the basic circuit 
for which is shown schematically in 
Fig. 1, relies upon photovoltaic sen- 
sor PCI, whose current output is al- 
most linearly related to the intensity 

of the light that falls on its sensitive 
surface. The open- circuit voltage of 
PCI does not change significantly 
with different light intensities. (It is 
close to 0.5 volt.) If measured with a 
zero -resistance milliammeter, how- 
ever, the current is almost 500 times 
greater at 5,000 than at 10 fc. 

This circuit employs a resistor that 
converts the current generated by 
PC1 to a voltage. This voltage is sub- 
sequently amplified by a noninvert- 
ing operational amplifier that is cali- 
brated so that 1 fc of light generates a 
1- millivolt output, which is fed to the 
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PARTS LIST 

Semiconductors 
D1- 1N4001 or similar silicon rectifier 

diode 
IC1- LM725CN or equivalent 8 -pin 

operational amplifier (see text) 
IC2- LM2931 Z -5.0 fixed + 5 -volt 

regulator 
IC3- 79L05ACZ fixed -5 -volt 

regulator 
IC4- LMC7660IN switched- capacitor 

voltage converter 

Capacitors 
CI- 0.1 -µF, 25 -volt ceramic disc 
C2- 0.015 -µF, 25 -volt ceramic disc 
C3- 220 -µF, 25 -volt electrolytic 
C4 thru C7- 10 -µF, 25 -volt electrolytic 

Resistors ('/4 -watt, 5010 tolerance) 
R1 -0.5 ohm (see text) 
R2- 150,000 ohms (see text) 
R3 -1,000 ohms 
R4 -5,000 -ohm pc -mount 15 -turn 

trimmer potentiometer 
R5- 100,000 -ohm pc -mount 15 -turn 

trimmer potentiometer 
R6 -2,000 -ohm pc -mount trimmer 

potentiometer (Digi -key Part No. 
36C23) 

R7 -22 ohms 
R8 -270 ohms 

Miscellaneous 
B1 -9 -volt alkaline battery 
P1,P2 -Pc /chassis -mount banana 

plug 
PCI- Silicon photovoltaic solar cell 

(Edmund Scientific Cat. No. 
T37,332 or equivalent) 

1 -Pc /chassis -mount phono jack 
(Digi -Key Part No. 576K -ND or 
similar) 

S1 -Pc -mount spst slide switch (Digi- 
key Part No. SW 100 -ND or similar) 
Printed -circuit board (see text); pc- 

mount 9 -volt battery holder (Digi- 
Key Part No. BH9V -PC -ND or simi- 
lar -see text); 8 -pin sockets for DIP 
ICs; 2- conductor cable; phono plug 
for sensor cable; filter (optional -see 
text); materials for sensor carrier and 
calibration setup (see text); machine 
and wood hardware; hookup wire; 
solder; etc. 

Note: For selenium -cell version of project 
(Fig. 2), substitute a selenium solar cell for 
PCI (see text), change the value of R2 to 
2,500 ohms, and eliminate R1, R3, R4 and 
R6. Magicland (see below) has a PR13 
lamp with a measured output, instruc- 
tions and test sheet suitable for light meter 
calibration for $6 (Michigan residents, 
please add 4% sales tax). 

Companies Mentioned 

Clairex Electronics 
Mt. Vernon, NY 10550 

914 -664 -6602 

Digi -Key Corp. 
701 Brooks Ave. South 
P.O. Box 677 
Thief River Falls, MN 56701 -0677 

1 -800- 344 -4539 

Edmund Scientific Co. 
101 E. Gloucester Pike 
Barrington, NJ 08007 -1380 
1- 609 -547 -8880 

Huygen Corp. 
Box 316 
Wauconda, IL 60084 
708 -381 -4050 

Magicland 
4380 S. Gordon 
Fremont, MI 49412 

Vactec, Inc. 
10900 Page Blvd. 
St. Louis, MO 63132 
314- 423 -4900 

input of a digital voltmeter (or multi - 
meter set to the dc -volts function) for 
direct -read display. 

In Fig. 1, PCI is shown connected 
in parallel with 0.5 -ohm resistor RI. 
The voltage generated across this re- 
sistor, due to the current generated 
by PCI, is applied to the noninvert- 
ing ( + ) input of LM725 instrumenta- 
tion -type op amp ICI. (While the 
LM725 was designed for low offset 
voltage and high open -loop gain, it is 

an "old style" op amp; some of the 
latest "super op amps" may perform 
even better. The LM607, for exam- 
ple, will probably work in the circuit 
without modification.) 

Gain of the Fig. 1 circuit is con- 
trolled by R2, R3 and R4, the last 
providing the means for adjusting 
the gain over a range of values. Final 

calibrated gain value depends upon 
the particular cell being used. 

A few rough calculations may 
make operation of the module a bit 
clearer. Assume the cell produces 
0.25 ampere under full direct sun- 
light conditions and that the filter 
used with the cell does not signifi- 
cantly reduce the light intensity. Fur- 
ther assume full sunlight is 10,000 fc. 
Therefore, 250 mA /10,000 fc, or 
0.025 mA /fc, which produces 0.0125 
millivolts per fc when flowing 
through 0.5 ohm. Consequently, the 
gain of the circuit must be set to 80 to 
obtain 1mV /fc, which is achieved 
with R4 set to about 900 ohms. 

Trimmer controls R5 and R6 per- 
mit you to set the circuit for a zero 
output when the input is zero (PC1 is 

dark). Fifteen -turn trimmer R5 per- 

mits coarse zeroing, while trimmer 
R6 permits fine zeroing. Capacitors 
CI and C2 and resistors R7 and R8 
make up a frequency- compensation 
network that overcompensates the 
circuit to increase stability. 

Selenium -Cell Module. This cir- 
cuit, shown schematically in Fig. 2, 

uses a somewhat different technique 
to convert current to voltage than is 

used in the Fig. 1 circuit. This tech- 
nique directly uses the unique fea- 
tures of an op amp and is generally 
viewed as superior to simply amplify- 
ing the voltage drop across a resistor. 
The Fig. 1 circuit works okay because 
of the high output of the silicon solar 
cell. If it were to be used with a low - 
output selenium cell, its gain would 
have to be so great that significant er- 
rors, due to offset voltage and offset 
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current, would result. 
In Fig. 2, the selenium cell is shown 

connected directly across the inputs 
of the op amp, which appears to the 
cell as a short circuit, despite the fact 
that in an ideal op amp input current 
is zero (infinite input resistance). This 
"imaginary" short circuit is the result 

of the incredibly high gain of the op 
amp. Briefly, assume the op amp is 

ideal and has infinite gain, which for 
725 op amp is greater than 3,000,000. 
Thus, the op amp will develop a finite 
output voltage with zero input volt- 
age. This zero input voltage means a 
dead short between the output ter- 

minals of the selenium cell. 
The output voltage at pin 6 of ICI 

is equal to the output current of the 
selenium cell output current times the 
resistance of R2. Since the current 
cannot flow into the op amp, it must 
flow through R2. Keep in mind that 
the voltages at pins 2 and 3 are basi- 

Radio waves, microwaves, infrared ra- 
diation, visible light, ultraviolet radia- 
tion, X -rays and others are merely dif- 
ferent types of electromagnetic radia- 
tion. The electromagnetic spectrum is 

divided into a multitude of wavelengths, 
ranging from miles to less than a bil- 
lionth of an inch. 

Physicists generally agree that light is 

a type of particle called a "photon" -a 
quantum particle associated with the 
electromagnetic field that has no rest 
mass or charge. It's usually more con- 
venient to think of light as a wave, with 
properties similar to radio waves. The 
major difference between the two is 

that, instead of measuring wavelength 

The Nature of Light 
in terms of meters, as in radio, you mea- 
sure light in terms of nanometers (bil- 
lionths of meters, abbreviated nm). Fig- 
ure A shows the electromagnetic spec- 
trum and where light fits into it, as well 
as the physical significance of color. 

Early in the scientific age, candles 
were used as the primary means of gen- 
erating artificial light. So, when it was 
time to give light intensity a quantity 
value, the common candle was chosen 
as the standard. The first "standard" 
candle was about 1 inch in diameter. 
With the realization that thickness 
alone wasn't sufficient to standardize 
the light from a candle, the "official" 
candle was made a bit more standard. 

The standard candle was formally de- 
fined as the luminous intensity in a hori- 
zontal direction of the flame of a stan- 
dard spermaceti candle, which was 
made from the wax of the sperm whale. 
These candles were to weigh six to the 
pound and burn at a rate of 120 grains 
per hour. 

In 1948, the standard candle became 
the New International Candle (NIC), 
which is based upon the light given off 
by platinum at its melting point of 
about 3,191° F. The new candle was re- 
named "candela" and is about 1.9% 
smaller in diameter than the old candle, 
which is within the uncertainty range of 
most light meters and, thus, not signifi- 
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Fig. A. The electromagnetic spectrum, including the visible -light portion. 
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cally zero. Calibration is accom- 
plished using R2. The only other dif- 
ference between this circuit and the 
previous one is that R6 has been 
eliminated because it is not needed. 

The circuitry needed for powering 
either module is shown schematical- 
ly in Fig. 3. Here, switched- capacitor 

voltage regulator 1C4 converts the 9 

volts dc from battery B1 to the re- 
quired -9 volts. Diode DI is re- 
quired with some types of 7660 ICs. 
Negative voltage regulator 1C3 out- 
puts - 5 volts from the -9 volts de- 
livered by 1C4. Finally, 1C2 is a low - 
power + 5 -volt regulator. 

Coming Next Month 

This concludes our discussion on 
measuring light, the nature of light 
and how the circuits work. Next 
month, we will conclude with con- 
struction, checkout and calibration 
details. AE 

cant except in very critical applications. 
(The NIC is officially defined as 1/40 the 
luminous intensity of a square centime- 
ter of a blackbody radiator at the 2,046 
K temperature of freezing platinum.) 

Though candela is the new "official" 
term for the New International Candle, 
we will continue to use the term "can- 
dle" since it is still used in new manu- 
facturer literature, including the Clair - 
ex Electronics Optoelectronics Design - 
ers Handbook, which contains an excel- 

lent discussion on light measurement. 
To understand the mechanics of mea- 

suring light, it is important that you 
know the meanings of the terms com- 
monly used in this area. 

Foot -candles and Lux. These are 
units of illumination (or luminous inci- 
dence). Although not technically pre- 
cise, 1 fc is the illumination produced i 

foot from a source of light equivalent to 
one candle in luminous intensity. Simi- 
larly, one lux (meter -candle) is the illu- 
mination produced 1 meter from a 

source of one candle. 
Though the "candle" is the most fun- 

damental of the basic units of light mea- 
surement, light meters don't measure 
light in terms of candles, at least not di- 

rectly. They are calibrated in foot -can- 
dles (fc), meter -candles (lux) or phots 
(rarely used). 

A common candle with a flame about 
1.5 inches high has an intensity of about 
one candle. One foot from this candle, 
the illumination is 1 fc; at 2 feet, the illu- 
mination is '/, fc; at 3 feet, the illumina- 
tion % fc. (One meter from this candle 
the illumination is one lux.) 

From the foregoing, illumination is 

inversely proportional to the square of 
the distance from the source. That is, fc 

= HcP /D2, where Hcp is the Horizon- 

Actual measured CP intensities 
9.8 9.8 

9.5 
MSCP of this bulb is about 12 

9.5 

Fig. B. Luminous intensities in different directions of an incandescent lamp. MSCP of 
this lamp is about 12. This data was adapted from American Electrician's Handbook, 

Ninth Edition. 

tal Candle Power of the source and D is 

the distance between the source and 
point of measurement. Thus, the light 
intensity 5 feet from a 20- candlepower 
(cp) source is 20/25 = 0.8 fc. Six inches 
from this 20 -cp source, the light intensi- 
ty is 20/(0.5 x 0.5) = 80 fc, and at a 
1 -inch distance, it is 20/[(1/12) x 
(1 /12)] = 2,880 fc! 

Theoretically, light intensity rises to 
infinity at 0 distance from the source. In 

reality, no matter how close the measur- 
ing distance is to the source of a multi - 
trillion -watt source, illumination level 

can never reach infinity. Nevertheless, 
if the sensor of a wide -range light meter 
is placed against the envelope of a 

300 -watt bulb, the light meter will jump 
off range! (Do not perform this experi- 
ment! Some sensors can be damaged 
with the intense heat and /or light.) 

Lumens. The lumen is the unit of lu- 

minous flux, which is viewed as the 
"power" of visible light and is analo- 
gous to radiant power measured in 

watts. As an analogy to hydraulics, lu- 

mens would be equivalent to gallons per 
minute. Keep in mind, however, that 
the lumen unit describes the brightness 
sensation created in the human eye by 
light. For this reason, the lumen is a rel- 

ative term and not absolute like gallons 
per minute. 

If you examine a package of light 
bulbs, in addition to wattage, average 
lumens is usually listed. GE's 100 -watt 
crystal -clear light bulbs, for example, 
are rated at 1,750 average lumens. Like 
"candles," lumens are a basic unit used 
in light measurement and are exactly the 
same in the English and Metric systems. 

It may not be immediately obvious 
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Fig. C. CIE luminous efficiency curve. Lumen scale assumes 1 watt of radiant power 
at all wavelengths. 

that lumens and candles are related. A 
point source of light with an intensity of 
1 candle radiates 47 lumens of luminous 
flux. Now recall that the surface area of 
a sphere is 4irr2. With a radius of 1, the 
surface area of the sphere is just 47. 
Therefore, it would, seem reasonable 
that 1 candle x 47 should have some 
significance and that the total amount 
of light emitted by a source must pass 
through this imaginary sphere of unit 
radius whose surface area is 47. Early 
light engineers who discovered this rela- 
tionship saw it as the total amount of 
light "lumens." 

The basic definition of the lumen is 
47 x cp. In real life, a spherical photo- 
meter is used to measure the average 
candlepower of a lamp. The obtained 
figure is then multiplied by 12.57 to ob- 
tain the lamp's lumen output. Some 
technical literature on light measure- 
ment can be confusing by incorrectly 
implying that candles (or candelas) are 
defined by lumens. If you read the liter- 
ature, keep in mind that the universally 
agreed upon standard is the New Inter- 
national Candle (candela). The most 

useful technical literature is from man- 
ufacturers of light sensors. 

Some technical literature refers to the 
meter -candle (lux) as lumens per square 
meter. When the English system of 
measurement is recognized, it is re- 
ferred to as lumens per square foot in- 
stead of the more readily understood 
foot -candle. Such literature is correct, 
but lumens per square meter is not "in- 
tuitive." (Note: One phot is one lumen 
per square centimeter.) 

You can estimate the candlepower of 
light bulbs expressed in terms of stan- 
dard candles simply by dividing the lu- 
men rating of the bulb by 12.57. Doing 
this for a 100 -watt, 1,750 -lumen bulb, 
you get about 139 cp, which implies that 
a light meter 1 foot from this bulb 
should measure 139 fc. In an actual test 
using an accurate light meter, 200 fc was 
measured at a horizontal distance of 1 

foot from such a bulb. 
Several reasons are possible for the 

discrepancy between the calculated and 
actually measured figures. One is that 
new bulbs produce more light output (at 
constant voltage) than do old bulbs, 

and the lumen rating is an average of the 
light output of the bulb over its lifetime. 
The greatest discrepancy occurs be- 
cause the calculation assumes a point 
source of light radiating evenly omni- 
directionally. 

An actual bulb radiates most of its 
light in the horizontal direction (the di- 
rection measured). It has been found 
that the light intensity is about h above 
the average when measured in the hori- 
zontal direction. Knowing this, you can 
make a revised calculation: candlepow- 
er (in the horizontal direction) = 
1,750/12.57 x 1.33 = 185, which is 

close to the measured output of 200 fc 
(see Fig. B). 

Keep in mind here that when measur- 
ing light, you aren't really concerned 
with total radiant power. This is true 
even when restricted (when measuring 
radiant power) to visible -light electro- 
magnetic radiation in the violet range at 
380 nanometers to the dark red range at 
780 nanometers. (A nanometer, abbre- 
viated nm, is 1- billionth of a meter). 

Figure C, shows the standard CIE 
(Commission Internationale de I'Eclair- 
age) curve, which represents the aver- 
age response of the eye of many individ- 
uals and is assumed to be the "normal" 
response. The curve peaks at about 555 
nm in the greenish -yellow region. At 
this point, 1 watt of radiant power pro- 
duces 685 lumens of visible light. Notice 
that the relative response at 650 nm 
(red) is only about ' /,a that at 555 nm, 
means that 1 watt of radiant power at 
650 nm produces only about 68 lumens 
of visible light. 

Question: Which produces more lu- 
mens, a 10 -cp red light at 650 nm or a 
10 -cp yellow bug light at 580 nanome- 
ters? The answer is that both produce 
the same number of lumens. Remember 
that candlepower deals with visible light 
and, thus, automatically takes into con- 
sideration the eye's response to light. If 
the question rated the light bulbs at 10 
watts of radiant power (not electrical 
consumption) at the colors mentioned, 
the yellow light would have produced 
roughly seven times as many lumens as 
the red light. 
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Project 

By Michael Swartzendruber 

The Micro -Sys platform that 
appeared under the title 
"Microprocessor Control 

With BASIC" in the April and May 
1989 issues of Modern Electronics 
generated a lot of interest and may 
well have been the first single -board 
computer (SBC) many readers built. 
While the Micro -Sys article explained 
basics of constructing the engine of a 
potentially powerful control system, 
it did not describe how to expand its 
input /output (I /O) capabilities. The 
add -on option presented here adds 
greatly to the system's utility. 

Our I/O circuit adds to the Micro - 
Sys 24 output lines, 16 input lines and 
4 programmable interrupt lines. It 
also buffers the four timer inter- 
rupts, DMA interrupt and PWM 
output of the 8052AH, making them 
accessible to the outside world. This 
add -on accessory is an economical 
eight -chip assembly that gives the 
Micro -Sys enthusiast nearly unlimit- 
ed potential in using this SBC for 
controller applications. 

Overall Circuit Description 
The input /output enhancement 

I/O Add -On 
Enhances 
Micro -Sys 

Add -on expands controller 
capabilities of a popular 
single -board computer project 
published here last year 

PARTS LIST 
IC16,IC17,IC18- 74LS273 octal D- 

type flip -flop with clear 
IC19 -8255 programmable peripheral 

interface 
IC20,IC21,IC22- 74LS373 octal D- 

type transparent latch 
IC23- 6820/6821 peripheral interface 

adapter 
Misc.- Circuit board (see text); sockets 

for all ICs; Wire Wrap or soldering 
hardware (see text); multi -conductor 
ribbon cable; Wire Wrap wire or 
hookup wire; etc. 

scheme for the Micro -Sys, shown in 
Fig. 1 and Fig. 2, employs two popu- 
lar I/O control chips: an 8255 Pro- 
grammable Peripheral Interface 
(PPI) for output control and a 6821 

Programmable Interface Adapter 
(PIA) for input control. The 8225 has 
three eight -bit ports (24 lines), while 
the 6821 has two eight -bit ports and 
four handshake control lines that can 
be programmed as interrupt pins. 

This two -chip method of I/O im- 
plementation was chosen while con- 
sidering these options: Both chips are 
programmable and can be set to a va- 
riety of bit -by -bit input and output 

combinations. To exploit the bidirec- 
tional nature of these chips, how- 
ever, bidirectional octal buffers 
would have to be used. While this is 

not too difficult to accomplish, it 

would require much more control 
logic than the Micro -Sys has avail- 
able. Also, since this circuit was de- 

signed for use with the Micro -Sys, it 
is better to try to keep the add -on 
control logic to a minimum and capi- 
talize on the logic that already exists 
in the original design. 

Since the 6821 offers programma- 
ble interrupts, it seemed natural to 
select this chip as an input controller. 
During system initialization, a con- 
trol word is written to the the chip's 
data direction control registers that 
set all pins as inputs. 

A second 6821 could have been im- 
plemented as an output controller. 
The initialization routine would sim- 
ply be slightly modified to write a 

data word to the chip's data direction 
control registers to place it in an all - 

pins- output mode. This would give 
the Micro -Sys 20 output control 
lines. This is where the 8255 can offer 
a more powerful option with no real 
system overhead cost. Since the 8255 

offers 24 lines that can be configured 
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About the I/O chips 

The 8255 Programmable Peripheral In- 
terface (PPI) and 6821 Programmable 
Interface adapter (PIA) used to imple- 
ment the input /output (I /O) functions 
in the add -on circuit presented in the 
main article are among the most widely 
used in the eight -bit world. Here is a 
brief introduction of both chips. If you 
require more information, you should 
refer to manufacturer data books. 

The 8255 is an industry standard I/O 
chip made by a number of IC manufac- 
turers. It can be programmed in 27 dif- 
ferent input and output combinations. 
Mode of operation is set by writing an 
eight -bit control word to a control regis- 
ter. This circuit uses a mode 0 option 
that specifies all lines as outputs. 

Writing of the control word is done 
during system initialization. Some 
more experienced users may wish to ex- 
plore the possibility of using other 
modes of operation this chip has to of: 
fer. To do so, however, may require 

that the 74LS273 buffer chips specified 
in the main aerticle be replaced with bi- 
directional octal transceivers. Addi- 
tional control logic tied to the RD and 
WR lines of the processor will have to be 
utilized to control the direction of the 
octal transceivers. 

The 6821 is another industry stan- 
dard I/O interface chip. Each of its bits 
can be individually configured as input 
or output lines by setting or reseting bits 
in the data direction control register. In 
this respect, the 6821 is more versatile 
than the 8255, whose bit direction reso- 
lution is at best a nibble wide. In this cir- 
cuit, all bits are defined as inputs. The 
interrupt /handshake lines can be pro- 
grammed to respond to a rising or fall- 
ing edge. The interrupts can be pro- 
grammed to be disabled altogether. Re- 
fer to the interrupt option value chart in 
the main article if you wish to customize 
your initialization code to suit your spe- 
cific needs. 

as all outputs, as opposed to the 20 
lines of the 6821, it is just as simple to 
write the system initialization routine 
for the 8255 as it is for the 6821. On 
this basis, therefore, an 8255 was se- 
lected for output control. 

Since the 8255 does not latch data 
at its output pins, three octal latches 
are coupled to the 8255 so that a con- 
trol state can be set and "frozen" un- 
til a new control state is desired. The 
TTL buffers also have more drive 
capability than the 8255. 

The 74273s shown as 1C16, IC17 
and 1C18 in Fig. 2 were selected be- 
cause they have a CLEAR line that is 

tied to the system RESET line. This 
means that when the Micro -Sys is 

first powered up, the 24 output lines 
will come up in a logic zero state. This 
is very desirable because it would not 
be advisable to have these control 
lines come up in a random state 
whenever the Micro -Sys is first turned 
on. If a random state on power -up 
were permitted, whatever these con- 
trol lines were connected to would 
come up in a random state of action. 

Also, the outputs can be reset to a low 
state when the system is reset. 

Input signals to 6821 1C21 in Fig. 1 

are connected through 74LS373 octal 
buffers 1C16, 1C17 and IC18 to pro- 
tect the PIA chip from potential 
damage from external sources. Since 
three octal latches (which provide 24 
buffers) were required to accommo- 
date the 20 input lines of the 6821 
PIA (two eight -bit ports and four in- 
terrupts), four buffers are available 
for other use. These extra lines are 
used to buffer the four timer inter- 
rupt inputs on the 8052AH. In addi- 
tion, two of the hex buffers of the 
original design are removed from the 
V + bus and used to buffer the PWM 

output and the DMA request input 
on the 8052 microcontroller chip. 

This add -in circuit makes use of 
some of the idle gates of the Micro - 
Sys SBC, a decision that was made so 
that the design would be as economi- 
cal as possible (the gates were already 
present but not used). Consequently, 
the original Micro -Sys circuit re- 
quires very little modification. This is 

not required, though. If you are not 
concerned about power consump- 
tion and do not mind buying a couple 
of logic chips, you can also install ad- 
ditional logic support chips. 

In essence, this I/O add -on circuit 
exploits the decoding provided by the 
74LS138 (1C3 in the original Micro - 
Sys SBC) 3 -line to 8 -line decoder /de- 
multiplexer. The unused Y2 and Y3 

lines are used in the I/O circuit as 

chip -select signals for the 6821 and 
8255. The two chips connect to the 
address, data and control bus signals 
in the usual manner. 

This is very simple for the 8255, 
since it belongs to the 8052 family of 
components; so both chips use the 
same set of control lines and reset 
methods. The 6821 requires some ex- 
tra logic to transform the 8052 con- 
trol signals into signals that approxi- 
mate those the 6821 expects to "see." 
As you can see, however, this addi- 
tional logic is minimal. (See the 
"About the I/O Chips" box for 
more details on the 8255 and 6821.) 

The 8052 and the 8255 both reset 
with a positive -going reset control 
pulse. The 6821 and the 74LS273 
buffers require a negative -going re- 
set, which is why they connect to the 
OR gate input of the reset circuit. On 
power -up, this point is low until the 
capacitor charges to + 5 volts. The 
OR gate inverts this process, to pro- 
vide the 8052 correct reset pulse. 

Since the 6821 is used only as an in- 
put controller, it needs only to recog- 
nize the READ control line. The 8052 
RD line is negative -true and the 6821 
expects to see a positive -true signal 
on its RD control pin. That is why the 
RD signal from the 8052 is inverted 
and input into the 6821. 

The 74LS373 input buffers that 
connect to the eight -bit input ports of 
the 6821 are enabled by Y2. This is the 
same signal used to select the 6821. 
This was done to disable the latches 
when the port is not being read and to 
latch the data word when a read oper- 
ation is made. 

The third 74LS373 has its chip and 
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output enables wired so that the latch 
is transparent and follows the latch 
input. This is desired because this oc- 
tal buffer is used to isolate the exter- 
nal world from the CMOS. How- 
ever, interrupt lines, by their nature 
and use in control systems, must have 
instant access to the interrupt pro- 
cessing circuitry. 

Four of these interrupt lines go di- 
rectly to the CPU. The other four in- 
terrupt lines (CAI, CA2, CBI and CB2) 

are processed through the 6821. If 
either of the "A" interrupt lines is as- 
serted, the the IRQA output of the 
6821 will fall. The IRQB output re- 
sponds to the "B" interrupt lines. 
Both interrupts are ANDed so that 
the CPU gets an interrupt whenever 
any of the four interrupt lines is 

asserted. 

Construction 
The I/O add -in circuitry can easily be 
assembled using perforated board 
that has holes on 0.1 -inch centers and 
Wire Wrap or soldering hardware. 
Make sure you use sockets for all 
ICs, regardless of your choice of con- 
struction technique. You can also 
Wire Wrap the connections between 
the Micro -Sys SBC and I/O circuit - 
board assemblies. 

If the card on which you assembled 
the Micro -Sys is not large enough to 
accommodate the interface circuitry, 
use a separate card for the I/O inter- 
face, as was done for the prototype 
shown in the lead photo. Then when 
making connections between the two 
assemblies, keep the distance be- 
tween them as short as possible. 

Should you decide to make use of 
the uncommitted gates on the Micro - 
Sys board, make sure you remove the 
wires that tie these gates to the V + 
bus. When removing any connec- 
tion, make certain that the correct 
one is being worked on and that no 
other connections are accidentally re- 
moved or affected by your change. If 
you think this is too complex an ap- 
proach, it may be better to incorpor- 
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ate the additional logic chips into the 
Input /Output circuit. 

Since the original Micro -Sys SBC 
has the LCD control switches con- 
nected to pins 1 and 2 of the 8052 and 
the interrupt buffer also connects to 
the same pins, a modification to the 
original Micro -Sys is suggested. That 
is, remove the switch connections 
from P1.1 and P1.0 and reconnect 
them as follows: move S2 to pin 18 of 
the 74LS373, and move S3 to pin 17 

of the 74LS373. This modification 
allows the switches to keep the same 
functions they had in the original Mi- 
cro -Sys and also allows the buffered 
P1.0 and P1.1 inputs to be used for 
other purposes. If this modification 
is not made, potential damage to the 
buffer and erratic operation of the 
switch functions may result. 

A normally -open momentary -con- 
tact pushbutton master system -reset 
switch must also be added between 
pin 9 of 106 and circuit ground. 

Initialization 
To initialize the system, refer to the 
flow charts, control word option 
charts (where appropriate) and code 
listings. These routines can be called 
at any time, either at system initiali- 
zation or whenever the services of the 
I/O chips are required. They must be 
executed before any data can be ex- 
changed through the I/O ports. Once 
the configuration routine is run, the 
I/O channels can be accessed, read 
from and written to simply by calling 
their addresses. The control registers 
can be rewritten at any time if needed. 

The line numbers in the following 
routines are much higher than they 
are likely to be in an application. 
They are numbered in this manner 
here for illustrative purposes only. 

In the following initialization rou- 
tine for the 8255, all 24 bits are set 
up as output bits. The routine writes 
a configuration control word to the 
control register on -board the chip. 

1000 REM 8255 INITIALIZATION 
ROUTINE 

1010 XBY(06003H) =128 : REM 128 

SETS ALL BITS AS OUTPUTS 
1020 END 

This two -line routine is simple and di- 
rect. The control register of the 8255 
chip is located at hex address 06003 
and is the fourth and highest register 
on the chip. The "A" port resides at 
hex 06000, the "B" port at hex 06001 

and the "C" port at hex 06002. The 
next routine illustrates how to output 
a data word to each of these ports for 
Micro -Sys control functions: 

1100 REM SAMPLE DATA OUTPUT 
TO 8255 PORTS 
1110 FOR WORDOUT =0 TO 255 : 

REM START A COUNTER 
1120 XBY(06000H) = WORDOUT : 

REM WORD TO PORT A 
1125 FOR PAUZA =1 TO 300 : NEXT 
PAUZA : REM DELAY LOOP 
1130 XBY(06001H) = WORDOUT : 

REM WORD TO PORT B 

1135 FOR PAUZB = 1 TO 300: NEXT 
PAUZB : REM DELAY LOOP 
1140 XBY(06002H) = WORDOUT : 

REM WORD TO PORT C 
1145 FOR PAUZC =1 TO 300: NEXT 
PAUZC : REM DELAY LOOP 
1150 NEXT WORDOUT : REM INCRE- 
MENT COUNTER 
1160 END 

This routine is a simple loop coun- 
ter. It starts with a count of zero. It 
then outputs the same data word to 

port B and pauses. It then puts the 
same data word on port C and pauses. 
Finally, it increments the counter and 
loops again until a count of 255 (FF) 
is reached. 

This routine can be used with a di- 
ode array (cathodes to ground and 
anodes to output buffers through 
current -limiting resistors) to display 
the data words of the experimental 
output word generator. This pro- 
gram also demonstrates the ease of 
output control with the 8255. 

Initialization of the 6821 must now 
be performed. The following routine 
for this sets the 16 data bits as dedi- 
cated inputs: 

2000 XBY(05004H) = 0 : REM PORT A 

DATA DIRECTION REGISTERS SET 
FOR ALL BITS AS INPUTS 
2010 XBY(05005H) =0 : REM PORT B 

DATA DIRECTION REGISTERS SET 
FOR ALL BITS AS INPUTS 
2030 XBY(05006H) = * : REM CON- 
FIGURE PORT A TO APPLICATION 
2040 XBY(05007H) = * : REM CON- 
FIGURE PORT B TO APPLICATION 
2050 END 

Lines 2000 and 2010 set up r-s,rts A 
and B, respectively, as all input bits. 
Refer to the Table to determine the 
value to place into register 05006H 
and 05007H (ports A and B configur- 
ation control registers, respectively). 

Values to Place in Port A Configuration Control Register 

Enable Select Enable Select 
Enable Interrupt Active Interrupt Active Register 

Port Cxl Transition Cx2 Transition Value 

Y Y H to L Y HtoL 11 

Y Y L to H Y L to H 29 

Y Y H to L Y L to H 27 

Y Y L to H Y HtoL 13 

Y N X N X 2 

Y Y L to H N X 5 

Y Y H to L N X 3 

Y N X Y HtoL 10 

Y N X Y LtoH 26 

N X X X X 0 

Note: x is A or B, signifying Register A or Register B. L to H is low -to -high transition. 
H to L is high -to -low transition. X is a don't -care state. 
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(B) LOW TO HIGH TRANSITION HIGH TO LOW TRANSITION 

Interrupt 
1 : 
I 
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(C) 

DO D1 D2 D3 D4 D5 D6 D7 

Fig. 3. Example of LED array (A) that can be used to exercise output port. One array is shown; three arrays are re- 
quired in full implementation. Momentary- contact pushbut ton switches (B) can be used to exercise interrupt inputs. One 

of two DIP -switch assemblies (C) that can be used to exercise the input ports. 

From the Table, two register val- 
ues must be selected. One value chos- 
en will be for the port A configura- 
tion control register at address loca- 
tion 05006H. The second value is 
chosen for the port B configuration 
control register at address 05007H. 

Note the range of interrupt possi- 
bilities offered by this chip, which is 

one of the main strengths of this par- 
ticular chip. Also note that to enable 
the ports for any data transfer, a 
minimum value of 2 is required in the 
configuration control port. To dis- 
able the port, you can write a zero to 
the configuration control register. 
You must then reconfigure the chip 
to resume data exchange. After the 
configuration routine has been com- 
pleted, use the following routine to 
input data from this port: 

2100 PORTA = XBY(05004H) : REM 
PORT A INPUT WORD 
2120 PORTB = XBY(05005H) : REM 
PORT B INPUT WORD 

You can use a DIP switch to exercise 
the input ports. Momentary- contact 
pushbutton switches can be used to 
exercise the interrupt inputs. Re- 

member to connectr all test jigs to the 
buffers -not the peripheral chips - 
to avoid damage to the devices. 

You may have noticed that the 
port A register has the same address 
as the port A data direction register. 
After the port configuration register 
has a value of at least 2, the output 
registers are enabled and the chip in- 
ternally switches the address (05004H 
in this case) from the data direction 
register to the output register. The 
same is true for port B. Because of 
this, the sequence that the initializa- 
tion routine requires for this chip 
must be: first set the data direction 
register and then set the configura- 
tion register to enable the output 
registers. 

Testing the I/O system for proper 
operation is a relatively easy thing to 
do. LED arrays can be connected to 
the output buffers, as in Fig. 3(A), 
and a short program written to out- 
put a variety of bit -on /bit -off com- 
binations (a binary counter for in- 
stance) at the three output ports. 
Two DIP switches can be used as an 
input port exerciser, as in Fig. 3(B), 
and a short program written to re- 
peatedly read the port. A third rou- 

tine can be created to read the DIP - 
switch settings and then output the 
same pattern at the output ports. Fi- 
nally, pushbutton switches can be 
used, as in Fig. 3(C), to emulate in- 
terrupt signals. 

Summing Up 

The I/O add -on described here for 
the Micro -Sys single -board comput- 
er has 50 I/O lines. The 24 output 
lines offer 16- million output combin- 
ations! The PWM output is useful 
for motor speed control. With this 
add -on circuit, the Micro -Sys now 
has nine interrupt lines with three 
major priority levels. 

Keep in mind that the Micro -Sys 
still has its analog input. It also now 
has 16 input lines that provide 65,536 
different input combinations. 

With the addition of I/O facilities, 
the Micro -Sys has now become a full - 
blown I/O engine. The "horsepow- 
er" of the upgraded Micro -Sys I/O 
engine is ready to be taken into the 
real world, where it will give you a de- 
gree of control you probably never 
imagined you would ever have. AE 
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Project 

Super Tunes for 
Telephones 

Device gives your phone more 
answering appeal by playing 
a different melody each time 
it rings 

By W. Schopp 

The electronic chirp that now 
alerts you to an incoming tel- 
ephone call is somewhat of 

an improvement over the bell, but 
even the sound of a chirp can jangle 
nerves after a while. A change from 
the chirp to the Melody Ringer de- 
scribed here could make your day 
more pleasant. 

Our Super Tunes Melody Ringer is 

a small unit that plugs into your tele- 
phone line and plays a short tune 
each time your telephone rings. It 
plays a selection of 12 tunes; so that 
each time you receive a call, a differ- 
ent melody is heard. Among the 
tunes available are: "American Pa- 
trol," "Brother John," "My Darl- 
ing Clementine," "London Bridge" 
and others. 

Completely self contained, includ- 
ing its own 6 -volt dc power source, 
the Melody Ringer can easily be 
moved from one telephone instru- 
ment to another. When the instru- 
ment with which the project is used is 

taken off -hook, the melody stops. 
Battery life is quite long since three of 
the four cells used are effectively dis- 

connected from the circuit when the 
unit is not playing a tune. The fourth 
cell maintains the memory in the mel- 
ody chip and draws only microam- 
peres of current. 

About the Circuit 
Before discussing circuit operation, 
let us briefly review what occurs on 
the telephone line and how it is af- 
fected by use of the telephone instru- 
ment. When the telephone is on- 
hook, approximately 48 volts ap- 
pears on the line. Lifting the receiver 
is off -hook, drops this to about 7 

volts. The voltage on the line is im- 
pressed on the green- and red- insulat- 
ed conductors, with green at positive 
( +) and red at negative ( ). 

The ring signal is an interrupted dc 
voltage that has peaks of 90 to 150 

volts with an interruption frequency 
of around 20 Hz. When you pick up 
the handset, this pulsating voltage is 

also present during dialing. Hence, 
the input sensing circuit of the Super 
Tunes project had to be designed to 
trigger the circuit into operation only 
on the incoming ring signal -not on 
the dial pulses. 

In reality, the Super Tunes circuit 
does not distinguish between incom- 
ing ring pulses and outgoing dial 
pulses on the line. Instead, it disables 
the ability of the triggering circuit to 
turn on the melody -producing sec- 
tion while the phone is off -hook. 
This prevents the melody from play- 
ing every time you pick up the phone 
to dial a number. 

As shown in Fig. 1, the circuit used 
to sense the ring signal is a special 
chip designed for this purpose. This 
Texas Instruments TCM1512BP, 
shown as ICI, uses a minimum of 
outboard components. The input tel- 
ephone line connects across the 
bridge network comprised of D3 
through D6. This bridge configura- 
tion prevents the line input from be- 
ing accidentally cross -connected. 
The pulsating ring signal is coupled 
across ICI by Cl and Rl. 

Outboard components C2, C3, R5 
and R22 provide filtering and "anti - 
tinkle." During the time a ring signal 
is present, a positive voltage with ref- 
erence to ground is produced on pin 2 

of ICI. This voltage turns on QI, 
which momentarily supplies operat- 
ing power from the positive bus to 
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Fig. 1. Complete schematic diagram 
of Super Tunes telephone melody 

ringer circuitry. 

the rest of the circuit. 
When power is momentarily ap- 

plied to the circuit, 555 timer chip 
IC2, turns on with a negative pulse to 
pin 2, provided by R8 and CS. This 
timer is a standard circuit that has 
been modified to a latch by removing 
the resistance from the RC network 
and replacing it with Q4. When 
turned on, IC2 latches until Q4 turns 
on and allows C7 to charge. 

When IC2 is turned on, a positive 
voltage is produced on pin 3. This 
turns on Q3 and energizes relay KI. 
Uninterrupted power is then supplied 
to the circuit through the relay con- 
tacts, keeping power supplied to the 
circuit between rings when Ql is 

turned off. 
When power is applied to the cir- 

cuit, a positive pulse to pin 4 of IC3 
triggers this melody chip into opera- 
tion. This chip operates on 1.5 to 3 

volts dc. The voltage- divider net- 
work consisting of R12 and R14 
drops the 6 -volt supply potential to a 
safe operating level for IC3 at pins 2 

and 16. The network consisting of 
R14, R15 and C13 changes the modu- 
lation of the chip to sound like an or- 
gan, piano or mandolin. The tone 
can be modified by adjusting R15. 

The network made up of R17, R18 
and C12 sets the speed or tempo of 
the playback. Making C12 larger in 
value slows the beat, while decreas- 
ing the value of this capacitor speeds 
up the beat. 

Pin 1 of IC3 is an output flag. It 
goes high at the end of the selected 
tune and is used to turn on Q4 and 
drop out IC2 at the end of the select- 
ed tune. When pin 1 goes high, it 
turns on the LED inside optical isola- 
tor IC5. This causes the phototran- 
sistor inside IC5 to turn on. In turn, 
Q4 turns on to charge C7 and drop 
out IC2, which causes K1 to deener- 
gize. If the phone is still ringing at the 
end of the tune, the next tune will be 

PARTS LIST 

Semiconductors 
D1 thru D6- 1N4004 or similar power 

rectifier diode 
D7 -15 -volt, 1 -watt zener diode 
IC1- TCM1512BP telephone ring 

detector (Texas Instruments) 
IC2 -555 timer 
IC3- UM3482A melody chip (see Note 

below) 
IC4 -LM386 operational amplifier 
IC5,IC6- Optical coupler (Digi -Key 

Cat. No. PS2501 -NEC or similar) 
Q1,Q2,Q3- 2N3903 or similar general- 

purpose npn silicon transistor 
Q4- 2N3905 or similar general -pur- 

pose pnp silicon transistor 
Capacitors 
CI- 0.47 -µF, 100 -volt ceramic disc 
C2- 0.02 -µF, 50 -volt ceramic disc 
C3,C5,C7,C9,C10,C15 -µF, 25 -volt 

electrolytic 
C4,C13- 2.2 -SF, 35 -volt electrolytic 
C6- 0.01 -µF, 50 -volt ceramic disc 
C8- 4.7 -µF, 25 -volt electrolytic 
C11,C14- 0.1 -SF, 25 -volt ceramic disc 
C12- 47 -pF, 50 -volt ceramic disc 
Resistors (h, -watt, 507o tolerance) 
R1,R12 -2,200 ohms 
R2,R4,R5,R10- 100,000 ohms 
R3,R6,R8,R 11,R14,R 16,R 19,R20- 

10,000 ohms 
R7,R21 -100 ohms 

R9 -1,000 ohms 
R13 -1,500 ohms 
R17- 68,000 ohms 
R18- 47,000 ohms 
R22- 220,000 ohms 
R23 -10 ohms 
R 15- 500,000 -ohm, miniature trimmer 

potentiometer (Digi -Key Cat. No. 
K0A55) 

Miscellaneous 
BI -I.5 -volt alkaline AA cell 
B2 -Three 1.5 -volt alkaline AA cells 

in series 
K1-5-volt dc spdt micro- miniature 

relay (Aromat No. HD1E- M -DC5V; 
available from Newark Electronics 
as Cat. No. 46F5743) 

SPKR -2.5 " 8 -ohm speaker with 
mounting holes on 2 " centers (Mouser 
Electronics Cat. No. 25SP105 or 
similar) 
Printed -circuit board or perforated 
board with holes on 0.1 " centers and 
suitable Wire Wrap or soldering 
hardware (see text); suitable enclo- 
sure (see text); AA -cell holder; Y 

adapter; telephone cable; machine 
hardware; hookup wire; solder; etc. 
Note: UM3284A melody chip is available 

for $5.95 from Electronic Enterprises, 
3305 Pestana Way, Livermore, CA 
94550. 

triggered on and played. 
To keep track of which tune was 

last played and the next tune on the 
menu, a voltage must remain on the 
memory of IC3 at all times. This volt- 
age is supplied from the single AA 
cell identified as BI, through D2 to 
pin 3. The output from pin 9 is cou- 
pled to low- voltage amplifier IC4, 
which now provides driving power to 
speaker SPKR. 

So far, we have covered turning on 
the melody when the phone rings and 
allowing it to play the selected tune to 
the end. One does not usually wish to 
have the tune play after picking up 
the handset. Therefore, a method 
was needed to turn off the melody 
when the handset is lifted from the 
cradle. This is accomplished with IC6 
and Q2. 

Keep in mind that when the phone 
is on the hook there is about 48 volts 
dc on the line. This voltage is divided 
by 15 -volt zener diode D7 and resis- 
tor R2. The voltage across R2 is fur- 
ther reduced by R3 and is then used to 
turn on IC6. With IC6 turned on, Q2 
is turned on and supply voltage is 

present on the RESET pin 4 of IC2. 
When the phone is taken off -hook, 
line potential drops to 5 volts and Dl 
can no longer conduct. The LED in- 
side IC6 turns off, in turn, turning 
off IC6 and Q2. When Q2 is turned 
off, the reset voltage on pin 4 is re- 
moved and IC2 turns off. 

Construction 
The entire circuit, except battery and 
speaker, can be assembled on a board 
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Fig. 2. Actual -size etching- and -drilling guide for fabricat- 
ing printed- circuit board. 

Fig. 3. Wiring diagram for pc board. Use this as a guide if 
you point -to -point wire the circuit on perforated board. 

that measures only 2'/ by 2'h inches. 
Alternatively, you can use perforated 
board that has holes on 0.1 -inch cen- 
ters and suitable Wire Wrap or sol- 
dering hardware. 

If you decide to use a pc board, use 
the actual -size etching- and -drilling 
guide shown in Fig. 2 to fabricate it. 
From here on, we will assume pc con- 
struction. If you use point -to -point 
wiring, make suitable adjustments in 
the following procedure. 

Install the components on the 
board exactly as shown in Fig. 3. 
Start by installing and soldering into 
place the IC sockets. Do not plug the 
ICs into the sockets until after you 
have performed voltage checks. 

Next, install the fixed resistors, di- 
odes, capacitors and transistors. 
Make certain that the diodes and 
electrolytic capacitors are properly 
oriented and that the transistors are 
properly based before soldering their 
leads into place. Finally, install and 
solder into place the trimmer potenti- 
ometer and miniature relay. 

Strip '/ inch of insulation from 
both ends of five 3- inch -long hookup 
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wires. If you are using stranded wire, 
tightly twist together the fine conduc- 
tors at all ends and sparingly tin with 
solder. Plug one end of these wires 
into the B1, B2 and SPKR holes and 
solder into place. 

You have a choice of connecting 
and soldering the telephone exten- 
sion cord directly to the indicated 
pads on the circuit -board assembly 
or using a modular jack into which 
the cord plugs. If you go the latter 
route, prepare two more 2- inch -long 
wires as above and solder one end of 
each wire into the PHONE LINE holes 
on the board. The other ends of these 
wires will then be terminated in the 
modular jack that will mount on the 
project's enclosure. 

You can use any enclosure that will 
accommodate the circuit -board as- 
sembly, speaker and battery (and 
modular jack, if used) to house the 
project. Machine the enclosure as 
needed. That is, drill mounting holes 
for the circuit -board assembly and 
battery holder and a series of small 
holes through which the sound from 
the speaker can escape. Also, if you 

are using the modular jack, cut a suit- 
able opening for it. Deburr any holes 
drilled through metal. 

If you wish to duplicate the enclo- 
sure shown in the lead photo use %- 

inch-thick acrylic sheet stock and 
acrylic cement. Mount the plastic 
four -cell battery holder inside a bot- 
tom channel that also serves for 
mounting the circuit -board assembly 
and speaker. Make this channel from 
three pieces of %- inch -thick plastic 
and slip it into the bottom of the ce- 
mented- together enclosure. 

Two sides of the enclosure can be 
screwed into the sides of channel to 
secure together case and channel. 
Mount a bottom plate the same size 
as the top plate to the side pieces of 
the channel to cover the battery. Fi- 
nally, drill a series of holes in the top 
plate to permit the sound from the 
speaker to escape. 

You can stack the speaker on top 
of the circuit -board assembly with 
the components using 1 -inch thread- 
ed spacers as shown. The speaker and 
circuit -board assembly can then be 
mounted inside the cubical enclo- 
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sure, the 3- inch -square by 2 % -inch- 
high dimensions of which still leave 
room for the four AA cells that make 
up BI and B2 on the bottom. 

The four -cell plastic battery holder 
arranges the cells side -by -side. When 
wiring the cells, be sure to have them 
all in series with each other and tap 
the one nearest the common ( -) ter- 
minal to provide the 1.5 volts that 
will keep alive the memory of the 
melody chip. Keep in mind that sol- 
dering must be done quickly to keep 
from overheating the spring and 
melting the plastic enclosure it is at- 
tached to. Bring the battery wires up 
to the board through cutouts on the 
sides of the battery channel piece. 

Checkout & Use 

With no ICs plugged into the sockets, 
place four fresh alkaline AA cells in 
the battery holder. Observe proper 

polarity. Clip the common lead of a 
dc voltmeter or multimeter set to the 
dc-volts function to the negative ( - ) 
terminal of the battery holder. 

Touch the "hot" probe of the me- 
ter to pin 3 of the IC3 socket. The me- 
ter should indicate approximately 
+ 1.5 volts. Temporarily jumper 
from the cathode of DI to the + lead 
of C15. Then touch the "hot" probe 
of the meter to pin 8 of the IC2 and 
pin 6 of the IC4 sockets. In both 
cases, you should obtain a reading of 
approximately + 6 volts. 

If you fail to obtain the proper 
reading at any of the specified points, 
remove the cells from the battery 
holder and troubleshoot the circuit to 
correct the problem. 

When you are certain that the cir- 
cuit has been properly wired, remove 
the cells from the battery holder and 
install the ICs and optical isolators in 
their various sockets. Make sure each 
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is properly oriented and that no pins 
overhang the sockets or fold under 
between devices and sockets. 

Plug a duplex modular connector 
into the wall jack and the telephone 
instrument into one of its jacks. If 
you mounted an optional modular 
jack on the project, plug one end of 
the extension cord into it. Otherwise, 
route the extension cord through a 
hole in the enclosure and solder the 
red- and green -insulated conductors 
to the PHONE LINE pads on the cir- 
cuit -board assembly. Plug the other 
end of the cord into the other connec- 
tor jack at the wall box. 

When the Super Tunes melody 
ringer is installed, it will start playing 
a tune on the first ring. It plays the 
tune only once for each call, unless 
ringing persists after the tune is com- 
plete. The next tune is then played. 
When the handset is picked up, the 
melody stops. ME 
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Project 

An Infinite 
Snooze Alarm 

Select the duration of a snooze 
period up to 31 minutes as many 
times as you wish to without the 
one -hour restriction normal for 
clocks and clock radios 

By Ron Peterson 

Drifting in and out of sleep in 
the morning is one of the 
greater pleasures in life. 

Hitting the snooze button on an 
alarm clock or clock radio lets you 
spend those extra minutes back on 
your cozy little cloud. Many people, 
however, press the button again and 
again to continue their dream excur- 
sions. But there's a maximum snooze 
time lurking, usually one hour. So if 
you kit the snooze button just once 
too often, the alarm will no longer be 
activated and you can oversleep. 

The Infinite Snooze Alarm de- 
scribed here overcomes this problem. 
It will keep you snoozing for as long 
as you please without worrying about 
reaching the snooze limit of your 
alarm clock. As long as you continue 
to press the snooze button, the proj- 
ect will continue sounding its pleas- 
ant chime alarm when the snooze pe- 
riod you chose is reached. It'll stop 
when you disable power. You can se- 

lect a period between audible alerts 
from 1 to 32 minutes or more and 
change them whenever you wish. 

To use the Infinite Snooze Alarm, 
you simply place it beside your regu- 
lar alarm clock or clock radio. When 
the alarm sounds, you turn it off and 

flip the power switch on the project. 
From then on, you can hit the proj- 
ect's snooze button as many times as 
you like. An added bonus is that you 
can choose the type of sound your 
snooze alarm will make. With the cir- 
cuit built as described, you get a plea- 
sant bell -chime sound, but we also 
tell you how to obtain other sounds. 

Uses for the Infinite Snooze Alarm 
include exploring how you dream, 
scientific research on dreaming or 
sleeping habits and general -purpose 
timing applications, in addition to 
just plain everyday snoozing. You 

can customize and elaborate upon 
the circuit as you wish. 

About the Circuit 
Shown in Fig. 1 is the schematic dia- 
gram for the time -delay portion of 
the Infinite Snooze Alarm circuit. A 
variable time delay of long duration 
is achieved by ICI, an LS7210 inte- 
grated- circuit timer chip. This timer 
chip has a built -in clock whose fre- 
quency of oscillation is set by the val- 
ues selected for Cl, Rl and R2. 

Grounding pins 1 and 2 of ICI 
configures the timer chip in its one- 
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Fig. I. Schematic diagram of Delay section of the Infinite Snooze Alarm. 
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shot mode (similar to the one -shot 
mode of the 555 timer chip). In this 
mode, a negative -going edge fed to 
pin 3 of the chip triggers the delay. (If 
you are interested in a detailed expla- 
nation of the different operating 
modes of the LS7210, buying your 
chip from Radio Shack gets you a 
four -page explanation of how this IC 
operates.) 

Closing SI pulls pin 3 of ICI high, 
while opening the switch lets this pin 
return to low (as a result of R3 being 
in the circuit). This action triggers the 
time delay period countdown. 

There is a second reason for the ex- 

istence of R3 in the circuit. This resis- 
tor also causes the timer to enter its 
delay mode immediately upon pow - 
er-up of the project. Hence, there is 

no need to press and release SI when 
power is first applied. 

Connections made to pins 8 

through 12 of ICl set the duration of 
the time -delay period by grounding 
specific pins of this chip as follows: 

Pin Adds Minutes 
12 1 

11 2 

l0 4 

9 8 

8 16 

To set an 8- minute snooze time, for 
example, you would ground only pin 
9. For a 20- minute snooze, you 
would ground both pin 8 and pin 10 

(grounding of any one or more pins 
produces a period that is the sum of 
the individual periods assigned to 
each pin of ICl). By grounding all 
five pins, you can obtain a maximum 
delay period of 31 minutes with the 
component values shown in Fig. 1 

and specified in the Parts List. If you 
desire longer times, you can try dou- 
bling the capacitive value of Cl, 
which doubles the delay period avail- 
able with the grounding of each pin. 

Output pin 13 of ICI is connected 
to internal circuitry that requires an 
external resistor to provide the need- 
ed load for completing the circuit. 
This is provided by R4. The pin 3 out- 
put is used to turn on and off Ql. 

PARTS LIST 

Semiconductors 
D1,D2 -1N914 or similar switching di- 

ode 
IC1- LS7210 programmable digital de- 

lay timer (Radio Shack Cat. No. or 
similar) 

IC2 -LM324 quad operational amplifier 
Ql- 2N3906 or similar general- purpose 

silicon pnp transistor 
Capacitors 
C1- 0.047 -µF ceramic disc 
C2 -2 -µF, 35 -volt tantalum 
C3,C4- 0.001 -µF ceramic disc 
C5- 0.005 -µF ceramic disc 
C6,C7- 0.1 -µF ceramic disc 
Resistors (' /a -watt, 5% tolerance) 
R1,R10,R11 -1 megohm 
R2,R6,R7,R8,R12,R 13,R 19- 100,000 

ohms 
R3,R5,R18- 10,000 ohms 
R4- 47,000 ohms 

R9- 68,000 ohms 
R14,R15- 56,000 ohms 
R16- 15,000 ohms 
R17- 100,000 -ohm, 10 -turn trimmer 

potentiometer (see text) 
Miscellaneous 
B1 -9 -volt alkaline battery 
PB1- Piezoelectric disc transducer 

(Radio Shack Cat. No. 273- 073 -see 
text) 

S1- Normally -open, momentary-con- 
tact spst pushbutton switch 

S2 -Spst slide or toggle switch 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); sockets for ICI 
and IC2; suitable enclosure (see text); 
9 -volt battery snap connector and 
holder; spacers; machine hardware; 
hookup wire; solder; etc. 

Once ICI has been triggered into 
operation, its output goes high and 
cuts off Ql. At completion of the de- 
lay period, pin 3 returns to its former 
low state and sends Ql into conduc- 
tion. When Q1 conducts, it com- 
pletes a circuit from the V + rail of 
the power source (a 9 -volt battery, 
identified as B1) through the transis- 
tor to the chime circuit connected to 
Fig. 1 through the collector lead of 
the transistor. 

Shown in Fig. 2 is the schematic di- 
agram of the chime circuitry. This 
section consists of three operational - 
amplifier stages. Op amp IC2 at the 
left is configured as a low- frequency 
pulse generator whose on- and off - 
times are set by the values of R9 and 
R10, respectively, in combination 
with the value of C2. With the values 
specified for these components, this 
stage produces short pulses at a rate 
of about one every 2 seconds. 

The pulses that appear at output 
pin 1 of IC2 are used to trigger the 
IC2 op -amp stage in the center of 
Fig. 2. This second stage is config- 
ured as a tuned bandpass filter. Ele- 
ments R14, R15, C5, C3, C4, R16 

and R17 set the optimized frequency 
of the filter. The values of these com- 
ponents are selected to set the filter 
very close to its resonance point, 
where it begins to self -oscillate. 

Trimmer control R17 permits pre- 
cise adjustment of the onset of self - 
oscillation of the tuned bandpass fil- 

ter stage so that when a pulse arrives 
at the pin 6 input of IC2, the filter os- 
cillates for a short time and then 
gradually damps out. This ringing 
effect produces a waveform that 
sounds like a bell or chime when re- 
produced audibly. 

To be able to hear the sound gener- 
ated at output pin 7 of IC2, the third 
and final op -amp stage shown at the 
right in Fig. 2 is needed. This last 
stage drives piezoelectric disc PB1, 
which serves as the sound reproducer. 

Note in Fig. 2 that the positive sup- 
ply line is not connected to the bat- 
tery that powers the timer. Instead, it 
is connected to this circuit through 
QI (see Fig. 1) so that the chime re- 
mains silent until Ql conducts. 
Hence, the chime circuit uses no 
power until Q1 turns on. Conse- 
quently, very little power, on the or- 
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NOTE: 
IC2 = 324. 
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Fig. 2. Schematic diagram of Chime section of project. 

der of 4 milliamperes, is drawn from 
BI when the disc is not sounding. 

Construction 
There is nothing critical about com- 
ponent layout and conductor runs. 
Therefore, you can use any tradition- 
al method of assembly to build this 
project. If you wish, you can design 
and fabricate a printed- circuit board 
on which to mount and wire together 
the components that make up the cir- 
cuit. Alternatively, you can point -to- 
point wire the circuit on perforated 
board that has holes on 0.1 -inch cen- 
ters with the aid of suitable Wire 
Wrap or soldering hardware. Which- 
ever way you go, though, be sure to 
use sockets for the ICs. 

Wire first the delay circuit exactly 
according to Fig. 1. (All components 
-except the two switches, piezoelec- 
tric disc and 9 -volt battery -mount 
directly on the circuit -board assem- 
bly. Also, wire the sockets into the 
circuit.) In Fig. 1, pins 9 through 12 

are shown wired to ground for illus- 
trative purposes only. 

You will probably want to be able 
to select a different delay period by 
jumpering different output pins to 
ground. Though you can use hard- 

wired connections for this, it is more 
convenient if you use five sections of 
a DIP -switch assembly or an IC sock- 
et and jumper wires for the connec- 
tions from these pins to ground to 
permit changing the period at any 
time in the future. 

When you have finished building 
the delay circuit, test it by connecting 
a light- emitting diode in series with a 
1,000 -ohm resistor in place of the 
chime circuit from the collector of 
QI to ground. Make sure the cathode 
end goes to ground. 

Temporarily attach miniature in- 
sulated alligator clips to the leads of a 
9 -volt battery snap connector and 
fasten to the connector a fresh bat- 
tery. Fasten the clip on the end of the 
negative ( - ) black -insulated lead of 
the connector to circuit ground and 
the clip on the positive ( + ) red -insu- 
lated lead to the V + rail of the circuit. 

When you first power up, the LED 
may turn on briefly before going 
dark. When the delay period has 
elapsed, the LED should light and re- 
main on. The circuit was intentional- 
ly designed to operate in this manner 
so that you will not have to hit the 
"snooze" button (Si) on power -up. 

Briefly bridge the S1 connections 

with the jumper lead to simulate the 
closing of the "snooze" button. The 
LED should now extinguish and then 
come on again after the delay period 
has timed out. If you do not obtain 
these responses, something is wrong 
with your wiring or component in- 
stallations. Power down by discon- 
necting the battery from the circuit. 
Rectify whatever problem exists be- 
fore proceeding. 

As you perform this test, you may 
discover that the delay period is not 
exactly what you selected with the 
jumpers or switch sections connected 
between ICI and ground. This is the 
result of variations in the values of 
the components used. However, it 
should be within 20 percent of the ac- 
tual selected time period. If you wish 
greater accuracy, adjust the value of 
R2 by increasing it to lower the clock 
frequency or decreasing it to raise the 
clock frequency. 

Once you are sure the delay circuit 
is functioning properly, disconnect 
the battery and build the chime cir- 
cuit shown in Fig. 2. Start with the 
pulse -generator stage, using a socket 
for IC2. When the components for 
this stage, including seating IC2 in its 
socket, have been wired into the cir- 
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cuit, connect a dc voltmeter or multi - 
meter set to the dc-volts function be- 
tween pin 1 of 1C2 and circuit ground 
(observe proper polarity) and reap- 
ply power from the battery. 

Wait for the delay period to time 
out. The meter reading should now 
begin jumping up and down at a rate 
of approximately once every other 
section. It is better to use an analog 
meter for this test, though a digital 
instrument will also work. The up/ 
down meter readings are indications 
of pulse activity at pin 1 of the pulse 
generator. 

Next, build the filter stage. If you 
have any difficulty locating the 10- 

turn trimmer potentiometer speci- 
fied for R17, you can substitute a 
20,000 -ohm trimmer pot and fixed 
resistor for it. The value of the fixed 
resistor must be determined exper- 
imentally. However, stay with a 
47,000 -ohm resistor. 

When you finish wiring the filter 
stage, temporarily connect the piezo- 
electric disc between pin 7 of 1C2 and 
ground. Apply power to the circuit 
via the battery and allow the delay 
period to time out. When this occurs, 
you should hear a faint "clicking" 
sound coming from the disc. (Laying 
the disc flat on a hard surface will in- 
crease the volume of the sound.) 

Adjust the setting of R17 until you 
hear a steady tone coming from the 
disc and then back off slightly until 
the sound just disappears. At this 
point, you should hear a faint chime 
sound coming from the disc at regu- 
lar intervals. If you are using the 
20,000 -ohm trimmer pot and fixed 
resistor instead of the 10 -turn pot 
and cannot get the circuit into the 
range where you can start and stop 
the tone regardless of the setting of 
the pot, try using a fixed resistor of 
greater or lesser value. 

You may have to periodically ad- 
just the setting of R17 as the circuit 
ages and /or the weather changes. 
However, you can get around having 
to do this by using Mylar or polypro- 
pylene capacitors in the filter stage. 

When you are sure everything is 

okay up to this point, power down 
once again and disconnect the disc 
from the circuit. Now build the buf- 
fer- amplifier stage. When you are 
done, test it by connecting the piezo- 
electric disc to the free end of C7 and 
power up with the battery. Listen 
once again for the chime sound. This 
time, the sound coming from the disc 
should be much louder. 

You can use any type of enclosure 
in which to house the project as long 
as it is large enough to accommodate 
the circuit -board assembly and bat- 
tery internally and has enough panel 
space for mounting the piezoelectric 
disc and two switches. The enclosure 
can be all- metal, all- plastic or a plas- 
tic shell with a metal panel. 

Machine the enclosure you choose 
to provide mounting holes for the cir- 
cuit -board assembly, battery holder, 
switches and disc. If you drilled 
through metal, deburr all holes to re- 
move sharp edges and line the entry 
hole for the leads from the disc with a 
small rubber grommet. 

Mount all components and the cir- 
cuit -board assembly in place. Use' - 

inch metal spacers and 4 -40 x /- 
inch machine screws, nuts and lock - 
washers for the board. Be sure to sol- 
idly fasten the piezoelectric disc to 
the front of the enclosure with ma- 
chine hardware to obtain maximum 
volume from it. This done, wire the 
switches and buzzer into the circuit. 

Modifications 
There are many ways in which you 
can alter the basic Infinite Snooze 
circuit to obtain other effects. In- 
stead of installing the chime circuit, 
you can substitute a relay (try Radio 
Shack's Cat. No. 275 -005 relay to 
control up to 2 amperes of current at 
117 volts ac) to control power to an 
external device. For example, you 
can use it to automatically turn off 
your stereo system after you fall off 
to sleep. If you are the type who 
needs more "punch" from your 

alarm to get you up, try substituting 
the high -decibel piezoelectric buzzer 
for the chime circuit. Radio Shack's 
Cat. No. 273 -070 buzzer puts out an 
ear -shattering 100 dB of sound! 

Another possibility is to alter the 
tuning of the bandpass filter. By 

changing the values of R14 and R15, 
you can obtain from the project a 
sound like a wood block, a large bell 
or a bass drum. Here is how to obtain 
some interesting sounds simply by 
changing resistance values: 

Sound Value in ohms 
Triangle 33,000 
Small Bell 47,000 
Medium Bell 150,000 
Large Bell 470,000 
Drum 1M 

Remember, though, that both resis- 
tors must be changed to the same 
value to obtain the proper results. 

To tune the filter properly for the 
larger values of resistance used for 
R14 and R15, you will probably have 
to also increase the value of R17 to 1 

megohm or make the value of R16 
larger. Also, keep in mind that the 
piezoelectric disc is not very good at 
reproducing sounds with a lot of 
bass -range frequencies in them (such 
as drums). Therefore, use a small 
loudspeaker and extra driving ampli- 
fier if you wish to obtain these. 

Using the Project 
It is very simple to use your Infinite 
Snooze Alarm. When your alarm 
clock or clock radio goes off at wake - 
up time, simply reach over, turn off 
the clock or radio and flip the proj- 
ect's power switch to "on." Now roll 
over to get a few more winks of sleep. 
When you hear the chime sound 
from the Infinite Snooze Alarm, tap 
the SNOOZE button on the project. 
Do this as many times as you wish, 
without fear of running out of count- 
down time. But remember that you 
can still be late for work if you press 
the SNOOZE button too many times 
since snooze periods do add up. AE 
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1111111/ELECTRONICS NOTEBOOK 111111=1 

By Forrest M. Mims III 

If asked to select the most important dis- 
crete semiconductor component on my 
workbench, I would immediately reach 
for a package of power MOSFETs. For 
more than a decade, the power MOSFET 
has proved, time after time, that it is al- 
most the ideal semiconductor switch. The 
input impedance of its gate terminal is on 
the order of 1,000 megohms. It can 
switch from off to on and back off again 
in nanoseconds. Its on resistance can be 
so low that it must be expressed in milli - 
ohms. And it can switch up to hundreds 
of amperes and up to 1,000 volts. 

While the power MOSFET is primarily 
used for switching applications, it can 
also be used in a linear mode. This means 
it can be used to make a very inexpensive 
power potentiometer and even an audio 
amplifier. 

Having all these capabilities in a mod- 
erately priced semiconductor device was 
once only a dream. Now power MOS- 
FETs are commonly used in power sup- 
plies, radio transmitters, amplifiers and 
virtually all other kinds of power circuits. 
They are also used to switch current to 
motors and lamps in appliances, automo- 
biles and aircraft. 

The Parallel Connection 
Years ago, engineers used to connect two 
or more MOS transistors in parallel to in- 
crease the current they could switch. To- 
day, CMOS gates are often connected in 
parallel to increase their drive capability. 

The parallel connection trick is the key 
to the MOSFET's remarkable ability to 
switch hundreds of watts and more of 
power. Rather than being a single tran- 
sistor, a power MOSFET is actually an 
integrated circuit formed from an array 
of hundreds and sometimes even thou- 
sands of individual MOSFET transistors, 
all of which are connected in parallel. 

The density of transistors within the ar 
ray that forms a power MOSFET can ap- 
proach a million transistors per square 
inch (6.45 square centimeters)! The pho- 
to of the larger- than -life power MOSFET 
mask shown in Fig. 1 places this density 

The Power MOSFET 

Fig. 1. Mask pattern for a power MOSFET made from thousands of parallel- connected 
transistors. (Courtesy IXYS Corporation.) 

in perspective. The mask in this photo 
was used to make a MOSFET that mea- 
sured only about 0.25 inch (6.35 mm) on 
a side. The large number of parallel -con- 
nected octagonal cells in the array provid- 
ed an on- resistance of only 80 milliohms. 

As practical experience reveals and 
Ohm's law explains, connecting two or 
more resistors in parallel with each other 
lowers the resistance of the resulting net- 
work. The same applies to the parallel - 
connected MOSFETs of a power MOS- 
FET. The resistance of three or more re- 

sistors (or MOSFETS) connected in par- 
allel is the reciprocal of the sum of the re- 
ciprocals of each resistance. In other 
words, Rt = 1 /[(1 /R1) + (1 /R2) + 
(1 /R3) ... + (1 /Rn)] 

Let's plug some numbers into the for- 
mula to see what happens. Assume you 
have a pile of 1,000 -ohm resistors. Con- 
nect two of them in parallel, and their 
combined resistance falls to 500 ohms. 
Connect three resistors in parallel, and 
the resistance falls to 333.33 ohms. Ten 
resistors connected in parallel gives a re- 
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sistance of 100 ohms and 20 a resistance 
of 50 ohms. Connect 100 1,000 -ohm re- 
sistors in parallel, and the resistance will 
fall to 10 ohms; a thousand will yield a re- 
sistance of only 0.1 ohm; and so on. 

As you can see, a high initial resistance 
can quickly be reduced to an almost in- 

significant value if enough resistors are 
available. That, of course, is the end 
result of integrating and connecting in 

parallel hundreds to thousands of MOS 
transistors on the same chip. If the 
resistance of a single transistor within the 
array is, say, 15 ohms, then the resistance 
of 100 transistors in parallel will be only 
0.15 ohm. 

Power -MOSFET Problem 

A power MOSFET, even one that easily 
switches up to hundreds of watts or more 
of power, can be almost instantly zapped 
simply by touching its leads with a finger. 
The culprit is static electricity that can 
produce a voltage spike that exceeds the 
device's ratings. Thus, the same handling 
precautions used when working with 
CMOS devices must be used to greatly re- 
duce the static -electricity problem. 

Always leave a power MOSFET in an 
anti -static package or keep it inserted in 

conductive foam plastic until you are 
ready to use it. Handle the device by 
grasping its package instead of its leads. 
Be sure to ground your body before 
touching the MOSFET. This will remove 
any static charge that may have accumu- 
lated on your skin. 

Power MOSFETs can also be damaged 
by voltage spikes from soldering irons 
and test equipment. Therefore, be sure to 
use a grounded or battery -powered sol- 
dering iron and properly grounded test 
equipment. Even the circuit in which a 

power MOSFET is used can inadvertent- 
ly damage the device. For example, a 
voltage spike across the drain- source 
channel of a power MOSFET can turn 
the transistor on when it should be off. 

The turn -on problem can occur when a 
power MOSFET is used to switch an in- 
ductive load, such as a solenoid or dc mo- 
tor. When an inductive load is switched 

V 

Fig. 2. Protecting a MOSFET with a di- 
ode clamp. 

off, current stored in the coil collapses 
and generates a large voltage spike. This 
spike can easily be great enough in magni- 
tude to exceed the power MOSFET's 
breakdown voltage. 

Newer so- called "third- generation" 
power MOSFETs include an internal 
backwards- connected diode that absorbs 
transients and protects the device from 
damage. If possible, you should try to use 
one of these ruggedized devices in a cir- 
cuit that might be exposed to switching 
transients. Units that do not include this 
provision should be protected from tran- 
sients with an external diode or special 
snubber network. 

Long before the company they worked 
for began manufacturing ruggedized 
third -generation power MOSFETs, sev- 
eral engineers at International Rectifier 
Corp. addressed the transient problem in 
great detail in an excellent article for 
EDN magazine ( "Apply a Few Design 
Rules to Avoid Destroying Power FETs" 
by Steve Clemente, Brian Pelly and Rut- 
ton Ruttonsha, May 13, 1981). If you are 
a serious power -MOSFET user, you 
might want to look up this article at a 
good technical library. 

V 

ZENEI; 
DIODE 

Fig. 3. Protecting a MOSFET with a zen - 
er diode clamp. 

Figure 2 shows the traditional way to 
absorb inductive voltage spikes -a back- 
ward- connected diode placed across the 
inductor that causes the problem. The di- 

ode should switch on fast enough to ab- 
sorb the inductive spike. A Schottky di- 
ode will switch faster than an ordinary 
rectifier diode. In some cases, however, a 
diode may not provide total protection to 
very fast rising voltage spikes because of 
the inductance that is contributed by the 
leads of the diode. 

An option suggested by the Interna- 
tional Rectifier engineers mentioned 
above is connection of a zener diode di- 
rectly across the MOSFET's drain and 
source leads, as shown in Fig. 3. As in the 
previous circuit, the inductance of the 
zener diode's leads comes into play be- 
cause of the very fast rise time of the dis- 
charge voltage spike. On the positive 
side, a zener diode responds much more 
rapidly than a standard rectifier diode. 

Yet another possibility suggested by 
the International Rectifier engineers is 

shown in Fig. 4. Here a diode -connected 
snubber network is placed across the 
MOSFET's drain and source. The values 
of R and C should be selected so that the 
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voltage on the capacitor remains nearly 
constant over a switching cycle. 

A final possibility is shown in Fig. 5. 

Here, a backwards- connected diode 
across the inductive load is combined 
with a resistor -capacitor snubber. Unlike 
the snubber in the Fig. 4 circuit, this 
snubber is not diode connected. There- 
fore, it absorbs excessive voltage spikes 
during the entire switching cycle, not just 
when the MOSFET is switched off. A 
drawback in some applications, how- 
ever, is that this snubber arrangement 
slows the MOSFET's switching time. 

The resistor -capacitor snubber in the 
Fig. 5 circuit can be connected directly 
across the inductive load in place of the 
diode. A good technical article that dis- 
cussed this arrangement was published in 

Computer Design ( "VMOS Transistors 
Interface ICs to High Power Loads" by 
Bill Roehr, November 1981). 

Some Applications 
CMOS logic can directly drive the gate of 
a power MOSFET, so long as the power - 
supply potential exceeds around 10 volts. 
Driving power MOSFETs from a TTL 

V 

Fig. 4. Protecting a MOSFET with a 

snubber network. 

logic level is trickier because of TTL's 
lower output voltage. Usually a pull -up 
resistor of around 10,000 ohms is con- 
nected between the gate and positive sup- 
ply rail when a power MOSFET is driven 
by a TTL logic level. With the preceding 
in mind, let us discuss a few applications 
for the versatile power MOSFET. 

Variable Resistor. Most applications 
for the power MOSFET use the device as 
an on -off switch. However, the power 
MOSFET is also well suited for use as a 
high -power variable resistor. 

Figure 6 shows a simple circuit that 
permits current flow through a LED to be 
controlled by means of a power MOS- 
FET. The resistance of the drain -source 
channel is determined by the voltage at 
the MOSFET's gate. This voltage is de- 
termined by the voltage divider formed 
by R1, R2 and R3. 

When you look at Fig. 6, you might 
wonder why the MOSFET is even need- 
ed. Why not alter the current through the 
LED by placing it in series with a potenti- 
ometer? Of course, this can be done, and 
it will work fine in the case of a low -power 
device, such as a LED. However, you will 
need an expensive high -power potenti- 

Fig. 5. Modified version of the snubber 
arrangement in Fig. 4: 

ometer if the LED is replaced by a high - 
current load, such as an incandescent 
lamp or dc motor. The advantage of the 
MOSFET circuit in Fig. 6 is that it per- 
mits an inexpensive potentiometer to 
control the current through a device that 
draws high power. 

You can use the Fig. 6 circuit to control 
the brightness of an incandescent lamp or 
speed of a small dc motor. For example, I 

tried using the circuit to control the speed 
of a couple of small dc motors connected 
in place of the LED. One motor would 
not function when connected into the cir- 
cuit. The other worked well, and its rota- 
tion could be easily slowed down to a few 
rotations per second by carefully adjust- 
ing R2. There's a better way of control- 
ling the speed of a motor with a power 
MOSFET and is described next. 

Motor Speed Controller. The circuit 
shown in Fig. 6 controls the speed of a 
motor by altering the available current. 
This circuit alters the speed of a motor by 
applying a stream of fixed- amplitude 
current pulses to the motor at a variable 
rate. When the pulses are applied at a 
slow rate, the motor's shaft turns slowly. 
Rotation rate increases as pulse rate is in- 
creased. Since the current during each 
pulse is constant, this method provides 
more power to the motor, even when the 
rotation rate is very low. 

The 555 timer in Fig. 7 is connected as a 
pulse generator whose repetition rate is 

controlled by RI and Cl. You can experi- 
ment with the resistance of R2 to alter the 
duration of the individual pulses applied 
to the motor. You can also increase the 
value of CI to 50 microfarads or more to 
cause the motor to rotate in a series of 
brief spurts. 

An interesting way to demonstrate the 
power control provided by a MOSFET is 

to replace RI in Fig. 7 with a cadmium - 
sulfide cell photoresistor. When the cell is 

dark, the motor will turn rapidly. When 
light strikes the cell, the motor will slow 
appreciably. By carefully controlling the 
amount of light striking the cell, you can 
slow the rotation of the motor to a few 
revolutions per second. 

The Fig. 7 circuit can also control the 
brightness of an incandescent lamp. If 
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Fig. 6. Power MOSFET variable resistor. 

you use it in this manner, just be sure the 
average current through the lamp does 
not exceed the lamp's current rating. 

Speaker Amplifier. A very simple yet 
powerful speaker amplifier circuit whose 
only active component is a power MOS- 
FET is shown in Fig. 8. This circuit is very 
flexible and, as will be seen shortly, can 
also form the basis of a very simple light - 
beam transmitter. 

In operation, the signal from a small 
battery -powered radio or amplifier is 

coupled into the amplifier by means of 
transformer TI. I used a Radio Shack 
Cat. No. 273 -1380 output transformer in 
the prototype circuit, but any other with 
an 8 -ohm primary and a 1,000- to 2,500 - 
ohm secondary should work. 

Potentiometer RI functions as a vol- 
ume control. Capacitor CI provides ac 
coupling for the incoming signal. The 
series network made up of R2, R3 and R4 
is a voltage divider that provides enough 
voltage to the gate of Ql to provide a con- 
ducting path through the transistor's 
drain -source channel. The input signal 
then modulates the current through the 

channel. The result is a fluctuating cur- 
rent through the voicecoil of the speaker. 
It is the variations in this current that 
cause the speaker to generate sound. Re- 

sistor RS limits the current through the 
speaker to a safe value. 

I tested the prototype circuit with a 
small transistor radio. When the circuit 
was powered by 6 volts, the power supply 
current drain was around 25 milliam- 
peres when R3 was adjusted for the best 
sound quality. When the supply voltage 
was increased to 10 volts, it was necessary 
to readjust R3 slightly for best results. 
Current consumption was then 50 milli- 
amperes, and volume was higher. 

If the input signal is too high, the am- 
plified sound will be distorted, perhaps 
severely. The simplest way to solve this 
problem is to reduce the level of the in- 
coming signal at its source. Alternatively, 
you can divert some of the incoming sig- 
nal to ground with volume control RI. 

You might want to try modifying this 
circuit. For example, you can experiment 
with the value of RS to alter the speaker 
volume. And you can change the value of 
C2 to change the circuit's frequency re- 
sponse. If you attempt to modify the cir- 
cuit for very loud sound output, be sure 
to mount QI on a heat sink to dissipate 
excess heat. You should also use a power 
resistor for RS. 

Light -Wave Transmitter. The circuit 
shown in Fig. 8 can be used to form a very 
simple yet powerful light -wave voice 
transmitter. All that is necessary is to re- 
place the speaker with a suitable light - 
emitting diode. 

Many kinds of visible red and near -in- 
frared LEDs will work in the Fig. 8 cir- 
cuit. Recently, I received from Hewlett - 
Packard a sample of its new HLMP -8150 
ultra- high- brightness red LED. Hewlett - 
Packard's claim that this is the world's 
brightest LED is no exaggeration. The di- 
ode produces a full 25 candelas. This per- 
formance is achieved by encapsulating 
the LED die in a thimble -size clear epoxy 
package to provide a tightly collimated, 
brilliant red beam. 

Before connecting a LED in place of 
the speaker, connect a multimeter in 
series with the positive supply and the 

LED's anode. Set the meter to its current - 
measuring function. When you apply 
both power and an input signal, be sure 
the metered current does not exceed the 
LED's maximum rated current. 

Most epoxy -encapsulated LEDs are 
rated for a maximum current of 50 milli- 
amperes. Some near -infrared LEDs, 
such as the very high -power units made 
by Opto Diode Corp., can accept a for- 
ward current of up to 500 milliamperes 
when appropriately heat -sinked. 

The HP HLMP -8150 LED produces a 
red spot the size of a dinner plate at a 
range of several meters. A simple light - 
wave receiver made by connecting a solar 
cell or phototransistor to an operational 
amplifier and a speaker amplifier easily 
receives the signal at this distance. A large 
plastic Fresnel lens will collect enough 
light from the LED beam to permit effec- 
tive transmission over a considerable dis- 
tance. You can increase the range even 
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Fig. 7. Power MOSFET motor speed controller. 
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Fig. 8. Power MOSFET speaker amplifier. 

more by collimating the beam from the 
LED with a similar lens. 

Some plastic optical fibers are well 
suited for transmitting the light emitted 
by red LEDs (but not necessarily the 
near -infrared radiaton emitted by other 
LEDs). Many different plastic LED ter- 
minations and couplers are available 
from various manufacturers and elec- 
tronics parts dealers. 

If you are in a hurry or if your budget is 
limited, you can drill a hole into a plastic 
LED and insert a plastic fiber and cement 
it in place. I have used this method many 
times with excellent results. Be sure the 
end of the plastic fiber is smooth and 
clear. Polish it with very fine sandpaper if 
it is not. Also, try to bore the hole as close 
as possible to the LED die but stop before 
penetrating the tiny wire that makes con- 
tact with the upper side of the die! Before 
drilling, be sure to mount the LED firmly 
in a vise. While drilling, wear eye protec- 
tion and watch your fingers. 

If you are not familiar with light -wave 
communications circuits and techniques, 
I have covered the subject in previous in- 
stallments of this column and in many 
books. See, for example, Engineer's 
Mini -Notebook: Communications Proj- 
ects (Radio Shack, 1987) for some very 
basic tips and circuits. 

Going Further 
Electronics trade magazines have pub- 
lished many excellent articles on power 
MOSFETs over the years. In addition to 
the two cited above, you might want to 
see "Avoiding dV /dt Turn -On in Power 
MOSFETS" (Rudy Severns, Electronic 
Products, January 15, 1985) and "Power 
MOSFETs & IGBTs" (Bill Travis, EDN, 
January 5, 1989). For additional applica- 
tions circuits, see the August 1986 install- 
ment of this column. 

If you are not near a library that carries 
these references, you may want to plan a 
trip to a nearby engineering college or un- 
iversity. First, call the school's library 
and ask if the publications you are seek- 
ing are on hand. Be sure to ask about the 
hours the library is open and whether or 
not copy machines are available. f 
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A Low -Cost Instrumentation Amplifier, 
Visible LED Lasers and a Bidirectional FIFO 

By Joseph Desposito 

This month, we present a new concept in 

design -a low -cost chopper stabilized in- 
strumentation amplifier. Then we go on 
to visible light- emitting diode lasers, and 
end up with a bidirectional FIFO that 
simplifies inter -processor communication. 

Instrumentation Amps 
Instrumentation amplifiers are usually 
found in analog circuitry that must mea- 
sure voltages and also remove a common 
mode signal, such as in a low -level ampli- 
fying circuit for bridge signals. Although 
not as versatile as operational amplifiers, 
there are many areas where a low -cost in- 
strumentation amplifier could be used as 

a circuit component. In audio circuits, 
for example, instrumentation amps can 
remove ground noise when translating 
signals from one component to another. 
In power supplies, an instrumentation 
amp can act as a current monitor, or in 

combination with resistors and capaci- 
tors, can be a frequency- shaping circuit. 
These amplifiers can also be used just to 
change signal ground reference levels 
without introducing error. 

By far the most popular instrumenta- 
tion amplifier is an operational amplifier 
and four 1- percent resistors. One of to- 
day's high -performance op amps, when 
combined with some 0.1- percent resis- 
tors, makes an instrumentation amplifier 
with little or no trimming needed for rea- 
sonable performance, so long as low in- 

put resistance and resistor accuracy limi- 
tations are tolerable. 

Some of the requirements for a good 
general -purpose instrumentation ampli- 
fier are offsets comparable with precision 
amplifiers, stable well -controlled gain, 
and high common -mode rejection. An 
advantage of a real instrumentation am- 
plifier over an op amp with four resistors 
is high input impedance and low bias cur- 
rent. A dual op -amp instrumentation 
amplifier configuration is a very econom- 
ical means of achieving these perfor- 
mance goals with a minimum of compo- 
nents. A precision dual op amp combined 
with a trimmed resistor network pro- 

duces a precision instrumentation ampli- 
fier at lowest cost and without external 
components. 

With the single -IC approach, all resis- 

tors are formed on the same substrate. 
Therefore, resistor temperature coeffi- 
cients match within 1ppm / °C, keeping 
the gain stable and the common -mode re- 

jection ratio constant with changes in 

temperature. With discrete resistors, un- 
less they are made from the same resistive 
material batch, there can be differences 
in the temperature coefficients of the re- 

sistors that can cause large errors (on the 
order of 100 ppm / °C) over a given tem- 
perature range. 

Currently available single IC instru- 
mentation amplifiers are relatively ex- 

pensive ($10 or higher in 100 -piece quan- 
tities) and are generally only used in those 
precision applications requiring either 
extremely low drift, very high perfor- 
mance or high input impedance not ob- 
tainable with simpler circuits. Designers 
have tended to design their own op -amp 
external resistor combinations for instru- 
mentation amplifiers, except where they 
had no other choice. 

Given the high performance and low 

cost of available op amps, it is not sur- 
prising that designers have neglected 
component level usage of instrumenta- 
tion amplifier ICs. However, this may be 
changing because new high -performance 
instrumentation amplifiers at roughly 
half the cost of existing types are begin- 
ning to appear on the market. Now in- 
strumentation amplifiers can be useful as 
components, rather than restricting them 
just to signal -amplifying applications be- 

cause of price. 
Low -cost instrumentation amplifiers 

will find wider application because of 
their performance and cost advantages. 
Although more expensive than the widely 
used op amp with resistors, new instru- 
mentation amplifiers offer performance 
advantages. On -chip trimming reduces 
amplifier offset and increases resistor ac- 

curacy without increasing cost, making 
them an economical substitute even in 

many of the higher performance applica- 
tions. Compared to current dedicated in- 

strumentation amplifier devices, the new 

single IC resistor -amplifier combinations 
are both more versatile and much lower 
in cost. 

A Chopper- Stabilized 
Instrumentation Amp 
Linear Technology Corp. (1630 McCar- 
thy Blvd., Milpitas, CA 95035) has intro- 
duced the LTC1100 instrumentation am- 
plifier, a chopper -stabilized instrumenta- 
tion amplifier. Chopper stabilization 
gives the device exceptional dc perfor- 
mance. Maximum input offset is 2 µV; 

maximum offset drift is only 100 nV / °C; 
0.1 Hz to 10 Hz noise is 2 AV, to -peak. 

The LTC1100 uses a dual op amp and 
resistors combination, which allows easy 

optimization of the instrumentation am- 
plifier for a particular application. It can 
operate on a single 5V supply or supplies 
up to ± 8V. The new device is available in 

an 8 -pin mini DIP package or a 16 -pin 
small outline surface mount package. 

The LTC1100 has a fixed differential 
gain of 10 or 100 without requiring an ex- 

ternal gain- setting resistor. Gain nonlin- 
earity is 8 ppm maximum and gain error 
is + 0.05% maximum. The output swings 
within 300 mV of its power supply rails 
with a 10,000 -ohm load, and bias current 
is only 50 pA. 

The LTC1100 overcomes many of the 
problems encountered in designing low - 

drift instrumentation circuits, including 
thermocouple effects. Thermocouple ef- 
fects occur when any two dissimilar met- 
als are in contact and can generate hun- 
dreds of microvolts of error. 

Thermocouple effects can far exceed 
the offset of a low -drift instrumentation 
amplifier. Precision resistors, which by 

nature have a copper lead contacting a 

thin film or wire -wound resistive ele- 

ment, can generate errors of between two 
and hundreds of microvolts per degree, 
depending on the materials. The leads of 
most IC packages, when connected to a 

copper pc board, generate as much as 35 

µV / °C in thermocouple errors. Even in 

well- designed systems, cumulative ther- 
mocouple errors make it very difficult to 
achieve low offsets in discrete chopper - 
stabilized instrumentation amplifiers 

Say You Saw It In Modern Electronics September 1990 / MODERN ELECTRONICS / 61 



SOLID-STATE DEVICES... 

V. ...3 
4 

v 
LT C1100 8 

_._. Vow 

7 

-0.01itF 

6 ---- + V IN 

1 
O 1 pt-- 

Linear Technology's LTC1100 chopper- stabilized instrumenta- 
tion amplifier has less that 2 µV of error and less than 2 nV /° C 

offset drift. 

Cypress Semiconductor's CY7C439 bidirectional FIFO comes in 
a 28 -pin narrow package to provide a 2K x 9 FIFO, bypass regis- 

ter and transparent bypass circuitry on -chip. 

that use resistors and op amps. 
The LTC1100 chopper -stabilized in- 

strumentation amplifier includes the re- 
sistors and chopper amplifiers in the 
same package. For commercial tempera- 
ture range versions, this amplifier is 
packaged in a plastic DIP configuration 
on a copper -lead frame. Using a copper - 
lead frame and keeping the resistors and 
the amplifier chips at exactly the same 
temperature, the package eliminates 
thermocouple effects within the device. 
Offsets of under 5µV for the completed 
amplifier can be achieved. If care is then 
taken with pc -board traces and connec- 
tors do not to generate additional ther- 
mocouple errors, this amplifier is usable 
for measuring very -low electrical levels. 

Typical applications for the LTC1100 
include strain -gauge amplifiers, thermo- 
couple amplifiers, differential single - 
ended converters, and low -level signal 
amplification. 

TRANSPARENT 
BYPASS 

BYPASS 

REGISTER 

2048 x 9 

FIFO 

As mentioned, the LTC1100 instru- 
mentation amplifier is available in 8 -pin 
plastic and ceramic DIP in commercial 
and military temperature ranges. Pricing 
in 100 -up quantities in mini DIP is $6.45. 

Visible Light- Emitting 
Diode Lasers 
Philips Components (Discrete Products 
Div., 2001 W. Blue Heron Blvd., Riviera 
Beach, FL 33404) has introduced two vis- 
ible light- emitting diode lasers, the 
CQL80 /D and CQL90 /D, that can be 
used for such applications as bar -code 
readers, optical alignment systems, laser 
printers and target markers. 

The CQL80 /D visible laser diode is 

based on a ridge structure and is manu- 
factured using a Metal Organic Vapor 
Phase Epitaxy (MOVPE) process on a In- 
GaAIP or GaAs substrate. The laser 
emits a typical peak wavelength of 675 

nm red light that is easily visible to the hu- 
man eye, providing a maximum continu- 
ous -wave output of 5 mW. Its lifetime is 
anticipated at approximately 250,000 
hours at 3 mW continuous -wave opera- 
tion in ambient temperature. 

At an optical power output level of 3 

mW and an operating temperature of 
25 °C, the emitted laser light consists of a 
single -line spectrum, demonstrating the 
device's typical index- guided behavior. 

Mounted in a standard 9.0 -mm encap- 
sulation, the device is equipped with a 
monitor diode that is optically coupled to 
the rear facet of the laser to control the 
optical output level. The device is speci- 
fied for operation within a temperature 
range of -10° to + 50° C. 

The low -power CQL90 /D visible light - 
emitting collimator pen contains a 
MOVPE grown GaAllnP laser and a col- 
limator lens. This pen has a power output 
of 1 mW, emits visible light at a wave- 
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length of 675 nm and a limited wavefront 
diffraction. 

Encapsulated with circular, non -her- 
metic stainless steel, the pen is precision - 
manufactured to a diameter of 11 mm 
with an accuracy between + 0 and -11 
µm. Applications include bar -code read- 
er and alignment systems. 

Philips Components' new visible red 
laser diodes can be customized to suit 
customer requirements. Unit pricing for 
the CQL80 /D is $48 in quantities of 
5,000. Unit pricing for the CQL90 /D is 

$135, also in quantities of 5,000. 

A Bidirectional FIFO 
An easy -to -use bidirectional 2K x 9 

FIFO in a 28 -pin slim DIP can simplify 
designs and save board space for design- 
ers creating new multiple -processor 
products. Cypress Semiconductor's 
(3901 N. First St., San Jose, CA 95134) 
new 30 -ns CY7C439 operates in half -du- 
plex, transparent bypass (transceiver) 
and registered bypass modes. Half -du- 
plex mode provides the normal bidirec- 
tional operation that designers customar- 
ily implement with either single- direction 
chips and external control logic, or with 
pairs of single- direction chips. 

Transparent bypass (transceiver) oper- 
ation allows data to be sent "around" the 
FIFO in either direction at any time. 
While it provides a great deal of flexibili- 
ty to designers, its most common use will 
be for programming "dumb" peripherals. 

Registered bypass mode allows users to 
send single words in the reverse direction 
during normal FIFO operation. It en- 
ables peripherals to send status informa- 
tion to the control processor quickly, 
without turning the FIFO around. 

Applications for Cypress' CY7C439 
include processor -to- processor commu- 
nications, intelligent disk controllers and 
communications channel controllers. 
The device is available in 28 -pin, 300 -mil 
plastic and ceramic DIPs and small out- 
line, J -lead (SOJ) packages, and in 28 -pin 
plastic and ceramic leadless chip carrier 
packages. The per -unit price for quanti- 
ties of 100 of the 30 -ns PDIP CY7C439- 
30PC is $33.15. NE 
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Computer maintenance /service 

-a $10 billion industry. 
If you are presently servicing office machines or any other electronic equipment, 

computer repair can double your Income. 
National research results indicate that computer technicians bill out at double the 

hourly rate of office machine technicians. 
Tech -Sery can put you into computer repair quickly, economically and efficiently 

and with a complete support program including a proven marketing plan. 
We provide: 

RECOGNITION 
Nationally recognized trademarks and 
logos give you immediate recognition as 
a professional computer repair specialist 
by being a Tech -Sery Authorized Computer 
Repair Center in your market area. 

DOCUMENTATION 
We provide manuals, schematics, documen- 
tation and advanced diagnostic software. 

NEW HARDWARE 
CPU's: IBM Apple, Compaq, others. 
Printers: Okidata, Epson, HP Lasers and 
others at huge discounts. 

PARTS & BOARD REPAIR 
Single source for ports and board repair. 
24hour express turnaround. 
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OVER 125 DEALERS WORLDWIDE 
Find out why more and more electronic 
professionals are adding computer repair to 
their businesses or starting their own com- 
puter repair businesses. 

Call Tech -Sery at (212)967 -1865 now. t- servs. 
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253 West 28th Street, New York, NY 10001 
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The Real Windows Finally Arrives 

By Ted Needleman 

On May 22nd, after months of delays and 
postponements, Microsoft finally an- 
nounced the newest version of Win- 
dows- Windows 3.0. In a lavish intro- 
duction, satellite telecast from New York 
City, an elaborate multi -media presenta- 
tion loudly proclaimed "It's Cool!" 

"Cool" or not, this newest version of 
Windows redefines the state -of- the -art in 
GUI (Graphical User Interfaces) for In- 
tel- processor -based PCs, finally bringing 
it up to the level of Apple's Macintosh 
and even exceeding the Mac's GUI in 
some respects. 

With all the hoopla surrounding the in- 
troduction of Windows 3.0, it's easy to 
forget that windows -based interfaces 
have been around for quite a while. In the 
late 1970s, when the first CP /M -based 
microcomputers were becoming popular, 
Xerox's PARC (Palo Alto Research Cen- 
ter) facility was experimenting with an 
icon -based windowing environment for 
its STAR systems. And while Xerox nev- 
er introduced this environment into com- 
mercial computing, the concept was 
picked up by Apple for its $10,000 Lisa 
system and its much more successful fol- 
low-up, the Macintosh. 

While the Lisa was an outright flop, 
and the Macintosh's popularity started 
off slowly, several companies working on 
the IBM -PC side of the street were im- 
pressed with the idea of an interface that 
let you work on a visual level. The first to 
get a product out the door was the now - 
defunct VisiCorp. The VisiOn operaing 
environment was introduced slightly be- 
fore Microsoft's Windows 1.0 and went 
abslutely nowhere. 

But then, again, neither did Windows 
1.0. MS -DOS users were slow to see the 
benefits of Windows, and its strange 
amalgamation of a graphical approach 
(icons and pull -down menus) mixed with 
text -based commands did little to con- 
vince potential users that it was as easy to 
use as the Mac's point -click -drag operat- 
ing system. It wouldn't be until almosty 
three years later, in 1986, that Windows 
would start to have some impact. 
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Printout of Windows 3.0's File Manager screen. 

There are several factors that contribu- 
ted to the slow acceptance of MS -Win- 
dows, one of which also influenced its 
eventual popularity. Windows Version 2 

looked and worked better than the first 
version, but it was still a mixed bag. You 
selected a program to run or an operation 
to be performed with the mouse, but 
somewhere along the way you would 
have to return your hands to the key- 
board for some typing. Version 2 was just 
not perceived to be as easy to use as a Mac. 

Even with this limitation, vendors 
started to write applications that would 
take advantage of Windows' features. 
Aldus ported its popular PageMaker 
desktop -publishing package over to Win- 
dows, and many other vendors soon 
joined the ranks of Windows supporters. 
By this time, IBM's AT and other 80286 - 
based PCs had become popular, which 
was the second factor in the eventual ac- 
ceptance of Windows. 

Because Windows ran on top of MS- 
DOS, it added substantial processing 
overhead to the PC, even before any ap- 
plication was run. And while it was possi- 
ble to run Windows on an 8088 -based 

machine, everything ran so slowly that an 
8088 -based Windows system was an an- 
noyance, rather than a benefit. 

Windows 2, even on an AT, could be 
frustratingly slow. It wasn't until the ac- 
ceptance of "turbo" ATs, running at 12 

MHz (twice the clock speed of IBM's ori- 
ginal AT), that Windows applications be- 
gan to show acceptable performance. 
Even with this roadblock, an increasing 
number of vendors have supported their 
applications in this environment. There 
are two major reasons for this. Windows 
is visually attractive, and it provides one 
of the simplest means to write a hard- 
ware- independent, graphically- oriented 
application. 

Operating Environment vs. 
Operating System 
In order to understand Windows' attrac- 
tion to vendors, you first have to under- 
stand what Windows actually is. It is not 
an operating system, nor is it a DOS shell 
(though it does have many features of a 
shell). An operating system, such as MS- 
DOS, is a software system composed of 
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several parts, each of which has a differ- 
ent function. 

The major part of DOS is its BIOS, or 
Basic Input /Output System. The operat- 
ing system's BIOS mediates between the 
processor, applications software and all 
of the computer's peripherals, including 
keyboard, video adapter, RAM and disk 
memory and serial and parallel I/O ports. 

Some of the "direction" instructions 
of the operating system are contained in 
ROM (read -only memory) chips. These 
are the BIOS ROMs located on your PC's 
motherboard. More instructions are con- 
tained in two hidden files that are stored 
on the boot track of your disk drive 
(either hard disk or floppy disks that have 
been made into "system" disks when you 
formatted them). 

When you boot up your system, addi- 
tional hidden parts of the BIOS are read 
into your PCs RAM memory, along with 
the second part of the operating system 
needed to run your PC, a visible file 
called COMMAND.COM. 

COMMAND.COM is DOS's com- 
mand processor. It interprets those in- 
structions that you type at the keyboard 
and tries to decide what it is that you're 
asking the PC to do. The first thing it asks 
is whether the keyboard input is request- 
ing a function that is an integral part of 
DOS, such as DIRectory, MODE, 
REName, COPY or the like, and is, 

therefore, already loaded. 
If the input isn't a function that is al- 

ready loaded in memory, COM- 
MAND.COM assumes that it is a request 
to run a program or utility and attempts 
to find it in the current disk directory or 
through whatever subdirectories have 
been specified by a PATH command. If it 
does find it, it loads and runs the re- 
quested program; if not, it returns a 
"Bad Command or File Not Found" 
message on the screen. 

An operating environment, such as 
Windows, is actually an extension to 
DOS. It sits on top of the operating sys- 
tem and takes over many of the supervi- 
sory functions that DOS performs. In- 
stead of DOS presenting the familiar C 
prompt, it tells Windows that it is ready 
to accept keyboard input. In the mean- 

time, Windows has presented a complete- 
ly different set of screens to the user 
based on little illustrations called icons. 
When you, as a user, click on an icon, 
Windows figures out what operation you 
want to perform and conveys this infor- 
mation to DOS. 

Windows also acts like a "middle- 
man" to your software applications. For 
example, when PageMaker (or any other 
application running under Windows) 
wants to print, Windows handles the 
software's request, calling up routines 
called drivers that tailor the output to the 
particular print device you have speci- 
fied. If you're using a laser printer, Win- 
dows will make sure that the correct soft - 
fonts have been downloaded and that 
whatever Escape Codes the printer needs 
have been placed into the print stream. 

This makes Windows a very attractive 
choice for developers of applications. 
They write the applications to one set of 
operating conditions- Windows -with- 
out having to take into consideration all 
the other variables of hardware, such as 

multiple choices of printers and video dis- 
plays. The same application code can run 
on a wide range of systems. 

Windows 3.0 
Because Windows buffers the applica- 
tion against the hardware and memory - 
management details, the installation of 
Windows onto your system has always 
been a bit involved (but never very diffi- 
cult). With Windows 3.0, as with previ- 
ous versions, installation is an automatic 
process that consists of answering ques- 
tions about your system's configuration 
and inserting numerous disks as requested. 
Windows can tell pretty accurately what 
your system contains in the way of mem- 
ory, keyboard, video adapter and mouse. 
But it always gives you the chance to cor- 
rect it if you made a wrong choice. 

One area where Windows doesn't even 
try to guess is the type (or types) of print - 
er(s) you will be using and where they're 
attached. You will have to specify these 
during the installation process (or at a lat- 
er time) so that Windows can load the 
correct printer drivers. 
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Phoenix, AZ 85044 

TOOLS INC (602) 968 -6231 

CIRCLE NO. 23 ON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics September 1990 / MODERN ELECTRONICS / 65 



PC CAPERS .. 

Windows 3.0 has a considerably im- 
proved ability to modify the setup at a lat- 
er date. Earlier versions allowed you to 
add or delete printer drivers as your needs 
changed. But if your other equipment 
changed, if you upgraded to VGA from 
EGA after Windows was installed, you 
would have to reinstall Windows from 
scratch. This was more of a pain than it 
might first appear because each applica- 
tion that is installed into Windows puts 
information Windows needs into a spe- 
cial Windows file named WIN.INI. Like- 
wise, any additional fonts that were in- 
stalled also placed information into this 
file so that Windows would know that 
they are available and where they were lo- 
cated on your hard disk. 

Reinstalling Windows replaced this 
WIN.INI file with the very basic version 
that was built during the installation pro- 
cess. Savvy Windows users always re- 
named this file before reinstalling Win- 
dows and cut -and -pasted the relevant 
parts of the new WIN.INI created by the 
configuration change into the old infor- 
mation file. Then you would delete the 
new WIN.INI file and rename the old file 
(containing all of your applications and 
font information) back to WIN.INI. 

Windows 3.0 changes all of that. If 
your PC's configuration changes, the 
new version has a setup menu that lets 
you change the video or mouse that you 
originally specified. It asks for the rele- 
vant Windows disks and updates the 
WIN.INI file with the new configuration 
without disturbing anything else. 

Unfortunately, if you're using a "non- 
standard" video display device, such as a 
dual -page desktop -publishing monitor or 
a mouse that can't use one of the stan- 
dard drivers included with Windows (Mi- 
crosoft, Mouse Systems or Logitek), 
you'll still have to rerun SETUP. 

Once Windows 3.0 has been installed, 
there are quite a number of differences 
you'll notice in running and using it. 

First off, the new Windows has three 
modes of operation, depending upon 
what type of processor and memory con- 
figuration the system you're running it on 
has. These modes are called "standard," 
"real" and 386 enhanced." For 
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80286 -based PCs with less than 1MB of 
RAM you'll need to run Windows 3.0 in 
"real" mode. In this mode, Windows 
uses only 640K of RAM, and it's the 
mode that you'll need to start Windows 

in to use most older Windows -based ap- 
plications that haven't been certified for 
compatibility with Version 3.0. Even 
then they may or may not work correctly. 

I've tried a few Windows applications 
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Windows 3.0's (A) Main, (B) Accessories and (C) Windows Applications screens. 

(not upgraded for 3.0 compatibility), and 
most worked fine. Word for Windows, 
Excel and IBM's Current personal- infor- 
mation manager seemed to run fine. 
Computer Associates' Cricket Presents 
didn't. It came up, but without the tool- 
box necessary to construct or edit 
applications. 

Next is "standard" mode, which 
works like "real" mode but allows access 
to extended memory and lets you switch 
to non -Windows applications. To run in 
"standard" mode, you must have an 
80286 PC with 1MB or more of RAM. 

Finally, "386 enhanced" mode, which 
requires an 80386 with at least 2MB of 
RAM, is the environment for which Win- 
dows 3.0 is really designed. In this mode, 
applications written for 3.0 can ignore 
the 640K DOS RAM limitation and run in 
virtual memory. Virtual memory is a 
technique developed for minis and main- 
frames that allows an application to use 
more RAM memory than is physically 
available. Portions of the program are 
swapped to and from disk as needed. This 

mode also lets you perform actual multi- 
tasking. You can have several applica- 
tions actually running at the same time in 

different Windows. 
Not only does Windows 3.0 look dif- 

ferent, with screen "buttons" that actu- 
ally appear to "press" when you click on 
them, but it also contains some signifi- 
cant enhancements in the utilities it 

provides. 
Program Manager is new to Windows 

3.0 and is usually the first window you'll 
see when you start Windows 3.0. Pro- 
gram Manager is one of a group of icons 
that contain utilities and applications. 
Others that you'll see include Accesso- 
ries, Games, Windows Applications (if 
you install any) and Non -Windows Ap- 
plications (again, if you install any). 

Within the main group of Program 
Manager utilities are the File Manager, 
Control Panel, Print Manager, Clip- 
board, Windows Setup Utility and the 
DOS prompt (which lets you exit Win- 
dows to run a DOS application). Pro- 
gram Manager can also be used to run a 

non -Windows application by just pulling 
down a menu and typing in the applica- 
tion you wish to use. 

File Manager provides a visual repre- 
sentation of your directories' structure 
and contents. It looks a lot like the shell 
provided with MS -DOS Version 4.0, but 
unlike DOS, you can click and drag a file 

(or a whole set of files) from one director 
to another. This is one of the features I've 
liked most about the Macintosh, and it's 
a pleasure to finally find it in Windows. 
File Manager also lets you create and 
change directories. In fact, it replaces the 
MS -DOS Executive found in earlier ver- 

sions of Windows. 
The Control Panel and Clipboard are 

similar to Windows 2.0 versions (though 
the features in each have been extended 
and enhanced) and let you choose output 
devices and cut -and -paste between re- 

spective applications. 
Print Manager replaces Version 2.0's 

Spooler. It's very similar but adds a Me- 

dium Priority setting between high and 
low. This priority setting determines how 
much of the PC's time will be spent on the 
application and how much processor 
time will be delegated to spooled print 
tasks. Print Manager also allows you to 
set the level of urgency for display of mes- 
sages from the spooler and has network - 
level print spooling. 

In addition to the utilities contained 
within Program Manager, Windows 3.0 
also contains a set of "accessories." 
These include Windows Write, a word 
processor similar to that included with 
Microsoft Works; Paintbrush, a full -col- 
or paint program; a terminal -emulation 
program; a calculator; a calendar; a clock; 
a notepad; a cardfile; and a recorder. The 
recorder is particularly useful, allowing 
you to construct a macro simply by turn- 
ing it on and recording a sequence of key- 
strokes. Additionally, there is a Games 
group that has two video games: Solitaire 
and Reverse. 

Windows 3.0 also comes with a run- 
time version of Asymetrix' ToolBox and 
a DayBook application programmed 
with ToolBox ready to use. ToolBox is an 
object -orinted application development 
system with features similar to Apple's 
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HyperCard for the Macintosh, but with 
additional features that aren't particular- 
ly obvious from the DynaBook applica- 
tion included with Windows. DynaBook, 
however, is a useful feature for keeping 
track of appointments and things to do. 

The Bottom Line 

Microsoft is really pushing Windows 3.0. 
The company has budgeted $10- million 
for its introduction, the largest product - 
introduction budget ever for a micro- 
computer software product. Microsoft 
intends to bring a Windows road show to 
20 cities nationwide and send out more 
than 400,000 demo disks that show what 

Windows 3.0 can do. In addition, the 
company has made it easy and inexpen- 
sive to upgrade to 3.0. You can upgrade 
any registered prior version of Windows, 
including the run -time version many ven- 
dors included with their applications, for 
only $50. Bought outright, the list price 
of Windows 3.0 is $149. 

The rub, however, is that while it costs 
only $50 to upgrade (and almost everyone 
has at least a run -time version of Win- 
dows laying around somewhere), to 
make full use of Windows 3.0's capabili- 
ties takes a fairly hefty PC. In addition, 
the upgrade fees for many of the Win- 
dows application software you may al- 
ready be using are probably not quite this 

LETTERS (from page 7) 

of values. For example, Vector([x, sin x], 

x, -2, 2, 0.1) produces a table in which 
the first column ranges from -2 through 
2 in steps of 0.1 and the second column 
has the corresponding values of sin x. 

You can define functions in terms of 
other functions and operations. The files 
for exact and series solutions of differen- 
tial equations provide sophisticated ex- 
amples of such programming. 

David R. Stoutemyer 
Chairman of the Board 

Software Warehouse 
Just read the articles on Math Software 

and the HP -48SX calculator in the May 
issue. It is very good to have articles like 
these that show the reader a lot more than 
simply a review of the advertising materi- 
als put out by the product manufacturers. 
Now I would like to see Modern Electron- 
ics publish an evaluation of the Sharp 
PC -E500 pocket unit along the same 
lines, giving a solid and objective review 
of its strong and weak points. 

I had not realized that Modern Elec- 
tronics is a CQ [Communications Inc.] 
publication. Congratulations on a very 
good job. ME is probably one of the very 
best and positive means to extend a 
much -needed helping hand to those peo- 
ple interested in electronic projects. 

Ralph Marier, KCIJG 
Portsmouth, NH 

Numbers Mix -Up 
In the "Modern Electronics News" 

section in the August issue, the telephone 
number to use to contact Tom Selgas at 
Cyrix Corp. is 214- 234 -8388. The last two 
digits were incorrectly noted as zeros. 

Bernard Shaw 
Odessa, NY 

Parts Availability 
I imagine that most of your readers like 

to build the projects featured in Modern 
Electronics. However, in order to pur- 
chase most electronic parts -such as 
transistors, ICs, etc. -one must be pre- 
pared to buy in 100 -piece quantities. Can 
you tell me of any electronics retail outlet 
that sells in small quantity? Local retail 
stores usually have a very limited choice. 

A.J. Hollenbeck 
Harrisville, NH 

The great majority of the components 
needed to build any of the projects fea- 
tured in Modern Electronics are available 
from a host of mail -order houses that ad- 
vertise in electronics magazines such as 
Modern Electronics, unlike the OEM 
electronics distributors that sell largely in 
high -volume quantities. Occasionally, 
one or more items in a Parts List may not 
be available from any of these sources 
and will have to be purchased from the 
author. -Ed. 

reasonable. And if you have to upgrade 
three or more applications packages at a 
couple of hundred dollars each, the true 
cost of moving to Windows 3.0 can be 
considerably more than Microsoft's $50 
for the Windows 3.0 upgrade. 

If you make extensive use of a Win- 
dows application like PageMaker, Excel, 
Arts & Letters or others, you'll probably 
want to make the switch. Windows 3.0 is 

a lot closer to what a GUI should be than 
its predecessor, it has some nice accesso- 
ries, and it's easier to change if this 
should be needed. 

If you don't use a Windows applica- 
tion much of the time, there isn't much 
reason to get a copy of Windows 3.0 to 
run DOS (Version 3.0 or later is required) 
applications. The processing overhead 
slows down your PC considerably, and 
you'll see many of its advantages only 
with applications that have been written 
to make use of them. 

Microsoft predicts that it will ship a 
million copies of Windows 3.0 over the 
next year. While I have little reason to 
doubt this prediction, I do doubt whether 
this means that there will be a million us- 
ers of Windows 3.0. 

If you're not already running Win- 
dows, I'd advise you to wait. When you 
buy a copy of an application that requires 
Windows 3.0, chances are good that the 
software will come with it (Microsoft is 

no longer producing a run -time version). 
Furthermore, some computer makers say 
they'll be installing Windows 3.0 on 386 
computers they sell; so check this out if 
you're planning to buy a 386 computer 
soon. Until then, you can satisfy your 
curiosity with a trip to a local retail 
computer store. AE 

Manufacturer Address 

Windows 3.9 
Microsoft Corp. 
One Microsoft Way 
Redmond, WA 98052 
Tel.: 206- 882 -8080 

CIRCLE NO.2 ON FREE INFORMATION CARD 

68 / MODERN ELECTRONICS / September 1990 Say You Saw It In Modern Electronics 



Using Quattro Pro. By Stephen Cobb. 
(Published by Osborne /McGraw -Hill. 
Soft cover. 845 pages. $22.95). 

Here is a cleanly written book about 
using Borland's impressive "Quattro 
Pro" integrated electronic spreadsheet/ 
database /graph software (see the review 
in this issue's "Software Focus" column). 

After an introduction about the back- 
ground of this type of software and a 
brief overview of the software's work- 
ings, the author moves deftly into practi- 
cal ways to work with the powerful soft- 
ware. He covers spreadsheets, databases, 
formulas, building, viewing, printing, 
graphing, macros and the like. 

This fine guide moves through each fo- 
cused section by starting with fundamen- 
tal applications, segueing to advanced 
techniques. The book is well illustrated 
with video screen black- and -white shots 
that support the practical steps described 
in the text. An appendix includes support 
and printer tables. 

Overall, this is an information- packed 
book that serves well for hands -on guid- 
ance in learning the basics and more so- 
phisticated uses of Quattro Pro. Although 
not enhanced with color printing or at- 
tractive illustrations, it is packed with 
meaty facts for beginner and knowledge- 
able user alike. 

NEW LITERATURE 
Components /Products Catalog. A com- 
prehensive 192 -page catalog from Mou- 
ser Electronics lists more than 22,000 
components from more than 80 manu- 
facturers and products for the electronics 
field. Products new to this edition are 
listed at the beginning. Thereafter, prod- 
ucts are listed according to category, star- 
ting with semiconductors, progressing 
through lamps /LEDs, connectors and 
cables, resistors, capacitors, etc., and 
finishing with equipment /tools /meters, 
propotyping kits and books, and surface - 
mount equipment. For a free copy of 
Catalog No. 564, write to: Mouser Elec- 
tronics, 2401 Hwy. 287 North, Dept. 
ME, Mansfield, TX 76063. 

SBC and Controllers Catalog. Micro - 
mint's 1990 catalog focuses on compact 
computer /controllers and introduces a 
number of new hardware and software 
tools and solutions for engineers and sys- 
tem designers. This full -color, 32 -page 
pocket -size catalog fully describes (in- 

cluding technical specifications and 
prices) a line of miniature single -board 
computers, multi- function expansion 
boards, computer /controllers, interface 
boards, video digitizers and software, ac- 
cessories and ROMs. For a free copy, 
write to: Micromint Inc., 4 Park St., Ver- 
non, CT 06066. 
Catalog Supplement. A full -color sup- 
plement to the Contact East General Cat- 
alog is now available. It lists and de- 
scribes a wide range of brand -name prod- 
ucts for testing, repairing and assembling 
electronic equipment. Product areas in 
this supplement include: linear power 
supplies, analog /digital oscilloscopes, 
inspection devices, soldering /desolder- 
ing equipment, temperature /humidity 
chart recorders, static -protection de- 
vices, test equipment, adhesives, preci- 
sion hand tools and Contact East's exclu- 
sive line of tool kits. For a free copy, write 
to: Contact East, 335 Willow St., Dept. 
ME, N. Andover, MA 01845. 

Test /Design Equipment Catalog. A new 
36 -page catalog that covers high -per- 
formance and affordably priced elec- 
tronic testing and prototyping equipment 
is available from Global Specialties. It 
features a full line of breadboarding pro- 
ducts, logic test equipment, power sup- 
plies, frequency counters, function 
generators, a logic analyzer system and 
PC troubleshooting products, including 
extenders and expansion boards. Among 
the offerings new to this catalog are a 
portable protocol analyzer, data- acquisi- 
tion board for PCs and compatibles and a 
hand -held logic analyzer. Prices are in- 
cluded. For a free copy, write to: Global 
Specialties, 70 Fulton Terr., Dept. ME, 
New Haven, CT 06512. 

Applications Literature. "AN8: Power 
Conditioning Techniques for Batteries" 
is the title of an application note available 
from Linear Technology. It contains a 
variety of voltage- regulation circuits for 
battery- powered applications. Given are 
a variety of approaches for power condi- 
tioning for both switching and linear reg- 
ulators, with attention paid to efficiency 
and low -power operation. Included are 
14 circuit schematics with performance 
data and discussion of component selec- 
tion criteria. For a free copy, write to: 
Gary Evans, Adv. Mgr., Linear Technol- 
ogy Corp., 1630 McCarthy Blvd., Milpi- 
tas, CA 95035 -7487. 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important part of being pre- 
pared to move up is holding the 
right college degree, and the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
both ways -to learn more and to 
earn your degree in the process. 

Grantham offers two degree pro- 
grams -one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro- 
grams are available completely 
by correspondence. 

No commuting to class. Study at 
your own pace, while continuing 
on your present job. Learn from 
easy -to- understand lessons, with 
help from your Grantham instruc- 
tors when you need it. 

Write for our free catalog (see address 
below), or phone us at toll -free 1 -800- 

955 -2527 (for catalog requests only) 
and ask for our "degree catalog." 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 

250 Frontage Road 
Slidell, LA 70460 
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PC Paintbrush IV Plus: 
In Pursuit of the Perfect Paint Program 

By Joseph Desposito 

Whenever I get my hands on a new paint 
program, I'm curious to find out if it can 
compensate for my admittedly poor ar- 
tistic skills. With this attitude, I popped 
the shrink -wrap of a new product from 
ZSoft (450 Franklin Rd., Suite 100, Mari- 
etta, GA 30067) called PC Paintbrush IV 
Plus. Designed for the IBM PC and com- 
patibles, this new software package is the 
successor to PC Paintbrush IV. Since the 
two products were released within 6 

months of each other, I'll be covering the 
new features of IV Plus, as well as those 
that first appeared in PC Paintbrush IV. 
These programs allow you to create and 
retouch images on a PC. 

A word about ZSoft is appropriate, 
since it is the developer of the .PCX gra- 
phics file format, one of the standards of 
the industry. The company has roots as 
far back as 1982, when its founder, Mark 
Zachmann, created a screen -capture pro- 
gram called Frieze, which incidentally is 

still the core of every ZSoft product. In 
1983, ZSoft began selling PC Paintbrush 
1.0 and made agreements to bundle it 
with such products as Tecmar video 
boards and the Microsoft Mouse. With 
this kind of distribution, the .PCX file 
format used by PC Paintbrush quickly 
became the de facto industry standard 
for communicating bit -map information 
among computer software and peripherals. 

All "paint" programs let you do free- 
hand drawing on a computer screen using 
an input device, such as a mouse or gra- 
phics tablet, and sometimes the key- 
board, if a pointing device is not avail- 
able. Where they differ is in the peripher- 
als they support, such as printers, video 
adapters and scanners, and in the fea- 
tures they offer. 

For someone like myself, who lacks ar- 
tistic ability, a paint program must pro- 
vide as much support as possible, both 
through peripherals and innovative fea- 
tures. Many of these programs, however, 
are fraught with limitations and, there- 
fore, frustrating to use. PC Paintbrush 
IV Plus, which has a suggested retail price 
of $199, has some interesting new fea- 

PC Paintbrush IV Plus."' 
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Fig. 1: The opening screen of PC Paintbrush IV Plus has a menu bar, paint tools, colors 
and a work area. 

tures, but like other programs of this 
type, has its limitations, too. 

About the Program 
PC Paintbrush IV Plus is a stand -alone 
paint program for the PC that resem- 
bles a Microsoft Windows application. 
The program uses what ZSoft refers to 
as a CUA (common user access) inter- 
face, an interface very similar to that of 
Windows. The opening screen (see Fig. 1) 

has a menu bar along the top, 16 tools 
are displayed in two columns along the 
left -hand side, a selection of colors or 
shades of gray appear along the bottom 
of the screen and a window is shown in 
the middle. 

The menu bar along the top of the 
screen has seven choices: File, Edit, Dis- 
play, Font, Effects, Options and Help. 
When you click on one of these choices 
with the mouse, a menu drops down and 
reveals another list of as many as 12 

choices. For example, if you wanted to 
zoom in on a portion of the drawing, you 
click on Display, and then, when the 
menu drops down, you click on Zoom In. 

The drawing commands are along the 
left side of the screen and are presented 
with icons, rather than words. To draw 
free -hand, you click on the paintbrush, 
move the pointer over to the window, 
hold down the left mouse button and 
move the mouse. When you want to move 
to another part of the drawing, you re- 
lease the button and move the mouse. If 
you want to draw straight lines, curved 
lines, polygons and ellipses, you pick the 
appropriate icon, move the mouse to the 
window, hold down the left mouse but- 
ton and move the mouse. When you are 
finished drawing, you release the mouse 
button. Any time you are uncertain about 
what to do, you can click on Help, and se- 
lect the information you need. 

Most of the painting functions are per- 
formed the same as the operations above. 
You select the icon, move to the drawing 
window, hold down the left mouse but- 
ton and move the mouse. If you want to 
erase part of your drawing, you select the 
eraser. If you want to fill in parts of your 
drawing with a solid color, you select the 
paint roller. If you want to fill in parts of 
your drawing with a speckled color, you 
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BEFORE AFTER 
Fig. 2: Drawings of Alexander Hamilton show before and after using special effects, such 

as Smudge and Blend. 

select the spray can. 
To add text to a drawing you must first 

select a font from the Font menu. There 
are 20 fonts and eight different type 
styles, such as plain, outline and shadow. 
Once you pick a font and a style, you then 
select the text icon. After you do this, an 
Enter Text window appears. You type 
your text into this window, rather than 
onto the drawing window. When you're 
finished entering the text, you click on 
OK to return to the drawing window. To 
place your text into this window, you 
must hold the mouse button down to 
move the mouse. This action draws a box 
on the screen. When you release the but- 
ton, the text you entered fills the box. If 
you make the box long but not wide, your 
text will be vertical; if-you make the box 
wide but not long, it will be horizontal. A 
long and wide box will place your text on 
several lines. 

The remaining icons are the eyedrop- 
per, hand, gadget box and scissors. The 
eyedropper tells you the exact color you 
are pointing at in the drawing window, a 
very useful feature when you are trying to 
match one of 256 VGA colors. The hand 

moves the drawing around the window. 
The gadget box lets you select a rectangu- 
lar piece of the drawing and move, copy, 
stretch, shrink, tilt, rotate, cut or save it. 
You do this by clicking on different parts 
of the gadget box. The scissors lets you 
outline an irregular shape and then per- 
form the same operations as was done in 
the gadget box. 

You select colors or shades of gray 
along the bottom of the screen. A click of 
the right mouse button selects the pri- 
mary color or shade; a click of the left 
mouse button selects the secondary; a 
click of the right button while holding 
down the shift key selects the background. 

One of the new features of PCPaint- 
brush IV Plus is support for large -scale 
images. If your image is much larger than 
the screen size, scroll bars along the bot- 
tom and right -hand side of the window let 
you move to different parts of the image. 
The program deals with large images 
through a disk -based virtual memory 
technique and through support of ex- 
panded and extended memory. 

Another of the program's new features 
is built -in scanner control. You can select 

a menu choice called Scan Image from 
the File menu and directly control your 
scanner. For example, you can set bright- 
ness and contrast, resolution and other 
parameters associated with a scanner. An 
option called Prescan lets you scan a full 

page at low resolution and then select on- 
ly the portion you desire to scan at high 
resolution. Flawed images can be im- 
proved by image -processing features such 
as Remove Spots, Sharpen and others. 

PC Paintbrush IV Plus also includes 
the new features of its predecessor, PC 
Paintbrush IV. Chief among these is a set 

of special effects. There are seven of 
them: Blend, Brightness, Contrast, Gra- 
dient, Tile Pattern and Tint. Six let you 
alter the colors or shades of a drawing in 
various ways. One of them, Tile Pattern, 
lets you create a 3 -D pattern with one of 
the tiles that come with the program. (A 

tile is a pattern you use to create things 
like borders -very similar to the way you 
use ceramic tiles. The tiles are stored in 
tile files.) 

Another important new feature is a 
split- screen multi -level zoom that lets you 
do precise editing of an image with supe- 
rior control, regardless of image size. 
Other new features are an eyedropper 
tool to ensure precise editing of colors; 
the gadget box and hand for maneuvering 
images; support of TIFF as well as the 
PCX file format; support of color, black - 
and- white, and gray -scale; and support 
for either outline or bit -map fonts. 

Installation & Use 
PC Paintbrush IV Plus comes with two 
sets of disks -three 3.5 " and six 5.25 " 

disks. DOS 3.0 or later is required. You 
install the program much the same way as 
you do a Microsoft Windows program; 
that is, you type "pbsetup" at the DOS 
prompt. The installation program sup- 
ports 35 different input devices including 
graphics pads or tablets, 366 video adapt- 
ers including the high -resolution modes 
(1,024 x 768 with 16 colors and higher) 
for some of them, and 170 printers in- 
cluding laser, inkjet, and color models. 

Oddly enough, installation of the scan- 
ner must be done manually, by adding the 
scanner driver to your CONFIG.SYS 
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file. This procedure is explained in the 
manual. The program supports 47 scan- 
ners (including three -color scanners) and 
two video frame grabbers. The scanner 
we tried to install is The Complete Page 
Scanner from The Complete PC. Al- 
though the program supports other scan- 
ners from this company, it does not yet 
support The Complete Page Scanner (at 
the time this article was written, a ZSoft 
spokesperson told us the driver was in the 
beta stage of development). To use 
scanned images from The Complete Page 
Scanner with PC Paintbrush IV Plus, we 
had to use the software that came with the 
scanner to create a .PCX file. 

To get a feel for the program, we fol- 
lowed a tutorial for creating a top hat and 
cane. One of the nice features of PC 
Paintbrush IV Plus is a position display. 
It tells you exactly which pixel you occu- 
py on the screen. This is very helpful 
when trying to keep ovals (or circles) 
aligned, as we needed to do when creating 
the top hat. Another convenience is the 
ability to constrain a line vertically, hori- 
zontally or at a 45- degree angle. This lets 
you connect pieces of an image with im- 
peccable control. The top hat, which we 

drew in black and white, was relatively 
easy to create, thanks to the position dis- 
play and line constraints. 

The next part of the tutorial concerned 
image enhancement. The program in- 
cludes an image with two pictures of Al- 
exander Hamilton (see Fig. 2). The image 
on the left is the original, while the image 
on the right is the result of using special 
effects, such as blend and smudge. 

The tutorial task is to make the "be- 
fore" picture look like the "after" pic- 
ture. The Effects menu includes such 
menu choices such as Blend, Brightness, 
Contrast, Gradient, Tile Pattern and 
Tint. When you pick one of these - 
Smudge for example -the tools on the 
left -hand side of the screen change. There 
are just two tools available for smudg- 
ing-a spraycan and a filled box. If you 
choose the spraycan, you can smudge an 
area of the image manually. If you 
choose the filled box, you outline the area 
of the image you want smudged and the 
program does it automatically. 

The problem with Smudge and some of 

the other special effects is that the tutorial 
advises you to "continue using the Spray - 
can (or filled box) until you are satisfied 
with the results." This advice essentially 
means that using a special effect is a trial - 
and -error procedure, one that will take 
much practice before it can be done well. 
This tutorial, like the other, is printed in 
black and white. 

The fact that both tutorials are in black 
and white led me to wonder about the 
purpose of a paint program. I installed 
PC Paintbrush IV Plus on an ALR 486 
PowerFlex computer with 4MB of RAM 
and Super VGA. With this kind of sys- 
tem, I expect to work in color. The pro- 
gram does provide a few color images, 
but how does one go about creating one 
of these images? 

When I looked at the color images with 
the Zoom feature, I realized they were be- 
yond the scope of my abilities; so I called 
the company to ask how they were created. 
One, a picture of an astronaut, superim- 
posed on the skyline of New York City, 
was done by overlapping two images 
scanned with a Sharp color scanner. The 
other, a picture of a red sports car, was 
the winner of a contest sponsored by 
ZSoft. I quickly realized why I couldn't 
create a sophisticated looking color image. 

Although I was able to scan color pho- 
tos, the scanner I used provided me with a 
halftone image (grayscale) of the photo. 
When you open a file of this type, the pro- 
gram asks if you want to convert to color. 
Answering "yes" to this query simply 
gives you blue, rather than grayscale. The 
other difference is that a color palette, ra- 
ther than a grayscale palette, appears 
along the bottom of the screen. Unfortu- 
nately, the program does not let you au- 
tomatically substitute one color for an- 
other in a given area of the image. 

PC Paintbrush IV Plus comes with a 
218 -page manual in a three -ring binder. 
The manual includes two tutorials, expla- 
nations of each of the menu choices, ex- 
planations of each of the drawing tools, 
installation instructions and other rele- 
vant information. The manual is well 
written and illustrated and has a table of 
contents and index. My only complaint 
with regard to the manual is that it is not 
printed in color. 

ZSoft has a technical support line, 
which you can reach by calling the com- 
pany (rather than an 800 number). We 
called and received satisfactory answers 
to our questions. 

ZSoft, as well as third -party vendors, 
sell products that work with PC Paint- 
brush IV Plus. There are also many clip - 
art packages and scanned images avail- 
able from other vendors and from public - 
domain distributors and bulletin boards. 

Conclusions 
From my experience with PC Paintbrush 
IV Plus, it seems obvious to me that there 
are a couple of ways to create sophisti- 
cated color images with the program. The 
first is to install either a color scanner or 
video frame grabber in your system. The 
second is to hire a very artistic computer 
person (unless you are one yourself). 

It is possible, however, to create so- 
phisticated color graphs (of the type you 
might see in USA Today) with the pro- 
gram. It's also possible to use the text ca- 
pabilities of the program to create profes- 
sional- looking color slides for business 
presentations. A brochure included with 
the program explains how you can pro- 
duce 35 -mm slides from PC Paintbrush 
IV Plus files and even includes an 800 
number to call for this service. 

In my view, it's not even feasible to 
perform much modification of a color 
image once you have it on file. To pro- 
duce decent -looking halftone images, 
you'll need a monochrome scanner. 
Black- and -white line drawings and color 
charts are easiest for the non -artist to cre- 
ate with the program. To correctly use 
any of the special features, such as blend- 
ing and smudging, takes a lot of practice. 

At $199, PC Paintbrush IV Plus is a 
program meant for people whose PC sys- 
tems include expensive peripherals. The 
program certainly has the power you 
need to create professional -looking color 
and grayscale images, but you need either 
the special equipment or expertise to tap 
that power. If this is the case, then I re- 
commend that you purchase PC Paint- 
brush IV Plus. If not, you may be happier 
with the $99.95 PC Paintbrush IV or an- 
other paint program. NE 
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A Ground Communication System (from page 20) 

boost obtained was due to the trans- 
former's deviation from a flat re- 
sponse. As the plot shows, loss is 
minimal above about 3 kHz. Best re- 
sponse was obtained at 7 kHz, mak- 
ing this frequency ideal for Morse 
code transmission. 

Noise picked up by the receiving 
stake in the test setup was at a 
- 63 -dB level with a transformer and 
at a - 93 -dB level without the 
transformer. This yielded a S/N of 
40 dB at 7 kHz, which would increase 
with distance but could also be in- 
creased with judicial use of tone con- 
trols or an equalizer. 

Microphone Preamplifier 
Twenty and more years ago, almost 

every audio amplifier and tape re- 
corder used for high -fidelity repro- 
duction came equipped with a built - 
in microphone preamplifier. This is 

no longer the case. If you have a fair- 
ly recent amplifier that you want to 
use for communicating through the 
earth, chances are that it does not 
have the requisite microphone inputs 
built into it. If this is the case, you 
must use an external preamplifier cir- 
cuit between your microphone and 
the input to your amplifier. 

You can, of course, purchase a 
commercial mike preamp and use it 
with this system. However, since this 
is a hobby pursuit (and perhaps you 
want to make a minimal monetary in- 
vestment in materials), you can build 
a very good mike preamp using the 

Order Back Issues of 

AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 

GRAl 
LC7 

á 6 RUB4 
N ° 8TC5 

á'' MCP1 
LLS1 
Hi 

V) EML1 

á JL3 
SD5 

a LEV1 

FMVIK 
PFS1K HAND CONTROLLED PLASMA FIRE SABER. .$49.50 
NIG7K 
PGSK 
LHC2K 
HOK1K HOMING /TRACKING BEEPER TRANSMITTER .$44.50 

ó LGU6K 2.5 MW HAND -HELD VISIBLE LASERGUN..$249.50 
c á 8 TC3K 250,000 VOLT TABLE TOP TESLA COIL....$249.50 
to 10G2K ION RAY GUN, project energy without wires. $129.95 

TKE1K TELEKNETIC ENHANCER /ELECTRIC MAN. _$79.50 
VWPM7K 3 MILE AUTO TELEPHONE TRANSMITTER ...$49.50 

ANTI GRAVITY GENERATOR $10.00 
40 WATT BURNING CUTTING LASER $20.00 
HI POWER PULSED DRILLING LASER $20.00 
1 MILLION VOLT TESLA COIL $20.00 
HI VELOCITY COIL GUN $15.00 
LASER LIGHT SHOW 3 METHODS $20.00 
ELECTRONIC HYPNOTISM TECHNIQUES $8.00 
LOWER POWERED COIL GUN LAUNCHER $8.00 
JACOB LADDER 3 MODELS $10.00 
SEEINTHE DARK $10.00 
LEVITATION DEVICE $10.00 

3 MILE FM VOICE TRANSMITTER $34.50 

HI FLUX NEGATIVE ION GENERATOR $34.50 
PLASMA LIGHTNING GLOBE $49.50 
VISIBLE SIMULATED 3 COLOR LASER $44.50 

LIST10 
IPG70 
ITM10 
TAT30 
PSP40 
DNE10 
LGU20 
BLS10 

ASSEMBLED IN OUR LABS 
INFINITY XMTR Listen in via lines...9199.50 
INVIS. PAIN FIELD BLAST WAAVEGEN $74.50 
100,000 VOLT INTIMIDATOR UP TO 20' 999.50 
AUTO. TELEPHONE RECORDING DEVICE 924.50 
PHASOR SONIC BLAST WAVE PISTOL $89.50 
ALL NEW 26' VIVID COLORED NEON STICK $74.50 
5 TO 1MW VIS. RED HeNe LASER GUN ... .9199.50 

100,000 WATT BLASTER DEFENSE WAND . $89.50 

EASY ORDERING PROCEDURE - TOLL FREE 1- 800 -221 -1705 
or 24 HRS ON 1- 603 -6734730 or FAX IT TO 1 -603- 672 -5406 

VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 10% SHIPPING. 
ORDERS $100.00 d UP ONLY ADD $10.00. CATALOG $1.00 OR 

FREE WITH ORDER. 

INFORMATION UNLIMITED 
P.O. Box 716. DEPT.ME9. AMHERST. NH 03031 

1000 Channels. 
8- 600MHz, 
805 -1300 
MHz 

AR 1000 
l owl Once Height Prepaid 
(Express Shipping Optional) 

$499 

Continuous 
coverage 

(except UHF TV 
600 -805) 

AM, FM and wide 
band FM tuning modes. 

10 Scan Banks. 10 Search Banks. 
Selectable Priority Channel 

Selectable Search Increments. 
5- 955KHz 

'Permanent memory backup. 
25 Day Satisfaction Guarantee. 
Full refund if not Satisfied 

No Frequencies cut out. 
All normal accessories included. 
Size. 6 7 /8-H x 1 3/9'D x 2 1/2'W 
Wt 12 oz. 

COMMUNICATIONS 

10701 E. 106th St. Indpls., IN 46256 
Toll Free 800 -445 -7717 

Visa and Mastercard 
(COD slightly higher) 
FAX (317) 849 -8799 

Fatal-Pi 
LLK/ 
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schematic diagram shown in Fig. 7. 
As you can see, this circuit is built 
around two popular 741 operational 
amplifiers (actually, any other op 
amp will do if you have it on hand). 
The support components are also 
very low in cost. 

Component layout for the Fig. 7 

circuit is not critical, but it is a good 
idea to locate the input and output at 
opposite ends of the layout and to use 
a shielded enclosure for the circuit. 
The latter is because you want to 
minimize the effects of induced hum 
to an absolute minimum. 

If you wish, you can design and 
fabricate a printed- circuit board on 
which to mount and wire together the 
mike preamp ccomponents. Other- 
wise, simply mount the components 
on perforated board that has holes 
on 0.1 -inch centers with the aid of 
Wire Wrap or soldering hardware 
and use a point -to -point wiring tech- 
nique to interconnect them. Which- 
ever way you go, though, be sure to 
use sockets for the ICs. 

When you are finished assembling 
the circuit -board assembly, house it 
inside a small metal enclosure that 
can accommodate it and a 9 -volt bat- 
tery. Machine the enclosure to pro- 
vide mounting holes for the circuit - 
board assembly, input and output 
jacks and the GAIN control. 

When you are finished building the 
mike preamp, use shielded cable to 
connect its LINE LEVEL OUTPUT to 
the AUX input of the channel you are 
going to use for receiving on your 
amplifier and connect the shielded 
cable from your microphone to the 
MIC INPUT jack on the preamp. Then 
make all other connections to com- 
plete setting up your station. 

When you are up and running, try 
experimenting with other people in 
your locality to see just how far you 
can communicate. As a network of 
communicators is set up, you just 
might find that "rag chewing" 
through the earth can be every bit as 
enjoyable and demanding a hobby as 
amateur radio through the airwaves. 

Say You Saw It In Modern Electronics 



NOV PRODUCTS ... (from page 15) 

arate listening zones that independ- 
ently and simultaneously play differ- 
ent programs. Each zone can have as 
many different rooms as the user de- 
sires, with the r -f remote transmitter 
providing full control over both 
zones. There is no limit to the num- 
ber of rooms and remote controllers 
the system can accommodate, and 
additional speakers can be added to 
an established zone at any time. 
$2,400 for basic one -room system 
(Music Center, remote controller and 
Powered Acoustimass Speakers). 

CIRCLE NO. 40ON FREE INFORMATION CARD 

Continuous -Tone Printer 
Alden Electronics, Inc. (Westbo- 
rough, MA) has a jitter -free continu- 
ous -tone thermal image printer. The 
Model 3915CTP provides large 256 - 
tone shade images on a choice of 
thermal fiber, plastic or transparent 
plastic paper. The printhead technol- 
ogy employed in the printer is said to 
eliminate the need for replacing ink 
cartridges, worn ribbons and refill- 
ing toner canisters. The only con- 
sumable is the thermal paper. Also, 
with the exception of the paper -feed 
assembly and cooling fans, there are 
no moving parts in the printer. 

According to Alden, the new print- 
er is well- suited for such applications 
as medical scanning, electron micros- 
copy, undersea research (such as sub - 
bottom profiling), aerial reconnais- 
sance and satellite photos. Images 
are printed in less than a minute. Ad- 

ditionally, a high -speed black /white 
mode can be used for printing line art 
from CAD systems, with a complete 
10 " x 18 " drawing ready in less than 
30 seconds. 

CIRCLE NO.41 ON FREE INFORMATION CARD 

PC Extender Card 
ICS Datacom's (San Jose, CA) new 
Personal Computer Extender Card 
permits testing and debugging print- 
ed- circuit cards without threat to the 
computer's circuitry. The PC -EXT 
Card can be used with any IBM PC 

series or compatible computer. It 
buffers the computer from harm and 
allows the pc card under test or devel- 
opment to be removed or inserted 
without having to power -down the 
PC or affecting its operation. 

The 3/4-size card can be left in the 
computer when the cover of the sys- 
tem unit is closed. A bracket con- 
nects the card to the rear panel of the 
computer to provide a firm mounting 
platform. A two -color LED on the 
Card indicates when the card under 
test and /or the PC -EXT are powered 
up. A toggle switch controls opera- 
tion of the Card. $295. 

CIRCLE NO.42 ON FREE INFORMATION CARD 

Telephone Management 
Though some telephone companies 
provide a service that permits one to 
have up to three additional telephone 
numbers assigned to a single line, 
each number having its own distinc- 
tive ring, fax machines, modems and 
answering machines attempt to an- 
swer any incoming call, regardless of 
the different ring patterns. RingRite 
from Call Management Products 

(Continued on page 81) 
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over 24,000 Industrial : 

USER' 
ELECTRONICS 
Stocking Locations Across America 
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* * * PRESENTING 1r # 1 *iv 
CABLE TV 

DESCRAMBLERS 
W # # it Sr STARRING 

JERROLD, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 

FINEST WARRANTY PROGRAM MAILABLE 
LOWEST RETAIL /WHOLESALE PRICES IN U.S. 
ORDERS SHIPPED FROM STOCK WHIN 24 HOURS 

FOR FREE CATALOG ONLY 1 -$00 -345 -8927 
FOR ALL INFORMATION II-818-709-9937 

PACIFIC CABLE CO., INC. 
73251/2 RESEDA BLVD.. DEPT. 1202 

RESEDA. CA 91335 

K.D. VIDEO 
FOR ALL YOUR CABLE TV NEEDS 
WE SPECIALIZE IN DEALER PRICING 

QTY 1 10 20 
Jerrold (Type) SB -3 89.00 56.00 48.00 
Jerrold (Type) Tri -Bi 119.00 69.00 65.00 
Scientific Atlanta SA -3 129.00 80.00 75.00 
Hamlin MLD- 1200 99.00 59.00 45.00 
Oak N -12 Vari -Sync 99.00 59.00 58.00 
Jerrold 550 Converter 99.00 75.00 68.00 
Jerrold 400 DRX -3DIC 
(With Built in SB -3) 169.00 109.00 100.00 

1 -800- 327 -3407 
Call us for prices on large quantities 

K.D. Video PO Box 29538, Mpls.. MN 55429 

CABLE.MATE, INC. 
Are You Tired of Paying 

Outrageous Fees? 
All makes and models of cable 

equipment shipped within 24 hrs. 
Quantity discounts. For free 

catalog send S.A.S.E. to: 
Cable -Mate, Inc., 450 Shag Bark 

Algonquin, IL 60102 
C.O.D. orders accepted 

CALL FOR PRICES TODAY!! 
800- 422 -0525 

!al (708) 658 -2121 Iii No Illinois orders 
Hours -8:00 am -5:00 pm central time 

Cable TV 
Descramblers 
If you find a better deal, 
well better our deal. 

Jerrold "Tocom 'Hamlin 'Oak 
"Scientific Atlanta 'Zenith 

Ask about our extended warranty 
program. 

COD, Visa, M/C welcome. 
Free Call - Free Catalog. 

Video Tech 800 -562 -6884 
2702 S. Virginia St., Ste. 160 -304 

Reno, NV 89502. 

Af0DERN ELECTRCINICS MART 
Classified Commercial Rates: $1 per word, 15 -word minimum ($15.00) prepaid. (Word 
count includes name and address; ZIP code and abbreviation each count as one word; 
P.O. Box number and telephone number count as two words each.) Indicate free cate- 
gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A 
special heading is available for a $6 surcharge. First word only is set boldface caps at no 
charge. Add 20% for additional boldface words. 
Non -Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A 
recent MODERN ELECTRONICS mailing label must accompany ad. 
(All advertisers with P.O. Box addresses must supply permanent address and telephone 
number. Copy is subject to publisher approval.) 
Mailing Information: Copy must be received by the publisher by the 25th of the third 
month preceding the cover date. Send Advertising material with check or money order or 
credit card information (Visa or MasterCard only) with number and expiration date to: 
MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY 
11801. 

IDEO 
T.V. NOTCH FILTERS, SURVEILLANCE 
EQUIPMENT, BROCHURE $1.00. D. K. 
VIDEO, BOX 63/6025, MARGATE, FL 
33063 14305) 752 -9202. 

SATELLITE Printout for your location 
$9.95. Databank Research, P.O. Box 261, 
Westmont, IL 60559, 708 -515 -1836. 

DESCRAMBLERS. All brands. Special: 
Combo Jerrold 400 and SB3 $165. Complete 
cable descrambler kit $39. Complete satellite 
descrambler kit $45. Free catalog. MJO IN- 
DUSTRY, BOX 531, BRONX, NY 10461- 
0208. 

CABLE -TV Scientific Atlanta 8580 Qty /Price 
each 1/289 5/24910/239 6 PM to 10 PM EDT 
weekdays. No Maryland orders accepted. 
(301) 791 -5019. 

PROJECTION TV ... Convert your TV to 
project 7 foot picture ... Easy! ... Results 
comparable to $2,500 projectors ... PLANS 
AND 8" LENS $27.95 ... Professional Sys- 
tems available ... Illustrated Catalog FREE 

MACROCOMA, 15MA Main Street, 
Washington Crossing, Pennsylvania 18977. 
Creditcard Orders 24 HRS. (215) 736 -3979. 

ELECTRO.VICS 
NINTENDO Service Manuals. Schematics, 
waveforms, parts lists, trouble- shooting tips. 
Untapped markets nationwide. $30.00. Spiel 
Electronics, P.O. Box 50941, Amarillo, TX 
79159. 

KINETHUTS from KINETICO: electronic 
kits outputting light or sound. Free catalog: 
KINETICO, P.O. Box 1634, NY, NY 
101 14-0508. 

DETECTION - Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest High 
Tech Catalog, $5. DETECTION SYSTEMS, 
2515 E. Thomas, #16-864H, Phoenix, Ari- 
zona 85016. 

SURVEILLANCE / COUNTERSURVEIL- 
LANCE devices catalog. Cameras, bug detec- 
tors, video camera detectors, transmitters, 
communications, and much more. Catalog 
$3.00. DSP, P.O. Box 1275 -ME, Redondo 
Beach, CA 90278. 

TUBES, New, up to 90% off, S.A.S.E., Ker- 
by, 298 West Carmel Drive, Carmel, IN 
46032. 

SURVEILLANCE Countersurveillance Equip- 
ment Catalog $5.00. Eavesdropping Detection 
Equipment, P.O. Box 1087, Williamsville, 
NY 14231. 

MINIATURE FM TRANSMITTERS! Track- 
ing Transmitters! Voice Disguisers! Bug De- 
tectors! Phone Devices! More! Available in 
kits or assembled and tested! Catalog $2.00: 
XANDI ELECTRONICS, Box 25647, "B3 ", 
Tempe, AZ 85285 -5647. 

SURVEILLANCE -Audio /Video Equip- 
ment- Debugging. Industrial or Private. 500 
Item Catalog $7.00. Security Systems, 3017D 
Hudson, New Orleans, LA 70131. 

STRANGE STUFF Get the advantage! Laser 
listener, surveillance, descrambling, under- 
ground information. Plans, kits, complete 
items. Informational package $3.00 refund- 
able. DIRIJO /BOND, Box 212, Lowell, NC 
28098. 

SURVEILLANCE - COUNTERSURVEIL- 
LANCE. Guaranteed lowest prices! Unbeliev- 
able, Detectors, Jammers, Transmitters, 
Phone Security, Cameras, Personal Protec- 
tion, Books, More! Huge catalog $5.00 (Re- 
fundable) PROTECTOR P.O. Box 520294 -B, 
Salt Lake City, UT 84152. 

REMOVE LEAD VOCALS from standard 
stereo records, CD's, tapes, FM broadcasts, 
so YOU can be the lead singer of your favorite 
band. Detailed plans $6.95. PC Board and 
Parts also available. WEEDER TECHNOL- 
OGIES, Dept. E, 14773, Lindsey, Mt. Orab, 
Ohio 45154. 

TUBES Sylvania 6LQ6 6L6GC 2OLF6 etc. 
Huge discounts. ARLEN SUPPLY, 7409 
West Chester Pike, Upper Darby, PA 19082. 
1- 800 -458 -1301. 

CHALLENGE Yourself! Do you have what it 
takes to pass my electronic test? Find out, mail 
$4.00 to Box 16035, Phila., PA 19154. 

Imagine That, is a collection of ideas and 
product concepts that have been only partially 
developed. Innovative, thought- provoking. 
For Hobbyists and Designers alike. $5.35. 
Niffty Concepts, Box 1323, Sheboygan, WI 
53082 -1323. 
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LASERS. 1mw to 2kw, worlds largest selec- 
tion of new and used surplus. FREE CATA- 
LOG. MWK Industries, 1269 Pomona Rd., 
Corona, CA 714 -278 -0563. 

MINIATURE Electronics like James Bond. 
Catalog $4.00, refundable. F & P Enterprises, 
Box 51272, Palo Alto, CA 94303 -H. 

HOME Automation Cookbook $12.95 post- 
paid. MOTOROLA 68HC705 Experimenters 
kit, write for free information. RCS, 107 Cub 
Lane, Kerrville, TX 78028 -9467. 

UNIQUE projects. Build an Infrared Motion 
Detector, Ultrasonic Distance Meter, Digital 
Rain Gauge. Complete plans, PCB layout. 
$4.00 each. Others available. K. Kemp, 6932 
Westminster Blvd., #162, Westminster, CA 
92683. 

WANTED -OLD (Antique) Radios and TV's 
Pre 1950. Any Condition. Repair Same. Old 
Tubes For Sale. Thrifty TV, 11 E. Marie St., 
Hicksville, NY 11801 516- 822 -4501. 

FREE Catalog: Unique /Unusual Electronic 
Plans /Kits. Send Stamp to Electrotecniques 
340 -M, Torrance Ave., Vestal, NY 13850. 

ELECTRONICS Troubleshooting Guide, Six 
easy steps save time. Now only $2.00. ETG, 
641 -A Stover's Cove, Harpswell, ME 04079. 

TRANSISTORS, DIODES, RESISTORS, 
CAPACITORS, New, up to 60% off. Manu- 
facturer's Closeout while they last. CATA- 
LOG. MINUTEMAN SYSTEMS, P.O. BOX 
1427, CONCORD, MA 01742. 

ELECTRONIC parts, kits, software. No min- 
imum orders. Free catalog. Welsh Electronics, 
620 Olive Lane, Ambridge, PA 15003 -2458. 

COMPUTERS 
SYMMETRY software and models. Escher 
Sketcher symmetry drawing program for PC 
with source in Turbo Pascal. Booklet and 32 
paper (cut and paste) models on point symme- 
try (crystals, molecules, Platonic solids). Each 
$11.90 + $1.50 S &H. Zenofugue, Inc., 3872 
Raleigh Dr., Okemos, MI 48864. 

ENGINEERING Software, PC /MSDOS. 
Hobbyists- Students -Engineers. Circuit De- 
sign $49, PCB Layout $99, Logic Simulation 
$29, Mathematics $39, Circuit Analysis $29. 
Call or Write For Free Catalog. (614) 491- 
0832, BSOFT SOFTWARE, 444 Colton 
Road, Columbus, OH 43207. 

WRITE YOUR OWN PROGRAMS ... with 
EngLan, the easy -to -learn computer language 
for IBM compatible computers. Version 2 is 
$49.00, Version 1 is $19.00. Gentry Software, 
Box 4485, Springfield, MO 65808, 800 -346- 
9475 (V /Mc). 

FREE IBM SOFTWARE CATALOG 2000 + 
Disks Toll Free 1 -800- 345 -2983 24 Hours! In 
Colorado Please Call: (303) 934 -5507 MEG- 
A -BYTE INC. PC SOFTWARE SUPPLY, 
3601 Morrison Road., Denver, CO 80219 
FAX: (303) 936 -7049. 

COMPU -CAR C -64 Controlled R/C Cars 
and Interfaces. For Catalogue Send $1.00 to: 
ACR Service, Box 20234, Springfield, IL 
62708. 

BUILD computers for fun or profit with hun- 
dreds of sources of components & accessories. 
Send $5.00 to St. George Electronics, P.O. 
Box 91109, Houston, TX 77291 -1208. 

EtN. Broadway, Hicksville. NY 11801 

FREE INFORMATION SERVICE 
For further information on products, dealers, or literature 
in this issue, circle the appropriate numbers below. Be sure 
to include your name and address before mailing. 
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13 14 15 16 17 18 19 20 21 22 23 24 
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PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT50 miniature FM tranmitter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 

battery and you can hear every sound in an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz 130mhz. Easy to assemble kit 
includes all parts and Instructions. Only 29.98 tax Incl. 

The WIRELESS TELEPHONE TRANSMITTER model 
WTT -20 Is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 
with crystal clarity. Completely automatic. Uses power 
from the telephone line itself - never needs a battery! 
Up to IA mile range. Tunes from 70mhz - 130mhz. Easy 

to assemble kit includes all parts and instructions. On- 

ly $29.98 tax Incl. 
Call or send MO, VISA, MC for Immediate delivery. 
Single kit orders Include $1.50 S&H. FREE SHIPPING 

on orders of 2 or more. All orders shipped by U.S. Mall. 

COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914-232.3878 

CIRCLE NO. 20 ON FREE INFORMATION CARD 

CABLE DESCRAMBLERS 
OAK M35B COMBO $39.95 

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer 

& MORE! OUR PRICES ARE BELOW WHOLESALE! 

CABLE-I- PLUS 
14417 Chase St. Ií481 -C Panorama City, CA 91402 

1- 800 -822 -9955 Other Info. 1- 818 -7854500 
NO CALIF. SALES - DEALERS WANTED 

QUALITY PARTS DISCOUNT PRICES FAST SHIPPING 

[4aiaít0711C! 
P.O. Box 567 Van Nuys, CA 91408 

12 VDC GEAR MOTOR 
Soho* GBL 35- DH- 21080 -10V 
Powerful little 
gearhead motor. 
40 RPM @ 
12 Vdc. (no load). 
32 RPM with load. Operates at lower 
voltages with reduced speed and torque. 
6.3 pound inches torque. Stall: 27 pound 
inches. 3.1" long X 1.375" diameter. 
Shah: 0.18T dia. CAT* MOTG -14 

$11.50 each 10 for $100.00 

OPTO- ISOLATORS 
Clairex# CLM -6000 
LED -photoconductor 
Isolator. Off resistance: 500 ohms. On re- 

sistance: 500K ohms. 2000 volt isolation. 
Forward voltage: 2 Vdc. CAT* CLM -6000 

$2.50 each 10 for $22.00 

Sigma 301T1-1281. Signal applied to 
the input is coupled by means of light to 

isolated photo conductive cell. High 
reliability switching. 12 Vdc. 

CAT *OP301 $1.50 

INSTRUMENT 
ENCLOSURES 

Molded ABS instrument - 
enclosures. Matching 
front and rear panels. 
Integrated PC board /J 
standoffs and two sets of 

vertical mounting slots for front and rear 
sub panel PC boards. All enclosures are 
6" wide X 6 114" deep. Available in black, 

ivory, blue, and beige. Specify color. 

FRONT & REAR PANEL HEIGHT 
2 1/4" CAT* MB -A $7.50 each 10 for $65.00 
2 5/8" CAT* MB -B $775 each 10 to, $67 5o 

3" CAT* MB-C $e 00 each 10 lo, $70 00 

OPTO SENSOR 
U shaped package with 
mounting ears.1 /8" opening. 
3/4" mounting ears. CAT* OSU-6 
50c each 10 for $4.50 100 for $40.00 

PHOTOFLASH CAP. 
Rubicon CE 210 MFD 330 V 

0.79" dia. X 1.1" high. New, 
prepped with 1.4" black and red 

wire leads soldered to the terminals. 
CAT* PPC -210 $2.50 each 

10 for $22.50 100 for $200.00 

STEPPING MOTOR 
Airpax# C82711-M1 
17 Vdc 23.25 ohm 
dual coil P.M. motor. 
7.5 degrees per step. 
225" dia. X .91" thick. 
0.25" dia. shaft . 6 wire leads. 
CAT* SMT -6 $6.00 each 10 for $50.00 

ORDER TOLL FREE 1- 800 -826 -5432 
FAX (818) 781 -2653 Terms: Phone orders must be charged to Visa, 

MasterCard, or Discover. Minimum order $10.00 CA residents add sales 

tax 48 Continental States Add $3.50 for shipping/ handling - All Others 
Including AK and HI pay full shipping Quantities limited No C.O.D. 

CALL TOLL FREE FORA FREE 60 PAGE CATALOG ! 
CIRCLE NO. 16 ON FREE INFORMATION CARD 
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CABLE TV DESCRAMBLERS! 
BARGAIN HEADQUARTERS! 

1111E2Ri 

JERROLDT" TOCOM HAMLIN 
OAK *ZENITH 

SCIENTIFIC ATLANTA 

6 month warranty! We ship C.O.D.! 
Lowest retail /wholesale prices! 

FREE CATALOG: 
Global Cable Network 

1032 Irving St. Suite 109 
S.F., CA 94122 

NO CALIFORNIA SALES!!! 

ORDER TODAY! 800 -327 -8544 

CIRCLE NO.21 ON FREE INFORMATION CARD 

CABLE T.V. CONVERTERS 

Jerrolds, Oak, Scientific Atlantic, Zenith, & 

many others. "New" MTS stereo add -on: mute 

& volume. Ideal for 400 & 450 owners! 

1- 800 -826 -7623 
B &BINC. 

4030 Beau -D -Rue Drive, Eagan, MN 55122 

CB TRICKS OF THE TRADE I & II 

Tricks I and Tricks II, plus a free set of 
plans for CB Super Modulation. 
Special: $40.00 
Order each book separately for $19.95 

C.O.D. Orders Accepted 

torMedicine Man CB 
P.O. Box 37, Dept. A 
Clarksville, AR 72830 

(501) 754-2076 

SURVEILLANCE 
TELEPHONE 

This is a normal functioning telephone! 
EXCEPT it has a secret bu It in monitor. 
Only YOU can call and monitor all conversations, using a 

secret code, and never be detected! Range Unlimited 
6175.m - 6 menM Warmly - Phone Tap Catalog 53.00 
USTEN ELECTRONICS, m3 Elgin, Muskogee. OK 74401 

1- 800 -833 -TAPS 

FREE CATALOG! 
1- 800 -648 -7938 

JERROLD HAMLIN OAK ETC 

CABLE TV 
DESCRAMBLERS 

Special Dealer Prices! 
Compare our Low Retail Prices! 
Guaranteed Prices & Warranties! 
Orders Shipped Immediately! 

REPUBLIC CABLE PRODUCTS, INC. 11 4080 Paradise Rd. 415, Dept. 902 
Las Vegas. NV 89109 

For all other information (702) 362 -9026 

PROTOQUICK Z8, single board computer 
with prototype area, $69.00. Software Sci- 
ence, 3750 Roundbottom Road, Cincinnati, 
OH 45244 (513) 561 -2060. 

EQUIPMENT assortment. Electronic, com- 
puter, test, descrambler. Catalog $3.00. Re- 
fundable. B & R Enterprise, P.O. Box 662, 
Portage, MI 49081. 

COMMUNICATIONS 
MORSE Code? No Problem. You can in- 
crease your speed, no matter how many times 
you've failed before. Results guaranteed when 
you follow the instructions. PASS Publish- 
ing's CW Mental -Block Buster program helps 
you explode mental blocks that hold you back. 
Based on 40 years of research, the CW Mental - 
Block Buster uses guided meditation, dynamic 
visualizations, and powerful affirmations to 
blast through mental blocks. You can do 
code! That means new bands, more contacts, 
more fun! (This is not a CW practice tape.) 
The CW Mental -Block Buster audio cassette 
and practice booklet are only $24.95 ppd. in 
the US (NY residents add $1.87 sales tax). 
(Quantity discounts available for classes.) 
PASS Publishing, P.O. Box 570, Stony 
Brook, NY 11780. 

CB DX 1990's Get more out of your radio. 
CBR, Box 212, Rochelle Park, NJ 07662. 

HUGE COMMUNICATIONS CATALOG. 
88 pages including amateur, shortwave and 
scanner equipment. Universal Radio, 1280 
Aida Drive MME, Reynoldsburg, OH 43068. 

WANTED 

GOLD scrap wanted, buying electronic scrap, 
IC chips, old circuit boards, gold plated parts. 
Call (718) 268 -0426. 

CABLE 

TOCOM VIP TEST CHIP. For Models 5503 
VIP and 5507. Unlike any other turn -on, this 
one works! Easily installs in just seconds. 
$50.00 each. No Calif. sales. Call (213) 
867 -0081. 

CABLE DESCRAMBLERS - Jerrold 400, 
450, Tri -Bi SB -3. Scientific Atlanta, Oak, To- 
com. Lowest Prices. Example: Jerrold from 
$25.00. No Calif. Sales. Call us last and see! 
(213) 867 -0081. 

ZENITH Z -Tac. Special "test" board installs 
easily in minutes, and turns -on decoder for all 
modes. Great for "flashing" problems. Only 
$50. No Calif. Sales. Call (213) 867 -0081. 

CLASSIFIED ADVERTISING ORDER FORM 

Mail this form with payment to MODERN ELECTRONICS, Classified Dept., 76 N. Broadway, 

Hicksville, NY 11801. 

Name: 

Street Address - 

City: State: Zip: 

Check category you wish to be listed under or note a special heading ($6 additional) you want. 

( ) Audio ( ) Communications ( ) Computers ( ) Electronics ( ) Video 

( ) Miscellaneous ( ) Special Heading 

PRINT EACH WORD SEPARATELY. $1.00 per word, 15 word minimum. Note that P.O. Box 

numbers* and telephone numbers must be counted as two words each. Circle additional words you 
wish boldfaced at 2007o more each (initial boldface word is free). 

Free Boldface 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 15 ($15) 16 ($16) 

17 

$ 

($17) 18 ($18) 19 

(PLEASE ADD) 

Extra Bold Words @ 20 cents $ 

($19) 

Special Heading ($6) 

20 ($20) 

TOTAL PAYMENT ENCLOSED (Check or Money Order): $ 

Payment may also be made by MasterCard or Visa. For this, please fill in information below. 

Credit Card Number Expire Date 

Print Full Name Signature 
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SATELLITE TV 
SYSTEMS-UPGRADES -PARTS 
PLUS BOOKS 8 TAPES 
INSTALLATION VIDEO $33.95 ADD $2.5/4 

(VIDEO FREE WITH SYSTEMS) 
CALL/WRITE TODAY 

800 -334-6455 US 

218.739.5231 MN 

K 2014 COLLEGE 
INC 

AY' 

FERGUS FALLS. MN 56537 

1toU 
Cpl\ 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami. Florida 33186 

800 -442 -9333 

FREE! IBM FREE! 
SOFTWARE CATALOG 

2000 + DISKS 
TOLL FREE 1-800-345-2983 24 HOURS! 

IN COLORADO PLEASE CALL: (303) 934.5507 

MEGA -BYTE INC. 
PC SOFTWARE SUPPLY 
3601 MORRISON ROAD 

DENVER, CO 80219 

FREE! FAX: (303) 936 -7049 FREE! 

Cable Converters And 
Descramblers 

Why Pay a High Monthly Fee? 

For FREE Catalog Call or Write 

CABLE CONNECTION 
1304 E. CHICAGO ST. -SUITE 301 

ALGONQUIN, IL 60102 
(708) 658-2365 

No Illinois Orders 

INSTALL - UPDATE - REPAIR YOURSELF 

CABLE EQUIPMENT 

CABLE TV SECRETS -the outlaw publica- 
tion the cable companies tried to ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers list included. $9.95. 
Cable Facts, Box 711 -ME, Pataskala, Ohio 
43062. 

FOR SALE 

LOTTERY -IBM COMPUTER DISK FOR 
ALL LOTTERIES $10.00. ROBERTS, Box 
63/6025, MARGATE, FL 33063. 

CABLE TV EQUIPMENT 
CABLE. TV converters and descramblers dis- 
count center. Jerrold, Tocom, Hamlin, Scien- 
tific Atlantic, Oak, Zenith. Order yours today 
800- 962 -6836. 

SERVICES 

WHY not use PALs in your designs? We pro- 
gram from your logic equations or MS -DOS 
media. Call or write about our "Janey's 
Ranch" Special. Nevada Computer Associ- 
ates, P.O. Box 978, Battle Mtn., Nevada 
89820, (213) 666-2152. 

ELECTRONIC SURVEILLANCE 

ELECTRONIC SURVEILLANCE. 40+ 
complete construction plans from America's 
#1 designer of electronic spy equipment. 
FREE CATALOG. Wilson -E, P.O. Box 
5264, Augusta, GA 30906. 

ZENITH DESCRAMBLERS 

ZENITH cable boxes will work where others 
failed. All units are warranted with remote 
control $175.00. Call (213) 478 -2506. 

HELP WANTED 

ATTENTION: POSTAL JOBS! Start 
$11.41 /hour! For application info call (1) 602- 
838 -8885, Ext. M- 11147, 6 am - 10 pm, 7 days. 

ATTENTION: EASY WORK EXCELLENT 
PAY! Assemble products at home. Details. (1) 
602 -838 -8885 Ext. W- 11147. 

MISCELLANEOUS 
ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 1214TZ, Novato, CA 94948. (415) 897- 
2742. 

ASIAN LADIES want correspondence for 
friendship, marriage. SUNSHINE INTER- 
NATIONAL -Dept. TW, Box 5500, Kailua- 
Kona, Hawaii 96745. (808) 325 -7707. 

ENGINEERS, programmers, technicians. Sil- 
icon Valley, CA needs YOU! For free sample 
of current listing write Excel Services, P.O. 
Box 36046, San Jose, CA 95158. 

PRINTED Circuit Boards made to order - 

Layout engineering, assembly available, High 
quality fully fabricated boards - Short or long 
run. Call or write for products and pricing. 
Shore Proto Circuit, 36 Fairview Avenue, Lit- 
tle Silver, NJ 07739 800- 752 -1574. 

FIBER Lites. Illuminator and 5 ft dual fiber 
optic cable. $125 plus $10 S &H. For info send 
SASE to De Novo, 736 N. Bradish Ave., San 
Dimas, CA 91773. 

NEW PRODUCTS 
(from page 77) 

Inc. (Broomfield, CO) solves this 
problem by directing the call to its 
proper destination. It allows tele- 
phone devices that normally answer 
all incoming calls to answer only 
those calls directed at them. 

RingRite simply plugs into any 
modular telephone jack and the an- 
swering device into RingRite. It sep- 
arates the telephone line from the de- 
vice to be controlled and passes the 
selected custom ringing pattern 
through to the answering device 

plugged into it. This allows the addi- 
tional ringing patterns to act as sepa- 
rate telephone lines for incoming 
calls without affecting outgoing 
calls. The controlled device can be a 
fax machine, answering machine, 
modem, telephone instrument, etc. 

When a call comes in, RingRite de- 
termines what number was dialed 
from ring pattern generated. A slide 
switch on the unit can be set for any 
of three ring patterns. It passes only 
the selected pattern on to the device 
connected to it. 

With RingRite, you can have two 
separate answering machines, each 
with a separate message on it, on the 
same line. You can also have a dedi- 
cated fax or modem number so that 
an incoming call can be directed ex- 
clusively to the fax machine or your 
computer. RingRite is said to be 
compatible with all fax machines, an- 
swering machines, modems, tele- 
phone instruments and other tele- 
phone devices and phone company 
services like Call Waiting, Speed 
Dialing, etc. $79.95. 

CIRCLE NO.43 ON FREE INFORMATION CARD 

REMOTE CONTROL KEYCHAIN 
Complete w /mini- transmitter 
and +5 vdc RF receiver 

Fully assembled including plans 
to build your own auto alarm 

Write for more information 
Quantity discounts available 

Check,Visa or M/C 

ONLY $24.95 Add Sy3 ship PP 9 

VISITECT INC. / Dept. M (415) 872 -0128 
PO BOX 5442, SO. SAN FRAN. , CA 94080 

C How do I get Use the 
more data? tree 

info card. 
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They're Here! 
Order both 

books and pay 
on 

RNplus shipp 
¡nly 

$22 95 
g. 

FUN PROJECT BOOKS 
You'll want these two exciting proj- 
ect books, packed with complete 
plans for building a wide variety of 
useful electronic devices. The First 
and Second Books of Modern Elec- 
tronics Fun Projects, both Howard 
W. Sams publications, are now 
available. 

You'll find all the how -it -works informa- 
tion, schematics, photos, drawings, 
printed- circuit guides and the parts 
sources to make it a snap to build al- 
most 50 useful, unique electronic de- 
vices at modest cost. 

Discover how these circuits and mod- 
ern electronic devices perform their ma- 
gic. Learn practical electronic technol- 
ogy the painless way and enjoy doing it! 

All projects are based on material pub- 
lished in Modern Electronics, with up- 
dates and revisions. They've been built 
and tested by the original authors. 
Chapters are divided into; Intro To Elec- 
tronic Projects, Home Electronics, 
Audio /Video Electronics, Security Elec- 
tronics, Computers, Test Equipment, 
and Electronic Designing. There's 
something for everyone! 

Look at what you can build and take 
pride in: 

Digital voltmeter accessories -high- 
frequency ac probe, true -rms adapter, 
temperature probe 
Car projects- anti -theft alarms, en- 
gine tachometer 
Life- saving detectors -gases & mi- 
crowave leaks 

Second book of 
Modern Eleckonlu 

Pon Projects 

IlltI 

*111111(.4_ 

Computer system power controller 
Dual -pulse generator 
Surround -sound audio enhancer 
Security- telephoned status report- 
er alarm control center 

* Home convenience- selectable phone 
ringer musical tunes, touch -sensitive 
light controller. 
... and so much more. 

The Fun Projects are capped by intro- 
ductory information on building proj- 
ects and kits (tools needed, parts 
sources, etc.) and advanced design 
techniques that illustrate how a design - 
er thinks and plans when putting togeth- 
er a practical end product. 

From beginning to end, MODERN 
ELECTRONICS FUN PROJECT BOOKS 
are for you! Order them today for a fast 
start in the world of electronics. 

MODERN ELECTRONICS 
75 N. Broadway, Hicksville, NY 11801 

Name 

Address 

City 

State Zip 

( ) Check ( ) MasterCard ( ) VISA 

Card No. 

Expires 

Signature 

(Signature required on all charge orders) 

Order Date: 

QTY Title Price Total 

First Book 
of Modern 
Electronics 
Fun Projects 

$12.95 ea. 

Second Book 
of Modern 
Electronics 
Fun Projects 

$12.95 ea. 

Both Books $22.95 
- 

Order both 
books and pay 

only S22.95 
plus sbi. .'.. 

*Shipping 

Total 

'Shipping charges 52 per order. Orders processed 
day received. but please allow 30 days for delivery. 

ADVERTISERS' INDEX 
RS# Page # 

14 AMC Sales 77 

15 Ace Communications 76 

16 All Electronics 79 

- B & B Electronics 80 

- CQ Buyer's Guide 3 

17 C&S Sales 15 

Cable Connection 81 

Cable -Mate Inc 78 

Cable Plus 79 

Cleveland Inst. of Elec.Cov. III 
Command Productions 23 

18 Consolidated Electronics 59 

19 Cook's Institute 65 

Damark International 9 

20 Deco Industries 79 

Electronics Book Club 75 

21 Global Cable Network 80 

Global Engineering.... Coy II 
- Grantham 69 

22 Heath Co 6 

Information Unlimited 76 

23 Jensen Tools 65 

K.D. Video 78 

109 Kenwood Coy. IV 

Listen Electronics 80 

24 MCM Electronics 7 

Medicine Man CB 80 

Mega -Byte, Inc 81 

25 Mouser Electronics 77 

NRI Schools 12, 13 

- Pacific Cable Co., Inc. 78 

26 Parts Express International ..14 
Republic Cable 80 

Skyvision 81 

27 Smith Design 23 

28 Tech Sery 63 

- Trans World Cable Co 81 

29 Ucando 63 

30 Video Tech 78 

32 Viejo Publications 49 

Visited Inc 81 

We'd like to see your company listed here too. 
Contact Jonathan Kummer at 516 -681 -2922 to 
work out an advertising program tailored to suit 
your needs. 

Free Product Information 
Readers can obtain free information on 
products advertised by the above compa- 
nies, as well as for some editorially men- 
tioned products. Simply circle the appro- 
priate number printed below an adver- 
tisement onto the Modern Electronics 
"Free Information Service" card bound 
into this issue. 
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Discover Your Career Potential In The 

Fast -Growing Field Of High-Tech Electronics! 
CIE Gives You The Training You Need to Succeed... 

At Your Own Pace...& In Your Own Home! 

If you're anxious to get ahead ...and 

build a real career...you owe it to 

yourself to find out about the Cleveland 

Institute of Electronics! 
CIE can help you discover your 

career potential in the fast growing 

field of high-tech electronics. A career 

that will challenge and excite you 

every day...reward you with a powerful 

feeling of personal accomplishment... 
and deliver a level of financial security 

you may have only dreamed of before! 

As the leading school in home-study 

electronics, CIE has helped over 

150,000 students in the U.S.A. and 

over 70 foreign countries get started in 

this exciting field. To find out how CIE 

could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 

Trained Professionals! 
The career opportunities shown here 

are only a few of the challenging, high - 

paying careers you could enjoy as an 

electronics technician. 
You could be the "brains" behind the 

scenes of an exciting TV broadcast... 

trouble -shoot life- saving medical equip - 

ment...design exotic new aeronautics 
systems...CIE's job -oriented programs 
offer you the quickest possible path to 

the career of your dreams! And CIE also features 

military and union re- training, to build on what 

you already know. 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 
you, CIE can get you started with core lessons 

applicable to all areas of electronics. As you 

advance, CIE makes job opportunities available 
to you through the bimonthly school paper, 

The Electron. 

D 1. Communications Automotive Electronics 

Avionics Conputer- Assisted Manufacturing 

Consumer Electronics Military Electronics 

z 

Personal Training From A 

Renowned Faculty. 
Unlike the impersonal approach of large class- 

room study, CIE offers you one -on -one instructional 

help 6 days a week, toll -free. Each CIE lesson is 

authored by an independent specialist, backed by 

CIE instructors who work directly with you to 

answer your questions and provide technical assis- 

tance when you need it. 
ED 

SCE 
c. ó r 

Practical Training .. . 

At Your Own Pace. 
Through CIE, you can train for your 

new career while you keep your pres- 

ent job. Each course allows a gener- 

ous completion time, and there are 

no limitations on how fast you can 

study. Should you already have some 

electronics experience, CIE offers 

several courses which start at the 

intermediate level. 

"State -Of- The -Art" 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec- 

tronics laboratory course, and in 1984, 

the first Microprocessor Laboratory. 

Today, no other home study school can 

match CIEs state-of -the -art equipment. 
And all your laboratory equipment is 

included in your tuition cost. There is 

no extra charge -it's yours to use while 

you study at home and on the job after 
you complete your course! 

Earn Your Degree To 

Become A Professional 
In Electronics! 

Every CIE course you take earns you 

credit towards the completion of your 
Associate in Applied Science Degree, so 

you can work towards your degree in 

stages. And CIE is the only school that awards you 

for fast study, which can save you thousands of 

dollars in obtaining the same electronics education 
found in four -year Bachelors Degree programs! 

Write for details today! 

Send For Your 
Catalog Today! 

CIE World Headquarters 

Cleveland Institute of Electronics, Inc. 

I 1776 East 17th St., Cleveland, Ohio 44114 

YES! Please send me your independent study catalog (For your convenience, 

CIE wit have a representative contact you -there is no obligation.) 

Print Name 

Address Apt # 

City /State /Zip 

,age Area Code /Phone No 

Check box for G.I. Bill bulletin on educational benefits: D Veteran Active Duty 

LMail This Coupon Today! AMO-175 



KENWOOD 
pacesetter in Amateur Radio 
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The R -2000 is an all band, all mode 
gin receiver with 10 memory channels and . P 

many deluxe features such as program- 
mable scanning, dual 24 -hour clocks 
with timer, all -mode squelch and noise 
blankers, a large, front- mounted 
speaker, 110 volt AC or 12 volt DC 

operation (with the DCK -1 cable kit), 
and 118 -174 MHz VHF capability 

with VC -10 option. 

Optional Accessories 
R -2000: 

VC -10 VHF converter 
DCK -1 DC cable kit for 
12 volt DC use. 

11...ros/' 

Scan the world bands with 
Kenwood's R -5000, 
R -2000 and RZ -1. 

Listen in on foreign 
music, news, and 
commentary. 
Monitor local police, 
fire, and other public 
safety services, as well as the 
Marine channels, and the many other 
services 50 MHz and above. 
( The VHF converter options must be used In the R -5000 
and R- 2000.) 

MC= . =1=2 

- :rii era. 

..X 

R -5000 
The R -5000 is a high performance, top - 
of- the -line receiver, with 100 memory 
channels, and direct keyboard or main 
dial tuning -makes station selection 

super easy! Other useful features 
include programmable scanning, large, 
built -in speaker, 110 volt AC or 12 volt DC 
operation (with optional DCK -2 cable), 
VHF capability (108 -174 MHz) with the 
VC -20 option, dual 24 -hour clocks with 
timer, and even voice frequency readout 
with the VS -1 option. 

RZ -1 
Wide -band scanning receiver 

The RZ -1 wide -band, scanning receiver 
covers 500 kHz -905 MHz, in AM, and 
narrow or wideband FM. The automatic 
mode selection function makes listening 

easier. One hundred memory channels 
with message and band marker, direct 
keyboard or VFO frequency entry, and 
versatile scanning functions, such as 
memory channel and band scan, with 
four types of scan stop. The RZ -1 is a 
12 volt DC operated, compact unit, with 
built -in speaker, front -mounted phones 
jack, switchable AGC, squelch for narrow 
FM, illuminated keys, and a "beeper" to 
confirm keyboard operation. 
Optional Accessory 

PG -2N Extra DC cable 

Specifications, features, and prices are subject to change without notice or obligation. 

R -5000: 
VC -20 VHF converter VS -1 Voice 

module DCK -2 for 12 volt DC operation 
YK -88A -1 AM filter YK -88SN SSB 

filter YK -88C CW filter MB -430 
Mounting bracket. 
Other Accessories: 

SP -430 External speaker SP -41 
Compact mobile speaker SP -50B 
Mobile speaker HS -5 Deluxe head- 
phones HS -6 Lightweight headphones 

KENWOOD 
CIRCLE 109 ON READER SERVICE CARD 

KENWOOD U.S.A. CORPORATION 
COMMUNICATIONS &TEST EQUIPMENT GROUP 
P.O. BOX 22745, 2201 E. Dominguez Street 
Long Beach, CA 90801 -5745 
KENWOOD ELECTRONICS CANADA INC. 
P.O. BOX 1075, 959 Gana Court 
Mississauga, Ontario, Canada L4T 4C2 


