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YOU EXPECT THE WORLD 
FROM ICOM RECEIVERS 

ICOM's IC -R71A and IC -R7000 are the 
professional's choice for receiving inter- 
national broadcasts, aircraft, marine, 
business, emergency services, television, 
and government bands. These people 
demand the finest in communications 
and so do you. ICOM puts the world at 
your fingertips with the IC -R7000 25- 

2000MHz* and IC -R71A 0.1-30MHz 
commercial quality scanning receivers. 

Incomparable Frequency Control. 
Both the IC -R71A and IC -R7000 feature 
direct frequency access via their 
front keypad, main tuning dial, optional 
infrared remote control and/or computer 
interface adapter. Incredible Flexibility! 

WI Coverage, Maximum Performance. 
The superb IC -R71A is your key to world- 
wide SSB, CW, RTTY, AM and FM 
(optional) communications plus foreign 
broadcasts in the 100kHz to30MHz range. 
It features IF Notch, low noise mixer 
circuits and a 100db dynamic range. The 
pacesetting IC -R7000 receives today's 
hot areas of interest, including aircraft, 
marine, public services, amateur, and 
satellite transmissions in the 25MHz 
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to 2000MHz* range. It includes all mode 
operation low noise circuits plus out- 
standing sensitivity and selectivity. The 
IC- R71A/R7000 combination is your 
window to the world! 

The IC -R71A is a shortwave listener's 
delight. Its 32 tunable memories 
store frequency and mode information, 
and they are single -button reprogrammable 
independent of VFO A or VFO B's 
operations! Dual width, an adjustable 
noise blanker, panel selectable RF preamp, 
and selectable AGC combined with four 
scan modes and all -mode squelch further 
enhance the IC- R71A's HF reception! 

The IC -R7000 features 99 tunable 
memories and six scanning modes. It 
even scans a band and loads memories 
80 to 99 with active frequencies without 

operator assistance! Additional features 
include selectable scan speed pause 
delays, wide /narrow FM reception and 
high frequency stability. 

Options. IC- R7000: RC -12 remote 
control, EX -310 voice synthesizer, CK -70 

DC adapter, MB -12 mobile bracket. 
IC -R71Á: RC -11 remote control, EX -310 

voice synthesizer, CK -70 DC adapter, 
MB -12 mobile bracket, FL -32A 500Hz, 
FL -63A 250Hz and FL -44A filters. 

See these quality ICOM receivers 
at your local authorized ICOM 
dealer today. 
-tipeafucatuono of the ICK7UW guaranteed from 25.1000M HI 
and I260-1300MHz. No coverage from 1000.1025MHz. 

ICOM America, Inc., 2380 -116th Ave. N.E., Bellevue, WA 98004 
Customer Service Hotline (206) 454 -7619 
3150 Premier Drive. Sude 126, Irving, TX 75063 
1777 Phoenix Parkway, Sude 201, Atlanta, GA 30349 
ICOM CANADA. A Division of ICOM America. Inc., 

3071 - 115 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada 
All wted speCatdtUns are su0iett lo canye *VOA nd,ce a Od,9al,Or All IL04,1 rad Vs 
sgldKanlry e.ceec FCC legwauons spW Vus emissgns Rece.+e59 89 

M 
First it Communications 



990 Buyer's Guides 
The Equipment Buyer's Guide gives you the edge in 

selecting just the right equipment for the shack, whether 
is be HF or VHF /UHF rigs or accessories. All the informa- 
tion is here in on= -candy, concise directory with descrip- 
tions, technical specifications, model numbers, retail 
prices and photographs. What do you do to get a license? 
How do you put a packet station on the air? What trans- 
ceiver features are important to DXe -s:' What equipment 
will you need for the new code -free license? These ques- 
tions and more aeansweied in feature articles. Buy with 
confidence when you make your decisions based on all 
the facts. 
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You'll need he Antenna Buyer's Guide to squeeze 
every last dB out of your antenna dollars. Make su-e you 
get the best pDssible antenna system fDr the best price! 
HF and VHF /UHF, directional and omnidirectional, ver- 
tica and horizontal, mobile and portaDle -they are all 
covered in depth. Tuners, cables, wattneters and more! 
You'll find detailed charts, specifications, photos and 
retail prices. Advice on getting tf-e proper tower and 
antenna perm is from a leading aL ttority on PRB -1 Step - 
by -step guide to putting up your first beam! The sands 
are hotter than ever right now. You can't afford to wait 

ORDER YOUR BUYER'S GUIDES TODAY! 

Don't miss the most valuable Juying guides in the Amateur Radio field! 

YES, please send me copies at $4..95 each: 

Name 

Address 

City _ 
Send only $4.35 each today- Foreign: $6. U.S. funds. 

EQUI'MENT BUYER'S GUIDE 
ANTENNA BUYER'S GUIDE 

Call 

State Zip 

Check Money Order 

MasterCard ' VISA Anex Card No. Expires 

Signature (-equired on all charge orders) 

Mail to: CO Communications, Inc., 76 North Broadway, Hicksville, NY 11801/FAX: 516-681-2926 
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The degree of match between a 50 
S2 source and an antenna is 
obtained with the set -up illustrated 
in fig. 9. The tuning, Q, and reflection 
loss are available. The CPL output 
with either an open or direct short or 
IN is plotted as the fwd line in fig. 10. 
Then the cable to the antenna is 
attached, and the scope photo of fig. 
10 results. The difference between 
these lines is desired. The scope 
indication of "37 dB" forward, "12 
dB" reverse, indicates the reflected 
loss is down 25 dB at 68 MHz; (1.1 
VSWR) 1/320 =0.3% of the applied 
power is reflected or about 99.7% of 
the available power is radiated (or at 
least absorbed) by the antenna. 
Conversely, 99.7% of the received 
power is applied to a 50 S2 receiver. 
Since the probe can "see" a low 
level, only a low radiated signal is 
required. The discrete lines are 
signals received by the antenna. 
The logarithmic response allows 
evaluation of good matches. 

converts your scope into a 
100MHz spectrum analyzer 

$199 direct 

Smith Design 1324 Harris 

Dresher, PA 19025 (215) 643 -6340 
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Uil/il/EDITORIA L I. 

On The Waning Edge 

Some publications focus on the leading 
edge of technology, whether it's news or 
technical coverage. We touch on this, 
too, from time to time. But much of our 
editorial thrust uses an electronics plat- 
form on the waning edge of technology. 

We're quite proud of this, too. The ap- 
plications- oriented nature of Modern 
Electronics takes advantage of electronic 
components that are mostly readily avail- 
able from a variety of sources and are 
modestly priced. In contrast, the leading 
edge relates to either devices that are still 
in the laboratory stage and, therefore, 
not accessible to most people or recently 
developed components that are quite 
costly in single or low -volume quantities. 
Moreover, some cannot even be pur- 
chased without a corporate purchase ord- 
er for high quantities. 

Consequently, the ubiquitous 555 inte- 
grated circuit or a 741 op amp or an 8088 
CPU aren't at all beneath us. The circuit 
in which they are used plays the most im- 
portant part, not the fact that they might 
take up a bit more real estate on a pc 
board or not operate quite as fast as a 
more sophisticated device can. 

Interestingly, such electronic products 
have a life span that far exceeds what one 
might think. Decades, in fact. Even the 
military, where so many leading -edge re- 
search and developments head, make 
wide use of obsolete products. That is, 
obsolete in terms of incorporating them 
into the latest equipment. 

This fact was underscored to me re- 
cently when I learned that a company, 
Lansdale Semiconductor (Tempe, AZ), 
started to market Intel's 8080 eight -bit 
microprocessor, joining other devices 
that are thought of as only a history -book 
part, to the military market. When you 
think about it, it makes sense. After all, 
there is much military equipment being 
used that came to life ten and more years 
ago. When a small circuit device that's no 
longer supported by a manufacturer 
breaks down it would be foolish to dump 
the whole machine. Clearly, there's a 
market for such useful devices, though 
they're no longer state -of- the -art ones. 
Lansdale Semi expects to do $10- million 

worth of business this year in just such 
old -design semiconductors. 

The 8080 kicked off the personal com- 
puter revolution, of course, with the 
MITS Altair computer that I featured on 
a magazine's cover with plans inside on 
how to build it, cheap. The entire kit cost 
about the same as the single device was 
being sold for at the time: $365. Today, 
its price is around $4 in single quantities 
from mail -order supply houses. 

The computer was the launching pad 
for many illustrious careers. Readers 
whose imaginations were sparked by it in- 
clude: Bill Gates, who with Paul Allen de- 
veloped Altair BASIC and went on to 
found Microsoft; Millard, who produc- 
ed a virtual replica of the Altair under the 
name, IMSAI, when he couldn't get deliv- 
ery of Altairs to meet his customers' 
needs, and then founded Computerland; 
Lee Felstenstein, who with Bob Marsh, 
created an all -in -one computer system 
called the Sol, and later designed the first 
transportable computer, disk drives and 
all, the Osborne; Steve Jobs and Wozni- 
ak, who used a less costly CPU, the 6502, 
to do their thing called an Apple comput- 
er; and so on. 

This all brings to mind a day last week- 
end that I spent with another electronics/ 
computer innovator, George Meyerle. 
Many years ago he had developed the first 
consumer audio graphic equalizer, a five - 
bander, which was published as a con- 
struction project. A giant company 
bought him out and he worked for them 
for a few years. When his contract period 
ended, he reappeared and asked, "What's 
new ?" My technical editor, Les Solomon, 
took him for a walk a few blocks away 
from our New York offices to visit what 
was one of the first computer stores, in 
the back of Polk's Hobby Shop, and in- 
troduced him to its owner, Stan Veit, 
from whom he bought a Sol computer. 
Some time later, Stan joined my editorial 
staff and subsequently became editor and 
publisher of Computer Shopper, helping 

(Continued on page 80) 
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Part Source Missing 
The "Big Score" counter display featured in the March issue 

shows a bargraph -type display in the photos and references it in 
the text, but no part number was given in the Parts List of an 
otherwise excellent article. Please help. 

William D. McMurray 
Cary, NC 

Just about any 10- element LED bargraph display that permits se- 
ries connection of all elements, such as the Radio Shack Cat. No. 
276 -081 ($2.99), can be used. Alternatively, if you need longer 
segments than such displays provide, you can simply connect 10 

discrete LEDs in series with each other for each segment, spacing 
them as needed.-Ed. 

Switching Erratum 
There seems to bean error in the switching arrangement for the 

"Dual- Polarity Power Supply" in the March 1990 issue. With 

5'© 

B A 

S2A, S2C and S2D open with respect to the power supply as 
shown, there is no input. How can the circuit work? 

Chuck Hall 
Florence, MT 

You're correct about the switching arrangement error. The 
correct configuration of the affected circuit portion is shown 
here. -Ed. 

Adding ZIP 
I would like to commend you on a fine magazine. In the Parts 

List of "A precision Thermocouple Thermometer" (December 
1989), was given the name and address of where one can send for 
a kit of parts. Unfortunately, the ZIP code was left out of the ad- 
dress. Could you please supply the missing ZIP code so that I can 
purchase this kit? 

David R. Selinger 
Regina, Saskatchewan, Canada 

The full address is: Collins Aviation, 72 Long Point Dr., Brick, 
NJ 08723.-Ed. 

Label Dilemma 
Your fine publication could stand one more innovation! More 

than a small irritant to me is the mailing label posted over perti- 
nent information printed on the front cover of Modern Electron- 
ics. How about using easily removable labels? 

J.D. Knight 
Waterloo, IA 

It's now being done. -Ed. 
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Place just one order from our new 192 -page catalog of over 
15,000 in -stock products and discover why thousands of satis- 
fied customers have chosen MCM as their #1 supplier of parts 
and components. Choose from an extensive selection of high - 
quality products from some of the most respected names in 

the industry like RCA/GE, Switchcraft, Weller, PIC, Excelite, 
Pyle, Cambridge, Mueller and many more. Enjoy TOLL -FREE 

or FAX ordering, convenient hours, 
fast delivery, a variety of payment 
options and superior customer 
service support, too. Make MCM 
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the best of all worlds today! 
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1111/MODERN ELECTRONICS NEWS/Ill 
COUNTERFEIT NINTENDO CARTRIDGES. Nintendo of America Inc. 
implemented an international campaign against video rental and 
other retail outlets, distributors and importers who rent or sell 
counterfeit Nintendo video game cartridges for play on the 
Nintendo Entertainment System. A host of lawsuits have already 
been initiated. The most common type of counterfeit Nintendo 
cartridges are about half the size of legitimate cartridges and 
require an adapter for playing on the NES. Moreover, the 
cartridges contain multiple games, which legitimate ones don't. 

ON -LINE INFO SERVICE EXPANDS. GE Information Services' GEnie 
on -line information service added an IBM product support 
roundtable for vendors of IBM PC and compatible software and 
support services. Each participating vendor will have a dedicated 
bulletin board area where messages will be posted covering news 
and rumors as well as tech questions and answers by all members. 
Each vendor will also have a software library for product 
announcements, technical and application notes and bug fixes, all 
of which will be available for downloading. For more information, 
call 1- 800 -638 -9636. 

INTELLECTUAL PROPERTY PRIMER. An easy -to -read 76 -page guide to 
patent law is available free in celebration of the 200th 
anniversary of the U.S. Patent system by Brooks & Kushman, 
specialists in intellectual property law. It can benefit anyone 
involved in technology development, such as computer microcode, 
semiconductor chip design, etc. Call 313 -358 -4400. 

COMPACT VHS CASSETTE UPS RECORDING TIME. Panasonic introduced a 
30- minute Super VHS -Compact videotape for camcorder owners, which 
has 50% more recording time than most VHS -C videotapes. In 
extended -play mode, it can record for up to 1 -1/2 hours. 

FAVORITE PHOTOS ON COMPUTER SCREENS. Some company computer 
monitors picture their logo on the screen whenever the computer 
is idle. This idea has been extended by Integrated Concepts 
(139 Village Drive, Redding, CA 96001). Its software process 
let's you display any photo, whether it's your wife, children or 
whomever or whatever on a VGA monitor; color or black- and -white. 
To accomplish this, you send in your photo to the company, which 
digitally translates it onto a database, and sends you back a 
diskette and simple instructions for loading the program. It 
costs $19.95. ( "Adult" stuff and copyrighted images without 
permission are not accepted.) 

MAC PORTABLE COLOR SOLUTION. Aura Systems, Carlsbad, CA, has 
introduced a self- contained color video card for the Macintosh 
portable that connects externally to the computer's SCSI bus. 
It's reported that virtually any color monitor with a minimum 
resolution of 640 x 480 pixels, digital or analog signal type, 
can be used to substitute for the portable's LCD screen. The 
color device, called a ScuzzyGraph, uses an intelligent SCSI 
controller with two microprocessors, and is about the size of an 
external disk drive, so can be easily transported. Nothing has to 
be added to the Mac itself except for loading of a small INIT 
file. The color adapter can also be used with other monochrome 
MAC models, it's said. Prices start at $995. 
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11111111/NEW PRODLTS Ilillihi 

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. 

Rugged, Water -Resistant 
Hand -Held DMM 
A new hand -held digital multimeter 
designed to bear up to the rigors of 
field service and general industrial 
applications is available from B &K- 
Precision. Called the SurvivorTM, the 
Model 2860 offers drop (rated to sur- 
vive a 5 -ft. fall), water and overload 
resistance. It features an oversized 

user to hold the meter and prod in 
one hand. 

Technical specifications: dc mea- 
surement to 1,000 volts full -scale 
in dc with 0.5% accuracy and 2 am- 
peres basic (20 amperes extended); ac 
measurement to 750 volts full -scale 
with accuracy of 1.25% from 40 to 
500 Hz and 2 amperes basic (20 am- 
peres extended); measurement to 20 
megohms. $99. 

CIRCLE NO. 126 ON FREE INFORMATION CARD 

VHF Marine Transceiver 
The Model MTX -101 from Radio 
Shack is for ship -to -ship and ship -to- 
shore (radiotelephone and Coast 
Guard) communication. This unit 
provides 54 transmit channels and 99 
receive channels, including nine des- 
ignated weather channels, and dual 

0.8 " LCD display, fused overload 
protection and bright easy -to -see yel- 
low safety case. 

For quick circuit tests, an audible 
beeper indicates continuity. Easy to 
operate, the 2860 has a single func- 
tion /range selector switch. Auto 
Power Off disables power to the me- 
ter after a preset period of time dur- 
ing which no measurements have 
been made to conserve battery pow- 
er. Diode junctions are tested with a 
maximum current of 1.5 mA and 
maximum open- circuit potential of 
3.2 volts. Results of such tests are in- 
dicated in the LCD display and by 
audible beep. A test -prod holder sim- 
plifies field tests by permitting the 

output power settings. A 1 -watt set- 
ting can be used for normal commu- 
nication, while a 25 -watt setting can 
be used for emergency and long -dis- 
tance communication. The trans- 
ceiver also provides communication 
on all international channels. 

Among the features included in 
this transceiver are: frequency -syn- 
thesized PLL tuning circuitry; ad- 
justable squelch control; emergency 
channel 16 button; large digital nu- 
meric display with dimmer; built -in 
3 " speaker; jack for adding an exter- 
nal speaker; and universal mounting 
bracket. $229.95. 

CIRCLE NO. 127 ON FREE INFORMATION CARD 

Hacker Protector 
The Model 232MSD modem security 
device from B &B Electronics (Otta- 
wa, IL) is designed to help protect 

computers and private bulletin 
boards from hackers and computer 
viruses. It uses the call -back method 
that requires a user to have the prop- 
er password and also be located at the 
correct telephone number. 

This device works with most stand- 
alone modems that are AT command 
set -compatible. When a caller 
reaches the protected system's mo- 
dem, the MSD intercepts the call and 
asks for the password. Upon receipt 
of a valid password, the MSD waits 
for the caller to hang up and then 
calls the phone number stored in its 
memory tagged with the password. If 
someone else uses the password, he 
will be unable to use it because the 
calling phone will not have the cor- 
rect number in memory. 

The 232SMD features: 50- number 
directory of password /number com- 
binations; capability for the system 
manager to give a user password ac- 
cess without call -back; no blocking 
of calls originating at the protected 
computer; passwords and phone 
numbers stored in EEPROM for pro- 
tection against loss due to power out- 
age; locally accessible password/ 
phone number editor; automatic 
baud -rate selection (110, 150, 300, 
600, 1,200 and 2,400). Connection to 
and from the MSD is via cables ter- 
minated in DB -25 male connectors. 
$129.95. 

CIRCLE NO. 128 ON FREE INFORMATION CARD 

Low -Cost 
Digital Storage Scope 
Hitachi's new Model VC -6023 two - 
channel digital storage oscilloscope is 

said to provide features and familiar- 
ity of lower -cost analog scopes with 
the power of digital instruments. It 
features 20 -Ms /sec sampling, eight 
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NEW PRODUCTS .. . 
bits of resolution, a 20 -MHz digital 
bandwidth and 2K of memory for 
single -shot and repetitive waveform 
acquisition. 

Averaging can be performed 4, 16, 
64 or 256 times to extract signals 

from noise. Roll -mode sampling per- 
mits observation of low -speed phe- 
nomena that appears as a moving dot 
on the CRT of a conventional oscillo- 
scope. Other features include pretrig- 
gering, cursors, readout, digital sig- 
nal processing, channel 1 output and 
save reference memory. Built into the 
VC -6023 is also an RS -232 interface 
for making HPGL four -color plots 
and waveform data transfer to a per- 
sonal computer. 

The scope has a 6 " screen with in- 
ternal graticule, 5 -volt sensitivity and 
dc to 2 MHz frequency range. Also, 
an adjustable handle doubles as a tilt 
stand for benchtop use. It comes with 
two probes; measures 14.6 x 12.2 " 

x 5.1 "and weighs 17.6 lbs. $1,995. 

CIRCLE NO. 129 ON FREE INFORMATION CARD 

Computer Color Printer 
Advanced features like Command - 
Vue IITM front -panel control, Color 
On CommandTM for outputting up 
to seven colors and superior paper 
handling are available on the Citizen 
America Corp. Model 200GX nine- 
pin printer. Delivering 213 cps print- 
ing in high -speed draft mode at 10 
cpi, the printer is speedy for an econ- 
omy model. It provides near- letter- 
quality (NLQ) at 40 cps. 

Command -Vue II provides plain - 
English front -panel control with a 
menu slide switch that permits selec- 
tion from more than 25 printer func- 
tions, including color, pitch, five res- 
ident fonts and top -of -form adjust- 

Auto -Scan Car Stereo 
Using ID Logic1M, Technics' new 
Model CQ -ID90 car stereo receiver 
automatically scans the airwaves to 
seek out music broadcasts while on 
the road. Stored inside the ID Logic 
unit is data for more than 4,500 AM 
and 4,900 FM stations from more 
than 5,100 U.S. cities. In addition to 
storing these frequencies, the ID 
Logic circuitry displays the call let- 
ters, city and state of origin and pro- 
gramming format for any tuned sta- 
tion. Hence, the user can tell the re- 
ceiver to tune into rock, jazz, easy lis- 
tening, country and western, classi- 
cal or all -talk stations in any given lo- 
cation in the U.S. 

With the touch of a directional 
button on the radio approximately 
every 60 miles, ID Logic automatic- 
ally locks onto the six strongest sta- 
tions in the preselected programming 
format. As travel continues, ID Log- 
ic continuously finds the strongest 
stations to keep an uninterrupted 
flow of music coming in. If the user 
wishes to change from one format to 
another, this can be done at the touch 
of a single button. To eliminate the 
clutter of all small stations that 
operate across the country, the ID 
Logic system stores only those sta- 
tions that broadcast with 1,000 watts 
or more of power. 

Stations can also be tuned manual- 
ly by this car stereo /cassette player 
combination. Keeping in tune with 

the state of the art, the CQ -ID90 has 
a jack on its rear panel to accommo- 
date a car CD player. 

The DIN -size receiver features six 
regular and six ID Logic presets in 
AM and 12 regular and 12 ID Logic 
presets for FM. Included are a seek 
mode, preset scan mode and auto- 
matic store. Maximum output power 
is rated at 25 watts per channel. FM 
Optimizer and Noise Impulse Quiet- 
ing functions are built in to assure a 
strong, crisp signal under varying re- 
ception conditions. 

A full -logic cassette deck rounds 
out the CQ- ID9O's features. This 
player features motorized loading 
and automatic door shutting. It also 
offers programmable Tape Program 
Search, Repeat mode and blank tape 
skipping. A double -cut, narrow -gap 
head is said to minimize tape wear. 
Finally, a key- off /pinch -roller -off 
function lifts the pinch rollers from 
the tape when the car's ignition is 
turned off with the cassette still in- 
side the radio. 

General features include separate 
treble and bass tone controls, a pre - 
fader to facilitate additional amplifi- 
ers, an attenuator, and a tri -color 
LCD display along the bottom of the 
radio that shows the three modes 
(Tuner, ID Logic and Cassette). A 
service - facility -installed replacement 
ROM chip updates the CQ -ID90 
when radio stations change frequen- 
cy, call letters and /or programming 
format. $799. 

CIRCLE NO. 130 ON FREE INFORMATION CARD 
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Only NRI gives you a 27" high -resolution 
stereo color TV you build to prepare you for 

today's video servicing careers. 
You Build a 27" Stereo TV 

During the assembly process of your state - 
of -the -art Heath /Zenith 27" TV, you learn 
to identify and work with components and 
circuits as they actually appear in com- 
mercial circuitry. Then through tests, adjust- 
ments, and experiments you quickly master 
professional troubleshooting and bench 
techniques. 

Become one of America's most sought - 
after technicians ... put your talents 
and spare time to work for you in the 

"explosive- growth" world of home 
entertainment electronics. 

Train in state -of- the -art video /audio sers 
icing and become a fully qualified service 
professional the uniquely successful NRI 
way: It's hands -on training, at home ... 
designed around the latest electronic equip- 
ment you build and keep as part of your 
training. 

The High -Tech Revolution 
in the Home Is Just Starting 

Sweeping changes are taking place in our 
homes, changes brought about by the 
phenomenal growth of home entertainment 
electronics. Already available are high res- 
olution TV, TVs with stereo sound, simul- 
taneous multi -channel viewing, projection 
TV, Camcorders, 8 mm video cassettes, and 
compact disc players. 

And the revolution has spread to the busi- 
ness sector as tens of thousands of com- 
panies are purchasing expensive high -tech 
video equipment used for employee train- 
ing, data storage, even video conferencing. 

Join the Future or Be Left Behind 
Today the consumer electronics industry 
represents a whopping 826 billion oppor- 
tunity for the new breed of consumer 
electronics technician. 

Today's consumer electronics revolution 
is creating huge servicing and repair mar- 

kets that are just starting to boom. 
Here is your chance to become a fully 

qualified professional the way tens of 
thousands have trained with NRI. 

Totally Integrated 
Hands -On Braining 

Since NRI training is built around "learn 
by doing," right from the start you con- 
duct important experiments and tests with 
your professional digital multimeter. You 
assemble the remarkable NRI Discovery Lab 
and perform a complete range of demon- 
strations and experiments in the process. 

NRI 's commitment to you goes beyond pro- 
viding you with equipment appropriate to 
the latest technology. Best of ail, we ensure 
that in the learning process you acquire the 
very skills that will make you a professional 
service technician on the job. 

Inside Your TV 
The Heath /Zenith 27" TV has all the fea- 
tures that allow you to set up today your 
complete home video center of the future. 
Flat screen, square corners, and a black 
matrix to produce dark, rich colors .. . 

even a powerful remote control center that 
gives you total command of video and audio 
operating modes. 

NRI has purposely designed your train- 
ing around equipment that has the same 
high -tech circuitry you'll encounter in com- 
mercial equipment. That means your train- 
ing is real -world training. 

SEND COUPON TODAY 
FOR FREE NRI CATALOG! 

NRW.r 111111. 

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

We'll gibe bou tomorrow. 

c" 

[13/CHECK ONE FREE 
CATALOG ONLY 

N /Audio Video Servicing 

Computer Electronics 

Robotics Technology 

Telecommunications 

Digital Electronics 

Servicing 

Secunty Electronics 

Electronic Circuit Design 

Computer Programming 

For career courses 
approved under GI Bin 

check for detail.. 

Basic Electronics 

Air Conditioning. Heating 

and Refrigeration 

Electrician 

Small Engine Repair 

Locksmithing 

Writing 

r] Bookkeeping and 

Accounting 

Name (Plea,. porn Arc 

Street 

Lciry /SiaieiZip 4 -070 
I Accredited Member National Home Study Council J 



NEW PRODUCTS ... 
ment. Paper parking permits switch- 
ing between continuous -form and 
single -sheet paper. A convertible 

push /pull tractor is complemented 
by rear and bottom paper -feed slots. 

Micro -adjustable top -of -form fea- 
ture permits precise adjustment of 
the first printing position as needed. 
Continuous paper tear -off automat- 
ically advances a form to the tear bar 
for easy removal and then returns to 
the top of the next form. 

Available options include devices 
that enhance the paper -handling cap- 
abilities: automatic sheet feeder 
($169) that feeds up to 110 sheets of 
letterhead and a manual feeder ($59) 
that complements paper parking. $299. 

CIRCLE NO. 131 ON FREE INFORMATION CARD 

Soldering Iron 
Tip Thermometer 
The Hakko Model 191B temperature 
meter for soldering iron tips is easy to 
use. Touching a hot soldering iron tip 
to the sensor while applying constant 
pressure causes the thermometer to 
display the temperature of the tip on 

a large LCD display panel. A K -type 
thermocouple sensor is used to mea- 
sure temperatures from 0° to 
+ 1,200° F. Coated with a special 
metal alloy, the sensor resists corro- 
sion and oxidation. This thermome- 
ter meets DOD -STD -2000 and Navy 
Specifications WS- 6536E. It comes 

Hand -Held DMMs 
John Fluke's 80 Series hand -held 
DMMs provide the usual voltage -, 
current- and resistance -measuring 
capabilities and add frequency, duty 
cycle, simultaneous minimum /maxi- 
mum /average recording, MIN MAX 
Alert TM and Input AlertTM functions. 
Automotive timing measurements 
are handled by frequency and duty 
cycle capabilities, and MIN /MAX/ 
AVERAGE recording with selectable 
response time permits the meters to 
locate intermittent failures and inter- 
ference in general applications. 

High accuracy, the ability to mea- 
sure capacitance and a user- select- 
able back -lit 4' /2 -digit (20,000- count) 
display in the Fluke 87 make this an 
ideal meter for use in electronics test- 
ing. (The display in the Fluke 85 and 
83 has 33/4 digits, for a 4,000 count.) 
This true -rms meter features a Peak 
MIN MAX recording mode that cap- 
tures transient events to 1 ms or sine - 
wave plus or minus peaks to 400 Hz. 
Other features include a relative 
(zero) mode and Touch Hold° cap- 
ability that generates a beep when it 

senses a stable reading and locks it in 
the display for viewing after removal 
of the test leads. 

Input Alert warns the user when 
the leads are connected to the current 
jack in the voltage or resistance func- 
tion to prevent blown fuses due to 
operator error. The analog display, 

updated 40 times per second, is a 
high- resolution pointer on the Fluke 
87 and a bargraph with zoom mode 
on the Fluke 83 and 85. 

Specified ac voltage response is to 
5 kHz for the Fluke 83 and 20 kHz for 
the Fluke 85 and 87, and dc accuracy 
is rated at 0.03% for the Fluke 83 and 
0.0107o for the Fluke 85 and 87. All 
models are protected to 1,000 volts 
on the resistance and diode -test func- 
tions. All feature emi shielding and 
are packaged in splash- and dust - 
proof cases with protective holsters 
that include a unique flexible rubber 
stand that allows hanging from doors 
or pipes. $289, Fluke 87; $239, Fluke 
85; $199, Fluke 83. 

CIRCLE NO. 133 ON FREE INFORMATION CARD 

with a 9 -volt battery and 10 sensors 
and measures 6.3 " x 3.1 " x 1.8 " 

and weighs just 7 ozs. 
CIRCLE. NO. 132 ON FREE INFORMATION CARD 

100 - Channel Programmable 
Hand -Held Receiver 
Ace Communications' new Model 
MVT -5000 multi -band radio receiver 
offers 100- channel coverage with 
continuous frequency coverage from 
25 to 550 MHz and 800 to 1,300 MHz 
in a compact hand -held unit. The fre- 
quency coverage permits reception of 

civil and military aviation bands plus 
all public service bands. AM or nar- 
row -band FM mode is selectable at 
any frequency. 

Twenty front -panel keys permit 
programming of 100 total scan mem- 
ory channels. Pairs of upper and low- 
er limits for bands can be searched 
and be stored in 10 separate search 
memory locations. All information is 

stored in RAM that is backed up by 
its own separate long -life lithium bat- 
tery. Other features include: select- 
able single channel priority, key- 
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board lockout, BNC antenna con- 
nector, and display backlight for 
night use. An LCD display window 
provides 22 separate prompting an- 
nunciators. An energy- saving sleep 
mode is provided for shutting down, 
via an internal computer chip, all op- 
erating circuits and displaying "sleep" 
on the display, powering up only pe- 
riodically to check for active trans- 
missions. 

Sensitivity is rated at better than 
0.4 microvolt at 12 dB SINAD in nar- 
row -band FM mode and 1.0 micro- 
volt at 10 dB S/N in AM mode. 

Included with the radio are a 117 - 
volt ac adapter /battery charger that 
is fused for dc operation from a vehi- 
cle's cigarette -lighter receptacle, a 
telescoping antenna, carrying case 
and rechargeable AA cells. The re- 
ceiver measures 7 "H x 2112 "W x 
11/2'D and weighs just 13 ounces. $499. 

CIRCLE NO. 134 ON FREE INFORMATION CARD 

Multi -Mode Decoder 
Microcraft Corp. (Thiensville, WI) 
has a new 2 -line, 32- character multi - 
mode decoder that copies Morse, 
Baudot and ASCII codes from radio 
transmissions. The Code Scanner 
features a built -in code practice oscil- 
lator for hand -key readout to the dis- 
play, built -in speaker, analog and 
digital filtering with - 16 -dB agc and 

a special practice mode for learning 
Morse characters. 

Measuring just 5)/4 " x 3 % ", Code 

Scanner can be placed almost any- 
where within reach on the user's sta- 
tion table. It operates from 12 volts 
dc or 117 volts ac, the latter through 
an adapter provided with the unit. 
Hookup is easily accomplished to the 
speaker terminals or headphones 
jack of the receiver or transceiver 
with which Code Scanner is used. 

Code Scanner has two optimized 
Morse ranges. It features automatic 
speed tracking between 3 and 70 
wpm; Morse alphabet in practice 
mode; and tuning LED. $189 + 
$5 P &H. 

CIRCLE NO. 135 ON FREE INFORMATION CARD 

ELENCO & HITACHI PRODUCTS 
AT DISCOUNT PRICES 

RSOs (Real -Time & Storage Oscilloscopes) From HITACHI 
A. N me R$O - its the new solution {y,/ 

View. Acquire. Test. Transfer and Document Your Waveform Data 
4- Channel. 100MS /s Model Introductory Price 

tOOMSs 125MS. s on 4 channels s °,Ia^eous,y, 11;CMHt M.w. lai., 2b s 201., tin 4U. VC-6145 S 4,695.00 

Compact. Full Feature Models 
4014Ss. 100MH:. mess ice 2kw . 201. 

2011SS. SOMH:. Dow s 2Ch 

VC6045 
VC-6o25 

1 3,049.00 

$2,295.00 
Low Cost /High Voice Models 

20MSS. 50u « :. ,.w, :cc VC-6024 52,04900 
20MSa. 20407. 2.w. 221 VC -6023 S 1,749.00 

RSOs (horn Hnach lemurs such lunnons as roll mode, averaging. save henry, smodh.g, nt«POlaan. Pnrgg.nrg. 
cursor measur.m.nI, pone/ ,merlap, and R232C 9medao, Wnh the mmbrr d analog and du power d d9na' 

V -212 Hitachi Portable Scopes 
$435 DC to 50MHn. 2 Channel. DC offset 

I.001111M=1.0. a l0 20401 function, AOernate magnifier function 
Dual Channel V 525 CRT Readout, Cursor Maas 31,025 

V -S23 Delayed Sweep 5995 

V -522 Basc Bbd. 5895 V-422 40MHz Dual Trace $795 

20MHz Elenco Oscilloscope 
$375 

MO -1251 
Dim Too, 
coml...I «la SCOPE PROBES 
6- cur 

P- 1 65405. 1.. 10. 01905 
A - Operalo. 
TV Sync P.2 IOOIs9F0. 1.. 105 023 95 
2 p I POP. 

FREE DMM 
with purchase of 

ANY SCOPE 

Compact Series Scopes 

Delayed Sew, 
tghrwgar 11»sí 
21.11 Sm 

warrants 

Model V -1065 
Shown 

This Beres provides many new fun0ans such as CRT 
Readout. Cursor measurements tV- 1045,1065/665!. 
Frequency Ctr (V. 1085). Sweepllme Auloranging and 
logger Lock using a 6 Inch CRT You don't feel the 
compaaness In terms Of performance and operation 

V-660 60MHz Dual Trace $1,195 
V-665 60MHz Dual Trace w/Cursor $1,345 
V-1060 100MHz Dual Trace $1,425 
V-1065 100MHz Dual Trace wCursor $1,695 
V. 1085 100MHz Quad Trace w /Cursor $2,045 
V-1100A 100MHz Quad Trace w/Cursor $2,295 
V-1150 150MHz Quad Trace *Cursor $2,775 

Elenco 35MHz Dual Trace 
Good to 50MHz $495 

MO -1252 
Hp luo.nanca 6. CRT 

ImV S.nsmaty 
10V A¢N«algn Voltage 

lOns Rw Imo 
Dpr.ron 2 Am 

Delayed Trgganng Swap 
Includes 2 P I Probes 

All scopes Include probes, schematics. operators manual, any 3 year (2 yrs for Elenco scopes) world wide warranty on parts 9 labor. Many accessories available tor all 
H,Iacre scopes Can or wine tor complete speC,t,Cah0ns on 1 ese and many other fine oscilloscopes 

WE NOW 
CARRY 

COMPLETE LINE 
OF 

FLUKE 
MULTIMETERS 

Models 
21F 83 

23F 85 
25F 87 

27F 1050A 
73 0060A 
75 8062A 
77F Moo 
CALL FOR 

SPECIAL PRICING 

FI True PAIS 412 
Dion Munimeter 

M - 7000 

$135 

10 Function 
Multimeter 

CM -365 

$65 
AC DC Voltage a Anps 

Msnlarw lo 2050411 
Dodo Iogc B Tons lest 

Function Generator ' $28.95 

qhi ppa 
,ro m lH o rMH: 

FM upW., 

T pie Power Supply XP -620 
Assembled 965 

KR $45 
21. 1SV r IA 
2 to lSH a IA 

lora to 30V al rAl 
ala so ron 

Caneo Ml le. Snood Cdvi« Or %we ..e.,n.nt. 
Femur. shot catan p!095. w wpples 

Drgrlal Capocltance Meter ® CM-1550 

S58.95 

IpI 2n 0cr-IC 

5a ha}.. 
Ier. 

un ca. 

Digital LCR Meer 

INN LC -1601 

$125 
Mon-n 

Cods loll -20011 

Caps Ipr 203Uw 

Res 01 2ne 

AC Current Meter 

ST -1010 

$69.95 

1000 Amps 

Dal. B Peak hab 
B Funnons 
11.0,. Ca. 

Decade Noe 
49610 

19620 

- - $18.95 
Mel o Rnat0 Bass 

I' ohm to 1196 100! p 
19620 Capacitor Bb. 

41p lo rocce 

Quad Power Su 5, XP-580 

$59.95 
220Ve2A 

12Ve1A 
SVe3A 

S110 SA 

Digital Triple Power Supply XP -765 

$249 
o-20v e lo 
R2011 e IA 

5v I SA 

Fly mpg., Shoe croon pronged «. 
21 «a conlrol, 3 sum. su(01ns 

1P460 etM Analog alters $175 

Fully regulated and shoo c,,Rid protected 

Tp- 57S.1m00.1 RICKS 939.91 

GF -8016 Function Generator 
et, Freq. Counter 

$249 
SO. Square. Mange 

PuH Ramp. 2to21AH: 

Frog Counter 1 10409 

0F -5015 without Frog Meter $179 

Wide Band Signal Generators 
SG 0000 

$129 
OF Fog 100A aSOMIo 

AM Modul,. or 110H7 

vaned. PF ounpur 

5G -9500 01011.1 Display led 150MH: 0ullt-in Counter 9249 

LEARN TO BUILD AND PROGRAM 
COMPUTERS WITH THIS KIT! 

lNC LUDFS All Parts. Aasemdy and Lesson Manuel 

Model 
MM 8000 

S129.00 

Starting stn scat loo OW mng.l° sous Do Mua Us. 4 .o RA. ROM adnm.Smrvmms .55um .. er us.. language as BM PC Y. 
. 

..cow .4150B06 pazasu oft and spew 

.aeuo p.mnwen m5cn o gals E 

maned 
Teaches you a 

atom .no WWI cor. maqua omen Build y1. own..w.ad 
.0 urn han b scan s«mad w Pules Na pwqus a, .. MM., ,Moral S.np. ear ,.MUM num.. user you 

9osorlc5 TIT FOR AMOCO I514110101 571.95 

WE WILL NOT BE UNDERSOLD! C & S SALES INC. 15 Day Money Back Guarantee 
UPS Shipping' 48 States 5 °. 1245 Rosewood Deerfield IL 00015 2 Year Warranty Pr<« awedM Ma g. 

- 
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Project 

AC Line Monitor 
A sophisticated device alerts you when ac line voltage and 
frequency conditions are detrimental to the health of your 
computer and other sensitive electrical equipment 

By Thomas R. Fox 

The quality of power available 
at a typical ac outlet is far 
from ideal for computers 

and other sensitive electronic equip- 
ment. Though the waveform on the 
ac line is rated to be at 117 volts ac 
rms at 60 Hz, a multitude of periodic 
effects can raise and lower the actual 
voltage and cause the frequency to 
deviate from the ideal. 

Typically, there may appear on the 
ac line thousands of short -duration 
high -voltage spikes, hundreds of 
long- duration voltage sags and even 
several complete blackouts in any 
given year. None of these is benefi- 
cial to computers and other sensitive 
equipment, and a few are actually 
capable of physically damaging this 
equipment. 

The AC Line Monitor described 
here will not correct problems on the 
ac line, but it will allow you to deter- 
mine if a problem exists by visually 
and audibly alerting you to condi- 
tions that fall outside set limits for 
amplitude and frequency of the volt- 
age at an ac outlet. With this Moni- 
tor, you can even sometimes predict 
the onset of a potentially damaging 
condition so that you can power 
down in an orderly manner before 
the condition becomes full -blown. 

Our AC Line Monitor constantly 
samples the condition of the ac line 
into which it is plugged. It provides 
numeric display of true rms or aver- 
age ac line voltage. Warning LEDs 
and a piezoelectric buzzer alert you 
when the voltage rises above or drops 
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below preset levels. The LEDs light 
and buzzer sounds when the Monitor 
detects brief voltage sags and drops 
that would normally go unnoticed. 

Problems Defined 
According to expert Mark Waller, 
author of several books on the sub- 
ject, " ... the quality of [ac -line] 
power has steadily decreased over the 
last 10 years and as often as twice a 
day, one may experience an electrical 
disturbance that falls outside a typi- 
cal computer's acceptable limits." 
Emerson Computer Power adds that 
a typical computer site experiences 
about 2,000 high- voltage spikes and 
surges, more than 500 voltage sags 
and about seven complete blackouts 
in a year! 

Ideally, an ac outlet should pro- 
vide 117 volts rms ac at a frequency 

of 60 Hz. While frequency is usually 
held to within ± 0.01 Hz, average 
voltage often varies from 120 volts 
down to about 105 volts -and even 
less. Harmful high voltages usually 
last for only short periods of time, 
about 1 second or less. However, po- 
tentials of less than 105 volts are of- 
ten persistent and are normally 
caused by inadequacies in the wiring 
in a home, apartment or commercial 
building. 

Relatively long -term voltage sags 
are not normally the fault of the local 
utility power company. However, the 
utility company can be the cause of 
such a situation during planned 
brownouts and peak -usage periods, 
such as during a hot spell when heavy 
use of air conditioning strains the 
company's ability to deliver ade- 
quate power. 

While the ac -line rms potential 
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rarely exceeds a steady 117 volts, 
voltage spikes with amplitudes that 
are 5 to 10 times this level sometimes 
occur and can wreak havoc on un- 
protected electronic equipment. 
Causes for spiking are many, includ- 
ing lightning strikes, failure of utility 
company equipment, switching on 
and off heavy -duty motors, etc. Such 
spikes usually last only microsec- 
onds. Thus, a good surge protector 
can generally handle these short -dur- 
ation spikes and provide adequate 
protection for sensitive equipment. 

Voltage surges are potentially 
more damaging and dangerous be- 
cause they last for much longer peri- 
ods of time. Few surge protectors can 
provide complete protection against 
the worst of these power -line problems. 

Surges are caused by much the 
same conditions responsible for high - 
voltage spikes. Some of the worst 
surges are the result of a high- voltage 
distribution conductor falling on a 
240 -volt customer line. Super surges 
that result from this can "fry" any 
electronic equipment connected to 
the line through no surge protector or 
an inadequately designed one. Al- 
though a super surge protector may 
self -destruct during such a hazardous 
condition, it often protects the equip- 
ment it was there to prevent from 
coming to harm. 

Another problem, especially for 
computer users, are 0.5- to 2- second 
blackouts that occur randomly and 
with increasing frequency through- 
out a given year. If you are working 
on a lengthy report, writing a long 
letter, etc., and have not recently 
saved your work, even this short an 
interruption in ac line power will 
wipe out all your work since the last 
time you saved your work. 

Still another problem is low ac -line 
voltage. Most electric motors are less 
efficient at reduced voltage. This in- 
efficiency makes itself apparent as 
heating of the motor that, under cer- 
tain conditions, can permanently 
damage the motor. 

Though the AC Line Monitor de- 
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Fig. 1. Wiring diagram for power transformer and ac signal /dc power distribu- 
tion to rest of project. Power supply can be built from scratch, or a ready -to -use 
power -supply module can be wired into circuit as shown. Ac receptacles shown 

at right are optional. 

scribed here will not correct prob- 
lems encountered on an ac line, it will 
alert you to an out -of- tolerance con- 
dition so that you can decide if a 
problem is serious enough to take re- 
medial action. By keeping a watchful 
eye on the Monitor, it is sometimes 
possible to predict the onset of a prob- 
lem on the ac line and save files to 
disk and power down in an orderly 
manner computers and other sensi- 
tive equipment. 

This project is especially useful 
(actually, practically indispensable) 
when utility company ac power fails 
and you are running on back -up 
power from a generator, standby 
power system (SPS) or full -blown 
uninterruptible power system (UPS). 

About the Circuit 
This AC Line Monitor has a two -dig- 
it crystal -controlled frequency coun- 
ter with separate overrange indica- 
tion. This counter is especially im- 
portant if you are using a back -up 
power system. Quality rather than 
quantity of power is sometimes more 

important. With this project, you 
can estimate the quality of the back- 
up system by monitoring the fre- 
quency and switching the measure- 
ment mode between rms and aver- 
age. If the waveform is not a perfect 
sinusoid, the rms and average volt- 
ages should differ by more than 0.5 
volt. The greater the voltage differ- 
ence, the more the waveform differs 
from a true sinusoid. (When the proj- 
ect is set to indicate average ac volt- 
age, the display actually shows 1.11 
times the average voltage. For a per- 
fect sinusoid waveform, this is the 
same as rms voltage.) 

This is a fairly complex project. 
Therefore, to adequately describe 
how it works, the circuitry for it is 
broken down here into a series of 
function sections. 

Input to the frequency- counter 
section comes from the circuit shown 
in Fig. 1. This input consists of the 
6.3 volts at the secondary of power 
transformer T/ and is applied to the 
bridge rectifier consisting of D/ 
through D4, shown at the top of Fig. 
2. This produces a train of positive 
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Fig. 2. Schematic diagram of line frequency- counting section of project. 
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half -sine waves with a repetition rate 
of 120 Hz (twice that of the ac -line 
frequency fed to the Fig. 1 circuit). 

The pulse train developed by the 
bridge rectifier drives the internal 
LED of optical isolator IC7 through 
current -limiting resistor R1. The out- 
put at pin 5 of IC7 is passed through 
Schmitt -trigger inverter 'CIA, which 
converts the rounded waveform into 
a train of square waves with rapid 
rise and fall times. 

D -type flip -flop IC2A receives the 
output from ICIA at CLOCK input 
pin 3. It synchronizes the pulse train 
(of uncertain frequency) with the 0.5- 
second crystal -controlled timing 
pulses delivered to pin 3 by IC2B. 

Dual decade counter IC4 has a 
wave- shaped pulse train (also of un- 
certain frequency) applied to its pin 1 

input from the pin 2 output of ICIA. 
Octal D -type latch IC3 temporarily 
holds the data delivered to it from 
IC4. Control signals for IC3 and IC4 
are provided by IC2A. 

To initiate operation, a short posi- 
tive -going pulse is applied to the 
CLEAR input at pins 2 and 14 of IC4. 
This clears all eight flip -flops inside 
IC4 and permits counting to start 
from zero. Exactly 0.5 second later, 
another positive -going pulse is ap- 
plied to the ENABLE input to latch the 
IC4 value at this instant. 

As shown, plug P3 connects the 
outputs of IC3 to seven- segment de- 
coder /drivers IC8 and IC9 located in 
the display section of the project, 
shown in Fig. 3. (For the following 
discussion, refer to both Fig. 2 and 
Fig. 3.) Because the data has been 
latched inside IC3, the information is 

invisible in displays DISPI and 
DISP2, even though IC4 continues to 
count. The decade counters inside 
IC4 are cleared in 0.5 second to start 
the cycle again for a new reading. 

Overrange detection for this cir- 
cuit is accomplished with a simple RS 
flip -flop made up of NAND gates 
IC6B and ICED. The output of this 
arrangement, at pin 6 of IC6B is buf- 
fered by IC6C and then delivered to 
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Fig. 3. Schematic diagram of display portion of frequency counting section. 

the left -hand decimal point in the dis- 
play through pin 10 of P2. 

When the output of the eighth flip - 
flop in IC4 goes from high to low 
(clears), the RS flip -flop is set, light- 
ing the OVERRANGE decimal -point 
(dp) LED in DISPI. NAND gate 
IC6A allows only the overrange flip - 
flop to be set during the period be- 
tween the clear pulse from IC4 and 
enable pulse from IC3. This over - 
range flip -flop is cleared at the same 
time IC4 is cleared. 

Timing pulses are generated by 
32.768 -kHz crystal XTALI. The 
starting frequency is scaled down to 2 

Hz by 14 -bit binary counter IC5 and 
subsequently to 1 Hz by D -type flip - 
flop IC2B. The output of IC2B con- 
sists of a train of crystal -controlled 
0.5- second positive -going pulses. 

Shown in Fig. 4 is the schematic 

diagram for the voltage- measuring 
portion of the project. This circuit is 

greatly simplified by use of IC13, In- 
tersil's 7107 voltmeter on a chip. This 
easy -to -use IC not only measures and 
generates a display of voltage, it even 
has a built -in voltage standard, al- 
though an external voltage reference 
is used in this project to assure maxi- 
mum accuracy. 

In this circuit, IC15 is a 2.5 -volt 
reference that is used by IC13 and 
several other portions of the circuit. 
Trimmer control R33 must be set for 
a 100- millivolt difference between 
pins 35 and 36 of IC13 to provide a 
usable input range of - 199.9 to 
+ 199.9 millivolts. Because pin 20 of 
IC13 is not connected to any portion 
of the external circuit, polarity is not 
shown in the display. 

Bear in mind that this project, as 
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Fig. 4. Schematic diagram of voltage- measuring section, including four- decade numeric -display portion. 

designed, measures ac potentials be- 
tween 66 and 199 volts. Use of a 6.3- 
volt power transformer, shown as T1 

in Fig. 1, drops the ac line potential to 
a safe voltage and isolates the circuit 
from the ac line. This voltage is deliv- 
ered to the Fig. 4 circuit via pin 6 of 
S07. It is applied to the voltage di- 
vider composed of 1- percent preci- 
sion resistors R43 and R62 and trim- 
mer potentiometer R61. 

During calibration, R61 must be 
set (indirectly) so that the input to pin 
2 of /C/O rms -to -dc converter is ex- 
actly ' /,,600 that of the ac line. This 
chip has a rated accuracy of ± 0.2 
millivolts ± 0.3 percent when the in- 
put is restricted to 200 millivolts rms. 
If no capacitor is connected between 
pins 4 and 5, the output voltage is the 
average of the ac input. 

One of the oddities of the AD737 
chip is that its output voltage is less 
than the common potential on pin 8. 
This means that if + 5- and -5 -volt 
supply rails are used, the output po- 
tential will be negative! This negative 
output voltage results because, for 
maximum accuracy, the output of 
the chip is taken directly from its 

core. No inverting output buffer is 

used because it would add offset error. 
With no output buffer, the output 

of the AD737 must be connected to 
high -input- impedance circuits, such 
as a voltage follower, noninverting 
amplifier, etc. (Typical input current 
to the 7107 used here for IC13 is just 1 

picoampere!) The fact that the out- 
put of ICIO is negative is not impor- 
tant because the 7107 is just as accur- 
ate with negative as it is with positive 
voltages. Since no polarity is indicat- 
ed in the display in this circuit, there 
is nothing to cause confusion. 

A voltage multiplication factor of 
1.11 is provided by ICI. Thus, for 
sine -wave circuits, the average volt- 
age measurement will equal the rms 
voltage. 

Switch S3 is used for coupling pur- 
poses. When set to the AC position, 
C9 is placed across pins 1 and 8 of 
IC/0 to provide ac coupling. Short- 
ing together pins 1 and 8 of IC/O, by 
setting S3 to its DC position, results in 
dc coupling. 

The output voltage from /C/O or 
ICI1, depending on the setting of S2, 
is buffered and then amplified by a 

factor of 10 before being delivered to 
the two voltage comparators con- 
tained inside IC14. 

Trimmer control R41 must be set 
for a potential of 1.27 volts at its wip- 
er. When the incoming ac line poten- 
tial exceeds 127 volts rms, pin 3 of 
IC14A exceeds 1.27 volts, causing 
pin 1 of this chip to go high and trig- 
ger IC12A. This causes OVER 127V 

light- emitting diode LED2 to turn on 
and triggers buzzer PB1 to sound. 

Detection of brief voltage spikes is 

accomplished with the network made 
up of C18, R53 and D7. The low - 
voltage comparator and associated 
circuitry performs similarly. To be 
detected, a spike or voltage drop 
must last for at least several hun- 
dredths of a second. 

Dc power for the circuits in this 
project is provided by any ac- operat- 
ed system that can deliver + 5 volts at 
a minimum of 1.5 amperes and -5 
volts at a minimum of 100 milliam- 
peres, both regulated. 

Construction 
This is a moderately complex project 
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to build. Almost all components that 
make up the various sections mount 
on two medium -size and one small 
printed- circuit boards. Though you 
might be able to wire together the cir- 
cuitry on perforated board if you are 
very experienced at circuit wiring, pc 
construction is highly recommended. 
It reduces the possibility of wiring er- 

rors and aids in reliable operation of 
the various circuits. 

Fabricate your pc boards using the 
actual -size guides shown in Fig. 5. 

Guide (A) is for the frequency- count- 
er board, guide (B) the voltage -mea- 
suring board and guide (C) the small 
display board. When the boards are 
ready, refer to the wiring diagrams 

given in Fig. 6 for details on where to 
install each component. 

Begin construction by mounting 
the sockets for all DIP ICs, numeric 
displays and optical isolator on each 
board in the indicated locations. Do 
not install the ICs in the sockets until 
after preliminary voltage checks have 
been conducted and you are certain 

Semiconductors 
Dl thru D4,D9 thru D12- 1N4001 or 

similar silicon rectifier diode 
D5 thru D8 -1N914 or similar silicon 

diode 
DISP1 thru DISP6 -MAN72 or equiv- 

alent common -anode seven- segment 
LED numeric display 

IC1-74LS14 low-power Schottky 
Schmitt trigger 

IC2-74LS72 low-power Schottky dual 
D -type flip -flop 

IC3- 74LS373 low -power Schottky oc- 
tal D -type tri -state latch 

IC4- 74HC390 high -speed CMOS dual 
decade counter 

IC5- CD4060 CMOS 14 -stage binary 
counter /oscillator 

106-74LS00 low-power Schottky 
quad NAND gate 

IC7 -4N25 optical isolator 
IC8,IC9 -7474 TTL BCD- to- 7 -seg- 

ment decoder /driver 
IC10 -AD737 rms -to -dc converter (see 

Note below) 
ICI 1 -Op -177 precision operational 

amplifier (see Note below) 
IC12 -LM324 quad operational ampli- 

fier 
IC13 -7107 31/2- decade A/D converter 

(Intersil) 
IC14 -LM393 dual comparator 
IC15- LM336 -2.5 precision 2.5 -volt 

reference 
LED1- Yellow jumbo light- emitting 

diode 
LED2 -Red jumbo light- emitting diode 
Q1- 2N2222 or similar npn general - 

purpose silicon transistor 
Capacitors 
C1- 0.22 -µF, 100 -volt metallized poly- 

ester 
C2,C7- 0.001 -µF, 50 -volt ceramic 
C3,C8,C15,C17 thru C19,C23 thru 

C26- 0.1 -SF, 50 -volt ceramic 

PARTS LIST 
C4,C5- 22 -pF. 25 -volt ceramic 
C6,C9,C 10- 10-µF, 25 -volt electrolytic 
CI1,C12,- 47 -µF, 25 -volt electrolytic 
C 13,C22 -1 -µF, 25 -volt electrolytic 
C14 -1 -pF, 50 -volt ceramic 
C16- 0.47 -µF, 25 -volt ceramic 
CX,CY -0.1µF ceramic (not shown in 

schematics) 
Resistors ('/ -watt, 5% tolerance) 
R1-680 ohms 
R2 -3,300 ohms 
R3,R4,R7,R8,R31,R60 -2,200 ohms 
R5,R6,R12 -1,000 ohms 
R9- 33,000 ohms 
R10-20 megohms 
R11 -270 ohms 
R13 thru R26,R37 -330 ohms 
R27,R35,R36,R39,R57- 100,000 ohms 
R28 -10 megohms 
R29 -4,700 ohms 
R32- 11,500 ohms 
R34,R52,R54- 47,000 ohms 
R 38, R40, R44, R46, R47, R56, R62- 

10,000 ohms 
R42- 15,000 ohms 
R43 -205 ohms (1% tolerance) 
R48 -2.7 megohms 
R49,R50 -51 ohms 
R51,R55 -1 megohm (1% tolerance) 
R53 -2.7 megohms 
R58,R59 -3,000 ohms 
R63 -470 ohms 
R30,R33,R41,R45- 10,000 -ohm multi - 

turn pc -mount trimmer potentiometer 
R61 -1,000 -ohm multi -turn pc -mount 

trimmer potentiometer 

Miscellaneous 
F1 -3- ampere fast -blow 3AG 250 -volt 

fuse 
P1,P2- Two- circuit AMP Mate -N- 

Lok plug 
P3- 10-pin header with pins on 0.1 " 

centers and with pin 9 removed (mates 
with S06 below) 

P4- Six -circuit plug (mates with SO1 
below) 

PB1 -5 -volt dc piezoelectric buzzer 
SO1- Six -circuit socket with polarizing 

key in socket 5 with sockets on 0.156 " 

centers (Digi -Key Part No. 2104 or 
equivalent; also requires WM2301 
crimp terminals. Mates with P3) 

SO2,S03,SO5,S06- Two- circuit sock- 
et (mate with P1, P2 and P3 above) 

SO4 -10- circuit center crimp terminal 
housing (Digi -Key Part No. WM2008) 
with polarizing key (Digi -Key Part 
No. WM2400) in socket 9 (mates with 
P3 above) 

S1 -Spst slide or toggle switch 
S2 -Dpdt slide or toggle switch 
S3 -Spdt slide or toggle switch 
T1 -6.3 -volt ac power transformer 
XTAL 1- 32.768 -kHz crystal 

Printed -circuit boards; sockets for all 
DIP ICs; optical isolator and LED 
numeric displays; holder for F1; suit- 
able power supply (see text); suitable 
enclosure (see text); three -conductor 
ac power cord with plug; chassis - 
mount ac receptacles and 16 -gauge 
insulated wire (optional -see text); 
display board cable with connectors 
at both ends; display filters and bez- 
els (optional -see text); rubber grom- 
met; plastic cable tie; machine hard- 
ware; hookup wire; solder; etc. 

Note: Sockets, plugs, connecting cables and 
most other components for this project 
are available from from Digi -Key, 701 

Brooks Ave., Thief River Falls, MN 
56701 -0677; tel.: 1- 800 -3444539. The fol- 
lowing items are available from Magic - 
land, 4380 S. Gordon, Fremont, MI 
49412: AD737JN, $8.00; OP- 177GP, 
$2.50; data sheets, 50a each; heavy -duty 
Coleco power supply, $25.00 (while sup- 
plies last). Add $1.00 P &H per order. 
Michigan residents, please add state sales 
tax. 
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that the boards have been properly 
wired. Wire each pc board in turn, 
beginning with frequency- counter 
board (A), proceeding to voltage - 
measuring board (B) and finishing 
with display board (C). 

As you wire each board, install 
first the resistors and then the capaci- 
tors, diodes and any transistors. 
Make sure you properly polarize 
each electrolytic capacitor and diode 
and properly base the transistor be- 
fore soldering any leads into place. 

Next, install and solder into place 
the various board -mounted connec- 
tors that will be used for wiring to the 
power supply and interconnection 
among the various circuit -board as- 
semblies. If you have any doubt as to 
which holes a given component is to 
occupy, refer to the appropriate 
schematic diagram in Fig. 1 through 
Fig. 3 for details. 

The frequency- counter and volt- 
age- measuring boards must have a 
number of jumper wires installed at 
various locations. Use insulated solid 
hookup wire for these jumpers. 

Mount P3 on the copper -trace (sol- 
dering) side of the frequency- counter 
board. All other components on this 
and the other two boards mount on 
the component sides. When mount- 
ing the two LEDs on the voltage - 
measuring board, first temporarily 
plug a numeric display into the sock- 
et for DISPI. Plug the two LEDs into 
the holes in their respective locations 
(observe polarity) and space them 
from the top surface of the board so 
that their domes are at the same 
height as the numeric display. Solder 
the LEDs into place. 

When you are finished wiring the 
three circuit -board assemblies, care- 
fully examine each. Make sure all 
components are mounted in their 
correct locations and that those that 
require polarization are properly ori- 
ented and based. Turn over the 
boards and examine your soldering. 
Solder any connection you might 
have missed and reflow the solder on 
any suspicious connections. If you 

locate any solder bridges, especially 
between the closely spaced pads for 
the IC and numeric display sockets, 
clear them with a vacuum -type desol- 
dering tool or desoldering braid. 

If you are building an ac- operated 
power supply from scratch, you can 
wire together the rectifier assembly, 
filter capacitors and regulators on a 
small piece of perforated board. If 
they are physically large, any filter- 
ing capacitors used in the power sup- 
ply should be mounted on a solder - 
lug terminal strip and connected to 
the rest of the circuit via hookup 
wires. Use Ti to power the supply. 

In the event you decide to use the 
Coleco power supply specified in the 
Parts List, you need only make ar- 
rangements for its + 5- and -5 -volt 
outputs and ground to be connected 
to the three circuit -board assemblies 
through suitable connectors. If you 
go this route, you still need power 
transformer TI to provide the ac -line 
input drive to the frequency- counter 
assembly. 

The only components mounted off 
the circuit -board assemblies, other 
than those for a from -scratch power 
supply, are the switches and power 
transformer. 

Select an enclosure that is large 
enough to accommodate all assem- 
blies that make up the project and 
has adequate front -panel space for 
the two displays, LEDs and switches. 
The enclosure used for the prototype 
(see lead photo) is a Hammond Man- 
ufacturing No. 1401P instrument 
case. While very attractive and su- 
perbly designed, this instrument case 
is quite costly at about $45 and will 
set you back more than the total cost 
of the components it is to house. 
Therefore, you might want to shop 
around for a less costly enclosure. 

Machine the enclosure as needed 
to mount the various elements that 
make up the AC Line Monitor. Drill 
mounting holes for the circuit -board 
assemblies. In the floor of the enclo- 
sure, drill mounting holes for the 
transformer and a terminal strip for 

the filter capacitors if you build a 
power supply from scratch. Then 
drill a mounting hole for the fuse 
holder and an entry hole for the ac 
line cord through the rear panel. 
Next, drill mounting holes for the 
piezoelectric buzzer and switches and 
cut suitably sized slots for the dis- 
plays on the display voltage- measur- 
ing circuit -board assemblies. 

Referring back to Fig. 1, you will 
note that a pair of ac receptacles have 
been included in the schematic dia- 
gram. These are optional and can be 
omitted. They were included here 
only to restore two outlets for the sin- 
gle one that the project occupies in a 
crowded computer or other arrange- 
ment. If you decide to include these 
in the project, cut the slots and drill 
the mounting holes for them in the 
rear or a side panel. 

Examining the lead photo, you will 
also note that optional decorative 
bezels surround both displays. If you 
decide to include them, these bezels 
are available from a number of mail - 
order suppliers. When you purchase 
them, be sure to also get the transpar- 
ent red plastic filters to increase the 
contrast of the lighted displays. 

After machining your enclosure of 
choice, deburr all holes and cutouts 
to remove rough edges. Then line the 
hole drilled for the ac line cord with a 
rubber grommet. Drill a small hole 
about 1 inch from the line -cord entry 
hole to accommodate a 4 -40 machine 
screw. Route the line cord through 
the grommet and secure it to the in- 
side of the rear wall of the enclosure 
with a plastic cable tie and 4 -40 ma- 
chine hardware to provide strain re- 
lief. Leave about 8 inches of free line 
cord inside the enclosure. 

If you wish, paint the enclosure 
now. When the paint has completely 
dried, use a dry- transfer lettering kit 
or tape labeler to label the switches 
according to function and position 
and the displays (see lead photo). If 

(Continued on page 70) 
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Project 

Fone Mate 
This computerized telephone accessory provides hold, 
recall, warble -tone ringing, 12- or 24 -hour clock 
display and dialed -digit display functions 

By Steve Sokolowski 

Ever since the courts put an 
end to AT &T's monopoly 
over home telephone sys- 

tems, department stores have been 
selling telephone add -on devices. For 
$50 or so, you can purchase a device 
that places calls on "hold "; for an- 
other $50 or $60, you can add an an- 
swering machine; and the list goes 
on. With all these additions, before 
you know it, your phone takes up 
most of the space on your desk or 
phone table. Fone Mate, described 
here, considerably lessens the clutter. 

This computerized wonder gives 
you five very useful telephone -en- 
hancement devices in one compact 
unit. It lets you put your calls on 
hold. It also recalls a telephone num- 
ber and sounds a pleasant electronic 
warble tone to alert you to incoming 
calls. Fone Mate also features an 
LCD clock that can display time in ei- 
ther 12- or 24 -hour format, and the 
display shows the digits dialed as you 
make an outgoing call. 

Features and Functions 
Fone Mate makes use of Intel's 
8052AH -BASIC microcontroller chip 
to provide a number of sophisticated 
functions. When properly pro- 
grammed, this small slab of silicon 
can perform virtually any task you 
have in mind. In Fone Mate, the 
8052's program provides five useful 
and practical telephone add -on fea- 
tures and functions. 

Fone Mate was designed around a 

home (or office) telephone system 
that uses the Dual Tone Multi -Fre- 
quency (DTMF) dialing scheme. 
With DTMF dialing, when any given 
button on the phone's keypad is 

pressed, two frequencies that are 
unique to that button are generated. 
This frequency pair is decoded at the 
telephone company's Central Office 
back into its corresponding telephone 
number digit. If you wish an in -depth 
explanation of this process, see "The 
Talking Telephone" that appeared in 

the October 1989 issue of Modern 
Electronics. That article explained 
how DTMF signals are detected and 
decoded by a specialized G8870 in- 
tegrated circuit, which also plays a 

central role in the Fone Mate. 

The G8870 wires across the incom- 
ing telephone line. When a number 
is dialed, tones are generated and im- 
pressed across the line, where they are 
detected by the G8870 chip, which 
then converts them into their cor- 
responding binary codes. This chip 
also delivers a 5 -volt "strobe" signal 
every time a valid DTMF tone is re- 
ceived. This strobe signal and the bi- 
nary output from the G8870 are ap- 
plied to the 8052 computer chip. The 
program stored in a separate 
EPROM converts these two inputs 
into a language that can easily be 
understood by the user. 

To translate this "computer" lan- 
guage into a more understandable 
output to the user, an LCD module is 
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connected to the address /data lines 
in the Fone Mate. Every time a 
DTMF signal is detected by the 
G8870 chip, its corresponding num- 
ber is decoded and displayed in the 
window on the module to provide 
visual verification of a telephone 
number as it is being dialed. 

Whether the number you dial con- 
tains 7 or 11 digits, the EPROM's 
program always centers the number 
in the display window. The display 
also shows a - when needed, as in 
1 -800- 468 -1566 or 468 -5687). Should 
you dial a wrong number, simply 
press the # button on the telephone 
instrument's keypad, which gener- 
ates a unique two- frequency signal 
tone that the G8870 also detects. 
Upon detection of this signal, the 
G8870 tells the program in Fone 
Mate to branch to a "recall" subrou- 
tine within itself. 

This subroutine clears the LCD 
display of the current phone number, 
displays a RECALL message and re- 
sets all internal computer variables to 
standby. It also causes a relay to en- 
ergize and open its normally -closed 
contacts for about 2 seconds. The 
contact pair, in series with the tele- 
phone line, disconnects the Fone 
Mate and telephone instrument from 
the line. When the contacts close 
again, the current -flow path is re- 
stored, the Central Office re- applies 
a dial tone signal on the line and 
awaits the first digit to be dialed. 

Fone Mate's hold function is not 
normally found in home telephone 
systems. Adding it to the program- 
ming for the 8052 requires only a few 
lines of instructions. Unlike business 
telephones that have a special switch- 
ing arrangement to place calls on 
hold, however, Fone Mate uses the 
asterisk ( *) button on the keypad of 
the telephone instrument. 

By programming the 8052 comput- 
er chip to monitor for the tones gen- 
erated when the * button, this chip 
can easily be programmed to supply a 
ground signal where needed to ener- 
gize a relay whose contacts are wired 
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Fig. 1. Main processing section of Fone Mate project contains an 8052AH -BA- 
SIC microcontroller (IC 1) and static RAM chip (IC3). 

to place a resistor that simulates an 
off -hook condition across the tele- 
phone line. At this time, the tele- 
phone instrument's handset can be 
returned to the cradle without loss of 
the caller on the other end of the line. 

To provide you with a visual indi- 
cation that a call is on hold, a pulse - 
width modulation (PWM) command 

is part of the program. This com- 
mand produces a beep via a crystal 
transducer at the desired frequency 
and duration about every 60 seconds. 
Since an LCD module was already a 
part of the computer circuit, com- 
mands were written into the program 
to display a HOLD message and the 
number of minutes that have elapsed 
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PARTS LIST 

Semiconductors 
Dl thru D6- 1N4001 or similar silicon 

rectifier diode 
IC 1- 8052AH -BASIC microcontroller 
IC2- 74LS373 tri -state octal D flip - 

flop 
IC3- 6264AL -10 8K static RAM 
IC4- 74L138 expandable 3 -to -8 de- 

coder 
IC5 -2764A EPROM (see Note below) 
IC6- 74LS08 quad 2 -input AND gate 
IC7 -G8870 DTMF chip 
IC8 -4069 CMOS hex inverter /buffer 
IC9- 74LS00 quad 2 -input NAND gate 
IC10 -7805 fixed + 5 -volt regulator 
Q1,Q2- 2N4402 or similar silicon pnp 

transistor 
Capacitors 
C1,C2 -30 -pF ceramic disc 
C3- 2.2 -µF, 16 -volt electrolytic 
C4,C7- 0.1 -µF ceramic disc 
C5,C6- 0.01 -µF ceramic disc 
C8- 470 -µF, 35 -volt electrolytic 
C9,C 10 -1 -µF tantalum 
C11-100-SF, 16 -volt electrolytic 
C12-0.47-g, 250 -volt ceramic disc 
Resistors ('/ -watt, 5% tolerance) 
R 1, R2, R4- 100,000 ohms 
R3- 47,000 ohms 
R5- 50,000 ohms 
R6- 220,000 ohms 
R7,R8 -1,000 ohms 
R10 -120 ohms, 1 -watt 
R9 -5,000 -ohm, pc -mount trimmer 

potentiometer 

Miscellaneous 
MI -Axial Vactrol optical isolator 

(Hosfelt No. 80 -110) 
M2 -LCD display module (Digi -Key 

Cat. No. AMX116 -ND) 

RY1,RY2 -5 -volt dc relay with dpdt 
contacts (Hosfelt No. 45 -161) 

SW 1- Normally -open, momentary-ac- 
tion spst pushbutton switch 

T1 -12 -volt, 250 -mA plug -in ac trans- 
former 

XTL 1- 11.0592 -MHz crystal 
XTL2- 3.58 -MHz crystal 
XTL3- Crystal receiver element (see 

text) 
Perforated board with holes on 0.1 " 

centers and suitable Wire Wrap or 
soldering hardware (see text); suit- 
able enclosure; sockets for all DIP 
ICs; telephone line cord; machine 
hardware; hookup wire; solder; etc. 

Note: The following items are available from 
Steve Sokolowski, P.O. Box 5835, Spring 
Hill, FL 34606: G8870 DTMF IC, $10; 
programmed 2764A EPROM, $8.50 
(specify DDD -12 for 12 -hour format or 
DDD -24 for 24 -hour format); six- conduc- 
tor telephone line cord with spade lugs, 
$1.75; used crystal receiver element, 75c; 
all four items, $20. Add $2.50 P &H per 
order. Florida residents, please add state 
sales tax. 

Names & Addresses 

Digi -Key Corp. 
701 Brooks Ave. South 
P.O. Box 677 
Thief River Falls, MN 56701 
Tel.: 1- 800 -344 -4539 

Hosfelt Electronics 
2700 Sunset Blvd. 
Steubenville, OH 43952 
1- 800 -524 -6464 

since the call was first placed on hold. 
Another feature designed into the 

hold routine is timing of a call placed 
on hold for up to 5 minutes and 
30 seconds. When this period has 
elapsed, if connection is not re- estab- 
lished by pressing the * button, Fone 
Mate automatically removes the hold- 
ing resistor from the line. This action 
is essentially the same as hanging up 
the instrument's handset and restor- 

ing the line and instrument to their 
standby conditions. 

The ability to detect an incoming 
ring signal using a simple optical -iso- 
lator arrangement called a Vactrol is 

yet another feature built into the 
project. To accomplish this, Fone 
Mate once again calls upon the PWM 
command in the program. This time, 
the 8052 generates a signal to sound a 
pleasant warble tone similar to that 
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Fig. 2. Pre-programmed EPROM 
chip IC5 contains all programming 
needed to activate on- demand func- 
tions and create messages that appear 

in an LCD display. 

produced by expensive NEC and To- 
shiba telephone instruments via the 
same crystal element as before. 

Finally, included in the program- 
ming of the 8052 chip is a feature that 
makes use of a special CLOCK I cotn- 
mand. This command causes the 
8052 to produce highly accurate 60- 
second interrupt signals that, in turn, 
are used to drive the seconds input of 
a reliable clock module, which then 
displays the time in the window of the 
LCD module. Time can be displayed 
in either 12- or 24 -hour format. 

About the Circuit 
To make this discussion easier to fol- 
low, the schematic diagram of the 
Fone Mate circuitry is shown broken 
into a series of function blocks, 
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shown here as Fig. 1 through Fig. 6. 
The circuits shown in Fig. 1 and Fig. 
2 make up the heart of the project 
and include 8052AH -BASIC chip 
ICI, 8K static RAM (SRAM) mem- 
ory section IC3 and programmed 
EPROM IC5. Because the 8052 con- 
tains programmed material, it must 
have external memory space, provid- 
ed here by the IC3 6264 static RAM 
chip. (For an in -depth look at how 
the 8052AH -BASIC microcomputer 
chip and its associated components 
work, see "Microprocessor Control 
With BASIC" in the April and May 
1989 issues of Modern Electronics.) 

Figure 3 illustrates the hardware 
required to interface Fone Mate to 
the outside telephone line. In this cir- 
cuit G8870 chip IC7 does most of the 
work. It detects and converts the 
DTMF signal generated by pressing 
the buttons on the keypad of the tele- 
phone instrument into a usable bi- 
nary output code at pins 11 through 
14. Data lines DO through D4, which 
carry the binary equivalent of the 
tone pair being generated by dial but- 
ton being pressed, and the STROBE 

line connect to pins of ICI. 
To read the code input to ICI, an 

ENABLE signal must be available at 
Address 0E000 (all addresses are ex- 
pressed in hex format). Because IC7 
requires a positive voltage to be en- 
abled and address decoder IC4 gener- 
ates only negative -going pulses, an 
inverter must be placed between these 
two chips. Signal inversion is accom- 
plished here with IC8A. 

When the program stored in 
EPROM IC5 requires the status of 
IC7, pin 7 of IC4 goes low. This sig- 
nal is inverted by IC8A to turn on the 
output of IC7 and allow its data to be 
read into memory. Programming de- 
termines whether to display a tele- 
phone number, place a call on hold 
or disconnect the telephone instru- 
ment from the line by using recall. 

Crystal transducer XTAL3 pro- 
duces the audible output generated 
by the signal on pin 3 of ICI. This 
transducer can be a high- impedance 

earphone or, for louder output, an 
old telephone receiver element. 
Wired in parallel, inverters IC8B and 
IC8C provide buffering between 
XTAL3 and pin 3 of ICI. They also 
provide provide audio drive power 
for XTAL3. 

The relay drivers for both the re- 
call and hold features are identical. 

Both require a switching transistor to 
activate the 5 -volt dc relays when a 
ground potential is applied to the 
base circuits of the pnp transistors. 

For the recall function, note that 
the normally- closed contacts be- 
tween points A and B are used. These 
two points are wired in series with the 
incoming telephone line. When acti- 
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vated by grounding pin 8 of ICI, 
RYI disconnects the telephone in- 
strument from the line. After about 2 

seconds, a logic high appears on pin 8 

of ICI. This turns off QI and allows 
RYI to deenergize and reconnects the 
telephone instrument with the Cen- 
tral Office. 

To hold a call, IC7 detects the 
unique signal when the * button is 

pressed on the telephone instru- 
ment's keypad. Immediately, ICI re- 
sponds by grounding pin 6. As with 
the recall function, this ground acti- 

vates R Y2, but this time, the normal- 
ly -open contacts of the relay are in 
parallel via resistor R10 with the tele- 
phone line. By placing this resistor 
across the line, the receiver of the tel- 
ephone instrument can be hung up 
without losing connection with the 
person at the other end of the line. 

Connection of the person on hold 
is regained simply by pressing the * 

button on the instrument's keypad a 
second time. Pressing this key again 
causes ICI to feed a positive voltage 
(logic high) to the base of Q2. This 
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Fig. 5. Wiring details for integrating LCD display module M2 into main project. 

drives the transistor into cutoff and 
deenergizes R Y2. In so doing, RIO is 

disconnected from the telephone line. 
The circuit shown in Fig. 4 illus- 

trates how the contacts of RYl and 
RY2 are connected to the incoming 
telephone line. The remaining com- 
ponents shown make up the ring -de- 
tection circuitry. When a ring signal 
is placed on the line by the Central 
Office, it is intercepted by C12. 

By applying this large- excursion ac 
signal voltage across the neon lamp 
inside M2, light is generated when the 
neon gas inside the lamp ionizes. This 
light strikes the internal light- depen- 
dent resistor or photocell and lowers 
its resistance. With no light falling on 
the photocell, its resistance is high 
enough that, for all practical pur- 
poses, it represents an open- circuit 
condition. However, when light 
from the neon lamp falls on the pho- 
tocell, its resistance drops dramatic- 
ally. Connecting one side of the pho- 
tocell to ground and the other side to 
a Port 1 pin of ICI, as shown, sensing 
of a ring signal is accomplished. 

When the resistance of the photo- 
cell drops, ICI detects a ground con- 
dition on its port at pin 7. The ground 
placed on pin 7 allows ICI to gener- 
ate the signal for a pleasant- sounding 
warble tone via XTAL3 in Fig. 3. 

The CPU continues to generate the 
warble tone for as long as the calling 
party stays on the line or until the re- 
ceiver of the telephone instrument is 

picked up. No direct connection is 

made to the telephone line by the cir- 
cuitry inside Fone Mate to indicate 
that the receiver has been lifted from 
its cradle. Therefore, you might dis- 
cover that Fone Mate may continue 
to ring for I or 2 seconds after the call 
is answered. This is normal and need 
not concern you once the project is 

put into service. 
In Fig. 5 is shown the wiring re- 

quired to integrate the LCD module 
into the ICI circuit, using just a few 
gates. As in the case of IC7, LCD 
module M2 must be given an address 
location at which it can be read and to 
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Fig. 6. Circuit details for a regulated 5 -volt dc supply for powering project. 

which the date can be written. This 
address information is made possible 
with IC9A , IC9B and IC6C. 

Connecting pins 1 and 2 of IC9A 
to pin 4 of address decoder IC4, ad- 
dress 00000 is used to enable M2. By 
applying the correct data to input 
pins AO through A9 of M2 and enabl- 
ing address 00000, just about any 
numeral or alphabetic character can 
be displayed under computer control 
on the LCD screen of the module. 

The circuitry shown schematically 
in Fig. 6, delivers more than ade- 
quate power to handle the nominal 
250 milliamperes of current drawn by 
Fone Mate. It consists of a simple 
full -wave, voltage- regulated + 5 -volt 
supply driven from the ac line via 
plug -in transformer Ti. Voltage reg- 
ulation is provided by IC/O. 

Construction 
Laying out components and routing 
conductors is not critical in this proj- 
ect, though it is somewhat involved. 
In terms of assembly, this project is 

quite complex. Because of the large 
number of wires that must be routed 
between the various components that 
make up the circuit, the Wire Wrap 
technique is highly recommended. 
For this, you will need a 6 x 4.5 -inch 
perforated board that has holes on 
0.1 -inch centers and suitable Wire 
Wrap hardware, including DIP IC 
sockets. If possible, use perforated 
board that has narrow copper rings 
surrounding each hole to simplify as- 

sembly. This size board is more than 
adequate to accommodate all the 
components that make up the project. 

Plan your layout on the perforated 
board carefully. Though there is 

nothing critical with regard to locat- 
ing the various components and run- 
ning wires between them, it is good 
practice to keep the assembly neat 
and the wiring as short as possible 
without excessive routing. You might 
begin by plugging the various DIP IC 
sockets into the holes in the board 
and test fit the other components to 
produce a neat layout without crowd- 
ing that can lead to wiring difficulties. 

Once you have a layout that satis- 
fies you, remove from the board all 
but the DIP IC sockets. If you are us- 
ing perforated board that has each 
hole surrounded by a copper ring, se- 
cure the sockets in place by sparingly 
tack -soldering only the four corner 
wrap posts on each socket to the 
rings. Use as little solder as needed 
and confine it to the the pin surfaces 
only near the copper rings. Do not 
plug the ICs into the sockets until as- 

sembly is complete and you have run 
initial voltage checks and are satis- 
fied that all is well. 

Place self- adhering labels on both 
sides of the board near each socket 
and write on them the individual 
schematic number assignments. 
Then, with an indelible pen or other 
permanent means, identify the loca- 
tion of pin 1 for each socket. Alter- 
natively, use commercial socket la- 
bels that identify all pins. This will 
greatly ease any confusion as you 
make wire runs. 

Now photocopy all sections of Fig. 
1 and use these to check off each wire 
run and component installation as 
you make it. Better yet, make two 
copies so that you can use one for ini- 
tial installation check -off purposes 
and the second for rechecking after 
you have completed wiring the cir- 
cuit -board assembly. 

Perhaps the best way to approach 
assembling the project is to build the 
circuits in modular fashion, starting 
with Fig. 1 and finishing with Fig. 6. 
As you make each wrap connection, 

14 

1 
LCD Module <FRONT> 

Fig. 7. Pinout diagram for LCD module. Interconnect wiring is accomplished by 
connection to solder pads on rear of module's board. 
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HELP! PLEASE SET I 

(A) 

SET 12 

(B) 

SET 12:59 

(C) 

TIME 12:59 

(D) 

Fig. 8. Upon power -up, LCD dis- 
plays message (A) to set time in either 
12- or 24 -hour format. Pressing a 
switch once, allows you to (B) acti- 
vate display to set hours. Pressing 
again locks in hours and prompts for 
minutes to be set (C); pressing a third 
time locks in minutes and 5 seconds 

later displays current time (D). 

check its electrical integrity with an 
ohmmeter set to a low resistance 
scale or an audible continuity check- 
er. Work slowly and carefully, and 
use Wire Wrap or solder posts wher- 
ever a discrete component is to be in- 
stalled. Also, make sure polarized 
components, such as electrolytic ca- 
pacitors and diodes, and transistors 
are properly oriented. 

Once you have finished wiring the 
computer sections shown in Fig. 1 

and Fig. 2, wire into place the com- 
ponents for the sections shown in 
Fig. 3 and Fig. 4. Keep associated 
components together and make all 
wiring as short as possible. Then wire 
into the circuit sections shown in Fig. 
5 and Fig. 6. Pinouts for the 7805 
voltage regulator used for /C/O are 
shown in Fig. 6. 

Remember to isolate the input and 
output telephone line from any 
source of stray voltage. The tele- 
phone company frowns on an extra 5 

or 12 volts on its line. So make abso- 
lutely certain that your wiring is cor- 
rect when you are done. 

Provide screw -type terminal con- 
nections for hookup of the incoming 
telephone line via the cable terminat- 
ed in JI. Also, provide solder or wrap 
posts for connections to the trans- 
ducer element and output connector 
J2. The lines that go to the LCD mod- 
ule should be about 2 inches long and 
stripped of ''A inch of insulation at 
the module end, but do not wire them 
to the module just yet. Wire TIME SET 

switch SI into the circuit now via 6- 
inch leads. 

When you have finished wiring the 
main circuit -board assembly, set it 
aside. Now machine the enclosure 
that will house the project. You can 
use any size and type of enclosure 
large enough to accommodate the 
circuit -board assembly and that has 
adequate front panel space to mount 
the LCD module. A suitable enclo- 
sure is shown in the lead photo. 

To prepare the enclosure, you 
must drill mounting holes for the cir- 
cuit -board assembly through the 
floor panel, entry holes for the cord 
from the power transformer and in- 
coming telephone line cord and a 
mounting hole for the TIME SET 

switch. You must also cut a long rec- 
tangular slot for the display window 
of the LCD module in the front panel 
and a square opening for the output 
J2 connector in the rear panel. If you 
wish, you can use a plug /jack ar- 
rangement for the line from the pow- 
er transformer to the circuit -board 
assembly. Finally, drill a series of 
small holes in the area in which the 
crystal transducer will be mounted 
through the top panel to permit the 
sound to escape. 

Deburr all holes and slots made in 
metal panels to remove sharp edges. 
Test fit the display window of the 
LCD module in its slot. Make any 
corrections needed to obtain a good 
fit. Then line the cable entry holes 
with rubber grommets. If you wish, 
you can now paint the front panel 

and label it as shown in the lead pho- 
to, using a dry- transfer lettering kit 
and protecting the artwork with light 
coats of clear spray acrylic. 

Mount the switch in the rear panel 
hole you drilled for it. Route the free 
end of the incoming telephone line 
cable through its grommet -lined hole 
and tie a strain -relieving knot in it 
about 6 inches from the free end in- 
side the enclosure. Do the same for 
the cable from the plug -in wall trans- 
former. If you opted for a plug /jack 
arrangement for this latter cable, 
mount its jack in the hole you drilled 
for it through the rear panel. 

Mount the circuit -board assembly 
inside the enclosure using spacers 
and 4 -40 machine screws, lockwash- 
ers and nuts. This done, mount con- 
nector J2 in its square hole in the rear 
panel, the LCD module on the front 
panel (make sure the latter is oriented 
so that the interconnection pads on 
the rear of the board are near the top 
of the enclosure) and the crystal 
transducer element to the top panel. 
Use fast -setting epoxy cement or sili- 
cone adhesive to secure each in place. 
Allow the cement or adhesive to set at 
least overnight. 

When the cement or adhesive has 
fully set, connect the incoming tele- 
phone line cord to the appropriate 
points on the circuit -board assembly, 
using the screw -type connectors. 
Connect the free ends of the wires 
coming from J2 to the appropriate 
points on the circuit -board assembly. 
Then carefully connect and solder 
the 14 wires coming from the circuit - 
board assembly to the LCD module 
in the proper order. 

As shown in Fig. 7, these wires 
connect to the LCD module via the 
unoccupied holes along the top of the 
modular assembly. Make sure each 
wire goes into the appropriate hole 
from the rear of the module before 
soldering it into place. Then connect 
the remaining two wires coming from 
the circuit -board assembly to the 
crystal transducer element. 

Secure a small heat sink to the met- 
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468 -4687 

1- 800 - 468 -4687 

(A) 

(B) 

Fig. 9. When dialing a number, dis- 
play shows it centered and with hy- 
phens in traditional locations for 11- 

digit (A) and 7 -digit (B) numbers. 

al tab on regulator ICIO. Now use a 
small screwdriver or tuning tool to 
set the rotor on LCD Module CON- 

TRAST trimmer control R9 to its cen- 
ter of rotation. 

Checkout & Use 

The only IC that should be in the cir- 
cuit at this time is voltage regulator 
ICIO. Use a dc voltmeter or a multi - 
meter set to the dc -volts function to 
make the following tests. 

Clip the common lead of the meter 
to a convenient point in the circuit 
that is at ground. Plug the power 
transformer into an ac outlet and 
touch the "hot" probe of the meter 
to the OUT pin of ICIO and note the 
meter reading. If you do not obtain a 
reading of approximately + 5 volts, 
power down and troubleshoot the 
circuit. Do not proceed with voltage 
tests until you have corrected any 
problem. 

Once you obtain + 5 volts at the 
output of the voltage regulator, 
touch the "hot" probe of the meter 
to pins 31 and 40 of the ICI socket; 
pin 20 of the IC2 socket; pins 26 and 
28 of the IC3 socket; and pins 6 and 
16 of the IC4 socket. In all cases, you 
should obtain a + 5 -volt reading. 

Continue touching the "hot" probe 
of the meter to pins 1, 27 and 28 of 
the IC5 socket; pin pin 14 of the IC6, 
IC8 and IC9 sockets; and pin 18 of 
the IC7 sockets. Once again, the 
readings obtained should be + 5 

volts, as should be the readings at the 
emitters of QI and Q2. 

When you obtain the proper volt- 
age readings at all specified locations 
in the circuit, power down the project 
and wait a minute or so. Then install 
the ICs in their respective sockets, 
making sure that each is properly ori- 
ented and that no pins overhang the 
sockets or fold under between ICs 
and sockets. 

Now power up the project once 
again. The LCD module should dis- 
play the message "HELP! PLEASE 
SET," as in Fig. 8(A). This message 
will be displayed every time Fone 
Mate is initially powerered up. 

To set up the system for displaying 
the correct time, press and release 
SET switch SW/. Only the two hours 
positions in the display should ap- 
pear, advancing by one count at a 
rate of about once per second until it 
reaches reaches 12, as in Fig. 8(B) (or 
24 if you selected the 24 -hour display 
mode). As it passes through 12, the 
count should start again from "01." 
When the correct hours digit appears 
in the display, press and release SWI 
again to lock it in. 

The minutes half of the clock dis- 
play will appear, as in the center illus- 
tration in Fig. 8(C), and advance 
from 00 to 59. Again, when the cor- 
rect minute appears in the display, 
press and release SWI to lock it in. 
After a second or so, the LCD mod- 
ule should display "TIME 12:59" (or 
whatever time you locked in), as in 
the bottom illustration in Fig. 8(D). 

For the following tests, connect 
Fone Mate to a standard telephone 
line, observing proper polarity and 
using JI. Also, connect J2 to a tele- 
phone instrument that has Touch 
Tone dialing. This completes instal- 
lation of the project, though further 
tests must be conducted to assure 
that Fone Mate is operating properly. 

Now check the ability of the proj- 
ect to decode and display a dialed tel- 
ephone number. Lift the telephone 
handset from the cradle and dial an 
11 -digit number -as shown in Fig. 

9(A), for example. Fone Mate now 
erases the time from the display and 
reads out the dialed number in the 
center of the window. Note in this il- 

lustration that the hyphens are placed 
in the correct traditional locations. 

After about 5 seconds, Fone Mate 
replaces the dialed digits in the dis- 
play with a readout of the correct 
time. If all is well to this point, re- 
place the handset in the cradle of the 
instrument. 

To check the decoding and display 
of a seven -digit number, pick up the 
handset and listen for a dialtone. 
Then dial the seven -digit number. As 
before, Fone Mate should replace the 
current time in the display with the 
dialed digits of the phone number, 
centered in the window as in Fig. 
9(B). Note here, too, that the hyphen 
is in the correct location. Hang up 
and dial another number that has dif- 
ferent digits in it so that you check 
operation with all buttons labeled 1 

through 0 on the Touch Tone keypad 
of the telephone instrument. 

To test the Recall feature, lift the 
handset and dial a two- or three -digit 
number (not the emergency number 
911 or any other three -digit number 

(Continued on page 68) 

RECALL 

(A) 

HOLD 0 MIN 

(B) 

Fig. 10. "Recall" function (A) is ac- 
tivated by operating # button on key- 
pad of telephone instrument; 
"Hold" function (B) is activated by 

pressing * button. Placing call on 
hold displays message shown and 
starts a timer that automatically dis- 
connects project from telephone line 
if hold period exceeds 5 minutes and 
30 seconds. Beeping tone sounds for 

as long as call is on hold. 
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Technology 

Designing 
Square-Wave Generators 

The theory and practice of designing square -wave generators 
that can stand alone or be integrated into circuit systems 

By Joseph J. Carr 

Square wave generators are 
commonly used to test a wide 
variety of electronic circuits, 

particularly in the digital area. The 
general utility of the square wave is 
the result of its rich harmonic con- 
tent. A pure sine wave is composed of 
a single (fundamental) frequency. A 
square wave, on the other hand, con- 
tains a fundamental frequency (like 
the sine wave) and theoretically an in- 
finite number of odd harmonics. As 
a general rule, the sharper the rise 
time, the greater the harmonic con- 
tent of the square wave. 

In this article, we focus on how to 
design and build custom square -wave 
generator circuits that can be used as 
part of a complex circuit or as a 
stand -alone signal source for bench 
testing. In designing such a circuit, be 
prepared to deal with a fair amount 
of arithmetic, though nothing more 
complex than simple algebra, to de- 
termine the values of resistors and ca- 
pacitors to use. 

The Square Wave 

Depicted in Fig. 1 is a graphic repre- 
sentation of the symmetrical square 
wave. Each time interval of the wave 
is quasi- stable. Therefore, you might 
conclude that the square -wave gener- 
ator has no permanent stable states 
and, hence, is astable. The waveform 
snaps back and forth between -V 
and + V, dwelling on each level for a 
period of time given as to or tb. Peri- 
od T is calculated using the formula: 

Fig. 1. Perfect square wave is symme- 
trical across 0 -volt baseline and also 
between right and left halves. Time T 
is period; frequency is reciprocal of 

T, or 1/T. 

T = ta + tb [1] 

where T is the period of the square 
wave (t1 to t3), ta is interval tl to t2 
and tb is interval t2 to t3. 

Frequency of oscillation F is the re- 
ciprocal of T: 

F = 1 /T [2] 

The ideal square wave is both base - 
and time -line symmetrical, which 
means that the absolute value of + V 

is equal to the absolute value of -V 
and ta = tb. Under time -line symme- 
try ta = tb = t. Hence, T = 2t and f 
= (1/2t). 

The schematic diagram for an op- 
erational- amplifier square -wave gen- 

erator is shown in Fig. 2(A). The bas- 
ic circuit configuration is similar to 
the simple voltage comparator. Op- 
eration depends upon the relation- 
ship between V( - IN) and V( + IN). 
The voltage applied to the noninvert- 
ing ( + ) input [V( + IN)] is deter- 
mined by the resistive voltage divider 
composed of R2 and R3. This voltage 
is shown as V 1 in Fig. 1(A) and is cal- 
culated as follows: 

V 1 = (V0R3)/(R2 + R3) [3] 

When V. is saturated, the formula is 
rewritten as follows: 

V 1 = (Vsat X R3)/(R2 + R3) [4] 

Once again, the factor R3 /(R2 + R3) 
is often designated B: 

B = R3/(R2 + R3) [5] 

Because Equation [5] is always a 
fraction, V 1 is less than Vsat and is of 
the same polarity as Vsat. 

Voltage V( - IN) applied to the in- 
verting ( - ) input is the potential that 
appears across Cl, or Vc1, and is 

created when CI charges under the 
influence of current I that, in turn, is 

a function of V. and the R ICI time 
constant. Timing of the circuit is 

shown graphically in Fig. 2(B). 
At turn -on Vc1 = 0 volts and V. 

= + Vsat. Therefore, VI = +V1 = 
B( +Vsat). Because Vc1 is less than 
VI, the op amp sees a negative differ- 
ential input voltage; hence, the out- 
put remains at + Vsat. During this 
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Fig. 2. (A) Circuit details for a simple 
op -amp square wave generator and 

(B) timing waveforms. 

time, however, VC1 is charging to- 
wards + Vsat at a rate of: 

Vc Vsat[1 - e(-t2/R1C1)] [6] 

When VC1 reaches + VI, however, 
the op amp sees VCS as being equal to 
V1; so VId = 0. The output now 

snaps from + Vsat to - Vsat, which is 

time t2 in Fig. 2(B). The capacitor 
now begins to discharge from + VI 
towards zero, and then recharges to- 
wards - Vsat. When it reaches -VI, 
the inputs are once again zero; so the 
output again snaps to + Vsat. The 
output continuously snaps back and 
forth between - Vsat and + Vsat 

thereby producing a square wave 
output signal. 

Time constant required to charge 
from an initial VCI voltage to a VC2 

end voltage time t is defined by the 
formula: 

RC = -T / {[(V - VC2)] /Ln x 

[(V - VC2) /(V - VCI)] }[7] 

In Fig. 2(A), the RC time constant is 

calculated for the R 1 C 1 values. From 
Fig. 2(B), it should be apparent that 
for interval to VC1 = - BVsat, VC2 = 
+ BVsat and V = Vsat. To calculate 
period T, use the formula: 

2R1C1 = -T / {Ln[(Vsat - 
BVsat)/(Vsat -( - BVsat)] } [8] 

By rearranging Equation [8], we 

obtain: 

-T = 2R1C1 x Ln x 

[(Vsat - BVsat)/(Vsat -( - BVsat] [9] 

-T = 2R1C1 x Ln[(1 - 
B)/(1 + B)] [10] 

Fig. 3. Square wave train. 
Fig. 4. Potentiometer provides vari- 

able duty cycle square wave. 

Fig. 5. Output waveforms for three 
different settings of the potentiome- 

ter (see text). 

T =2R1C1 xLn[(1 +B)/(1 
- B)] [11] 

Because B = R3 /(R2 + R3), 

T = 2R1C1 x Ln {{1 + 
[R3/(R2 + R3)]/}/{1 - 
[R3/(R2 + R3)1} } [12] 

which reduces to: 

T = 2R1C1 x Ln (2R2/R3) [13] 

Equation [13] defines the frequency 
of oscillation for any combination of 
R1, R2, R3 and Cl. In the special case 
where R2 = R3 and B = 0.5, 

T = 2R1C1 x Ln[(1 + 0.5)/(1 - 
0.5)] [14] 

T = 2R1C1 x Ln (1.5/0.5) [15] 

T = 2R1C1 [16] 

Equations [13] and [16] should be re- 
membered because they are the basic 
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Fig. 6. (A) Diode circuit for produc- 
ing asymmetrical, but fixed, duty -cy- 
cle square wave. (B) Two different 

ratios of feedback resistors. 

design formulas for the general and 
special cases, respectively. 

The circuit shown in Fig. 2(A) pro- 
duces time -line symmetrical square 
waves (ta = tb), such as Fig. 3. If time- 
line asymmetrical square waves are 
required, a circuit like those shown in 
Fig. 4 or Fig. 6(A) is required. 

The Fig. 4 circuit utilizes poten- 
tiometer R4 and a fixed resistor R5 to 
establish a variable duty cycle asym- 
metry. This circuit is similar to the 
one shown in Fig. 2(A), except offset 
circuit R4 /R5 has been added. As- 
sumptions here are that R5 = RI and 
R4 is much less than R1. If Va is the 
potentiometer output voltage, CI 
charges at a rate equal to (R 1 /2)C 1 

towards a potential of Va + Vsat 
After output transition, however, the 
capacitor discharges at the same 
(R1 /2)C1 rate towards (Va - Vsat). 
Therefore, the two interval times are 
different so that ta and tb are no long- 
er equal. 

Shown in Fig. 5 are three extremes 
of Va: (A) Va = + V, (B) Va = 0 and 
(C) Va = - V. These traces represent 
very long, equal and very short duty 
cycles, respectively. 

The circuit shown in Fig. 6(A) also 
produces asymmetrical square 
waves, but the duty cycle is fixed in- 
stead of being variable. Once again, 
the basic circuit here is like that 
shown in Fig. 2(A), except that it has 
added components. In Fig. 6(A), the 
RC timing network is altered in such 
a manner that the resistors are differ- 
ent on each swing of the output sig- 
nal. During ta, Va = + Vsat; so DI is 

forward biased and D2 is reverse 
biased. For this interval: 

ta= RIA xC1 x Ln[l + 
(2R2/R3)] [17] 

During the alternate tb half cycle, 
output voltage Vo is at - Vsat. 

Hence, DI is reverse biased and D2 is 

forward biased. During this interval, 
RIB is the timing resistor, while RIA 
is effectively out of the circuit. The 
timing equation is now: 

tb= RIB xC1 xLn[1+ 
(2R2/R3) [18] 

Total period T is ta + tb; so 

T= RIA xC1 xLn[1+ 
(2R2/R3) + RIB x CI] x Ln[1 + 

(2R2/R3)] [19] 

Collecting terms, we obtain: 

T= (RIA + RIB) xCl x 
Ln[I + (2R2/R3)] [20] 

Equation [20] defines the oscillation 
frequency of the Fig. 6(A) circuit. 
Figures 6 shows the effects of two 

Fig. 7. Relationship between output 
voltage V0 and capacitor voltage, V,. 

values of RI A/R 1 B ratio. In (B), the 
ratio of RI RIA/RIB is 3:1, while in 
(C), the ratio of RIA /R1B is 10:1. 

The effect of this circuit on capaci- 
tor charging can be seen in Fig. 7. No- 
tice here in the lower lower trace that 
the capacitor charge time is long 
compared with the discharge time. 

The standard op -amp circuit 
sometimes produces a relatively slop- 
py square output waveform. By add- 
ing a pair of back -to -back zener di- 
odes across the output, as in Fig. 
7(A), the signal can be cleaned up. By 

doing this, though, you pay a penalty 
in reduced output signal amplitude. 
For each polarity the output signal 
sees one forward- biased and one re- 
verse- biased zener diode. On the pos- 
itive swing, the output voltage is 

clamped at VZ1 + 0.7 volt. The 
0.7 -volt factor represents the normal 
junction potential across the forward 
biased diode (D2). On negative 

Fig. 8. Output limiting circuit. 
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Fig. 9. (A) Voltage comparator used to make square waves from sine -wave 
input. (B) timing diagram waves. 

swings, the situation reverses, and 
the output signal is clamped to - Vz2 
+ 0.7 volt. 

Square From Sine Waves 

Figure 9 shows a method for convert- 
ing sine waves to square waves. The 
circuit configuration is shown in (A), 
while the waveforms are shown (B). 
The circuit uses an op amp connected 
as a comparator. Because the op amp 
has no negative feedback path, the 
gain is very high (A,1). In op amps 
gains of 20,000 to 2,000,000 (250,000 
typical) are frequently found. Thus, 
a voltage difference across the inputs 
of only a few millivolts will saturate 
the output of the op amp, which is il- 

lustrated in Fig. 9(B). 
The input waveform to the Fig. 

9(A) circuit is a sine wave. Because 
the noninverting input is grcunded, 
the output of the op amp is zero only 
when the input signal voltage is also 
zero. When the sine wave is positive, 
the output signal will be at - Vo; and 
when the sine wave is negative, the 
output signal will be at + Vo. The 
output signal will, thus, be a square 
wave at the sine -wave frequency, 
with a peak -to -peak amplitude of 
+Vo - ( -Vo). 

Designing and building square - 
wave generators using operational 
amplifiers is a simple task that can be 
accomplished by nearly everyone 
with a basic knowledge of electron- 
ics. Using the formulas provided here 
and a little common sense, you 
should be able to "roll your own" 
with ease. jiff 

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. 
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design easily 
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emitters on 
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circuit boards. This 
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equipment for all techni- 
cians in the consumer 
electronics repair 
industry. 
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Project 

A PC- to- VicModem Interface 
Simple circuit interfaces a likely unused Commodore 
VicModem to any RS -232 port for inexpensive 
telecommunications 

By Jim Stephens 

f you've been around personal 
computers, you've probably 
amassed a number of hardware 

items whose day has come and long 
since gone. A case in point is the Vic- 
Modem that allowed the Commo- 
dore VIC -20 computer to communi- 
cate with other computers over the 
telephone line. With the VIC -20 all 
but defunct, the VicModem you now 
have is probably gathering dust 
somewhere in your home. Fortunate- 
ly, with a simple modification, this 
lowly piece of hardware can be re- 
animated for use with your present - 
day computer via its serial port. 

In this article, we will describe the 
circuitry for successfully adapting 
the VicModem for use with any mod- 
ern personal computer that has an 
RS -232 serial port for communica- 
tion over the telephone line. The in- 
terface circuit is easy to build from 
commonly available components 
and is just as easy to use. With this 
combination, you can use your com- 
puter to communicate via teleconfer- 
encing, message boards, bulletin 
boards, Netmail and other services 
available to computer users via the 
telephone -line network. 

About the Circuit 

Like most older peripherals, the Vic- 
Modem will not directly plug into 
other standard equipment without 
some work. The VicModem serial 
port uses 5 -volt TTL logic levels, 
while today's PCs require ± 12 -volt 
RS -232 levels. The latter 24 -volt 

swing is good for long- distance cable 
runs, needed in old terminals, but is 

not really required for telephone and 
radio links. Even so, the RS -232 stan- 
dard still exists, and most standard 
peripheral equipment that connects 
to a computer's serial port expects to 
"see" the levels standardized for it. 

The incompatibility of the Vic- 
Modem can easily be corrected with a 
small two -IC interface circuit that 
changes the 12 -volt logic levels to 
a 5 -volt level. The circuitry required 
to do this is shown in Fig. 1. 

Since three different voltages are 
required for the two interface ICs 
shown in Fig. 1, most of the circuitry 
shown in the schematic is for the 
power supply. An inexpensive 9 -volt 
ac plug -in wall transformer supplies 
the power required by the circuit. 

A diode network consisting of DI, 
D2 and D3 serves as a voltage dou- 
bler and inverter to produce the + 12 

and - 12 volts required by the com- 
puter with which the project is used. 
Bridge rectifier RECT1 and fixed 5- 
volt regulator ICI supply the + 5 

volts required by the modem. 
Power for the modem is obtained 

directly from the 9 volts ac delivered 
by the plug -in wall transformer. 
Voltage levels indicated in Fig. 1 

should be as close to the indicated 
values as possible when measuring 
them with a meter. Note that lines 
that go to the VicModem are labeled 
with an "M," while those that go to 
the computer are labeled with a "C." 

Interface integrated circuits IC2 
and IC3 are MC1488 RS -232 quad 
line driver and MC1489 quad line re- 
ceiver chips, respectively. Both are 
readily available from Radio Shack 
and other sources. The transmitted 
RS- 232 -level data (TxD), sent from 
the computer, is fed into IC2 at pin 1 

and exits at pin 3 to the VicModem as 
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TTL -level data. Incoming 5 -volt 
TTL -level data from the VicModem 
is fed into IC3 on pins 12 and 13 and 
exits at pin 11 to the computer's RXD 

received data line. 
Each signal that exits the computer 

must be referenced to ground. This 
ground reference is taken from the 
SIG. GND at pin 5 of the Pl or pin 7 of 
the P2 serial -port connector on the 
computer. This signal ground pin is 

tied to the circuit -ground bus of the 
interface circuit. 

Shown in Fig. 1 is the pinout con- 
figuration of the standard 25 -pin 
DB -25 connector used for P2. Most 

IBM PC- compatible computers use 
this type of connector for their serial 
ports. IBM PC /AT and some com- 
patible computers use the smaller - 
version DB -9 connector shown as PI 
in Fig. 1 for their serial ports. Also 
shown in Fig. 1 are the details of the 
port connector for the VicModem 
that are important for this project. 

The best way to locate the TXD and 
RXD on the serial port of your com- 
puter is to check in your computer 
manual. Pins referenced for these 
points in Fig. 1 are for the standard 
RS -232 serial -port connector. Be 

aware, though, that some computer 

manufacturers juggle the pin assign- 
ments of their connectors; so make 
sure when you utilize the interface 
circuit that you use the correct pins 
for your particular computer. As you 
can see, only three lines of the serial 
port are required for this project -or 
any modem, for that matter, if the 
modem is set up to disregard other 
control protocols. 

Data Set Ready (DSR) and Data 
Terminal Ready (DTR) lines are im- 
portant when fast transmitting rates 
are being used. Also, two other lines 
are available on the RS -232 port to 
keep things organized at high corn- 
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Fig. I. Complete schematic of a simple interface circuit to adapt a VicModem for use with a modern personal computer. 
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PARTS LIST 

Semiconductors 
D1,D2,D3- 1N4001 silicon rectifier 

diode 
IC 1 -7805 + 5 -volt regulator 
IC2 -MC 1488 RS -232 line driver 

(Radio Shack Cat. No. 276 -2520 
or equivalent) 

IC3- MC1489 RS -232 line receiver 
(Radio Shack Cat. No. 276 -2521) 

LED1 -Red light- emitting diode 
RECT1 -1.5- ampere bridge -rectifier 

assembly (Radio Shack Cat. No. 
276 -1151 or similar) 

Capacitors 
C 1- 2,200 -µF, 50 -volt electrolytic 
C2,C3,C4- 150 -µF, 35 -volt electrolytic 
Resistors 
R1 -330 ohms, '/4 -watt, 10% tolerance 

Miscellaneous 
F1 -1- ampere slow -blow fuse 
P1 -DB -9 connector (see text) 
P2 -DB -25 connector (see text) 
S1-Miniature spst toggle or slide switch 
T1 -9 -volt, 250-mW plug -in wall 

transformer (Jameco Cat. No. 
AC975 or similar) 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
(Radio Shack Cat. No. 276 -154 44- 
contact multi -purpose board or simi- 
lar) and suitable Wire Wrap or sol- 
dering hardware (see text); sockets 
for IC2 and IC3; suitable enclosure 
(Radio Shack Cat. No. 270 -223 or 
similar); 3- conductor cable (see text); 
'/, -inch spacers; machine hardware; 
hookup wire; solder; etc. 

munication baud rates. These are the 
Request To Send (RTS) line from the 
modem and the Clear To Send (CTS) 
line from the computer. Use of all 
these lines on an RS -232 serial port 
connector lessens the chances of er- 
rors in the serial data stream. 

Operating at only a 300 -baud com- 
munication speed, the VicModem is 
slow enough to permit its use without 
connecting all control lines. Faster 
speeds are not really needed with 
most modem communications, since 
much of the time is spent typing and 
reading information as it is trans- 
mitted and received over the tele- 
phone lines. 

Construction 
Data through the VicModem is han- 
dled via its 24- contact edge connec- 
tor. This connector is designed to ac- 
commodate a printed- circuit board 
edge pattern. You can buy a proto- 
typing board with perforations and 
copper traces in and on it that mates 
with the VicModem edge connector. 
A less- expensive approach is to use a 
standard 44- contact card and trim it 
to leave 12 conductive fingers on 
both sides and to fit the connector on 

the modem exactly. This card pro- 
vides plenty of room for laying out 
the components. 

There is nothing critical about lay- 
ing out and wiring the circuit. There- 
fore, you can assemble the circuit on 
prototyping board that has holes on 
0.1 -inch centers, using suitable Wire 
Wrap or soldering hardware. If you 
wish, however, you can instead de- 
sign and fabricate a printed- circuit 
board with suitable edge fingers. 

Use sockets for IC2 and IC3. Wire 
the circuit exactly as shown in Fig. 1, 

installing first the IC sockets. (Do 
not plug the ICs into the sockets until 
after you have conducted voltage 
checks and are certain that circuit is 
properly wired.) Continue assembly 
with installation of the resistor, fuse, 
capacitors, diodes, bridge- rectifier 
assembly and 5 -volt regulator. Make 
certain that the electrolytic capaci- 
tors and diodes are properly oriented 
and that the regulator and bridge rec- 
tifier are properly based before sol- 
dering any leads or pins into place. 

Strip '/, inch of insulation from 
both ends of six 4- inch -long hookup 
wires. If you are using stranded wire, 
tightly twist together the fine strands 
at both ends of both wires and spar- 

ingly tin with solder. Connect and 
solder one end of two of these wires 
to the OUT pin 3 of ICI and the free 
end of RI. The free ends of these 
wires now connect to the leads of the 
light- emitting diode. 

Determine which lead of the LED 
connects to the cathode and clip it to 
'/2 inch long. Form a small hook in the 
lead stub. Slip a 'A-inch length of 
small- diameter heat -shrinkable tub- 
ing over the free ends of both wires 
coming from the circuit -board as- 
sembly. Crimp and solder the wire 
coming from the resistor to the 
shortened cathode lead of the LED. 
Then trim the anode lead to % inch in 
length, form a small hook in the re- 
maining stub and crimp and solder it 
to the free end of the other wire. 

When the connections have cooled, 
slide the heat -shrinkable tubing over 
both connections until it is flush with 
the bottom of the case of the LED to 
insulate the leads from each other 
and the rest of the circuitry. Shrink 
the tubing solidly into place. 

Connect and solder one end of two 
of the remaining wires into the circuit 
at the connection points for POWER 
switch SI. Crimp and solder the free 
ends of these wires to the lugs of the 
switch. Connect and solder the two 
remaining wires to the 9 -volt ac pow- 
er input points on the circuit -board 
assembly. The free ends of these 
wires will be terminated in the power 
connector after the circuit -board as- 
sembly has been mounted inside its 
enclosure. 

Now, referring to Fig. 1, wire the 
main circuitry on the board to the ap- 
propriate fingers that plug into the 
edge connector of the VicModem. 
Note that all but the TXD and RXD 
lines that go to the cable used to link 
with the computer with which the 
VicModem is used terminate at the 
fingers noted at the end of the board. 

Once the board -edge fingers have 
been wired into the circuit, wire the 
cable that goes to the computer into 
the circuit. Use ordinary 36 -inch or 
so length of three -conductor twisted 
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cable or two- conductor cable with 
separate mesh shield. Strip 1'/ inch of 
outer plastic jacket from both ends 
of this cable. 

If you are using shielded cable, un- 
do the mesh back to the cut -off 
plastic jacket and tightly twist to- 
gether the fine strands a distance of 1 

inch or so from the free end. Sparing- 
ly tin with solder. Strip ''/ inch of in- 
sulation from all conductors at both 
ends of the cable, tightly twist to- 
gether the exposed fine wires and 
sparingly tin with solder. Then, re- 
ferring to Fig. 1, wire one end of this 
cable to the circuit -board assembly, 
connecting the shield (if used) to cir- 
cuit ground. 

Terminate the other end of the ca- 
ble in either a male DB -9 or DB -25 

connector, whichever is required for 
the RS -232 serial port on your com- 
puter. Again, the shield (if used) goes 
to the ground pin. The two other con- 
ductors go to the appropriate pins on 
the connector, as explained above. 
Match the TXD and RXD lines at both 
ends of the cable. Temporarily set 
aside the circuit -board assembly. 

Because of the long rectangular 
slot required for the finger edge of 
the circuit -board assembly to pro- 
trude from it, the best type of enclo- 
sure to use is either an all- plastic one 
or one that is all plastic except for a 
top metal panel. Machine the enclo- 
sure as follows. Begin by drilling 
mounting holes for the circuit -board 
assembly, POWER switch and LED. 
Then cut the long rectangular slot for 
the edge of the circuit -board assem- 
bly. Finish up by cutting the slots in 
which to mount the connector for the 
cord from the plug -in wall trans- 
former and exit for the cable that 
connects to the computer. 

When the enclosure is ready, 
mount the circuit -board assembly in 
place, using 'A-inch spacers and 4 -40 
x '/4 -inch machine screws, nuts and 
lockwashers. Then mount the power 
connector. Locate the two wires 
coming from the circuit -board as- 
sembly and crimp and solder them to 

the lugs of the power connector. 
Since this is an ac input, there is no 
need to concern yourself with polari- 
ty. Either wire can go to either lug on 
the connector. 

Initial Checkout 
With neither IC2 nor IC3 plugged in- 
to the sockets on the board, plug the 
output cord from the 9 -volt ac plug - 
in wall transformer into the power 
jack. Clip the common lead of a mul- 
timeter set to the dc -volts function to 
a convenient circuit -ground point in 
the project. Plug the wall transform- 
er into an ac outlet and set the POWER 

switch to "on." 
Touch the "hot" probe of the me- 

ter to pin 14 of the IC2 socket and 
note that the reading obtained should 
be + 5 volts. Once this is confirmed, 
touch the "hot" probe to pin 14 and 
then pin 1 of the IC3 socket and note 
the readings obtained; the first 
should be + 12 volts, the second 
- 12 volts. 

If you fail to obtain the proper 
reading at any given point in the cir- 
cuit, immediately power down the 
project and unplug the transformer 
from the ac receptacle. Rectify the 
problem before proceeding. Check 
especially for proper orientation of 
the diodes and electrolytic capacitors 
and proper basing of the voltage reg- 
ulator and bridge- rectifier assembly. 
If all is well here, double -check all 
connections made to the pins of the 
IC sockets. 

Once you are certain that the cir- 
cuit is properly wired, power down 
and allow sufficient time for the 
charges to bleed off the electrolytic 
capacitors. Then plug the ICs into 
their respective sockets. Make sure 
that each is properly oriented and 
that no pins overhang the sockets or 
fold under between ICs and sockets. 

Mount the POWER switch and LED 
in their respective holes in the top 
panel of the enclosure. If the LED 
does not remain in place by friction, 
apply a small daub of fast -setting 

epoxy cement or silicone adhesive to 
secure it. Then mount the top panel 
to the enclosure with the screws pro- 
vided with it. 

Plug the project into the VicMo- 
dem, your telephone receiver's hand- 
set cord into the phone jack on the 
modem and the transformer into an 
ac outlet. Set the POWER switch on 
the project to "on." With the mo- 
dem set to "originate," you should 
hear a clean tone on an extension 
telephone instrument. If not, you 
may have made a wiring error in the 
power- supply circuitry or the fingers 
at the edge of the interface board are 
not aligned properly with the con- 
tacts on the VicModem's connector. 
Once again, rectify the problem be- 
fore proceeding. 

Next, switch the VicModem to 
"answer." You should now hear a 
loud, clear tone that is higher in fre- 
quency than before. If everything is 

okay up to this point, you can pro- 
ceed with an operational check of the 
system. 

Programming the 
RS -232 Serial Port 
The serial port on your computer is 

usually located at COM 1. With no 
power applied to either the project or 
your computer, plug the cable on the 
interface into the COM 1 (or what- 
ever other port your computer is us- 
ing for serial communications). Pow- 
er up both project and computer. 
Then boot up in the normal manner. 

A modem communications pro- 
gram must be loaded into your com- 
puter and run to send and receive 
data on that port. The only require- 
ment for using any of a number of 
communications packages (I have 
successfully used SmartCom, Pro - 
Comm and Bitcom with this arrange- 
ment; a multitude of others should 
work as well, including public -do- 
main programs) is to set the parame- 
ters to ignore DSR, CTS and RTS. 
However, be sure to set the commu- 
nication rate to 300 baud. 
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If you do not have a modem pro- 
gram, you can check out the system 
and two -way communications can be 
established by keying in and running 
the BASIC program given elsewhere 
in this article. Be sure to save the 
program to disk under the name 
"TERMCHK" or other easily re- 
membered filename before re -load- 
ing and running it. This short pro- 
gram can be entered in either Micro- 
soft BASIC or GW- BASIC. It scans 
the computer's keyboard and asyn- 
chronous communications COM 1 

port and then receives and transmits 
data to the screen. 

After keying in and saving the pro- 
gram, double -check it for extra com- 
mas and double or missing semicol- 
ons. All commas and semicolons 
shown send linefeeds to the screen 
and modem. 

Lines 20 and 30 of the program set 
the screen width to 80 columns and 
clear the screen. When RUN is en- 
tered, "ON LINE" appears on- 
screen, along with a blinking cursor 
that tells you that the program is 
waiting for data either from the key- 
board or the serial port. Either will 
cause printing to begin. Since the 
program prints whatever character it 

sees, backspaces and other control 
characters also appear on- screen and 
do not always work as you expect 
them to. 

Line 70 is the most important in 
the program. It opens the serial port 
at COM 1 and tells the communica- 
tions UART that 300 baud, no pari- 
ty, eight data bits and one stop bit are 
to be used. This permits enough syn- 
chronizing to avoid most data errors. 
If any of these parameters are not 
met, the program stops and tells you 
it has an error. This rarely occurs; 
but if it does, simply type "RUN" 
again to clear the error for communi- 
cation to continue. 

The remainder of line 70 tells the 
UART to ignore the CTS, RTS, DSR 
and CD (Carrier Detect) signals. 
These extra synchronizing signals are 
important in high -speed transmis- 

BASI(' Program for Testing N icAlodem Interface 

10 REM TERMCHK 
20 SCREEN 0,0: WIDTH 80 
30 KEY OFF:CLS: CLOSE 
40 DEFINT A -Z 
50 FALSE =O: TRUE =NOT FALSE 
60 XOFFS= CHRS(19): XONS= CHRS(17) 
70 OPEN "COM1:300,N,8,1,RS,CSO,DSO,000" AS *1 
80 OPEN "SCRN: "FOR OUTPUT AS *2 
90 LOCATE 1,1 
100 PRINT *2, "ON LINE" 
110 PAUSE =FALSE 
120 BS= INKEYS: IF BS<> "" THEN PRINT *1,BS; 
130 PRINT t12,8S;:REM SCREEN ECHO 
140 IF EOF(1) THEN 120 
150 IF LOC(1) 128 THEN PAUSE =TRUE 
160 PRINT t11,XOFF$; 
170 AS= INPUTS(LOC(1),N1) 
180 PRINT *2,AS;: IF LOC(1)>0 THEN 150 
190 IF PAUSE THEN PAUSE =FALSE 
200 PRINT *1,XON$, 
210 GOTO 120 

sion but can be ignored when com- 
municating at the slow 300 -baud 
speed of the VicModem. 

Going On -Line 

After saving and checking the pro- 
gram, turn off your computer and 
connect the interface to the VicMo- 
dem and the DB- connector at the end 
of the cable coming from the inter- 
face to your computer's COM 1 se- 
rial port. Plug in the transformer and 
verify that the originate tone is pres- 
ent, as described above. 

Now load first BASIC and then the 
TERMCHK program. This done, 
RUN the program. Call a local elec- 
tronic bulletin board, which will now 
answer with a tone of higher frequen- 
cy. Plug the handset cord from your 
telephone instrument into the jack on 
the VicModem. You should now be 
greeted with the sign -on message 
from the bulletin board service 

streaming across your computer's 
video screen in 80 columns. 

Once you are connected to the 
bulletin board, you will be asked to 
type in responses to a few questions. 
After typing in each response, enter a 
carriage return. If you get double 
characters on- screen when you type 
in your responses, stop the program 
with the BREAK key and delete line 
130 from the program. This line con- 
tains the screen echo command. 
Most electronic bulletin boards echo 
your characters; so line 130 is not us- 
ually needed once you are in commu- 
nication with the service. 

If the cursor just sits there in the 
same spot on your computer's video 
screen after you plug in the handset 
cord from your telephone instru- 
ment, the bulletin board may be wait- 
ing for you to type in something so 
that it can adjust to your system's 
baud rate. Many BBSs require you to 
tap the space bar on your computer 
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several times to establish the link. 
Others just start transmitting in 
either seven- or eight -bit data format 
to welcome you. 

If you get an immediate I/O error 
or garbage streaming across your 
screen after several tries, try chang- 
ing the 8 in line 70 of the program 
to a 7. More than likely, the BBS is 

not sending the same data format 
you have set up in line 70. The N, 8 

and 1 in line 70 can be changed as 
needed. Do not forget to include the 
commas when you enter the replace- 
ment line 70. 

If operating the space bar fails to 
produce a response after a few tap- 
pings, the data may not be getting 
through from your computer's key- 
board. This can be checked, again by 
use of the extension phone. You 
should be able to clearly hear the data 
chirps, along with the originate tone, 
as you type via the keyboard. If you 
do not hear any chirps, make certain 
that the project is plugged into the 
COM 1 serial port on your computer. 

Sometimes, there are switches inside 
your computer console that must be 
set to tell the computer which is the 
serial port. 

If incorrect connection to the com- 
puter is not the problem, recheck the 
TERMCHK program you typed into 
your computer and are currently run- 
ning. On the other hand, if you are 
using COM 2, simply change the 
wording in line 130 of the program to 
change it to COM 2 which should 
correct the problem. 

If the problem still persists, power 
down the project and disconnect it 
from both the VicModem and ac 
line. Recheck all wiring and compo- 
nent installations. Rectify any prob- 
lem in component installation and/ 
or wiring before proceeding. 

Once you have the system up and 
running, you will appreciate the 
work you put into adapting the Vic - 
Modem you had gathering dust for 
want of use to your computer. With 
it, you have access to a whole new 
world of communicating. 

How do I get 
more data? 

Use the 
free 
into 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. 

THE HOUSE SITTER THAT 
DOESN'T NEED A KEY 

Use the keyboard to set 
emergency phone numbers, high 
and low temperatures. listen -in 
time and more 

ALERT /CANCEL key 
cancels automatic dial -out, 
al lows you to answer phone 

WHAT IS key lets you 
listen to function 
settings and dial -out 
numbers 

"This is 555 -3210. Alert condition is OK. Temperature 
is 65 °. Electricity is on. Sound level is OK." Monitoring 
your home from work or a vacation spot is made easy 
with the Heath/Zenith House Sitter Security Monitor/ 
Dialer. 

Monitors Your Home 
When you call, the House Sitter will report on the AC 
electric power, the room temperature - comparing it 
with high and low limits you've already set, loud noises 
such as burglar alarms and fire alarms , the unit's own 
battery backup condition, and an additional alert condi- 
tion. You can even listen to the sounds in the room 
using the built in microphone. 
0I990. Heath Company 
Subsidiary of Bull Data Systems. Inc. 

Use the keyboard to 
ask for information 

SET key allows you 
to change previous 
settings 

SENSOR ON /OFF key 
chooses the functions 
to report 

ONLY 
$129.95 

Dials Out In Alert Conditions 
Set the unit to call out to your office, neighbors' and rela- 
tives' to announce any alert conditions that are outside 
preset limits. Up to four numbers can be programmed. 

Order Toll Free 1 -800- 253 -0570 
The SD -6230 House Sitter is yours for only $129.95 *. To 
order, call toll -free 1 -800- 253 -0570. VISA, MasterCard, 
American Express or your Heath Revolving Charge card 
accepted. Use order code 620 -XXX. 

See our full line of electronic products for 
your home in the Heathkit catalog - call 
1- 800 -44-HEATH for your FREE copy. 

'Price does not include shlppmg and handling. or applicable sales tas. 

Heath® 
Benton Harbor, MI 

CIRCLE NO. III ON FREE INFORMATION CARD 



Project 

Dual-Application 
Telephone Security System 

(Conclusion) 
Construction, checkout, use and installation details 
for this automatic call -screening and remote appliance 
controller device 

By Anthony J. Caristi 

Last month in Part 1 of this 
article, we discussed in detail 
the operation of the various 

elements that make up this extremely 
useful Security System and its op- 
tional Answer Module and various 
interface circuits. This time around, 
we focus on construction details, 
checking out the wired project and 
installation and use. 

Construction 
The main part of the Security System 
(and Answer Module, if used) can be 
wired on singled -sided printed -cir- 
cuit boards. If you do not wish to fa- 
bricate your own boards or obtain 
them from the source given in the 
Note at the end of the Parts List, you 
can wire the circuitry on perforated 
board that has holes on 0.1 -inch cen- 
ters, using suitable Wire Wrap or sol- 
dering hardware. If you wish to fa- 
bricate your own pc boards, use the 
actual -size guides shown in Fig. 7 for 
the Security System and Fig. 8 for the 
Answer Module circuitry. 

From here on, we will assume that 
you are using pc construction. There- 
fore, refer to Fig. 9 for wiring in- 
structions for the main Security Sys- 
tem board. (If you are using point -to- 
point wiring, arrange the compo- 
nents approximately as shown in the 
Fig. 9 and Fig. 10 wiring guides for 

the main Security System and option- 
al Answer Module boards.) 

Begin wiring the main board by in- 
stalling and soldering into place the 
sockets for the ICs. Do not plug the 
ICs into the sockets until after you 
have conducted preliminary voltage 
checks and are certain that the board 
has been correctly wired. 

Continue populating the main 
board by installing and soldering into 
place the resistors. Follow with the 
capacitors, diodes and crystal. Make 
certain that the electrolytic capaci- 
tors and all diodes are properly ori- 
ented before soldering their leads in- 
to place. Then install and solder into 
place regulator ICII , making certain 
that it is properly based before sol- 
dering its pins into place. Now install 
power transformer TI in the location 
shown. Make absolutely certain that 
you do not interchange the primary 
and secondary leads. 

This circuit -board assembly re- 
quires installation of 12 jumper wires 
to properly complete the circuit. The 
board includes pads for these instal- 
lations. Use 24- or 26 -gauge stranded 
insulated hookup wire for these 
jumpers. As you cut each wire to 
length, strip 'A inch of insulation 
from both ends. Then tightly twist 
together the fine conductors at both 
ends and sparingly tin with solder be- 
fore installation. Install the jumpers 
as follows: 

IC3 pin 14 to IC6 pin 16 

IC6 pin 16 to IC4 pin 16 

IC5 pin 16 to IC4 pin 16 

IC8 pin 2 to IC6 pin 9 
IC8 pin 4 to IC7 pin 9 

IC6 pin 2 to IC4 pin 11 

IC6 pin 7 to IC4 pin 9 
IC6 pin 15 to IC4 pin 14 

IC5 pin 9 to IC7 pin 7 

IC6 pin 8 to IC4 pin 8 

IC3 pin 8 to IC4 pin 8 

IC8 pin 15 to IC3 pins 1 and 2 

As you install each jumper, check the 
appropriate box above. 

Strip ''A inch of insulation from 
both ends of 12 5- inch -long hookup 
wires. If you are using stranded wire, 
prepare them as above. Plug one end 
of nine of these wires into the holes 
labeled A through G and any of the 
GND holes in the circuit -board assem- 
bly. Plug one end of two more wires 
into the holes labeled S3 and the re- 
maining wire into the hole labeled TO 

FI. Solder each wire into place as you 
install it. The free ends of the first 
nine wires go to the S1 /S2 DIP switch 
assembly, which mounts on the top 
panel of the enclosure in a DIP sock- 
et of its own. 

If you are using the optional An- 
swer Module, wire it exactly as 
shown in Fig. 10. Again, use sockets 
for the DIP ICs, but do not plug the 
ICs into the sockets until after you 
have conducted preliminary voltage 
checks and are certain that the cir- 
cuit -board assembly has been prop- 
erly wired. Make sure the diode and 
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electrolytic capacitors are properly 
oriented before soldering them into 
place. Also, install wire leads for the 
LED, + 5 -volt, ground, and tele- 
phone -line connection lines. 

The entire project, including main 
circuit -board assembly and any op- 
tions you plan to use with it, can be 
housed inside a suitable enclosure. 
This can be any commonly available 
type that accommodates the circuit - 
board assembly and has room on one 
of its panels for the DIP switch as- 
sembly, toggle- or slide -type POWER 
and pushbutton RESET switches, two 
telephone jacks and the piezoelectric 
buzzer, plus interior room for the op- 
tional Answer Module and any re- 
mote- control interface you might 
wish to use. 

Machine the enclosure as needed. 
Drill mounting holes for the main cir- 
cuit -board assembly through the 
floor of the enclosure and an entry 
hole for the ac line cord and another 
smaller hole for mounting the fuse 
holder through the rear panel. This 
done, machine the top panel to per- 
mit mounting a 16 -pin DIP solder - 
tail IC socket in which the SI,S2 
code -selector switch assembly will 

plug. Then make the cutouts for 
modular telephone jacks 11 and J2. 
Next, drill the holes in which to 
mount RESET switch S3 and POWER 
switch S4. Finally, drill a series of 
small holes through the panel in the 
area where piezoelectric buzzer PBI 
will mount. 

If you are employing the Answer 
Module, also drill a small hole in the 
top panel in which to mount the LED 
for the Module and two other holes 
to mount the Module's circuit -board 
assembly. 

Should you be employing any of 
the remote -control interface circuits 
discussed, mount the components 
for the chosen one on a small perfor- 
ated board and wire them together. 
Then drill mounting holes for the 
small assembly. Also, make a cutout 
in the rear panel of the enclosure for 
the ac receptacle into which the light 
or appliance to be controlled plugs. 
Finally, if you are using a high -power 
relay for the interface circuit, drill 
suitable holes to permit mounting it 
inside the enclosure. 

When you are finished machining 
the enclosure, deburr all holes and 
cutouts made in any metal panels to 

remove sharp edges. If you are using 
a metal enclosure, line the entry hole 
for the ac line cord with a rubber 
grommet. Then use a dry- transfer 
lettering kit to label the top panel (see 
lead photo for suggested component 
layout and legends). Protect the leg- 
ends with two or more light coats of 
clear acrylic spray. 

When the top panel is ready, 
mount the two modular telephone 
jacks, POWER switch and DIP socket 
for the S1 /S2 switch assembly in 
their respective cutouts and holes. 
Use silicone adhesive or a fast -setting 
epoxy cement to secure the modular 
telephone jacks in place. Then use sil- 
icone adhesive to mount the piezo- 
electric buzzer in place, centering its 
sound element over the small holes 
you drilled for the sound to escape. 

Since only the red- and green -insu- 
lated conductors from the modular 
telephone jacks are used in this proj- 
ect, clip off the yellow- and black -in- 
sulated wires to prevent them from 
interfering with the rest of the circuit- 
ry. If the ends of the connector wires 
are not already prepared for installa- 
tion, strip % inch of insulation from 
the free ends of each. Tightly twist 

Fig. 7. Actual -size etching- and -drilling guide for main printed -circuit board. 
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Main Circuit 
Semiconductors 
DI thru D5- 1N4004 or silicon 

rectifier diode 
ICI- LM358N operational amplifier 
IC2- M957 -20 DTMF receiver (Teltone) 
IC3- CD4011B quad 2 -input NAND 

gate 
IC4,IC5- CD4585B 4 -bit magnitude 

comparator 
IC6,IC7- CD40175B quad D -type 

flip -flop 
IC8- CD4017B Johnson decade counter 
IC9- LM555CN timer 
IC I0 -H 1 I A 1 or equivalent optical 

isolator 
IC 11- AN78L05 fixed + 5 volt regulator 

Capacitors 
Cl,C2- 0.00l -µF, 300 -volt ceramic disc 
C3,C6- 0.1 -µF, 50 -volt ceramic disc 
C4,C9 -1 -µF, 10 -volt electrolytic 
C5- 10 -µF, 25 -volt electrolytic 
C7- 47 -µF, 10 -volt electrolytic 
C8- 0.01 -SF, 50 -volt ceramic disc 

Resistors (1/4-watt, 10% tolerance) 
R1,R2- 470,000 ohms 
R3- 220,000 ohms 
R4,R5,R7,R9,R12 thru R19- 47,000 

ohms 
R6- 56,000 ohms 
R8,R10 -1 megohm 
R11- 390,000 ohms 
R20 -4,700 ohms 

Miscellaneous 
PBI- Piezoelectric buzzer (Radio Shack 

Cat. No. 273 -060 or similar 
11,J2-Chassis-mount modular tele- 

phone jack 
SI,S2- Eight -position spst DIP switch 

(see text) 
S3- Normally -open spst pushbutton 

switch 

PARTS LIST 

S4 -Spst toggle or slide switch 
XTAL- 3.58 -MHz colorburst crystal 

Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); suitable enclo- 
sure; sockets for all DIP ICs and 51/ 
S2 assembly; modular connectors; 
machine hardware; hookup wire; sol- 
der; etc. 

Answer Module 
Semiconductors 
D6- 1N4004 or similar silicon rectifier 

diode 
IC 12 -TCM 1520AP ring detector 

(Texas Instruments) 
IC13 -HI IAI or equivalent optical 

isolator 
IC14- LM555CN timer 
IC 15 -H I I D2 or equivalent optical 

isolator 
LED1 -2 -volt, 20 -mA light- emitting 

diode 

Capacitors 
C10-0.33-AF, 250 -volt Mylar or paper 
C11- 10 -µF, 50 -volt electrolytic 
C12- 33 -µF, 10 -volt electrolytic 

Resistors (' /. -watt, 10% tolerance) 
R21 -2,200 ohms 
R22 -560 ohms 
R23- 47,000 ohms 
R24 -1 megohm 
R25 -150 ohms 
R26 -150 ohms (% -watt) 

Miscellaneous 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); sockets for DIP 
ICs; machine hardware; hookup 
wire; solder; etc. 

Interface Circuits 
Semiconductors 
D7,D8- 1N4004 or similar silicon rec- 

tifier diode 
IC 16, IC 17- MOC3011 or equivalent 

optical isolator 
IC18- LM555CN timer 
SCR I ,SCR2,SCR3-MCR100-4 or 

similar sensitive -gate silicon - 
controlled rectifier 

Q1-6-ampere, 200 -volt triac (Radio 
Shack Cat. No. 276 -1000 or similar - 
see text) 

Q2- 2N3904 or similar npn silicon 
transistor 

Resistors ('' /. -watt, 10% tolerance) 
R27,R3I ,R34,R38 -2,200 ohms 
R28,R32,R35- 10,000 ohms 
R29,R33 -220 ohms 
R30 -150 ohms 
R36,R37 -4,700 ohms 
Miscellaneous 
K 1,K3 -5 -volt dc relay with spst or spdt 

contacts (Radio Shack Cat. No. 275- 
243 or similar -see text) 

K2- 117 -volt ac relay with 10- ampere 
spdt or dpdt contacts (Radio Shack 
Cat. No. 275 -217 or similar -see text) 

S5,S6,S7 -Spst toggle or slide switch 
S8,S9- Normally -open, momentary - 

action spst pushbutton switch 
Machine hardware; hookup wire; 
solder; etc. 

Note: The following items are available from 
A. Caristi, 69 White Pond Rd., Wald- 
wick, NJ 07463: Ready -to -wire main pc 
board, $19.75; Answer Module pc board, 
$9.75; LM358N, $1.75; M957, $18.75; 
CD4011, $1.75; CD4585, $3.95 each; 
CD40175, $3.75 each; CD4017, $1.75; 
AN78L05, $1.50; TCMI520AP, $6.75; 
optoisolators, $3.95 each (state quantity 
and type number);MCR -100, $1.95 each. 
Add $2.50 P &H per order. New Jersey 
residents, please add sales tax. 

together first the green -insulated and 
then the red -insulated conductors on 
both jacks. 

If you are using the optional An- 
swer Module, also twist its input 
leads with the appropriately coded 
conductors from the jacks. Plug the 
ends of these conductor pairs (or 
triplets) into the holes in the main cir- 

cuit -board assembly- observe prop- 
er polarity! -and solder into place. 

Wire the + 5 -volt and ground leads 
of the Answer Module to the main 
circuit -board assembly and slip f- 
inch lengths of small- diameter heat - 
shrinkable tubing over the free ends 
of the wire leads coming from it for 
the LED. Then identify the cathode 

lead of the LED and clip it to a length 
of '/ inch. Form a small hook in the 
remaining stub and crimp and solder 
the free end of the cathode wire corn- 
ing from the circuit -board assembly 
to it. Repeat with the anode lead and 
wire. When the connections cool, 
slide the tubing up over the connec- 
tions until it is flush with the bottom 
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of the LED case and shrink into 
place. Then, observing polarity, wire 
the piezoelectric buzzer to the main 
circuit -board assembly. 

Assuming you are using one of the 
remote -control interface circuits de- 
scribed earlier, wire it to the main cir- 
cuit -board assembly, making sure 
you correctly polarize its power leads 
and connect its input wire to the out- 
put at pin 4 of IC3B on the main cir- 
cuit -board assembly. 

Mount the ac receptacle of the re- 
mote- control interface option on the 
rear panel in its cutout. Then mount 
the fuse holder and any interface re- 
lay you are using in their respective 
locations with appropriate machine 
hardware. 

Pass the free end of the ac line cord 
through the hole you drilled for it in 
the rear panel and tie a strain- reliev- 
ing knot in it about 5 inches from the 
unfinished end inside the enclosure. 
Tightly twist together the fine wires 
in each conductor and sparingly tin 
with solder. Plug one conductor into 
the hole labeled LINE CORD on the 
main circuit -board assembly and sol- 
der into place. 

Now mount the main circuit -board 
assembly in place on the floor of the 
enclosure, using 1/2-inch spacers and 
4 -40 x 3/4 -inch machine screws, nuts 
and lock washers. Using suitable ma- 
chine hardware, mount any other cir- 
cuit assemblies you plan on using in- 
side the enclosure. 

Carefully crimp and solder the free 
ends of the SI and S2 wires coming 
from the main circuit -board assem- 
bly to the appropriate pins of the DIP 
socket you mounted on the top panel 
of the enclosure. Use the positions 1 

through 4 socket pins for SI and 
positions 5 through 8 pins for S2. 

If the DIP switch assembly does 
not have one side of all eight switches 
in the DIP -switch assembly internal- 
ly wired in common, connect and sol- 
der a shorting wire across all IC sock- 
et pins that go to the toggles of the 
switches and terminate this connec- 
tion with the SI /S2 common wire 

coming from the main board. 
When you are done, carefully in- 

spect your work, particularly for in- 
advertent solder bridges between the 
closely spaced pins of the socket. If 
you missed a connection, solder it 

now. If any connection appears 
grainy, reflow the solder on it. If you 
locate any solder bridges, clear them 
with desoldering braid or a vacuum - 
type desoldering tool. 

Crimp and solder the remaining ac 
line cord conductor to one lug of the 
POWER switch. Crimp and solder the 
free ends of the S3 wires to the lugs of 
the pushbutton RESET switch. Then 
use a short length of hookup wire to 
bridge from the other lug of the POW- 

ER switch and one lug of the fuse 
holder. Locate the wire coming from 
the TO FI hole on the main circuit - 
board assembly and crimp and solder 
its free end to the other lug of the fuse 
holder. Place a 'h- ampere slow -blow 
fuse in the holder. 

Plug the LED coming from the 
Answer Module circuit -board assem- 
bly into the hole you drilled for it 

through the top panel. If the LED 
does not remain in place by friction, 
secure it with a small daub of silicone 
adhesive or fast -setting epoxy cement. 

Checkout & Use 

To check out the project, all you need 
is an analog or digital multimeter 
capable of measuring dc potentials of 
up to 20 volts. If you discover a prob- 
lem, an oscilloscope can be very use- 
ful for troubleshooting the project. 

Before applying power to the proj- 
ect, make sure that no DIP ICs are 
plugged into the sockets of any cir- 
cuit module. Begin by clipping the 
common lead of the meter, set to 
measure dc volts, to any convenient 
point that is at circuit ground and 
leave it there throughout the follow- 
ing tests. 

Plug the project into a convenient 
ac outlet and set the POWER switch to 
"on." Now, keeping well clear of the 
potentially lethal ac line voltages in 

°"`) 

c'IA-i 
Fig. 8. Actual -size etching- and -drill- 

ing guide for Answer Module. 

the TI primary circuit, touch the 
"hot" probe of the meter to the OUT 

pin of ICII and note the reading ob- 
tained. If it is not +5 volts, power 
down and unplug the project from 
the ac line. Check out the entire pow- 
er supply for correct wiring and com- 
ponent orientations and basing. Do 
not proceed until the problem has 
been corrected. 

Once you are sure of the power - 
supply wiring, touch the "hot" 
probe of the meter to pin 8 of the ICI 
and IC9 sockets; pins 2, 3, 5, 6, 8, 9 

and 16 of the IC2 socket; pin 14 of the 
IC3 socket; pins 6 and 16 of the IC4 
socket; pin 16 of the IC5 through IC9 
sockets; and pin 5 of the /C/O socket. 
In all cases, you should obtain a read- 
ing of approximately +5 volts. If 
not, power down and rectify the 
problem before proceeding. 

Next, check out the Answer Mod- 
ule circuit -board assembly. Leave the 
common lead of the meter connected 
to circuit ground. Touching the 
"hot" meter probe to pin 5 of IC13 
and pins 4 and 8 of the IC14 socket 
should yield a reading of about + 5 

volts if all is okay. 
Finally, check out power distribu- 

tion in any remote -control interface 
circuit you may have incorporated 
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into your project. 
Once you are certain that the proj- 

ect has been properly wired, set the 
POWER switch to "off" and unplug 
the line cord from the ac receptacle. 
Allow time for the charge to bleed off 
the electrolytic capacitor in the pow- 
er supply. Then plug the ICs and op- 
tical isolators into their respective 
sockets and the DIP switch assembly 
into its socket on the top panel of the 
enclosure. 

Make sure you properly orient 
each IC as you plug it into its socket. 
Also, make sure that no pins over- 
hang any socket or fold under be- 
tween IC and socket. 

Connect the project to the tele- 
phone line using a standard tele- 
phone cord between the telephone 
wall jack and TELEPHONE LINE jack 
JI on the project. Plug a Touch 
Tone -type telephone instrument into 
ANSWERING MACHINE jack J2 on the 
project. (If you built in the optional 
Answer Module, disconnect it and 
temporarily connect the red- and 
green -insulated wires of the tele- 
phone in its place, observing correct 
polarity). 

Fig. 9. Wiring guide for main pc board. 

Set the SECURITY CODE DIP 
switches to any two -digit code. Table 
1 details the four -bit codes for the 12 

possible choices of each digit. In this 
Table, a 0 represents an open switch, 
a 1 a closed switch. If you want the se- 
curity code to be 15, for example, set 
Si and S2 as follows with the se- 
quence: ON OFF OFF OFF (SI portion) 
and ON OFF ON OFF (S2 portion). 

Once the SECURITY CODE switches 
have been set, apply power to the 
project. With the handset of the tele- 
phone instrument on -hook, the pie- 
zoelectric buzzer should be silent be- 
cause the on -hook logic generated by 
IC3 causes pin 4 of IC9 to be zero, 
which inhibits the ring circuit. 

Now lift the handset and listen for 
a dialtone. When you hear it, enter 
the security code by pressing the cor- 
rect buttons of the telephone keypad. 
When the second digit is entered, the 
buzzer should sound with a 1- second 
on /1- second off period. Placing the 
telephone handset back on -hook 
should silence the buzzer. 

Pick up the handset once again and 
enter the security code to enable the 
buzzer. While the handset is off- 

hook, pressing the RESET button 
should silence the buzzer. 

If you do not obtain the correct re- 
sponses, power down the project and 
rectify the problem before proceed- 
ing with final checkout. 

The circuit can be checked using an 
orderly sequence of tests to deter- 
mine the location of the fault. This 
can be done by measuring logic levels 
at strategic points in the circuitry 
with your multimeter. 

Begin checkout with an operation- 
al test of IC2. With the project pow- 
ered and the telephone off -hook, 
press any phone keypad buttons as 
you measure the voltage at pin 18 of 
IC2. Each time you press and hold a 
button, you should obtain a reading 
of about 5 volts. This indicates that 
the DTMF receiver is responding to 
the dual tones generated by the tele- 
phone. The data outputs at pins 20, 
21, 22 and 1 of IC2 should assume the 
logic levels listed in Table 1 as you 
hold down any keypad button. 

If IC2 does not properly decode 
the tones, check the ICI circuit. If an 
oscilloscope is available, check pin 14 

of IC2 to be certain that the crystal 
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oscillator is working. Normal indica- 
tion here is a 3.58 -MHz waveform 
with an amplitude of approximately 
5 volts peak -to -peak. Check the volt- 
age at the + 5 -volt and grounded pins 
of IC2 to be sure that every such pin 
of the chip has the correct voltage. 

With the telephone handset on- 
hook, the data outputs at pins 2, 7, 10 

and 15 of IC6and IC7should each be 
0000. Taking the handset off -hook 
and entering any two digits for the se- 
curity code, should cause the hexa- 
decimal data output of IC6 to con- 
tain the identity of the first digit and 
IC7 to contain the identity of the sec- 
ond digit. If not, check pins 1 and 2 

of IC3 to see if the transistor portion 
of ICIO conducts during off -hook 
operation ara provides a logic 0 level 
to IC3A. 

Check pin 15 of IC8 to be sure that 
it is high during the on -hook condi- 
tion and low for the off -hook condi- 
tion. Check pins 3, 2 and 4 of IC8 for 
the logic -1 condition that occurs 
when the chip is incremented from a 
count of 0 for on -hook to 1 and then 
2 as the digits are entered via the tele- 
phone keypad. 

Check pin 3 of IC5 to ascertain 
that it remains at 0 with the handset 
on -hook and goes to 1 (+ 5 volts) 
when the correct security code is en- 
tered. If not, make sure you have 
properly connected the data lines of 
the SECURITY CODE DIP switches in- 
to the circuit and check Table 2 to be 
sure you have properly set the 
switches. Pin 10 of IC4 and IC5 
should be connected to the least - 
significant bit (LSB) switches of S1 
and S2. Pins 7 and 2 represent more - 
significant bits up to the most- signifi- 
cant bit (MSB), which is located at 
pin 15 of IC4 and IC5. 

With pin 3 of IC5 high when the 
correct security code is entered, pin 4 

of IC9 should be high, enabling this 
chip and causing it to oscillate. If 
not, check all sections of IC3 for cor- 
rect logic levels. 

If IC9 does not oscillate at about 
0.5 Hz when enabled with a high log- 
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Fig. 10. Wiring guide for Answer 
Module pc board. 

is condition at pin 4, check the values 
of RIO and R11. Make sure IC9, C4 
and C9 are properly oriented. If all 
else fails, try another 555 chip. 

To check out the Answer Module, 
reconnect it to the telephone line in- 
side the project in correct polarity 
(see Fig 1). To make the test, have 
someone call the number of the line 
from an outside telephone. When the 
call is made, the Answer Module 
should immediately capture it, light 

Table 1. 1C2 Hex Outpul Values 

Keypad Hexadecimal Code 
Digit 8 4 2 1* 

1 0 0 0 1 

2 0 0 1 0 
3 0 0 1 1 

4 0 1 0 0 
5 0 1 0 1 

6 0 1 1 0 
7 0 1 1 1 

8 1 0 0 0 
9 1 0 0 1 

o 1 0 1 0 

1 0 1 1 

1 1 0 0 

' Binary values at pins 20, 21, 22 and I, 
respectively 

the LED and terminate the ring sig- 
nal. The caller may not hear the nor- 
mal ring signal in his handset, and 
any telephone connected to the called 
number may not ring. When the call 
is answered by the Answer Module, 
the caller hears no sound other than a 
click when the line is seized. At the 
end of the 30- second timing cycle of 
the Answer Module, another click 
will be heard, indicating that the line 
has disconnected. 

If you do not obtain the above re- 
sponses, check all plug -in and polar- 
ized components to be sure that they 
have been properly installed. If a vis- 
ual check fails to reveal the problem, 
check out ICII by connecting it to a 
telephone line (with correct polarity) 
and using the ring signal when that 
line is called to provide power. The 
ring signal detector can be checked 
by measuring the dc voltage between 
pins 4 and 7 of IC11. When the ring 
signal is present, normal potential is 

about 5 volts dc. 
With 5 volts dc from the main cir- 

cuit -board assembly in the project 
applied to the Answer Module, IC14 
can be triggered by momentarily 
shorting pins 1 and 2 of the chip. 
When this is done the one -shot tim- 
ing is initiated and pin 3 rises to a lev- 
el of about + 3 volts and remains 
there throughout the timing cycle. 

When IC15 is activated by IC14, 
the phototransistor inside IC15 con- 
ducts and connect R26across the red - 
and green -coded input terminals. 
The LED will provide visual indica- 
tion of the current draw from the tel- 
ephone line. If IC14 operates proper- 
ly with the telephone line ring signal 
but the circuit does not seize the line, 
check the orientations of D6 and 
LEDI and the polarity of the tele- 
phone line input connections to the 
Answer Module. 

There are several ways in which the 
Dual- Application Telephone Securi- 
ty System can be connected into your 
telecommunications system. You 
can use the system with an existing 
telephone answering machine. Alter- 
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Fig. 11. Two methods of connecting project into a telecommunications system: (A) When using optional Answer Mod- 
ule and (B) when using an existing answering machine, both with an optional local telephone instrument. 

natively you can use it with the op- 
tional Answer Module in place of an 
answering machine. In either config- 
uration, you can use the system with 
or without a local telephone. 

If you do not have an answering 
machine, simply use the optional An- 
swer Module in its place. Any local 
telephone instrument then plugs into 
the ANSWERING MACHINE jack on 
the project. Connection to the tele- 
phone line is accomplished with a 
standard telephone cord plugged into 
the TELEPHONE LINE jack on the 
project and telephone wall box. This 
is illustrated in Fig. 11(B). 

If you use the basic system with an 
existing answering machine, you can 
connect a standard telephone cord 
between the telephone wall jack and 
the TELEPHONE LINE jack on the 
project. Then plug the input cord 
from the answering machine into the 
ANSWERING MACHINE jack on the 
project. This arrangement is illus- 
trated in Fig. 11(B). If you want to 
use a separate telephone instrument 
with this arrangement, you can plug 
it into the TO TELEPHONE jack on the 
rear of the answering machine. If the 
answering machine does not have 
such a jack, plug a T adapter into the 
ANSWERING MACHINE jack on the 
project and plug and the answering 
machine and instrument into the re- 
ceptacles on the adapter. 

Connect the project into your tele- 
communications system according to 
what other equipment you have. If 
you are going to use your telephone 

security system as a call- screening de- 
vice with an existing answering ma- 
chine, record an outgoing message 
that informs the caller to enter the se- 
curity code. If a caller does not have 
the security code, instruct him to 
leave a message. 

If your project is to be used as a re- 
mote- control device, there is no need 
to change your existing answering ma- 
chine outgoing message. Alternative- 
ly, you can install the Answer Module 
in place of the answering machine. 
Remember, with the Answer Module, 
callers will not hear a message. 

Connect the project to the tele- 
phone line and answering machine or 
Answer Module, if used, according 
to the appropriate diagram in Fig. 
11. Make sure not to interchange the 
two telephone cables shown. Apply 
ac power to the project and select 
your security code via the DIP 
switches in accordance with Table I . 

Any two -digit code indicated in Ta- 
ble 2 is permissible, including the 
characters * and #. 

If you have a second telephone 
line, use it to call the number to which 
the project is connected. Otherwise, 
have a friend call your number so 
that you can check the operation of 
the project. 

When the number is called, the an- 
swering machine will transmit its out- 
going message or the Answer Module 
will seize the line as soon as the call is 

received. When the call is answered, 
the security code should be entered 
by the caller. As soon as the second 

digit is entered, the buzzer should 
sound its 1- second on /1- second off 
ring signal. Any telephone instru- 
ment connected to the called number 
can be picked up to permit conversa- 
tion. Pressing the RESET button on 
the project should silence the ring. 

If you want a two -tier system for 
call screening, you can inform 
whomever you wish of one security 
code and others of the "priority" 
code. During normal hours, your Se- 
curity System can be set to respond to 
the first code, while late at night, the 
code can be changed to "priority." 
Should important callers ever call on 
the first code and get no response, 
they can call again and use the prior- 
ity code to get through. 

It is not necessary to silence the 
ringer of the telephone instrument or 
answering machine connected to the 
telephone line. The Security System 
always intercepts the call and stops 
the telephone company ring signal. 
However, if your answering machine 
takes one or two rings to do this, you 
can usually switch off the ringer of 
the telephone or machine if desired. 
This way, you will not be disturbed 
by any call not authorized to get 
through to you. 

When the project is to be used as a 
remote -control device, call your 
number and enter the security code 
after the call is intercepted by the an- 
swering machine or Answer Module. 
Then simply hang up. When you get 
home, you will find that your corn - 
mand has been obeyed. AE 
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EARN YOUR \ 
B.S.E.E. . 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced- Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 
duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up- 
grade your status and pay to the Engineering 
Level. Advance Rapidly! Many finish in 12 
months or less. Students and graduates in al 50 
States and throughout the World. Established 
Over 40 Years! Write for free Descriptive Lit- 
erature. 

COOK'S INSTITUTE 
OF ELECTRONICS ENGINEERING 
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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 
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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. 
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High -Power Visible Light- Emitting Diodes 

By Forrest M. Mims, III 

Once as rare and costly as rubies, light - 
emitting diodes (LEDs) have become one 
of the most widely available electronic 
components. In recent years, there have 
been significant reductions in prices for 
visible LEDs. Equally important is the 
development of a new generation of high - 
power LEDs that produce as much as or 
more light than an incandescent lamp. 

In this column, I'll cover the various 
kinds of high -power red LEDs and de- 
scribe several applications. While some 
of these applications specifically require 
visible light, others show how high -pow- 
er red LEDs can sometimes be substituted 
for their infrared cousins. 

Early Visible LEDs 
Last month, I told how in 1966 Dr. Edwin 
Bonin of Texas Instruments gave me 
some early high -power near -infrared 
emitting diodes for use in a travel aid I 

had designed for the blind. During our 
meeting, Dr. Bonin reached into a desk 
drawer and pulled out a small penlight 
that emitted a pinpoint of red light, which 
was generated by a new kind of LED I 

had not yet heard about, one that emitted 
visible light, rather than near -infrared. 

I was as intrigued by that relatively fee- 
ble red LED as by the array of powerful 
near -infrared emitters Dr. Bonin placed 
on his desktop. A few years would pass 
before I could experiment with red LEDs 
since they were still experimental devices. 

The visible LED Dr. Bonin showed me 
was made from gallium arsenide phos- 
phide (GaAsP). While GaAsP LEDs are 
inexpensive and widely used as indica- 
tors, a new generation of aluminum galli- 
um arsenide (AIGaAs) heterostructure 
LEDs generate ten times or more optical 
power when driven by the same current 
level. These new LEDs are so efficient 
that their output power is comparable to 
near -infrared emitting LEDs driven by 
the same current level. Even more re- 
markable is that these new LEDs emit us- 
able light when driven by a current of a 
milliampere or less. 
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Fig. I. Spectral emission of 660 -nm LED and infrared LEDs. 

Figure 1 is a spectrum graph that com- 
pares the peak wavelength of an A1GaAs 
660 -nanometer red LED with the peak 
wavelengths of the two most common 
high -power near -infrared LEDs. Note 
that a silicon detector is only about 60 
percent as responsive to the radiation 
from a 660 -nm device as to the near -in- 
frared wavelengths emitted by the other 
two devices. 

Powering High -Power LEDs 
Most epoxy -encapsulated high -power 
red LEDs are rated for a maximum con- 
tinuous forward current of 50 milliam- 
peres. As with infrared LEDs, maximum 
drive current can be increased consider- 
ably if it is applied in brief pulses that 
don't appreciably heat the chip. For ex- 
ample, Stanley's H2K is specified as a 
2,000 -millicandela emitter when driven 
by 20 milliamperes of forward bias. This 
corresponds to an output power of 
around 6 milliwatts. 

This same diode can be driven by cur- 
rent pulses having a peak amplitude of 
300 milliamperes, as long as the pulse du- 
ration does not exceed 1 millisecond and 
duty cycle remains below 5 percent. At 
300 milliamperes, the diode emits more 

than 10 times the optical power it emits at 
20 milliamperes. 

Light emitted by a high -power LED is a 
linear function of the forward current so 
long as the LED is not overheated. Figure 
2 shows the power in the central beam 
emitted by a Stanley H2K LED biased by 
from 0 to 50 milliamperes. To make this 
graph, I directed the light in the central 
beam emitted by the LED at a calibrated 
silicon solar cell. I then measured the cur- 
rent from the solar cell for each of a range 
of LED currents and calculated the pow- 
er emitted by the LED. As you can see, 
this AlGaAs 660 -nm red LED provides 
about the same power level as an AlGaAs 
880 -nm near -IR LED. 

Low -Power Operation 
Of High -Power LEDs 
While the amazingly bright light pro- 
duced by high -power LEDs is what inter- 
ests most users most, it's important to re- 
member the low -power advantage of 
high -power LEDs. Because of their very 
high power conversion efficiency, a typi- 
cal super- bright LED will emit a visible 
red glow when forward biased by a cur- 
rent of a milliampere or less. This means 
high -power LEDs can be directly driven 
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Fig. 2. Output power in central beam of H2K super- bright LED. 

from CMOS and other low- current 
sources. They can even be powered by su- 
per capacitors, various kinds of home- 
made batteries and tiny solar cell arrays. 

When operating a super- bright LED 
continuously, be sure to provide an ap- 
propriate value of current limiting resis- 
tance. Otherwise, the LED will draw ex- 
cessive current from the source and de- 
feat the advantage of its ability to glow 
when driven by a very small current. 

The value of series resistance is found 

by subtracting the LED forward voltage 
(see the data sheet) from the supply volt- 
age and dividing the result obtained by 
the desired forward current using the for- 
mula Rin = (Vin - VLED) /ILED 

Assume, for example, that you are us- 
ing a 3 -volt lithium cell to power an 
AIGaAs LED with a forward potential of 
2.2 volts. You want to drive the LED at a 
forward current of around 5 milliamperes. 
The series resistance is then (3 - 2.2)/ 
0.005, or 160 ohms. The closest standard 

resistance value to this is 150 ohms. Rear- 
ranging the formula to solve for LED 
current gives 'LED = (Vin - VLED) /Rs 
Inserting 150 ohms for Rs gives a forward 
current of 5.33 milliamperes, which is 

only around 6 percent more than your 
objective. 

How Bright is Bright? 
The brightness of visible LEDs is speci- 
fied in millicandelas. An article on this 
subject in The Hewlett- Packard Journal 
(August 1988) noted that a diode's on- 
axis viewing intensity, the so- called milli - 
candela rating, can be very misleading. 
This is because the same LED chip can 
have strikingly different millicandela rat- 
ings when encapsulated in different pack- 
ages that alter the beam pattern emitted 
by the chip. Here, for example, is how 
changes in the beam pattern from the 
same chip installed in various packages 
affects the millicandela rating: 

On -Axis Intensity 
( millicandelas) 

Beam Angle 
(degrees) 

60 60 
100 45 
200 30 
250 24 
500 17 

1,000 8 

From this table, it's immediately obvious 

Fig. 3. A large Sharp L T9512U high -power red LED (left) along- 
side a standard high -power red LED. 

Fig. 4. Light emission pattern from a typical high- brightness 
red LED. 
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Fig. 5. Beam cross- section of a Stanley 
H1 K with centered chip. 

that a diode that has a narrow beam pat- 
tern has a far higher on -axis intensity rat- 
ing than a diode with a broad beam 
pattern. 

The easiest way to increase the on -axis 
viewing intensity, hence millicandela rat- 
ing, of a LED, is to mold the epoxy en- 
capsulant into a suitable collimating lens. 
Since the LED chip is large in relation to 
the focal length of the lens provided by a 

conventional LED package, beam diver- 
gence is limited to a minimum of around 
20 degrees or so at the half power points, 

A standard super- bright LED is shown 
alongside a much larger LT -95I2U LED 
made by Sharp Corp. in Fig. 3. This LED 
is available from Radio Shack (Cat. No. 
276-086) for $4.99. The advantage of the 
large LED over the smaller unit is the in- 
creased distance between the LED chip 
and the lens formed by the end of the 
epoxy package. This provides a narrower 
beam and, therefore, a higher brightness 
when the LED is viewed along its axis. 

Consequently, the LT -9512U is rated for 
a luminous intensity of 5,000 millican- 
delas while the smaller LED, which has a 

similar chip but a larger beam divergence, 

is rated at 2,000 millicandelas. 

LED Beam Patterns 
If you've used near -infrared LEDs, you 
know the frustration of trying to deter- 
mine the shape of the projected beam. 
For this reason alone, I look forward to 

Fig. 6. Beam cross- section of a Stanley 
HIK with slightly misaligned chip. 

using a super -bright LED as an optical 
source in a miniature lightwave commu- 
nication system I'm planning to build. 
For example, the super- bright LED in 
Fig. 4 clearly shows the projected beam as 

it illuminates the white card on which the 
LED is resting. Note the substantial off - 
axis illumination that forms a halo 
around the central beam when viewed 
on -axis. 

Although LED manufacturers specify 
the beam shape of their LEDs, slight mis- 
placement of the LED chip can alter the 
specified beam pattern. You can quickly 
evaluate a LED's beam pattern by point- 
ing the device at a white card or by ob- 
serving it through a piece of ground glass. 

Figure 5, for example, shows the beam 
pattern produced by a Stanley HIK with 
a properly centered chip. The same type 
of LED in Fig. 4 is shown with a slightly 
misaligned chip in Fig. 5. I made both 
photos by placing the LEDs a few centi- 
meters behind a ground glass screen on 
which a camera was focused. 

The chips in Fig. 5 and Fig. 6 are so well 
focused that their square edges are visi- 
ble. Figure 7 shows the beam pattern 
from an International Devices ID 3000 - 

UR LED. Because of slight de- focusing, 
the chip is less well defined and the off - 
axis halo is blurred. While this LED will 
have a somewhat broader beam, it will 
provide a more diffuse light source. 

Finally, Fig. 8 shows the beam pattern 
from a Sharp LT9512U LED. Even 

Fig. 7. Beam cross- section of Interna- 
tional Devices ID 3000 -UR LED. 

though the square chip is not well de- 

fined, the very large dimensions of this 
light- emitting diode provide a very nar- 
row and intense beam. 

Pulsed High- Current 
LED Driver Circuit 
Figure 9 shows the details of a driver cir- 
cuit that can apply very fast, high- current 
pulses to an LED. The circuit is based on 
a similar driver I described last month for 
high -power near -infrared LEDs. The 
major difference between the two circuits 
is that both the pulse generator and driver 
sections are powered by the same supply. 
In the previous circuit, the pulse genera- 
tor and driver sections of the circuit were 
powered by separate supplies to permit a 

higher voltage to be applied to the driver 
section. In turn, this provides a higher 
current capability. 

The 555 timer chip in Fig. 9 is con- 
nected as a pulse generator whose repeti- 
tion rate is determined by the values RI 
and CI, pulse duration by the value se- 

lected for CI. With the values shown, the 
555 supplies a train of negative 10- micro- 
second pulses to a parallel array of 
CMOS inverters made by interconnect- 
ing three (or more) gates of a 74C04 or 
similar chip as shown. 

The positive pulses from the inverters 
are then applied to the gate of power 
MOSFET QI, which switches on during 
each pulse. This connects the power sup- 
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Fig. 8. Beam cross -section of Sharp 
L T9512U oversize LED. 

ply directly across the LED and Q1's 
drain and source terminals. Capacitor 
C2, which is connected directly across the 
power supply leads, helps keep the top of 
each pulse relatively flat. 

For best results, use an n- channel pow- 
er MOSFET that has an on- resistance of 
less than 1 ohm for Q1. The IRF -511, an 

International Rectifier power MOSFET 
available from Radio Shack for $1.99, 
has an on- resistance of 0.6 ohm. For even 

higher efficiency, use an IRFZ40 with an 

on- resistance of only 0.028 ohm. You can 

obtain this MOSFET from Digi -Key (P.O. 
Box 677, Thief River Falls, MN 56701- 

0677) for $6.12. 
Resistor R3 is included in the circuit to 

permit the current through the LED to be 

monitored with an oscilloscope. There- 
fore, R3 is referred to as a current -moni- 
toring, rather than current -limiting. re- 

sistor. In most LED circuits, a current - 
limiting resistor is required to limit the 

current through an LED to a safe value. 

Since the objective of this circuit is to 
supply very high pulses of current, a se- 

ries resistor isn't needed. Instead, the cur- 
rent through the LED is determined by 
the power supply voltage. However, a se- 

ries resistor can be used when necessary. 

For example, if the available supply volt- 
age is too high, a series resistor can be in- 
serted to reduce the amplitude of the cur- 
rent pulses applied to the LED. 

If you don't have access to an oscillo- 
scope, you can omit R3, as long as you 

connect the source of QI directly to LT9512U driven by the circuit shown in 

ground. Otherwise, you should keep R3 Fig. 9: 

in the circuit. 
If you can't find a I -ohm resistor, you 

can make a substitute by connecting nine 
or ten 10 -ohm resistors in parallel. The 
fastest way to do this is to twist the oppos- 
ing leads of the resistors together and sol- 

der them in place. Clip off all but one lead 

from each end of the bundle of resistors. 
A neater way is to drill or punch nine 
holes in two matching squares of copper 
foil or thin pc -board material. Insert one 

lead from each resistor through one of 
the squares; then insert the second lead 
from each resistor through the holes in 
the second square to form a cubical as- 

sembly. Solder the leads to each foil 
square and clip off all but one lead. 

Which ever approach you take, be sure to 
protect your eyes when clipping the leads. 

Since nearly all super- bright red LEDs 
are encapsulated in epoxy and don't have 

metal surfaces for attachment of a heat 

sink, it's very important to follow the 
manufacturer's recommendations con- These values are plotted as the lower trace 

cerning peak pulse current. Pulse dura- in the graph shown in Fig. 10. 

tion and duty cycle are equally important. The upper trace in Fig. 10 is the LED 

The following table shows the current current for a high -power 880 -nm near -IR 

values I measured for a high -power Sharp emitter driven by the same circuit under 

Supply 
Voltage 

LED Current 
(amperes) 

3.0 0 

3.5 0.11 

4.0 0.33 
4.5 0.43 
5.0 0.53 
5.5 0.61 

6.0 0.70 
6.5 0.80 
7.0 0.88 
7.5 0.98 
8.0 1.06 

8.5 1.18 

9.0 1.28 

9.5 1.38 

10.0 1.48 

10.5 1.60 

11.0 1.70 

11.5 1.80 
12.0 1.90 
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Fig. 9. A MOSFET high- current LED pulse drive circuit. 
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Fig. 10. LED current produced by Fig. 9 MOSFET LED pulse drive circuit. 

the same conditions. Note that while both 
LEDs are made from AIGaAs, consider- 
ably more drive current is delivered to the 
near -IR LED as compared to the red 
LED. This is because near IR LEDs have 
a lower forward voltage than do LEDs 
that emit visible light. The result in this 
case is that for a supply potential of 12 

volts, the infrared LED receives nearly 
three times the current as the red LED. 

You might be tempted to expand the 
duration of the pulses applied to the LED 
by increasing the value of CI. The follow- 
ing table, repeated from last month's col- 
umn, shows the pulse durations I mea- 
sured for a range of values for CI: 

Cl Pulse Duration 
(µF) (µs) 

0.0047 0.85 
0.001 1.7 

0.005 6.0 
0.01 10.0 
0.047 40.0 
0.1 88.0 

The pulse durations you measure will 

be affected by the tolerances of the capa- 

citors you use. Therefore, while these are 
the pulse durations that I measured, you 
should consider them as approximate. 
Make sure the capacitor is rated for the 
power supply voltage. 

Note that the last table doesn't show 
values for CI above 0.1 microfarad. You 
might be tempted, as I was, to use higher 
values, but this greatly increases the like- 
lihood of over- stressing the LED. I have 
used up to 10 microfarads at very low re- 
petition rates. At more than a few tens of 
Hertz, the LED will quickly overheat and 
be destroyed -as I found out when I in- 
advertently fried one of those big beauti- 
ful LT9512U LEDs. 

Temperature Transmitter 
Ultra -bright red LEDs can be used as op- 
tical telemetry transmitters. For exam- 
ple, shown in Fig. I 1 is a very simple cir- 
cuit I've used to transmit temperature in- 
formation over hundreds of feet at night. 

The Fig. 11 circuit is from my new En- 
gineer's Mini -Notebook: Science Proj- 
ects (Radio Shack, 1990, p. 44). The ob- 
jective of this circuit is to flash a super- 

+ 1.5 TO +5 V 

TZ : THE R MI STOR 

Fig. II. A LED temperature transmitter. 

bright LED at a rate slow enough to be 
easily counted by eye sight. This elimin- 
ates the need for a receiver. The count 
rate is then compared with a calibration 
curve to determine the temperature of the 
transmitter. 

The LED in the Fig. 11 circuit can be 
any super- bright unit, the brighter the 
better. Trimmer resistor RI is used to al- 
ter the flash rate. Thermistor TI has a re- 
sistance of around 10,000 ohms at room 
temperature and is a Radio Shack Cat. 
No. 271 -110 or similar device. Although 
the circuit can be powered by up to 5 

volts, increasing the voltage will also in- 
crease the flash rate. I recommend you 
stick to a single 1.5 -volt alkaline cell for 
most applications. 

I calibrated the circuit by insulating the 
thermistor and immersing it in cold water 
along with an accurate thermometer. I 

then counted the number of flashes that 
occurred in 30 seconds and recorded the 
flash rate and the temperature. Next, I 

added a small amount of warm water to 
the cold water and again counted the 
number of flashes that occurred in 30 sec- 
onds. I repeated this procedure until the 
temperature of the water reached 100° F. 

A typical calibration curve for the Fig. 
11 circuit is for when the circuit was pow- 
ered by a single penlight cell is shown in 
Fig. 12. The curve you obtain will vary 
depending on the tolerance of CI and the 
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Fig. 12. Typical calibration curve for Fig. 11 LED temperature transmitter. 

power supply voltage and, of course, the 
setting of RI and the characteristics of 
your thermistor. 

This calibration method is quick, but 
it's not necessarily accurate since flash 
rate varies with the battery voltage. If 
there's a chance that the battery voltage 
will be altered by the ambient tempera- 
ture, calibration should be performed by 
cooling and heating the entire circuit, 
battery and all. This can be done by en- 
closing the circuit in a water -tight plastic 
bag and immersing it in a water bath. 

The temperature transmitter produces 
very bright flashes of red light, especially 
when your eyes remain within the main 
portion of the LED's beam pattern. Late 
one night, I placed the circuit on the front 
porch of my office, switched off the 
porch light, and walked a few hundred 
feet down the lane to my mailbox. The 
flashes from the LED were surprisingly 
bright over the entire distance. 

Thus far I've described operation of 
the Fig. 11 circuit as a temperature trans- 
mitter powered by a single 1.5 volt cell. 
The circuit can also be used as a general - 
purpose flasher and can be powered by a 

higher voltage supply. To use the circuit 
as a 1 -Hz flasher, remove RI and the 
thermistor and connect pin 1 of the 3909 
directly to pin 8. Use a 330 -microfarad 
capacitor for Cl. A 3 -volt lithium coin 
cell makes a very compact power source, 
as does a 1.5 -volt N cell. 

Probably the most unique power source 
for the flasher circuit is a super capacitor 
charged to from 3 to 5.5 volts. I con- 
nected both 5.5 volts and a 0.1 -Farad 
super capacitor across the power supply 
leads. When the 5.5 -volt supply was dis- 
connected after a minute or so, the LED 
continued to flash at a rate of about 1 Hz 
for around 3 minutes before the flash rate 
slowed appreciably. This is plenty of time 
to use the circuit as a tracking light for 
photographing and recovering boomer- 
angs, frisbees and the like at night. 

Incidentally, a super capacitor will 
hold its charge for a considerable time. 
While preparing this column, I charged a 
0.1 -Farad capacitor to 5.5 volts late one 
evening. The next morning, this capaci- 
tor powered the flasher circuit at about a 
1 -Hz rate for nearly 3 minutes before the 
flash rate began to slow. 

Say You Saw It In Modern Electronics 

Going Further 
I hope this column has stimulated your 
interest in high -power red LEDs to a 
point where you want to try one of these 
remarkable light sources in one of the 
many applications for which they are so 
well suited. For more information about 
the LM3909, see the National Semicon- 
ductor data sheet. Also, see National's 
LM -3909 application note (AN -154, 
"1.3V IC Flasher, Oscillator, Trigger or 
Alarm" by Peter Lefferts, 1975). 

One application I want to try is a mini- 
ature temperature transmitter to be 
flown from a helium -filled balloon or 
trash bag at night. Another is a visible - 
light lightwave communicator. Finally, 
the 660 -nm light emitted by super- bright 
red LEDs is transmitted well by plastic 
optical fibers. This opens up many appli- 
cations in communications and sensing. 

r 

L 

CHEMICAL 
SOLUTIONS 

FREE CHEMTRONICS CATALOG! 
Comprehensive new source for over 
200 products used in electronic manu- 
facturing and field service. E- Series 
products are CO, propelled for ozone 
safety. Precision cleaning agents, flux 
removers, bulk solvents, circuit refrig- 
erants, precision dusters, non -residual 
wipers, premoistened pads /swabs, 
antistatic compounds, conformal coat- 
ings, lubricants, adhesives, desolder- 
ing braids and soldering products. 
Complete with technical specifications 
and application guide. 

Cobb 
onics Inc. 

8125 Co Centre Drive 
Kennesaw. GA 30144 
1- 800 -645 -5244 
In GA 404- 424 -4888 J 

CIRCLE NO. 105 ON FREE INFORMATION CARD 

July 1990 / MODERN ELECTRONICS / 57 



IIIP ELECTRONICS OMNIBUS 'I/Ill111EM 

New No -Code Ham License Proposed 

By Curt Phillips 

If you've been an electronics enthusiast 
for very long, you probably have consid- 
ered getting an amateur radio license at 
one time or another. Many of you, when 
you discovered that learning the Interna- 
tional Morse Code was a requirement for 
a ham license, however, were deterred 
from pursuing amateur radio as a hobby. 
Now the code obstacle may soon be gone 
for at least one amateur radio license, and 
you can have input into the final shape of 
the new code -free license. 

This impending change was formalized 
recently by the Federal Communications 
Commission's (FCC) Notice of Proposed 
Rule Making (NPRM) to "establish a 
codeless class of amateur radio operator 
license." The reason for this proposal, as 
explained in the Federal Register, is "so 
that technically- oriented persons, who 
are not interested in Morse code can be- 
come involved in the amateur service." 
Although such proposals were made in 
1974 and 1983, the overwhelming opposi- 
tion of the amateur radio community 
caused the FCC to drop the idea on both 
occasions. 

The Times, 
They Are A- Changin' 
The new proposal differs from these first 
two, however, since it was prompted in 
large part by a petition from the Ameri- 
can Radio Relay League (ARRL), the na- 
tional organization of amateur radio op- 
erators. 

In 1974 and 1983 code -free license pro- 
posals, the ARRL was in the forefront of 
the opposition, based on the overwhelm- 
ing sentiment of the membership. That 
sentiment among both ARRL members 
and the ham population in general has 
been changing, as additional privileges 
incorporated into the Novice license 
(Novice Enhancement) failed to bring the 
desired growth to the hobby as hoped. 
Moreover, the loss of 2 MHz of the 220 - 
MHz band (soon to be 222 to 225 MHz) 
showed that low growth might cause a 

further loss of frequencies. 

Table A. Amateur Radio Bands 

Frequency Range Band 
(MHz) (Meters) 

High Frequency (ht) Bands 
1.800 to 2.000 160 

3.500 to 4.000 80 

7.000 to 7.300 40 
10.100 to 10.150 30 

14.000 to 14.350 20 
21.000 to 21.450 15 

24.890 to 24.990 12 

28.000 to 29.700 10 

Very High Frequency (vhf) Bands 
50.0 to 54.0 6 

144.0 to 148.0 2 

220 to 225 
420 to 450 
902 to 928 

1,240 to 1,300 

*Meter designations not generally used on 
these bands. 

Although a substantial and vocal seg- 
ment of the amateur radio community re- 
mains opposed to a code -free license, a 
committee formed by the ARRL recom- 
mended in favor and prompted the peti- 
tion that led to this NPRM. 

Existing License Classes 

Before I get into the proposed new class 
of license, I'll review the license structure 
as it is now. At present, there are five 
classes of amateur radio licenses issued 
by the FCC. 

The Novice class license is the easiest li- 
cense to obtain. It requires the ability to 
copy code at 5 words per minute (wpm) 
and the written portion of the test uses 
Element 2, which covers (very) elemen- 
tary theory and regulations. This license 
grants privileges for radiotelegraph oper- 
ation on selected portions of the 80 -, 40 -, 

15- and 10 -meter bands, as well as radio- 
telephone operation on portions of the 
10 -meter and 220 -MHz bands and on a 
little -known and little -used segment at 
1,270 to 1,295 MHz. 

Novice power output is limited to 200 
watts on all bands except 220 and 1,296 
MHz, where they are limited to 25 watts 
and 5 watts, respectively. The radiotele- 
phone privileges are the result of the pre- 
viously mentioned "Novice Enhance- 
ment." Although Novices seem to be en- 
joying their new operating bands, espe- 
cially on 10 meters where the sunspot cy- 
cle is allowing world -wide communication, 
the growth in licensees has been minimal. 

The Technician license was created to 
encourage experimentation on the vhf 
and uhf frequencies. Its examination uses 
Element 3, covering general level theory 
proficiency, but the code requirement re- 
mains at 5 wpm. The Technician license 
provides all amateur privileges above 50 
MHz, plus all the privileges of the Novice 
license. In addition to the ham bands list- 
ed in Table A, Technician and higher 
class licensees have access to a large num- 
ber of frequencies in the GHz /micro- 
wave range. Although these frequencies 
aren't heavily used, they offer great po- 
tential for the type of experimentation 
that the Technician license and amateur 
radio in general wants to promote. With a 
few exceptions, Technician and higher 
class licensees can use up to 1,500 watts 
PEP (Peak Envelope Power) output. 

The General class license offers the 
privilege to operate on large portions of 
every amateur band. It uses the same Ele- 
ment 3 theory examination as Techni- 
cian, but it requires 13 wpm of code pro- 
ficiency. 

The Advanced class license code re- 

quirement remains at 13 wpm, but it uses 
a slightly more advanced theory test, Ele- 
ment 4A. Advanced class licensees get a 
little more frequency space than Generals 
(but no more bands). 

The Amateur Extra class license is the 
Ph.d. of the ham radio world, using a 20- 

wpm code test and theory Element 4B, 
which covers advanced techniques. There 
are a few frequencies set aside for exclu- 
sive use of those holding this license. 

Proposed License Structure 
Under the newly proposed license struc- 
ture, the General, Advanced and Ama- 
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teur Extra classes of license would remain 
exactly as they are now. The new no -code 
license, tentatively called the Communi- 
cator class, is proposed to replace the 
Novice license, although it will carry sub- 
stantially different privileges. Actually, 
the frequency assignment for the Com- 
municator license is similar to Techni- 
cian; that is, all ham bands above 220 
MHz, with 200 watts maximum output 
power allowed. One important exception 
is the omission of the popular 2 -meter 
band (144 to 148 MHz). This was calcu- 
lated and intentional, since including this 
band would have substantially increased 
opposition to this license. 

As proposed, this license would re- 
place the Technician license in addition to 
the Novice class license, although current 
holders of both of these licenses could re- 
new them indefinitely. With no code test, 
the written examination for Communica- 
tor would consist of 60 questions, com- 
pared to the 30 currently used for Novice 
and 55 questions in the present Techni- 
cian test. Even with its level of difficulty 
more closely approximating the Techni- 
cian license, the Commission feels that its 
no -code characteristic would make it the 
preferred entry -level license. Even 
though no new Technician -class licenses 
would be issued, Communicator class li- 
cense holders who pass the 5 -wpm code 
test would be granted operating privi- 
leges equivalent to the present Technician 
license, which includes 2 -meter FM, 
though the license would continue to be 
called Communicator. 

Uncle Charlie Wants 
To Hear From You 

If you look at the proposal, the Modern 
Electronics reader ( "technically- oriented 
persons ") is precisely the person that is 
being targeted for the new license. The 
FCC is also specifically asking for you to 
send in your comments, which in Federal - 
ese they call an "ex parte presentation." 

Would the existence of a no -code li- 
cense cause you to become an amateur ra- 
dio operator? Do you think the Novice 
and Technician class licenses should be 

eliminated by this new license? Should l- 
and 6 -meter (50 to 54 MHz) privileges be 
included in the Communicator class li- 

cense? Should it be called "Communica- 
tor"? (I prefer the "Experimenter" des- 
ignation of one of the earlier failed at- 
tempts at a no -code license.) The FCC 
wants to know your opinions. 

Your comments must be received on or 
before August 6, 1990! Given that this is 

the government, there are some precise 
rules on how the comments must be pre- 
pared. With each "ex parte presenta- 
tion" must be included two additional 
copies (three in all). The presentation (as 
well as any transmittal letter) must clearly 
indicate on its face the docket number 
(PR Docket No. 90- 55;FCC 90 -62) and 
the fact that two copies are being submit- 
ted to the Secretary for inclusion in the 
public record. It also must be labeled or 
captioned as an ex parte presentation. 

Of course, since you've lived this long 
without getting involved in amateur ra- 
dio, perhaps you're wondering why you 
should care about a no -code or any other 
type of ham radio license. 

Why Ham Radio? 
For many of us, involvement in ham ra- 
dio followed closely after an interest in 
electronics. I built a code -practice oscilla- 
tor and shortwave receiver when I was 
twelve, and went on to get my first ama- 
teur license when I was thirteen. 

Although there are many areas of hob- 
by electronics that you can pursue with- 
out a ham license, amateur radio can 
open a whole new spectrum of possibili- 
ties. Computers and ham radio can be in- 
terfaced to achieve a number of digital 
communications modes including high- 
speed Morse code, radioteletype and the 
continuous error correcting modes, AM- 
TOR and packet. 

Amateur radio offers unique areas for 
experimentation, too, if you're so in- 
clined. Sending television signals around 
the world can be done with slow -scan TV, 
and amateur fast -scan (regular) televi- 
sion is becoming increasingly popular on 
the amateur uhf frequencies. Some of the 
more esoteric areas of ham radio experi- 

mentation are transmitting via any one of 
the several amateur radio satellites in or- 
bit (OSCAR) and by bouncing signals off 
the moon (known as EME, for Earth - 
Moon- Earth). 

Whereas many facets of hobby elec- 
tronics are essentially solitary pursuits, 
amateur radio provides an easy means of 
contact with other electronics hobbyists, 
as well as an esprit de corps that has been 
likened to a fraternity. A small vhf radio 
in the car or beside the workbench or 
computer can provide a useful way to call 
on others for help in projects. When 
someone asks a technical question on a 
frequency, I've often heard the answer- 
ing station say that they didn't have the 
answer but somebody else listening prob- 
ably did. Very often, this is true. In my 
years as a ham, I've received an enor- 
mous amount of help and useful infor- 
mation over the ham bands, and hopeful- 
ly I've aided a few others. 

Assisting others is also a part of ama- 
teur radio. Hams practice communicat- 
ing by using generator power and quickly 
erected antennas during regularly sched- 
uled events, such as Field Day and the 
Simulated Emergency Test. Field Day is 
the most publicized of these, often get- 
ting TV and newspaper coverage. Since 
it's held the last weekend in June, you 
may have heard of local activity recently. 
Field Day is a contest as well as an emer- 
gency exercise. Some groups participate 
in Field Day solely as an emergency exer- 
cise; some just compete for contest 
points; and for some it is a recreational 
event. I've operated two Field Days from 
a 35 -foot sloop moored off North Caro- 
lina's Cape Lookout (but we did use gen- 
erator power and temporary antennas!). 

Emergency preparedness can be fun. 
Nevertheless, the service it allows can be 
vitally important. The swath of destruc- 
tion that Hurricane Hugo cut through the 
Carolinas last fall provided us with an un- 
welcome chance to see how good our 
emergency skills really were. Hams also 
played a vital role in emergency commu- 
nications in last year's San Francisco - 
area earthquake. 

So since there are lots of interesting 
and important things to do in amateur ra- 
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dio, and you already have some electron- 
ics expertise, let the FCC know you're in- 
terested in the no -code license by submit- 
ting your comments. 

The Code 
Ah ... the Morse code. Even if the pro- 
posal is enacted, there will only be one 
no -code class of license and three classes 
that require code. Why do they make you 
learn that archaic language, when there 
are so many easier and "high- tech" ways 
to communicate? 

At present, international law requires 
code proficiency for amateur operation 
below 30 MHz. The Communicator li- 
cense will provide for operation on al- 
most all the frequencies above 30 MHz, 
but for the international communica- 
tions available on the shortwave bands 
code will remain a requirement. Perhaps 
you may even want to get a license before 
the new license is enacted (if it is enacted). 

All is not lost. Morse -code proficiency, 
despite the cries of anguish you some- 
times hear, isn't difficult to achieve and is 

one of the few digital forms of communi- 
cation directly readable by both man and 
machine. (I've heard stories of people 
who can copy radioteletype by ear, but I 

don't believe them.) 
The tools available for learning the 

code are much better today than they 
were 22 years ago when I was learning. 
Almost everyone has a cassette player /re- 
corder (a rarity then) and many learning - 
and- practice tapes are available at rea- 
sonable cost. Some people tend to mem- 
orize practice tapes and are constantly 
seeking new sources of code practice. If 
you have a good shortwave receiver, an 
endless supply of code is available on the 
air, including transmissions by the 
ARRL's flagship station W 1AW sent ex- 
pressly for this purpose. 

If you don't have access to a shortwave 
receiver and don't want to buy a tape, 
there are many programs available on 
computer bulletin boards that will cause 
your computer to send random letters at 
speeds between 5 and 50 words per min- 
ute. Most of these send the code over the 
computer or monitor speaker, while si- 

multaneously displaying the letter sent on 
the screen. You turn the screen intensity 
to black while you're copying the code (to 
avoid cheating), then turn the screen on 
to check your accuracy. 

The menagerie of computers I own has 
caused me to accumulate such programs 
for PC compatibles, as well as for the 
Commodore 64 (and 128) and VIC -20. 
Programs for all three of these computers 
can be downloaded from many BBSes, 
but if you can't find them locally, call my 
BBS, The Triangle Telecomputer (919- 
772 -9745, PC Pursuit node NCRTP). 

If you don't have a modem (or a friend 
with one), send me a letter stating which 
type of computer you have and whether 
you want diskette or cassette tape (the lat- 
ter for the Commodores) along with $6 
for postage and handling and I'll send 
you a copy of the appropriate program. 
I've modified the program for PC com- 
patibles, so it can be used while you're 
learning the code. Most code -tutoring 
systems have you learn the most common 
letters first (E,T,O,A,N,I,S) so that you 
get the most practice with the letters that 
are the most frequently used. The pro- 
gram I've modified allows you to select 
the letters to be included in stages. So you 
can begin to use it after you've learned 
only the first seven letters. 

Many people think the first thing they 
need obtain to learn the Morse Code is a 
code oscillator. Actually, owning a code 
oscillator isn't necessary at all. By the 
time you can receive code at the required 
speed, it will take a only little practice to 
get your sending speed up to par, and by 
then you'll probably know someone 
who'll lend you an oscillator. 

Exam Prepping 
If you've been an electronics hobbyist for 
several years, you probably already know 
much of the theory required for the exist- 
ing and the proposed licenses. Few non - 
hams know the rules and regulations, 
however, and some electronics theory re- 
quired for radio amateurs may be in areas 
that you have had no need to explore; for 
example, antennas. 

No matter where you are on the learn- 

ing curve, though, there are many excel- 
lent textbooks to help you with the infor- 
mation needed for the examination. The 
American Radio Relay League (225 Main 
St., Newington, CT 06111) has a number 
of publications and code tapes to help 
prepare you for the licensing tests, but be- 
ware of one course called, "Tune in the 
World with Ham Radio." Although it's a 
good course for rank beginners, you may 
be put off by elementary electronics cov- 
ered in its manual. Other sources of in- 
formation can be obtained from our sis- 
ter publication, CQ magazine, available 
on newsstands, at many amateur radio 
dealers and by writing to the magazine at 
76 North Broadway, Hicksville, NY 11801. 

All testing for amateur radio licenses 
are done by volunteer examiners; so it is 
usually easy to find an examination being 
given nearby. The Communicator exami- 
nation, if implemented, will also be con- 
ducted by volunteer examiners. The 
sources listed previously can help you 
find out where and when tests are sched- 
uled. These sources will also help you 
locate nearby radio club. 

Many radio clubs have classes to teach 
the code and theory to people interested 
in becoming hams, although as with 
"Tune in the World ..." they often start 
at a very elementary level. Even if they 
don't have classes, you can usually find a 
ham willing to help you. The person who 
helped me, Chuck Littlewood K4HF (ex- 
W4RUH and K2EKS), has remained a 
life -long friend and advisor on amateur 
radio matters. 

The cost of setting up an amateur sta- 
tion is moderate. A good used transceiver 
and antennas for the hf bands can be ob- 
tained for less than $400. Good used 
equipment for the vhf frequencies that 
will be the mainstay of the Com- 
municator license can be had for even 
less. Compared to computers and other 
facets of hobby electronics, the cost is 
very reasonable. 

Your comments and suggestions are 
welcome. You can contact me through 
Delphi (CURTPHIL), CompuServe 
(73167,2050) or at P.O. Box678, Garner, 
NC 27529. íE 
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New Static RAMS for High -Speed Caching 

By Joseph Desposito 

In the past few years, the speed of micro- 
processors has increased well beyond the 
speed of dynamic RAM memory. In this 
column, we'll explain how a static RAM 
cache provides a solution to this problem. 

High -Seed CMOS SRA Ms 

Logic Devices Inc. (Sunnyvale, CA) an- 
nounced 16 new high -speed CMOS 
SRAM products that together implement 
a complete cache memory system. With 
speeds to 10 ns, these products remove 
earlier performance restrictions by allow- 
ing CPU clock rates of 50 MHz and be- 
yond. This allows workstation manufac- 
turers to offer systems that double the 
performance of current models, acceler- 
ating CAD, scientific and other numeric- 
ally intensive applications. 

The 16 products fall into three fami- 
lies: Cache -tag memories, 16K data 
RAMs, and 64K data RAMs. The cache - 
tag devices are specifically designed to 
quickly match memory addresses to 
cache contents. The data RAMs, which 
use industry- standard pinouts, are spe- 
cifically tailored for extremely high 
speeds, particularly in those parameters 
crucial to cache data applications. One -, 
four- and eight -bit wide organizations 
are offered at each density, providing 
maximum flexibility in memory 
organization. 

With speeds as fast as 10 ns, the new 
SRAM families are targeted to serve the 
needs of ultra -high -speed RISC vendors 
who are attempting to crack the 50 -MHz 
barrier. Memory bandwidth has been a 
pressing issue in both RISC and high -end 
PCs for some time. These products are 
intended to remove cache -memory cycle 
time as a performance barrier for the next 
generation of designs. 

All of the devices are implemented in 

an advanced, 0.9- micron (drawn), dual 
metal technology. The devices use a six - 

transistor -cell design, resulting in nano - 
ampere standby current levels for laptop 
and battery back -up applications. In ad- 
dition, all devices feature Logic Devices' 
Auto PowerdownTM, which results in re- 
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Fig. I. Cache memory system consists of data memory and tag memory. 

duced active power dissipation for many 
applications. For lowered ground- bounce 
at extremely high switching speeds, the 
parts also feature an N- channel source - 
follower pullup for reduced output swing 
and easier signal termination. 

Cache -Memory Fundamentals 
Cache memory is a design technique used 
to solve a pervasive problem in high- 
speed computer architecture. For years, 
CPU clock rates have increased without 
any significant change in the speed of the 
DRAMs used as their main memory. 
When computers cycled at 200 ns and 
DRAM memory also cycled at 200 ns, 
there was a good match of computing 
rate and memory bandwidth. As the 
clock speed of RISC computers and 
CISC microprocessors pushed to 33 MHz 
(30 ns) and beyond, however, DRAMs 
were left behind. 

Cache memory solves this problem by 
taking advantage of a fundamental truth 
about most software: Almost every pro- 
gram reads and writes information in 

memory in tightly clustered groups, rath- 
er than at random locations. This phe- 
nomenon is called locality. It can be intui- 
tively understood by realizing that most 

programs include several nested loops. 
The data and instructions in the inner- 
most loop are generally small but are exe- 
cuted many times. Thus, if the access 
time of this frequently needed data can be 
improved, overall performance will ben- 
efit dramatically. 

Cache memory is a small, fast memory 
inserted between the CPU and its main 
memory. Cache memory systems consist 
of two parts (see Fig. 1), the data memory 
and the tag memory. Both are governed 
by a cache controller. The cache as a 
whole stores each data item read from 
main memory by the CPU, in anticipa- 
tion that it will be needed again. On the 
second and subsequent reads of the same 
item, main memory is not used; rather the 
item is read from the high -speed cache. If 
a high percentage of reads are to items in 
the cache, overall machine performance 
approaches the cycle time of the cache in- 
stead of the (slower) main memory. 

The cache controller is a state machine 
designed to control the cache resources 
and direct memory accesses to the cache 
or main memory, as appropriate. Cache 
controllers are implemented both as 
VLSI devices and as PAL -based state ma- 
chines. These approaches trade off per- 
formance and complexity for cost. 
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Data memory stores the frequently 
used data items from main memory. Tag 
memory is a specially constructed SRAM 
used by the, cache controller as a directory 
of the contents of data memory. When 
the CPU requests a data item, the cache 
controller must quickly decide whether 
or not the item is present in the cache. Tag 
RAM serves this function by comparing 
the requested address to the address 
stored in its internal directory and indi- 
cates whether a match exists. It contains 
special comparators and a MATCH output 
for this purpose. The MATCH signal is 

used by the cache controller as an indica- 
tion of whether a main- memory cycle is 
necessary to satisfy the CPU data request. 

Cache memory systems are pervasive 
in PCs operating above 16 MHz and in al- 
most all RISC systems. They boost per- 
formance far beyond non -cached sys- 
tems. This allows manufacturers to de- 
sign computer systems that support the 
enormous performance demands of 
modern VLSI designs, finite -element me- 
chanical modeling and other CPU- inten- 
sive tasks. 

Cache Tag SRAMs 
Logic Devices' L7C180, L7C181 and 
L7C174 are high -performance, low -pow- 
er CMOS SRAMs with tag comparison 
logic optimized for use as the address tag 
comparator in high -speed cache memory 
systems. Wide address tags are easily ac- 
commodated by paralleling devices. The 
L7C181 makes this particularly conve- 
nient by providing for wire -ORing of the 
MATCH outputs. The L7C180/181 4K x 
4 devices are available in speeds to 10 ns. 
The L7C174 8K x 8 device has a mini- 
mum access time of 15 ns. 

The address tag is input on shared I/O 
pins, and a comparison is performed be- 
tween the tag and a value stored in mem- 
ory. A match indicates the addressed 
word is present in the cache. Also provid- 
ed is a high -speed CLEAR control that re- 
sets all memory locations simultaneous- 
ly. This allows the cache memory to be ef- 
fectively flushed of all data. This func- 
tion is necessary in multi -processor appli- 
cations when main memory is shared and 

is also used to initialize the cache at 
power -up. 

The L7C180 /181 4K x 4 CMOS 
cache -tag SRAM is offered in plastic and 
ceramic DIP, as well as SOJ packages. 
Pricing starts at $44.50 for the 12 -ns de- 
vice in 100 -piece quantity and $54.50 for 
the 10 -ns grade. The L7C174 8K x 8 

CMOS cache -tag SRAM is available in 
plastic and ceramic DIP, and SOIC 
(small outline integrated circuit) pack- 
ages. Pricing is $49.50 for the 15 -ns speed 
grade at 100 pieces. 

16K and 64K standard SRAMs form a 
complete family of devices. Implemented 
in sub -micron CMOS technology, these 
devices have access times as fast as 10 ns. 
They also feature fast write pulse and 
output enable times to support extremely 
fast cache access requirements and late - 
write timing. 

A full family of organizations allow 
the devices to be used in any high -speed 
SRAM application. 4K x 4 and 16K x 4 

devices are offered in common I/O and 
separate I/O configurations, with and 
without output enable functions. A wide 
variety of packages is available, includ- 
ing plastic DIP and SOIC (gull -wing and 
J- lead). Military applications are sup- 

ported with CERDIP and side -braze cer- 
amic. All devices are available in MIL - 
STD-883C form. 

The 16K and 64K SRAMs are offered 
in plastic and ceramic DIP, as well as 
SOIC and SOJ packages. 16K pricing 
starts at $17.35 for the 12 -ns device in 
100 -piece quantity, and $21.35 for the 
10 -ns grade. The 64K devices are priced 
from $14.65 for the 15ns speed grade and 
$20.00 for the 12 -ns devices. 

Microprocessor Supervisory 
ICs For Power -On Reset 
Maxim Integrated Products (Sunnyvale, 
CA) introduced two new low -cost micro- 
processor supervisory circuits, the MAX - 
698, a power -on reset controller, and the 
MAX699, a power -on reset controller 
with watchdog input. These devices pro- 
vide a reliable, cost -effective solution to 
µP monitoring in basic applications. 
Maxim's monolithic MAX690 -7 series is 
available if more functionality is needed. 

The MAX698/699 (see Fig. 2) supply 
an inverted RESET pulse of at least 140 -ms 
duration on power -up, power -down and 
during low- voltage "brownout" condi- 
tions. The MAX699 has a watchdog in- 
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Fig. 2. Maxim Integrated Products' microprocessor supervisory ICs for power -on reset 
supply an inverted RESET of at least 140-ms duration. 
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put that monitors microprocessor activi- 
ty. The watchdog pulls the inverted RE- 

SET output low if the watchdog input is 

not toggled within 1 second. This feature 
can be disabled by leaving the watchdog 
input floating. 

Applications include portable comput- 
ers, low -power controllers, intelligent in- 
struments and any microprocessor sys- 
tem that requires accurate power -supply 
monitoring. 

Maxim offers the devices in 8 -pin plas- 
tic DIP and 16 -pin small -outline (wide 
SO) packages. They are available in com- 
mercial (0° to 70° C) and extended indus- 
trial ( 40° to + 85° C) temperature 
ranges. The small -outline versions have 
additional outputs not available in DIP 
packages. These are RESET (without in- 
version) and Watchdog Output. 

Prices for quantities of 100 and up start 
at $2.00 for the MAX698 and $2.30 for 
the MAX699 in commercial grade, 8 -pin 
DIP packages. 

Low -Power Comparator 
Plus Alarm Diver 

Motorola's new MC14471 low -power 
comparator contains both digital and an- 
alog components for use as an alarm driv- 
er. It consists of three comparators: one 
for detection of an alarm condition; a 
second to detect a low- battery condition; 
and a third to track the voltage of the 
alarm- detect input without loading down 
that input. The device also contains cir- 
cuitry to drive an external piezoelectric 
horn and LED. An on -chip oscillator is 

provided and requires two external pas- 
sive components to operate. 

The trip point for the alarm input is 

typically 50% of VDD, while the trip 
point of the low- battery input is estab- 
lished by an on -chip zener diode. These 
thresholds can be altered over a limited 
range with the use of external resistors. 

MC14471 applications include liquid - 
level detectors, soil moisture content de- 
tectors, low- battery detectors and virtu- 
ally any place an alarm is needed. The 
MC14471 is available in I6 -pin DIPs at 
$1.69 each in quantities of 500 to 999. For 
more information, call 512- 928 -6880. Af 
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LEARN ELECTRONICS FROM VHS VIDEO TAPES! 

PREPARE FOR 
THE FUTURE... 

NOW! 

4X4 

Video Tapes 
Designed Especially 

For The Electronic Enthusiast! 

ELECTRONICS AND YOU -PART 1 -DC Price $32.95 
Series circuits, parallel circuits, combination of series -parallel circuits, OHMS law, voltage, current and resistance. 

ELECTRONICS AND YOU -PART 2 -AC Price $32.95 
A(' theory, coils, transformers, capacitors, filter circuits and how they are used in actual circuits. 

ELECTRONICS AND YOU -PART 3- SEMICONDUCTORS Price $32.95 
An introduction into the world of semiconductors. Starts with semiconductor theory then proceeds into 15 different 
semiconductor devices. Shows how an integrated circuit is designed and built. 

ELECTRONICS AND YOU -PART 4 -POWER SUPPLIES Price $32.95 
Starting with the transformer then to various types of rectifier circuits. Filter circuits, voltage protection. Trouble- 
shooting different parts of the power supply. 

VCR MAINTENANCE AND REPAIR Price $32.95 
Designed for the average VCR user. Learn how to clean the tape path, replace belts plus more. A must for home 
maintenance. 

INTRODUCTION TO VCR REPAIR Price $59.95 
Shows how the VCR processes the luminance, chromance and audio signals in playback and record modes. Servo 
systems for controlling the capstan motor and video drum cylinder. Many more aspects of VCR repair. 

Mail check or money order to: UCANDO nOWl or call us at: 15131 548-6113 P.O. BOX 386 
-ORDER VISA and MASTERCARD accepted GREENVILLE, OHIO 45331 

BE A SUCCESS WITH UCANDO VIDEOS! 
CIRCLE NO. 118 ON FREE: INFORMATION CARD 

Double your income! 
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 o 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, and others. 
Printers: Okidata, Epson, HP lasers and 
others at huge discounts. 

PARTS 8 BOARD REPAIR 
Single source for parts and board repair. 
24-hour express turnaround. 

TRAINING 
Hands on training: IBM, Compaq, Apple, 
and compatibles at 3 separate levels: 
Level 1: 80868088 Based Machines 

DOS System Configuration 
and upgrades 

Level 2: 80286/80386 Machines, Letter 
Quality and laser Printers 

Level 3: System Networks Configuration, 
Installation and Repair 

FINANCING 
Available for qualified businesses. 

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. 
SERVICING THE WORLD OF MICROS 

el989Tad.s .,corp. 253 West 28th Street, New York, NY 10001 
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IIIII/ PC CAPERS IIII 

Good News For Laser Printers 

By Ted Needleman 

Lately, I seem to be spending a lot of what 
little free time I have playing with laser 
printer- oriented utilities. Part of the rea- 
son for this is that I've had a number of 
new laser printers cross my path in the 
last few months, including the Hewlett - 
Packard IIP and LaserJet Ill that I've 
covered in recent columns. Another rea- 
son is that I'm heavily into desktop pub- 
lishing and computer video, both of 
which seem to cry out for the 300 -dot- 
per -inch resolution of a laser printer. 

Regardless of the reasons, there are 
enough hardware, software and other ac- 
cessories that we could easily rename this 
column "Laser Capers" and run for a 
number of years without ever covering 
everything available. Don't worry, 
there's little likelihood of that happen- 
ing. But with the prices rapidly coming 
down on these terrific printers, I think 
that more and more of you will be joining 
the ranks of laser owners soon, if you 
haven't already given in to the impulse. 
By the end of this year, you should be able 
to buy a 4- page -per- minute laser printer 
for $800 or less, which puts a laser right 
smack at the price point of many 24 -pin 
dot -matrix printers. 

There are some things, however, that 
you can do with a laser printer that are 
just not possible to accomplish with a 
dot -matrix printer. We'll take a look at a 
few of them in this month's column. 

Color Tag 

One of the few things that I don't like 
about laser printers is that it's difficult 
and expensive to print in color. With 
many dot -matrix printers, you can get a 
special ribbon to do color printing. For 
the printers that support them, these rib- 
bons usually have three or four bands of 
color. The software sends a command to 
the printer to shift the ribbon position so 
that the desired band is under the print 
head. By making multiple passes per line, 
you can get numerous colors and shades 
onto the paper. It's a slow process, and 

The Color Tag kit consists of a hand -held applicator, two packages of 25 color strips, a 
special rubber pad, a package of polished- surface paper and an instruction booklet. 

the colors aren't usually very vivid, but it 
does allow you to do color printing. 

With a laser printer, alternatively, the 
toner is all a single color, most often 
black. You can get toner in other colors, 
but to do a multi -color page with these 
colored toners you need to emulate the 
color- separation process that is used in 
commercial printing. In effect, you have 
to print all the areas on a page that con- 
tain a particular color, change the toner 
cartridge to a different color, then print 
all the areas on the page with that color 
and so on. Not only is this a pain in the 
neck and time consuming, it's also very 
difficult to put the same page through a 
laser printer several times and get half- 
way decent registration on the multiple 
passes. What you usually end up with is 

something that looks like the old three -di- 
mensional comic books that were printed 
in the '50s and '60s. 

It's possible, though, to get spot color 
on your laser printouts without quite so 
much difficulty. One way, which was dis- 
cussed several years ago by a former ME 
columnist, is by using the Kroy Color 

process. Kroy Color, marketed by the 
same people who make the well -known 
Kroy lettering machines, is a version of 
the OmniChron process developed in Eu- 
rope. It consists of a special colored sheet 
and processor. Recently, the Letraset 
company purchased rights to market the 
OmniChron system. It has developed 
Color Tag, a very inexpensive system 
based on OmniChron for graphic artists 
and other laser users who'd like to use 
color on their printouts but don't have a 
thousand dollars or more for the Omni - 
Chron or Kroy approaches. 

Because laser toner is actually a pow- 
dered plastic that is electrostatically ap- 
plied to the paper and then melted and 
fused by pressure, it's possible to re -melt 
the toner already applied to a laser print- 
out. All three of the above processes take 
advantage of this characteristic. They all 
use a special color material that is pressed 
against the laser toner as it is melted. As 
the toner cools, it bonds and adheres to 
the color material (sort of like hot -melt 
glue). When you peel the laser printout 
away from the color sheet, the color re- 
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mains bonded to the toner. By judicious 
positioning of the color material, you can 
select where the color is applied and apply 
multiple colors on a page. 

Although the process and materials are 
similar, Color Tag is much less expensive 
because it differs in the mechanical ap- 
proach to applying the material. Both the 
Kroy Color and OmniChron systems use 

a heavy -duty processor that mechanically 
feeds the printout color- material sand- 
wich through a station that melts the ton- 
er and a set of pressure rollers that com- 
presses the two together. This produces a 
very good bond between toner and color 
material, but between the mechanical pa- 
per feed, the thermostatically -controlled 
fuser station and the pressure rollers it's a 
very expensive approach for a casual user. 

Color Tag, on the other hand, uses a 
small ac- powered heater to warm up a 

hand -held "applicator." This small unit 
measures about 4 x 3 x 1 inch and has a 

metal plate on the bottom to retain the 
heat. A measuring device inside the unit 
lights a LED when the unit is up to oper- 
ating temperature. 

To apply color to your printout, you 
place a Color strip (these measure about 9 

by 2 inches) over the area you wish to cov- 
er and place both onto a rubber pad in- 

cluded with the Color Tag outfit. Then 
rub the applicator across the area where 
you want to transfer the color, pressing 
down fairly hard. You can apply 5 or 6 

inches of color before the green LED on 
the applicator goes out, indicating that 
reheating is needed. 

As the applicator takes about 10 min- 
utes to initially warm up, and 2 or 3 min- 
utes to re -heat, applying a fair amount of 
color on a page can be a time- consuming 
process. And, to be honest, it doesn't 
work quite as well as a Kroy Color pro- 
cessor- you'll probably have to reapply 
some areas that suffer from incomplete 
color transfer. 

That's the downside. With a suggested 
list price of $99 for the applicator, two 
packages of 25 color strips, the special 
rubber pad, a package of polished -sur- 
face paper and a sparse instruction book 
in several different languages, the Color 

Tag system is a quite practical and af- 
fordable alternative for those who can't 
begin to justify the thousand -dollar out- 
lay for one of the more sophisticated ma- 
chine -based color transfer systems. 

The color strips are also a very afford- 
able $6.50 per package of 25. They come 
in 35 different matte and metallic colors 
and are available, as is the applicator, at 
numerous art supply and graphic supply 
stores. Granted, the Color Tag isn't per- 
fect, but it's affordable, and with a little 
time and effort brings color to your laser - 
printed reports, cards, letterheads and 
the like. If you have a laser printer, you 
owe it to yourself to at least take a look at 
the Color Tag. I recommend it highly. 

BlackLightning 
Transfer Toner 
While we're on the subject of laser color, 
there's a product that I've had for a while 

that I think you should know about. I'm 
feeling guilty -it's been here for a num- 
ber of months, but I haven't yet been able 
to review it. Not because it's difficult to 
use, but simply because the application I 

want to test it out on requires a great deal 
of time- consuming preparatory work. 
The product is a transfer laser toner from 
a company called BlackLightning. 

BlackLightning's transfer toner is a 

simple idea and is easy to use. It's avail- 
able in cartridges for Canon -based laser 
printers (both CX and SX) and in four 
colors (blue, charcoal, red and green), 
which just insert into the laser printer. 
Print out your image on plain paper, and 
you have a transfer you can iron onto a 

sweatshirt, T- Shirt, or other item! 
What makes this process interesting is 

that it's affordable (the "personal" car- 
tridge costs $79 plus shipping and makes 
between 500 and 1,000 pages) and has a 

rather unique application for Modern 
Electronics readers. I seriously doubt 
that very many of you have the need or 
desire to go into the T -Shirt business, but 
Black Lightning assures me that the com- 
pany has also had excellent results trans- 
ferring images to a number of metals, in- 

cluding aluminum. As most project 

boxes have aluminum front panels, you 
can use any computer -based draw or 
paint program to produce a professional 
quality front panel, flip it 90 degrees 
along the vertical (that is, produce a mir- 
ror image) and print it out using a trans- 
fer toner cartridge. Get out your iron, 
and you have a production -quality front 
panel for your Modern Electronics proj- 
ects. So throw away your Dymo tape and 
dry- transfer lettering kit. For $79, you 
can produce a project that rivals any 
commercial piece of equipment, and 
when you're done, you make a T- Shirt! 

All hyperbole aside, this seems like a 

pretty neat item if you have a laser print- 
er. What's held me back from actually 
trying it out is that I have two T -Shirt 
ideas in mind, either of which will take a 

half day or more to create using any of the 
graphics packages I currently have. Once 
these are created, it shouldn't take more 
than 10 minutes to get a printout and iron 
on the transfer, but finding the half day 
has been difficult. 

I've seen samples of the transfers, 
though, and actually tried the sample 
transfer Black Lightning sent me. So I can 
state that the process works, at least on 
cloth. If you'd like to try it out on alumi- 
num, give BlackLightning a call and ask 
for a sample transfer to play with. The 
company also has very good prices on 
toner cartridge refills and other laser 
printer and personal copier accessories. 

fiE 

Products Mentioned 

Color Tag 
Letraset USA 
40 Eisenhower Dr. 
Paramus, NJ 07653 
201 -845 -6100 

Laser Transfer Toner 
BlackLightning, Inc. 
RR 1 -87, Depot Rd. 
Hartland, VT 05048 
800 -252 -2599 
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CIRCLE NO. 101 ON FREE INFORMATION CARD 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an hour 
and nard 

010 ie 
Learn at hone in spare time. 
No previous experience needed! 

No costly School. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications. Radio-TV, Micro- 
wave. Computers. Radar. Avionics and 
more! You don't need a college degree to 
qualify. but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy. fast and low 
cost! GUARANTEED PASS - You get your 
F('(' License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

commanD PRODUCTIonS 
FCC LICENSE TRAINING, Dept. 220 
P.O. Box 2824. San Francisco, CA 94126 
Please rush FREE details immediately! 

NAME 
ADDRESS 

CITY STATE ZIP 

IlliIBOOKS ill/it 111 
Customize Your Phone. By Steve Soko- 
lowski. (Tab Books. Soft cover. 162 

pages. $12.95.) 
This book, by a regular contributor to 

these pages, consists of details on 15 elec- 
tronic projects that can improve a home 
telephone system. The first five chapters 
are for the non -technical reader who 
wants to take advantage of the projects. 
The first defines what a telephone is and 
discusses project installation and tele- 
phone wiring, the second focuses on as- 
sembly tips and selecting components 
and the next three chapters deal with 
reading schematics, building projects 
and how to solder. 

With the preliminaries out of the way, 
the remaining 15 chapters each discuss 
how to build a specific project. The first 
project is a device that visually indicates 
if a listening or recording device is being 
used. This is followed by electronic 
"hold" button, tone and melody ringer, 
conference call, telephone intercom sys- 
tem for up to 10 instruments, telephone 
amplifier, speaker phone and two simple 
visual ring indicator projects. Another 
project permits a tape recorder to auto- 
matically record both sides of a telephone 
conversation whenever an instrument is 

taken off -hook and to stop recording 
when the instrument is placed back on- 
hook. Other projects visually inform a 
user if a call came in while he was out and 
allow him to remotely control electrical 
appliances using the telephone line. 
Among the specialty projects are an elec- 
tronic lock that prevents unauthorized 
use of a phone unless a special four -num- 
ber code is used, a telephone line tester 
and a novel animated ring indicator built 
around an electromechanical toy as the 
signaling device. 

Project chapters begin with a brief de- 
scription of what the project does. Cir- 
cuit operation is then discussed, and de- 
tails on building (including printed -cir- 
cuit etching- and -drilling and component - 
placement guides) and installing the proj- 
ect are given. Schematic diagrams and 
complete parts lists accompany each pro- 
ject's description, and line drawings are 
included where needed to clarify details 
not immediately apparent in the sche- 
matics and /or text. 

Encyclopedia Macintosh. By Craig Dan - 
uloff & Deke McClelland. (Sybex Inc. 
Soft cover. 782 pages. $24.95.) 

In both arrangement and number of 
pages, this book is truly encyclopedic in 

nature. Between its covers, it manages to 
sandwich in an amazing range of infor- 
mation about -and relating to the Apple 
Macintosh line of computers. Thousands 
of tips, techniques (many of them little 
known until now), quick- reference 
charts, product reviews and resources are 
alphabetized under their appropriate 
headings to make this book a Mac re- 

source in its own right. 
Under System Software & Utilities are 

entries on customizing, disks and drives, 
error codes, fonts, macros, security, 
sound and viruses. Practical tips and 
shortcuts and reviews of public- domain 
and shareware utilities for enhancing the 
Mac system are also given in this section. 
The Applications section looks at major 
software packages for drawing, painting, 
file managing, HyperCard, word pro- 
cessing, spreadsheet and page layout ap- 
plications. Also included here are quick - 
reference keyboard charts for major 
Macintosh applications. 

Under Hardware, the book explains 
what the CPU, disk drives, mice, moni- 
tors, ports and memory do, how they 
work and when and why they are needed. 
Technical charts and diagrams, detailed 
comparisons of the different Macintosh 
models and instructions for installing ad- 
ditional memory and performing hard- 
ware upgrades are included. The draw- 
ings for guiding the reader in this section 
are exceptionally well- rendered and easy 
to follow. 

The Resources section discusses 
books, magazines, bulletin boards and 
user groups. A particularly welcome in- 
clusion is the Alphabetical Product List- 
ing at the end that lists products by alpha- 
betical order, most including supplier 
name, address, telephone number and 
price. An extensive glossary of terms used 
in the Mac world closes the book. This 
well -written book is comprehensive in its 
coverage, easy to read and understand 
and excellently illustrated with line art. It 

deserves a place in the library of every 
Mac user. 

The 1990 ARRL Handbook for the Ra- 
dio Amateur, 67th Edition. (American 
Radio Relay League, Inc., 225 Main St., 
Newington, CT 06111. Hardcover. 1,200 
pages. $23.) 

This massive latest edition of the ama- 
teur radio "bible" has been extensively 
updated and expanded to include new 
projects, current information on the OS- 
CAR 13 amateur radio satellite and infor- 
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mation on compandored SSB. It also 
contains a completely revised chapter on 
space communications and plans for 
three high -performance vhf /uhf yagi an- 

tennas and a new four -element helical ar- 
ray for Mode L (1,260 to 1,270 MHz) 
operation. 

Divided into six basic sections, the 
Handbook covers an introduction to am- 
ateur radio, radio principles, modulation 
methods, transmission, construction and 
maintenance and on- the -air topics. Each 
section is subdivided into chapters that 
deal with specific related areas. The Ra- 
dio Principles section, for example, deals 
separately with power supplies, audio 
and video, digital basics, modulation and 
demodulation, r -f oscillators, synthesiz- 
ers, etc. 

Each chapter includes theory, practice, 
tables, schematics and photos where ap- 
plicable. Taken as a whole, the Hand- 
book comprises a complete course in the 
fundamentals of electronics and radio 
communication in general. It covers 
theory, practice and Federal Communi- 
cations Commission Rules and. Regula- 
tions as they apply to the radio amateur. 
Hundreds of schematic diagrams, pho- 
tos, line drawings and tables accompany 
and support the text. 

Construction projects presented in this 
latest edition include: power supplies, 
keyer and measuring devices; QRP trans- 
mitters and vhf /uhf preamps; a high -per- 
formance communications receiver; 
high -power hf and vhf amplifiers; 1,296 - 

MHz transverter; and a digital memory 
keyer. Complete information for each is 

given, including theory of operation, 
construction details, pc guides (where ap- 

plicable) and parts list. 
This is a must -have book for anyone 

who aspires to becoming an amateur ra- 
dio operator. It is also an excellent text- 
book for learning the fundamentals of 
electronics and radio communications. 
Whether you are an aspiring ham or al- 

ready have your license, this book will 

provide a wealth of information and 
serve as a one -stop reference. 

NEW LITERATURE 
Ham /SWL Accessories Catalog. The 
new 1990 MFJ Amateur Radio /SWL Ac- 

cessories Catalog lists and describes a 

wide range of devices for radio communi- 
cation. Listings provided in the 16 -page 
catalog include: antenna tuners, portable 

transmitting antenna, SWR /wattmeters, 
coaxial switches, dummy loads, receiver 
noise bridge, multiple dc power outlet, 
rfi -free choke kit, artificial r -f ground, 
hand -held accessories, SWL accessories, 
phone patch, ham software for IBM, 
Macintosh and commodore computers, 
packet -radio units, multi -mode data con- 
troller, video digitizer and more. For a 
copy, write to: MFJ Enterprises, Inc., 
P.O. Box 494, Dept. ME, Mississippi 
State, MS 39762. 

General Instruments Catalog. The 
148 -page 1990 general catalog from Con- 
tact East lists and describes products for 
testing, repairing and assembling elec- 
tronic equipment. Listings are given for 
oscilloscopes and other electronic test 
equipment, static -protection devices, 
soldering supplies, precision hand tools 
and Contact East's exclusive line of tool 
kits. Other items featured include voice/ 
data communication test instruments, 
wire and cable aids, electronic adhesives, 
magnifiers and inspection equipment. 
All products listed are described in detail 
with specifications, color photos and 
prices. For a free copy, write to: Contact 
East, 335 Willow St., Dept. ME, N. An- 

dover, MA 01845. 

Trimmer Resistor Primer. An updated 
Best of Trimmer Primer that includes ap- 
plication- specific and surface -mount 
technology devices is available from 
Bourns, Inc. It consists of 75 pages of il- 
lustrated tutorial broken into sections. 
Section 1 introduces typical types and 
uses of trimmer potentiometers and dis- 

cusses selection of trimmers for various 
manufacturing processes. Section 2 ex- 

plains fine tuning circuits with variable 
resistors and center -tapped trimming 
pots using multiturn trimmers. Section 3 

deals with the voltage- divider and rheo- 
stat modes, linearity, adjustability and 
resolution and end -zone characteristics 
and discusses power and current ratings, 
resistance values and tolerances, dry cir- 
cuit conditions and circuit applications. 
Section 4 discusses soldering, board 
washing, mechanical menaces, inspec- 
tion and operating environments and ex- 

plains the advantages, assembly tech- 
niques and putting the right component - 
insertion equipment into a manufactur- 
ing plan for SMT. For a free copy, write 
to: Randy Brown, Public Relations Man- 
ager, Bourns, Inc., 1200 Columbia Ave., 
Riverside, CA 92507. 
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HAM RADIO 

IS FUN! 

It's even more fun for begin- 
ners now that they can oper- 
ate voice and link computers 
just as soon as they obtain 
their Novice class license. You 
can talk to hams all over the 
world when conditions per- 
mit, then switch to a repeater 
for local coverage, perhaps 
using a transceiver in your car 
or handheld unit. 
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Your passport to ham radio adventure is 

TUNE -IN THE WORLD WITH HAM 

RADIO. The book tells what you need to 

know in order to pass your Novice exam. 

Two cassettes teach the code quickly 
and easily. 
Enclosed is my check or money order for 
$19.00 plus $3.50 for shipping and handl- 
ing or charge my 
( ) VISA ( ) MasterCard ( ) Am. Express 

Signature 

Acct. No 

Good from 

Name 

Address 

Expires 

City State Zip 

THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON. CT 06111 

ME 
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Fone Mate (from page3l) 

reserved for special emergency pur- 
poses). The dialed number should 
appear in the display. When it does, 
press the # key. The number in the 
display should now be replaced with 
the message "RECALL," as in Fig. 
10(A). The speaker in the handset 
should go dead for about 2 or 3 sec- 
onds. When it reconnects, you 
should hear a dialtone and the LCD 
module should once again display the 
current time. 

If you ever wish to replace the 
dialed number or regain a dialtone, 
just remember to press the # button 
on the keypad of the telephone in- 
strument. Just by hanging up, you re- 
gain dialtone, but the contents cur- 

rently displayed in the LCD window 
will not be erased. 

To test the hold feature, have 
someone call your number. When 
you answer, put the call on hold by 
pressing the * button on the keypad 
of the telephone instrument. Imme- 
diately, the time in the display should 
be replaced with the message 
"HOLD 0 MIN," as in Fig. 10(B). 
You can now hang up the handset 
without losing the call. The count in 
the display window advances upward 
for as long as the call is on hold, and a 
beeping sound will be heard from the 
built -in crystal transducer. 

To reconnect at any time, simply 
lift the handset from the cradle and 

Organize and Protect Your 

Copies of I 'll" N /CS 
Now there's an easy way to organize and keep copies of your 
favorite magazine readily available for future reference. 

Designed exclusively for AE by Jesse Jones Industries, 
these custom -made titled cases and binders provide the lux- 
ury look that makes them attractive additions to your book- 
shelf, desk or any location in your home or office. 

Whether you choose cases or binders, you'll have a storage 
system that's durable and well organized to help protect your 
valuable copies from damage. 

MODERN ELECTRONICS 
Jesse Jones Industries, Dept . Mod -E 
499 East Erie Avenue, Philadelphia, PA 19134 

Please send cases; binders 

Quantity Cases Binders 

One 
Three 
Six 

S 7.95 
$21.95 
$39.95 

S 9.95 
$27.95 
$52.95 for Modern Electronics Magazine 

Enclosed is $ 

Charge my (Minimum $15) 
American Express Visa 
MasterCard ' ' Diners Club 

Add S1 per case/binder postage 
and handling. Outside USA 
$2.50 per case/binder. (U.S. 
funds only.) 

Card a Exp Date 

Signature 
Charge Orders: Call TOLL FREE 7days, 24 hours 1- 800 -972 -5858 

Print Name 

Address 
No P.O. Box Numbers Please 

City/State/Zip 

PA residents add 6% sales tax SATISFACTION GUARANTEED 
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press the * button. The "HOLD..." 
message in the display immediately 
reverts to the current time. If you do 
not reconnect the holding party with- 
in 5 minutes and 30 seconds, Fone 
Mate automatically removes the re- 
sistor (R10) that simulates the off - 
hook condition from the line and 
generates an on -hook condition. 
This restores the dialtone to the line 
and permits the telephone instru- 
ments at both ends to resume normal 
operation. 

To test the tone ringer, have some- 
one call your telephone number. 
When Fone Mate detects the incom- 
ing ring signal, the built -in crystal 
transducer should sound a pleasant - 
sounding warble tone. This tone 
should continue to sound for as long 
as the calling party tries to get 
through or you lift the handset. 

If at any time during the above test 
procedures you fail to obtain the 
proper responses, immediately pow- 
er down the project, disconnect it 
from both the telephone line and in- 
strument and troubleshoot it. Do not 
proceed with final installation and 
use until you have corrected the 
problem. AE 

More Information 

Further information on telephones and 
the 8052AH -BASIC microcontroller 
chip used in this project can be obtained 
from: 

Customize Your Telephone: 15 Elec- 
tronic Projects 
Tab Books 
Blue Ridge Summit, PA 17294 -0850 

MCS Basic -52 Users Manual 
Intel Part No. 270010 -003 

Embedded Controller Handbook 
Intel Part No. 210918 

Both Intel products are available from 
authorized distributors of products 
made by this company or by calling 
1- 800 -54 -4725. 
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IIIi/ SOFTWARE FOCUS /1/liti 

By Art Salsberg 

Shareware or user -supported computer 
software is marketed directly by authors 
on a sort of payment honor system. That 
is, there's no charge or just a disk plus 
shipment cost for the program. You then 
have the opportunity to use it, copy it, 
modify it, or whatever. If you feel the pro- 
gram suits you, you're asked to send in a 
modest registration fee that entitles you to 
expanded documentation, technical sup- 
port and upgrade version information. 

It's a marvelous sales prescription since 
the user can live with the software without 
plunking down a fair -sized chunk of 
money. The honor system evidently 
works since there are so many shareware 
authors utilizing this means of distribut- 
ing their programs. The late Andy Flue - 
gelman, who was editor of PC World 
magazine, is credited with initiating this 
type of software distribution about eight 
or nine years ago. When I had dinner with 
him at a West Coast computer show, I was 
surprised to learn that he was a lawyer, a 
profession I thought would have caused 
him to lean toward legal prohibitions on 
doing this or that with copyright material. 

A recent book, The Best of Shareware: 
IBM PC Utilities, authored by Mark Sa- 
wusch and published by Windcrest Books 
(a Tab Book subsidiary, which, in turn, is 
now part of McGraw -Hill Book Publish- 
ing Co.), illustrates a host of top share- 
ware programs that compete with com- 
mercial software. The 220 -page book, 
priced at $29.95, is accompanied by a 
5'/ " floppy disk that contains 75 useful 
programs discussed in the text. 

Programs were compressed in order for 
all of them to fit on one disk. Typing a 
given code word expands the files when 
copied to one's disks; recovered files fill 
up two floppies. The program disk re- 
quires DOS 3.0 or later, although virtual- 
ly all the recovered files require only DOS 
2.0 or later. An additional 25 or so pro- 
grams are examined by the author, includ- 
ing some commercial ones, to which share- 
ware equivalents are compared. 

PC Shareware 

The book is arranged by program func- 
tion: File Management Utilities, Key- 

board and Screen Enhancing Utilities, 
Printer Utilities, Disk and Director Main- 
tenance Utilities, Clock and Calendar 
Utilities, Operating System Enhance- 
ments, Batch File Utilities and Miscellan- 
eous Utilities. 

In -Use Comments 
Reading descriptions and comments 
about the shareware programs selected as 
top ones among the thousands available is 

educational and interesting. Each pro- 
gram is broken down into Purpose, Hard- 
ware, Software, Description /Features, 
Example and Author /Source. Program 
notes present command and feature sum- 
maries, and candid evaluations. 

I tried a handful of programs, and they 
worked like a charm. Among them was 
CPU.Com, which instantly displayed the 
effective clock speed of my CPU. Another 
interesting file is Remind.Com. Remind 
can be used as a clock (hours, minutes, 
seconds) displayed in the upper -right cor- 
ner of your video monitor screen or as a 
pop -up reminder. With the latter, you en- 
ter the pop -up alarm time you wish and a 
description of what you want to be re- 
minded about. When the selected time is 

reached, a pop -up box appears over your 
application for a few seconds before dis- 
appearing. 

Another neat program along the lines 
of Remind is Mjog.Exe, which is short for 
memory jogger. Using this program, 
which should be in your Autoexec.Bat 
file, you can generate pop -up reminders 
all through the year about dates you want 
to be reminded (birthdays, anniversaries, 
meetings, and so on). You would include 
text notes, of course, such as Mary's birth- 
day, 6 p.m. dinner with Don, etc. Remind- 
ers are displayed about ten days in ad- 
vance. Also, you can list upcoming ap- 
pointments and display a specific 
month's calendar. 

With so many programs on hand, there 
are sure to be many others you'll find very 
useful. Choose among a file defragmen- 

tizer, keyboard speedup, memory cache, 
hard disk diagnostics, backward scroll- 
ing, RAM disk, disk drive speed -up, DOS 
command shell, printer spooler, macro 
program, Lotus 1 -2 -3 unprotection up to 
version 2.0, and so on. 

The package isn't flawless. For exam- 
ple, many of the programs aren't of recent 
vintage, so don't support VGA or even 
EGA. Also, where an author is unknown 
(and listed as such) one can't be fully con- 
fident that the program is essentially bug - 
free. Most programs include the author's 
name, however, and some have a full ad- 
dress. 

In sum, here's an easy way to get inex- 
pensive software for an IBM PC that will 
help you enhance your computer work. 
For $29.95, you can't go wrong. AE 
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FREE CATALOG 
TEST INSTRUMENTS & 
HARD -TO -FIND TOOLS 
Packed with over 10.000 quality products for test 
ing. repairing, and assembling electronic equip- 
ment A full selection of test instruments. power 
protection equipment. precision hand tools. tool 
kits. soldering supplies. and much more Products 
are shown in full color with detailed descriptions 
and pricing. All products come with a 100% satis- 
faction guarantee. SAME -DAY shipment program. 

In a hurry to receive your catalog? 

Call (800) 225 -5370 
In Massachusetts call (508) 682 -2000 

Contact East, Inc., Dept. R455 
335 Willow St., No. Andover, MA 01845 
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AC Line Monitor (from page 21) 

ESA 
0,06: i° jt 4:Pl° 

:C))) 

(C) 
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Fig. S. Actual -size etching- and -drilling guides for printed- circuit boards: (A) frequency -counting module, (B) display 
module for frequency counter and (C) voltage- measuring module. 

you use a dry- transfer kit, protect the 
legends with two or more light coats 
of clear acrylic spray. 

When you wire the ac line cord, 
fuse, POWER switch and power trans- 
former, make certain to adequately 
insulate all points that are at 117 -volt 

ac line potential. Use heat -shrinkable 
or other insulating tubing. 

Connectors and cables are used to 
supply all power and signals between 
the various elements that make up 
the project. The specific types re- 
quired are detailed in the Parts list. A 

nine -conductor ribbon cable with 
connectors at each end interconnects 
the frequency counter and display 
circuit -board assemblies. If you wish 
to economize, you can eliminate the 
connectors and simply wire together 
the boards using hookup wire. 
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Fig. 6. Wiring guides for: (A) frequency counter board, (B) display board and (C) voltage measuring board. 

When you are done wiring the cir- 
cuit, place a 3- ampere fast -blow fuse 
in its holder. The project is now 
ready to be tested and calibrated. 

Test & Calibration 
Connect the power supply to all cir- 

cuits with suitable cables, but do not 
plug any ICs, displays or the optical 
isolator into any of the sockets. Plug 
the line cord into a nearby ac outlet. 
Connect the common lead of a dc 
voltmeter or multimeter set to the dc- 
volts function to any convenient cir- 

cuit ground in the project. Then set 
POWER switch S/ to "on." 

Exercising extreme care to avoid 
touching any parts of the primary cir- 
cuit of the power transformer, touch 
the "hot" probe of the meter to the 
power pins of the IC sockets on all 
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ANTI GRAVITY GENERATOR 
40 WATT BURNING CUTTING LASER. 
HI POWER PULSED DRILLING LASER 
1 MILLION VOLT TESLA COIL 
HI VELOCITY COIL GUN 
LASER LIGHT SHOW 3 METHODS. 
ELECTRONIC HYPNOTISM TECHNIQUES. 
LOWER POWERED COIL GUN LAUNCHER 
JACOB LADDER 3 MODELS 
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LEVITATION DEVICE 
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FMY1K 3 MILE FM VOICE TRANSMITTER $34 50 
PFS1K HAND CONTROLLED PLASMA FIRE SABER $49.50 
NIG7K HI FLUX NEGATIVE ION GENERATOR. $34.50 

v s PG5K PLASMA LIGHTNING GLOBE $49.50 
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ALL NEW 26" VIVID COLORED NEON STICK $74.50 
.5 TO 1MW VIS. RED HeNe LASER GUN. $199.50 
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EASY ORDERING PROCEDURE TOLL FREE 1- 800 -221 -1705 
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VISA. MC, CHECK, MO IN US FUNDS. INCLUDE 10% SHIPPING. 
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INFORMATION UNLIMITED 
P 0 Box 716 DEPT ME9 AMHERST NH 03031 

CIRCLE NO. 112 ON FREE INFORMATION CARD 

CONSOLIDATED 

THE ULTIMATE 
ELECTRONICS 

CATALOG 
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circuit -board assemblies while mon- 
itoring the readings obtained. On 
the frequency- counter board, you 
should obtain a + 5 -volt reading at 
pin 14 of the ICI and IC6 sockets; 
pins 1, 4, 10, 13 and 14 of the IC2 
socket; pin 20 of the IC3 socket; pin 
16 of the IC4 socket; and pin 16 of the 
IC5 socket. 

On the display board, pin 16 of the 
IC8 and IC9 sockets and pin 14 of all 
display sockets should also yield a 
reading of + 5 volts. No readings are 
required on the IC7socket. The read- 
ings obtained on the voltage- measur- 
ing board at pin 7 of the ICIO socket, 
pin 7 of the IC11 socket, pin 4 of the 
IC 12 socket, pin 1 of the IC13 socket, 
pin 8 of the IC14 socket and pin 14 of 
all display sockets should also all be 
+ 5 volts. 

Once you ascertain that the + 5- 
volt bus distribution is correct, touch 
the "hot" probe of the meter to pin 
11 of the IC12 socket and pin 8 of the 

IC4 socket. This time, the meter 
should display -5 volts. 

If you fail to obtain the proper 
reading at any socket pin, power 
down the project and disconnect it 

from the ac power line. Correct any 
problems encountered. 

When you are sure the project has 
been properly wired, plug the ICs, 
displays and optical isolator into 
their respective sockets. Make sure 
you observe proper orientation in all 
cases and that no pins overhang the 
sockets or fold under between devices 
and sockets. Also, handle any IC, es- 
pecially the 7107 (IC13), that can be 
damaged by static electricity with the 
usual precautions for MOS and other 
such devices. If you are not sure 
which ICs are static -sensitive, handle 
all with the same care. 

Set AC /DC switch S3 to the AC posi- 
tion and RMS /AVG switch S2 to the 
RMS position. Connect the leads of a 
high -quality digital multimeter (set 

RMS vs. Average Value 

The AC Line Monitor described in the 
main text of this article is capable of 
measuring the average value as well as 
the true rms value of the ac line voltage 
it is monitoring. When in the average 
responding mode (S2 set to Avo), the 
average absolute value of the ac (or ac 
plus dc if S3 is set to the DC position) is 

achieved by full -wave rectification and 
low -pass filtering. The resulting output 
is then scaled by multiplying by 1.11 for 
the rms equivalent value of a sine wave. 

From the definition of rms, the rms 
value can be determined by squaring the 
waveform, averaging it and then taking 
the square root of the result. Rms is a di- 
rect measure of the heating value of an 
ac voltage compared to that of a dc volt- 
age. For example, a 117 -volt ac rms sig- 
nal produces the same heat in a resistive 
load as a 117 -volt dc signal. 

For perfect sine -wave voltages, aver- 
age absolute value is 0.636 that of peak 
voltage. The corresponding rms value is 

0.707 times peak voltage. Therefore, 
for sine -wave voltages, if you multiply 
the average value by 1.11, you obtain 
the equivalent rms value. This is exactly 
what is done in many ac voltmeters that 
are designed to measure voltages in 
terms of rms value. 

Bear in mind that 1.11 times the aver- 
age value of a voltage yields the true rms 
value for a perfect sine -wave voltage. 
Attempting to multiply the average 
value of a square wave by 1.11 will re- 
sult in an 11- percent too high a reading, 
while for a triangular wave, the reading 
will be about 2 percent too low. 

Some other types of waveforms, such 
as rectangular pulse trains, will result in 

readings that are only a fraction of the 
true rms value. 

From the foregoing, you can use the 
AC Line Monitor to estimate how close 
the output waveform of a generator, 
SPS, UPS or other back -up power 
source is to a true sine wave. 
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COLLEGE DEGREE 
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Interior view of finished prototype of AC Line Monitor. 

to read dc volts) across pins 35 and 36 
of IC13, and adjust R33 for a reading 
of exactly 0.100 volt. 

Next, switch to the ac -volts func- 
tion on the multimeter (preferably, 
the meter being used will have a true 
rms measuring capability in this 
function), and measure the ac poten- 
tial at the ac outlet to which the proj- 
ect is connected. Adjust R61 for the 
correct voltage in the display of the 
AC Line Monitor. 

We assume that you want the 
OVER í27V LED to light when ac line 
potential exceeds the 127 -volt thres- 
hold and the UNDER 103V LED to 
light when the line potential drops 
below 103 volts. If you wish other 
voltages for the trip points, divide the 
warning voltage by 100 to determine 
proper voltage adjustment. 

With the common lead of your 
multimeter (set to measure dc volts) 
connected to circuit ground, touch 
the "hot" probe to pin 2 of IC14. 
Adjust R41 for a reading of 1.27 
volts. To adjust the low voltage trip 
point, move the "hot" probe to pin 5 

of IC14 and adjust R45 for a reading 
of 1.03 volts. 

You are now ready to put your AC 
Line Monitor into service. When you 
turn on and off power to it, the piezo- 
electric buzzer will sound for a few 
seconds. It will also sound when a 
voltage spike of sufficient duration 
or voltage drop occurs, the latter 
even for a few seconds at the onset of 
a blackout. 

When operating from power deliv- 
ered by a utility company, the project 
should display a constant 60 Hz, per- 
haps with a 59 appearing briefly 
every few minutes or so. If 59, 61 or 
some frequency other than 60 Hz 
consistently appears in the display, 
the crystal oscillator is probably not 
generating an exact 32,768 -Hz 
± 1 -Hz signal. If this is the case, try 
replacing the crystal, or replace C4 
with a 10- to- 39- picofarad trimmer 
capacitor. 

If the overrange indicator (left - 
hand decimal point) in the voltage 
display blinks, the power -line fre- 
quency is beyond 99 Hz. AE 

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 Stud', Council 

GRANTHAM 
College of Engineering 
10570 Humbolt Street 

Los Alamitos, CA 90720 
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PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT -50 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. 

fit 
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 V. mile range. Tunes from 70mhz - 130mhz. Easy 
to assemble kit includes all parts and instructions. On- 
ly 829.98 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 cheeks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914232.3878 
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BUILD YOUR OWN LASER! 
New manual reveals latest laser break- 
throughs and gives complete step-by- 
step fns actions for building 6 kinds of 
real working lasers with easy-to-get 
parts (sources for all parts are given 
including an infrared laser that you can make quidcy for 
under $30! 30-Day Money -Bads Guarantee if not com- 
pletely satisfied but keep the FREE safety decal (above) 
Inducted with each order. Send $8.75 plus $2.75 P&H to: 
Biophysics Inc, 902 -M West 36th St., Baltimore, MD 21211 

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 
(708) 658 -2121 

No Illinois orders 
Hours -8:00 am -5:00 pm central time 

K.D. VIDEO 
FOR ALL YOUR CABLE TV NEEDS 
WE SPECIALIZE IN DEALER PRICING 

QTY 
Jerrold (Type) SB -3 
Jerrold (Type) Tri -Bi 
Scientific Atlanta SA -3 
Hamlin MLD -1200 
Oak N -12 Vari -Sync 
Jerrold 550 Converter 
Jerrold 400 DRX -3DIC 
(With Built in SB -3) 169.00 109.00 100.00 

1 10 20 
89.00 56.00 48.00 

119.00 69.00 65.00 
129.00 80.00 75.00 
99.00 59.00 45.00 
99.00 59.00 58.00 
99.00 75.00 68.00 

1- 800 -327 -3407 
Call us for prices on large quantities 

K.D. Video PO Box 29538, Mpls., MN 55429 
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VIDEO 
T.V. NOTCH FILTERS, SURVEILLANCE 
EQUIPMENT, BROCHURE $1.00. D. K. 
VIDEO, BOX 63/6025, MARGATE, FL 
33063 1 -(305) 752 -9202. 

TOCOM'S Complete descramblers with vol- 
ume control, fully guaranteed with remote 
$150.00 each. Call (213) 478 -2506. 

SATELLITE Printout for your location 
$9.95. Databank Research, P.O. Box 261, 
Westmont, IL 60559, 708 -515 -1836. 

INFRARED DETECTOR. Build our penlight 
style pocket tester. Test and verify infrared 
signals on V.C.R.'s, T.V.'s, alarm systems, 
remote controls, etc. Plans $4.95, Kit $14.95. 
To: K- TRONICS, 3004 South Turner Spring- 
dale, AR 72764. 

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. 

El. EC TRON/CS 
TUBES, New, up to 90% off, S.A.S.E., Ker- 
by, 298 West Carmel Drive, Carmel, IN 
46032. 

KINETIKITS from KINETICO: electronic 
kits outputting light or sound. Free catalog: 
KINETICO, P.O. Box 1634, NY, NY 
10114 -0508. 

DETECTION - Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest High 
Tech Catalog, $5. DETECTION SYSTEMS, 
2515 E. Thomas, Jí16 -864H, Phoenix, Ari- 
zona 85016. 

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, "A2 ", 
Tempe, AZ 85285 -5647. 

SURVEILLANCE Countersurveillance Equip- 
ment Catalog $5.00. Eavesdropping Detection 
Equipment, P.O. Box 1087, Williamsville, 
NY 14231. 

FUZZ BUSTER BUSTER -Activates RA- 
DAR DETECTORS. Great for testing Radar 
Detectors at Hamventions. Build from parts 
in your shack. For complete plans, assembly 
instructions and parts list send $19.95 to 
RICH CONSULTING, Box 8206, Fort 
Wayne, IN 46898 -8206. 

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. 

SURVEILLANCE- Audio /Video Equip- 
ment- Debugging. Industrial or Private. 500 
Item Catalog $7.00. Security Systems, 30I7D 
Hudson, New Orleans, LA 70131. 

DAZER Defense Device Kit! $44.95. Unique 
Products Catalog $1.00. Quantum Research, 
17919 -77 Avenue, Edmonton, Alberta T5T 
2SI. 

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. 

KITS and plans, amplifiers, antenna amplifi- 
ers, alarms, power meter, VU meter, motion 
detector, siren, dimmer, timers, display, 
counter, chime, door bell, power supply and 
many more. Catalog $1.00. ARLI Electronics, 
2155 Verdugo Blvd., #22, Montrose, CA 
91020. 

ELECTRONIC REVIEW Detailed Electron- 
ics Reviewing for bettering grades, interviews, 
and promotions. Over 300 pages $39.95 in- 
clude $4.25 shipping. USER -Graphics, De- 
partment-ED73, 7136 Everett, Boise, ID 
83704 -7415. 

NINTENDO Service Manuals. Schematics, 
waveforms, parts lists, trouble- shooting tips. 
Untapped markets nationwide. $30.00. Spiel 
Electronics, P.O. Box 50941, Amarillo, TX 
79159. 
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SURVEILLANCE Audio Amplifiers: The 
Cult of Electronic Super- Hearing. 8.5 x I1, 
277 pages; the Big One! $33 postpaid, or 
SASE for free brochure. Full catalog $5, cred- 
ited to order. Tired of searching for the Real 
Thing? You found it. Registry Distributing, 
1616 17th St., Suite 372 -G, Denver, CO 80202. 

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, 
Salt Lake City, UT 84152. 

TRANSISTOR- TESTER checks gain and 
leakage under simulated "in- circuit" condi- 
tions. $38.80 includes shipping. LATCOMP 
INTERNATIONAL, Box 953, Mt. Pleasant, 
SC 29464. 

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. 

COMMUNICATIONS 
CHEAP ham equipment. SASE gets list -Jim 
Braddy WA4DSO /4, 3037 Audrey Drive, 
Gastonia NC 28054. 

SHORTWAVE, ham, scanner radio books. 
Catalog $1. Tiare Publications, P.O. Box 
493ME, Lake Geneva, WI 53147. 

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. 

COMPUTERS 
DISK DRIVE RIOT! Seagate ST -212 half - 
height, 51/4 " hard drives. These format to 10 
megabytes MFM /16 megabytes RLL! In 
working condition -just $59.95! Also: Teac 
5'h ", half -height floppies, DSDD /360kB, 
complete, but untested -$24.95. Full- height, 
5 /. " floppies, assorted brands, DSDD/ 
360kB, complete, but untested -$19.95. Call 
or send SASE for Free List! PC stuff, test 
equipment, power supplies, EPROMs, lots 
more available. Buy /Sell /Trade! HTC Tech - 
nologies Inc., (203) 263- 3958.9 Union Square, 
Suite 129, Southbury, CT 06488. 

76 N 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. 

1 2 3 4 5 6 7 8 9 10 11 12 

13 14 15 16 17 18 19 20 21 22 23 24 

25 26 27 28 29 30 31 32 33 34 34 36 
37 38 39 40 41 42 43 44 45 46 47 48 
49 50 51 52 53 54 55 56 57 58 59 60 
61 62 63 64 65 66 67 68 69 70 71 72 
73 74 75 76 77 78 79 80 81 82 83 84 
85 86 87 88 89 90 91 92 93 94 95 96 
97 98 99 100 101 102 103 104 105 106 107 108 

109 110 111 112 113 114 115 116 117 118 119 120 

121 122 123 124 125 126 127 128 129 130 131 132 

133 134 135 136 137 138 139 140 141 142 143 144 

145 146 147 148 149 150 151 152 153 154 155 156 

157 158 159 160 161 162 163 164 165 166 167 168 
169 170 171 172 173 174 175 176 177 178 179 180 

Insert Issue date here 
(month) (year) 

(must be completed to process) 

Name 

Company Name_ 

Address 

City 

Phone 

State Zip 

* #* **PRESENTING## Ir# 
CABLE TV 

DESCRAMBLERS ***Irtr STARRING ***** 
JERROLD, HAMLIN, OAK 

AND OTHER FAMOUS MANUFACTURERS 

FINEST WARRANT' NROGRAM AWLARLE 
LOWEST RETNL/ M 0tESAIE NRKES M U S 

ORDERS SHINNED FROM STOCK WITHIN 24 HOURS 

FOR FREI CATALOG ONLY 1400-345 -8927 
FOIE ALL INFORMATION 14167165914 

PACIFIC CABLE CO. INC. 
73251 RESEDA BLVD., DEPT. 1200 

RESEDA, CA 91335 

MODERN 
ELECTRONICS 
Sl1BSCRIBE Now 

& SAM 
Twelve Issues 

$17.97 

QUALITY PARTS DISCOUNT PRICES FAST SHIPPING 

ELECTROMCS 
P.O. Box 567 Van Nuys, Ca 91408 

0 - 6 HOUR AUTO 
SHUT -OFF TIMER 
M.H. Rhodes, Inc. 
Mark -T1mel 90007 Walt-box i JI' 
timer fits standard 3 deep 
wat box. Rated 20 amps @ 
125 Vac. Turn knob to desired time. In- 

dudes hardware, beige wall plate, and 
knob. UL and CSA listed. CATI TMC-6 

$5.75 each 10 for 550.00 

4 

THUMBWHEEL SWITCH 
t pole 10posillon '. Y- 

s ches encoded jr 
switches which 
interlock to make 
up desired number of digits. Terminates 
to 11 pc pins (1 common and 10 poles). 
Each section is .31 wide X 1.20 high X 

.78 deep. CATO SWTH -9 $1.25 each 
101a $10.00 End plates can be added 

to form a .94 high bezel. END PLATES - 
CATI SW -9EC- S1.00 per set 

INSTRUMENT 
ENCLOSURES 

Molded ABS instrument 
an 

panels. Iront and rear Wneb. 
Integrated PC board 
standoffs and two sets of 

vertical mounting slots for Iront and rear 
sub panel PC boards. All enclosures are 
6 wide X 6 1/4 deep. Available In black. 

Ivory, blue, and beige. Specify color. 

FRONT a REAR PANEL HEIGHT 
2 1/4 CATI MB-A s750..á, tolor 165.00 
2 5/8 CATS MB-I3 s7.75..á, to be $67.50 
3 CATIMBC IS CO sash 10SM57000 

PHOTOFLASH CAP. 
Rubicon CE 210 MFD 330 V "'4 
0.79 dia. X 1.1 high. New, 
prepped with 1.4 black and red 
wire leads soldered to the terminals. 

CATM PPC -210 $2.50 each 
10 for $22.50 100 for $200.00 

10 AMP SOLID 
STATE RELAYS _. 
ELECTROLM S2181 
CONTROL: Rated 5.5 to 10 Vdc ( aperares 
on 3-32 Vdc). LOAD: 10 amp ® 240 Vac 
2 1/4 X 1 3/4 X 7/8 CATO SSRLY -10B 

$9.50 each QUANTITY DISCOUNT 
10 for $85.00 25 for 5175.00 

50 for $300.00 100 for $500.00 

OPTO SENSOR 
U shaped package with 
mounting ears 1;8" opening. 
3-4 mounting ears. CATI OSU-6 

50e each 10 for 34.50 700 for 310 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 Add $3.50 per 
order for shipping/ handling CA residents add sales tax 

Quantities limited Mail orders may be paid by check No C.O.D. 
CALL TOLL FREE FOR A FREE 60 PAGE CATALOG ! 

CIRCLE NO. 103 ON FREE INFORMATION CARD 
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BARGAIN HEADQUARTERS! 
JERROLD TOCOM HAMUN 
SCIENTIFIC ATLANTA ZENITH 

Oak M3513 ONLY $60 
6 month warranty) We ship C.O.D.! 

Lowest retailAvholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Stile 109 

S.F., CA 94122 

ORDER TODAY! 800 -327 -8544 
CIRCLE NO. 110 ON FREE INFORMATION CARD 

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 

PrPmptr°tis P -C -B 

Artwork Made Easy 

PCBoards Layout Software takes the Hassle out of 
Creating P -C -B Artwork. 

Advanced Futures Menu Driven 

Auto -Router 8 Schematic Program Available 

Requirements: IBM PC or compatible 364K RAM, DOS 3.0 or later 

PCBoards $99.00 Demo $10.00 

2110 14ík Ave. South. Birmingham. AL 35205 (205) 933.1122 

REMOTE CONTROL KEYCHAIN 
Complete w /mini- transmitter 
and +5 vdc RF receiver 

Fully assembled including plans 
to build our own auto alarm 

Write for more information 
Quantity discounts available 

Check,VIsa or M/C 
30 Q dand ONLY $24.9rJ Add $ 

ys 
3 shipping 

VISITECT INC. / Dept. M (415) 872 -0128 
PO BOX 5442, SO. SAN FRAN. , CA 94080 

CABLE-TV BOXES 

Descramblers Converters 
Some Of The Best Prices In Town 

T.J. SERVICES 

313-979-8356 

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 

torC.O.D. Orders Accepted 

Medicine Man CB 
P.O. Box 37, Dept. A 

Clarksville, AR 72830 
(501) 754.2078 

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. 

Learn IBM PC Assembly Language. Disk $5 
Book $15. Zipfast, Box 12238 Lexington, KY 
40581 -2238. 

CABLF: 

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. 

JERROLD SB -3 substitute. Unmodified units 
in 5 lots only $25.00 each. Modified units 
$35.00 ea. in 5 lots. No Calif. sales. Call (213) 
867 -0081. 

SECURITY EQUIPMENT 

WIRELESS SECURITY SYSTEMS HEAD- 
QUARTERS. Low Cost Complete Systems, 
Telephone Dialers, Central Station Monitor- 
ing, Infrared Detectors, Wireless Medical and 
Panic Buttons, etc. Visa /MasterCard. Free 
Literature. HACHEN SECURITY, 1904 Ply- 
mouth Road, Independence, MO 64058, 
1- 800 -869 -0483. 

S('HOI.ARSHIP 

OVER $4,000,000,000 PRIVATE FUNDS is 

available every year in scholarships, grants 
and fellowships. Graduates, undergraduates, 
vocational students. EVERYONE QUALI- 
FIES. For information call 1 -800- 872 -1221 
ext. 1072. 

1 ASF:R Sl Rl'LlS 

LOWEST PRICES, HeNe laser tubes from 
$29.00 and up. Diode lasers also available. 
Applications include: lightshows, weapon 
sighting, holography, voice data transmis- 
sion, etc. For free catalog write to: Midwest 
Laser Products, P.O. Box 2187, Bridgeview, 
IL 60455 or call: (708) 403 -6984. 

HELP %'ANTED 

ATTENTION: EASY WORK EXCELLENT 
PAY! Assemble products at home. Details. 
l -602- 838 -8885 Ext. W- 11147. 

ATTENTION: HIRING! Government jobs - 
your area. $17,840- $69,485. Call 1- 602 -838- 
8885. Ext R- 11147. 

CABLE FQUIPMENT 

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. 

CLASSIFIED ADVERTISING ORDER FORM 

Mail this form with payment to MODERN ELECTRONICS, Classified Dept., 76 N. Broadway, 
Hicksville, NY 1 1801. 

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 
( ) Miscellaneous ( ) Wanted ( ) Special Heading 

PRINT EACH WORD SEPARATELY. Note that P.O. Box numbers and telephone numbers must 
be counted as two words each. Circle additional words you wish boldfaced at 20Q7o more each (initial 
boldface word is free). Minimum charge is for 15 words. 

( ) Video 

$ 

Free Boldface 2 3 

5 6 7 

9 10 ll 

13 14 15($15) 

17 ($17) 18 ($18) 19 ($19) 

Extra Bold Words @ 20 cents $ Special Heading ($6) 

4 

8 

12 

16 (516) 

20 ($20) 

TOTAL PAYMENT ENCLOSED (Check or Money Order): S 

Payment may also be made by MasterCard or Visa. For this, please fill in information below. 

Credit Card Number Expire Date 
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lit 'SIN ESS OPPORTUNITIES 

LEARN to Clean /Repair Fax Machines. 
Huge new market! Earn $85 /hour. No experi- 
ence necessary. Free details call 1- 800 -537- 
0589 or write to: Viejo Publications, 3540 Wil- 
shire Blvd., #310, Dept. FX300, Los Angeles, 
CA 90010. 

EDUCAI ION /INSTRUCTION 

COMPLETE Digital Training Course. Com- 
prehensive overview of Digital Electronics. 
Super handy desktop reference! Hundreds of 
pages /illustrations. Free newsletter with or- 
der. Send $10.00 to Viejo Publications, 3540 
Wilshire Blvd. #310, Dept. DG200, Los Ange- 
les, CA 90010 or call 1- 800 -537 -0589. 

CABI.F: T1, UES('RAIIBLERS 

Jerrold° , Oak, Scientific Atlantic, Zenith, & 
many others. "New" MTS stereo add -on: 
mute & volume. Ideal for 400 & 450 owners! 
B & B INC., 4030 Beau -D -Rue Drive, Eagan, 
MN 55122, 1- 800 -826 -7623. 

CABLE TV EQUIPMENT 

WE WANT YOUR BUSINESS. Cable TV 
converters & Descramblers. All major brands 
available. Order yours today at 
1- 800 -969 -3576. F.L.P.O. Inc., P.O. Box 
081426, Racine, Wisconsin 53408. 

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. 

FOR SALE 

LOTTERY -IBM COMPUTER DISK FOR 
ALL LOTTERIES $10.00. ROBERTS, Box 
63/6025, MARGATE, FL 33063. 

MISCELLANEOUS 
ALCOHOL BREATH TESTERS -TEST 
YOUR BLOOD ALCOHOL CONTENT 
BEFORE DRIVING, 2/$5.00 ppd., R. J. 
CROWLEY, P.O. BOX 1087, WILLIAMS- 
VILLE, NY 14231. 

ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 1214TZ, Novato, CA 94948. (415) 897- 
2742. 

SURVEILLANCE - Privacy control - Debug- 
ging - Protection (kits - assembled). Large new 
catalog $5.00. Tri -Tron, 2209F Lapalco, Har- 
vey, LA 70058. 

ASIAN LADIES want correspondence for 
friendship, marriage. SUNSHINE INTER- 
NATIONAL -Dept. TW, Box 5500, Kailua- 
Kona, Hawaii 96745. (808) 325 -7707. 

ROBOT Heathkit Hero Jr. cartridges wanted. 
Will pay original cost. Leave message for Tim, 
719 -570 -7898. 

ELECTRONICS books for sale! New, used, 
antique, complete list $1.00 and SASE. Wayne 
Gipson, 1415 Broadway, Parsons, Kansas 
67357. 

SURVEILLANCE- Privacy control- Debug- 
ging -Protection. (Kits -assembled). Large new 
catalog $5.00. Tri -Tron, 2209F Lapalco, 
Harvey, LA 70058. 

FREE CATALOG! 
1- 800 - 648 -7938 

JERROLD HAMLIN OAK ETC 

CABLE TV 
EQUIPMENT 

Special Dealer Prices! 
Compare our Low Retail Prices! 
Guaranteed Prices & Warranties! 
Orders Shipped Immediately! 

REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd. 05. Dept. 900 

Las Vegas, NV 89109 

For all other information (702) 362 -9026 

CABLE TV 
CONVERTERS 

IN STOCK 

Stocking all types of converters: Panasonic, 
Jerrold, Tocom, Pioneer, Scientific Atlanta, 

Zenith, Oak, Hamlin, Eagle, and others. 

Call or write for FREE CATALOG 
Mon - Fri 10 to 6 Eastern Time 

VIDEO -LINK 
Enterprises, Inc. 

520 Glenbrook Rd. Suite 202 
Stamford, CT 06906 

Orders: 800 -622.9022 
Catalog & Info: 203-975-7543 

Over 75,000 active amateurs in over 125 countries 
throughout the world read and enjoy a different 
kind of ham magazine every month. They read CQ. 

It's more than just a magazine. It's an institution. 

SUBSCRIBE TODAY! 
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`/ /1 
CLEANING /MAINTENANCE /REPAIR 
EARN UP TO S1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

N O Special 
Tools or 

Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics).... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn ... then we can 
teach YOU VCR maintenance and repair! 

FACT: up 10 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO- MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 

months! 
Viejo s 400 PAGE TRAINING MANUAL (over 500 

photos and illustrations)and AWARD. WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair - "real- world" information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL -FREE 1.800.537 -0589 

Or write to: 
Viejo Publications 

3540 Wilshire BL. STE 310 
Los Angeles, CA 90010 Dept ME 

CIRCLE NO. 119 ON FREE INFORMA IION CARD 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 

800 -442 -9333 

SURVEILLANCE 
TELEPHONE 

This is a normal functioning telephone' 
EXCEPT it has a secret built in monitor 
Only YOU can call and monitor all conversations, using a 

secret code, and never be detected! Range Unlimited 
S175.08 6 magi Warmly %qM To Catalog 57.00 
LISTEN ELECTRONICS. 60.1 Elgin. Mnu9oo. ON 74401 

1.800. 633 -TAPS 

EDITORIAL 
(from page 4) 

to build it into a very successful monthly 
magazine. 

Ever the entrepreneur, George search- 
ed for a way to get into this field in a de- 
velopment and business way. The open- 
ing he found was the RCA 1802 CPU, 
which was only being used for a video 
game whose construction plans we 
published, and for dedicated industrial 
control applications. He took the 1802 
and developed a little computer called the 
Elf, which we published as a construction 
project. The Elf's sales took off, even 
though the heart of it was within the 
framework of waning technology, and 
many thousands of electronics buffs cut 
their computer eye teeth on it. 

Meyerle is working on modestly priced 
electronics projects that uses a waning - 
edge-of- technology IC that will provide 
most of you with a fabulous learning ex- 
perience in the electronics circuitry area. 
We expect to kick this one off as a series 
in a few months time. 

The waning edge of technology was 
good to RCA, too. When I worked for 
RCA's Solid State Division many years 
ago, I still remember passing a floor near- 
ly every day that was packed with oper- 
ating automated machinery that was 
manufacturing vacuum tubes. The com- 
pany had bought everyone's tube -making 
machinery and was pumping out tubes to 
meet the needs of radio and TV service 
technicians, even though the new sets 
were solid state. It was a great business 
for many years. 

Clearly, a trailing technology needn't 
die quickly. It can go on for many years 
as important constituents for the mainten- 
ance and experimenter market. For the 
latter, it also allows one to get true hands - 
on experience with electronics circuits 
without spending a small fortune. With 
this in hand, many of you will transfer 
this know -how to components that are in- 
deed at the leading edge of technology. 
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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 corn- 
panics, as well as for some editorially 
mentioned products. Simply circle the 
appropriate number printed below an 
advertisement onto the Modern Elec- 
tronics "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 to ensure speedy re- 
sponse. 

Say You Saw It In Modern Electronics 



 

5.0 

1115441 51 \ISn 

3084P S19.95 

I'iilii:n..I ; 

3359P $19 95 

n w u 
tiSnY:ln' 

3006P 529.95 
Counts as 2 

Computer Viruses 

3382P $29.95 
Counts as 2 

3012P 516.95 

THE 
FROZEN 

KEYBOARD 

314614 517.95 

9262 139.95 
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Working with 
loins Agenda,* 
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NOON-SPEED 

ANIMATION AND 

MSIMULATION 
KM 

ICROCOMPUTERS 

V 

3238P 819.95 2859P 821.95 

1990 THE COMPUTER BOOK CLUB, 
Blue Ridge Summit. PA 17294 -0820 

SELECT 5 BOOKS 
for only $495 

(Values to $115.70) 

Desktop Publishing 

Business Programming 

Graphics 

Computer Languages 

Hardware Interfacing 

liken its new anti important in business or personal computing, 
The Computer Book Clubs" has the information you need . . . 

at savings of up to 50 %D off publishers' prices! 

Lotus 1 -2 -3 
Simplified 
144rtc.'.1 

3088 $26.95 
Counts as 2 

1;13 Y..,,. 

3440P 516.95 
3330P $19 95 
Counts as 2 

2963P $14 95 2809P $19 9S 

Membership Benefits Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 500 /o off the 
publishers' prices. Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 80% off publishers' prices. Club 
News Bulletins. 15 times per year you will receive the Book Club News, describ- 
ing all the current selections- mains, alternates, extras -plus bonus offers and 
special sales, with scores of titles to choose from. Automatic Order. If you want 
the Main Selection, do nothing and it will be sent to you automatically. If you prefer 
another selection, or no book at all, simply indicate your choice on the reply form 
provided. You will always have at least 10 days to decide. As a member, you agree 
to purchase at least 3 books within the next 2 years and may resign at any time 
thereafter. Ironclad No -Risk Guarantee. If not satisfied with your books, return 
them within 10 days without obligation! Exceptional Quality. All books are qual- 
ity publishers' editions especially selected by our Editorial Board. 

urn C11mputRr FoEti 3I0 
Blue Ridge Summit, PA 17294 -0820 

Please accept my membership in The Computer Book Club and send the 5 volumes listed be- 
low. billing me $4 95 If not satisfied. I may return the books within ten days without obligation 
and have my membership cancelled. I agree to purchase at least 3 books at regular Club prices 
during the next 2 years and may resign any time thereafter A shipping /handling charge and 
sales tax will be added to all orders 

SM 

Name 

Address 

City 

State 

Signature 
Valid Ir ' 

gnu,, 

50% MONEYSAVING OPTION: 
I also w ish to order my first Club Selection 
at 50% off the Publisher's price. I then 
need to purchase only 2 or more finks within the next 2 years. 

Zip Phone 

,.,gn applicants will receive special ordering instructions Canada must remit 
,.'t 10 acceptance by The Computer Book Club MDNC790 

3111P $17 95 

2959 $29 95 
Counts as 2 

2968P 519 95 

oo[r.,..1 

PARADOX 

APPLICATIONS 

PROGRAMMING 

TECHNIQUES 

274314 S18. 95 

3401 P $17 95 

The Who lpdt 
SS911555.1Itl59 

ea& 
9303P 529 95 
Counts as 2 

9292 549 95 
Counts as 2 

3422P 817.95 

6. 

MS-DOS 
IIF;1l )\ 11(rIOk 

0\1v;sI\t. \11111 
I \II \I111i \\I1 

I \l'\`.I11 ii \11 \k 4t\ 

---t 

tz 
3239P 519.95 

Countess 2 
1540P $179' 

\fa9erlt18 PareMalter 

f 
WORKING WITH 

11121 

%Mao Id MAGELLAN 

3176P 516.95 

1If41-I N IN 

ÑM'155\1 

3461P 521 95 

3278 534.95 
Counts as 2 3213P $17 95 

All books are hardcover unless number 
is followed by a "P" for paperback 
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iyñ per#orrriarrce 
receivers. 

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 abcve. 

O Rte 

R -20d ° 4ii 
The R- 20Òt7 an all Land, all mode ? . 

receiver with 10 memory channels and 
U 

many dE luxe features such as program- a. 

mable scanning, dual 24 -hour clocks 
with timer, all -mode squelch and noise 
blankers, a large, front- mounted 
speaker 110 volt AC o- 12 volt DC 

operation (with the DCK -1 cable kit', 
and 118-174 MHz 'HF capability 

w th VC -10 option. 

Optional Accessories 
R -2000: 

VC -10 V -1F converter 
DCK -1 CC cable kit for 
12 volt DC use. 

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 

v`ENoc 

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 

-- 
I _`Fi.9^P:ex- MI= 

i I i I 19g tt, 
^ .'.T+T-Mil Irani 

I . 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 

bpeccricanons features. and paces are subject to change without nonce or obligation 

R -5000: 
VC -20 VHF converter VS -1 Voice 

module DCK -2 for 12 volt DC operatior 
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 WY ON - EADEH SERVICE LARD 

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. 
PO. BOX 1075, 959 Gana Court 
Mississauga, Ontario, Canada L4T 4C2 


