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OPTOELECTRONICS 
STOP LOOKING! THE FREQUENCY COUNTER 

YOU NEED IS HERE NOW! 

Take a good look at the model 2210 hand held that does it all. Frequency Range is from 
10 Hz to over 2.2 GHz covering audio through microwave. Literally DC to day light with 
extraordinary sensitivity and accuracy. The 2210 is now in demand by technicians, 
engineers, law enforcement officers, private investigators, two-way radio operators, 
scanner hobbyists, and amateur radio operators. Call us today to order yours. 

$199 INPUT 
®A / M[OONM 

M /0 ONM 

OPTOELECTRONICS 
FORT LAUD[RDAL[, Fl 

10Hz TO 2.20Hz FREQUENCY COUNTER 

22 100000 
M 

CAL ADJ 
A 

lir 

AC-CNO A 10HZ-12MNZ SLOW 

MODEL 2210 
MNZ 

PWR RANGE GATE 

MATT M 10M4Z-2.2014Z PAST 

R 

-12 voC 

SENSITIVITY 

1 KHz < 5 my 
100 MHz < 3 my 
450 MHz < 3 m 
850 MHz <3mv 
1.3 GHz <7mv 
2.2 GHz < 30 my 

(ACTUAL SIZE) 

Separate high impedance and 50 ohm amplifier circuits, two ranges, two gate times, dual crystal 
oscillator design. 8 LED digits, aluminum case, internal Ni -Cad batteries, 1 ppm accuracy, AD -DC 
portable operation, AC adapter -charger included. Full line of probes, antennas, and carry case is 

available. We manufacture the 2210 in the U.S. and have over 15 years of service, quality, 
experience and dedication that you can count on. 

ORDER FACTORY DIRECT 

1-800-327-5912 

OPTOELECTRONICS INC. 
5821 N.E. 14th Avenue 

Fort Lauderdale, Florida 33334 
FLA (305) 771-2050 
FAX (305) 771-2052 

MasterCard 

Orders to U.S. and Canada add 5% to total ($2 min, $10 max) 
Florida residents add 6% sales tax. COD fee $3. 

Foreign orders add 15% 
CIRCLE 176 ON READER SERVICE CARD 
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For SUCCESS in your Vocation or Profession 
LEARNING is Where It's A t! 

You'll need a "Learning Environment" in your home (or office) 
to work on your degree with "the college that comes to you," 

GRANTHAM COLLEGE OF ENGINEERING 

Grantham makes your understanding of electronics and compu- 
ters its most important teaching objective. You are never rushed 
or held back; you study at your own pace. Learn more by self -paced 
home study, with Grantham instructors standing by to help you. 

Accredited 
A.S. and B.S. Degrees 

A warded 

Phone or write for our Home Study Degree Catalog: 
Phone 213-493-4421 (no collect calls) 

or write 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California 90720 

Grantham College of Engineering is accredited by the Accrediting Com- 
mission of the National Home Study Council in Washington, D.C. 

Now in Our 39th Year 

r 
Grantham College of Engineering 
P.O. Box 539, Los Alamitos, CA 90720 
Please mail me your free catalog with gives 
details of your home -study degree programs, 
including enrollment information. 

NAME 

ADDRESS 

STATE and ZIP 

M- 6-89 
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Spring Specials from Heath 
Kit projects... 
Heathkit Flood Alarm 
detects unwanted 
water Avert 
damage from Is 

leaking water 
pipes or basement 
wall seepage. Three hours to build. 
Needs 9V battery. 13/4" H x 3%" W x 
47/e" L. Kit GD -1701(2 lbs.) .. $12.95 

Program your 
doorbell with a 

favorite tune 
Arrange wire 
leads on one -octave 
keyboard inside doorbell to 
program any tune. Includes songbook 
with 50+ college, seasonal, Christmas 
and special occasion songs. Back door 
button activates a part -tune. Volume, 
tone, speed and delay adjustable. Two - 
evening kit. Takes standard 16 VAC, 

50/60 Hz bell transformer. 
Kit TD -1089 (3 lbs.) $32.95 

Build your own Heathkit 
draft detector 
Easily detect heat loss areas. 
Turn it on, adjust for silence, 
then move sensor in areas 
where heating or cooling 
losses occur. Temperature 
changes set off beeping 
alarm and flashing LED. 
Used in temperatures from 
59-95F. Takes a 9 -volt 
battery (not included). 
Kit NE -2112 (2 lbs.) $14.95 

Heathkit Furnace Air 
Cleaner. 
Works with heating or 
A/C system to reduce 
the effects of pollen, 
dust and cigarette 
smoke. Power supply 
mounts onto a cold air duct, 
and turns on collecting cell when 
blower is running. 1" collecting cells 
below directly replace original furnace 
filter. 120VAC also works with GD -2196 
2" filters. Kit GD -3196 (9 lbs.) $79.95 
Accessory filters 4 sizes available. 
each $74.95 

Heathkit Portable Air 
Cleaner. 
Helps solve tough air - 
cleaning problems, 
removes dust, smoke, 
other pollutants from 
6,000 cubic feet (25'x30' 
x 8' room). One -evening kit 
includes power supply, 3 -speed fan 
control and assembled filter. 120 VAC, 

60 Hz. Dimensions 261" H x 17/" W 
x 13Y" D. 

Kit GDS -1297 (59 lbs.) $199.00 
Accessory: Replacement Charcoal 
Filter Assd. GDA-1297-2 (2 lbs.) $9.95 

Charging 
system tester 
Diagnose faulty 
components in 

your car's 
charging 
system with 
accuracy and ease. A two -wire setup 
and three quick tests show you if the 
battery has sufficient charge to reliably 
start the engine, if the battery is being 
charged by the alternator, if the voltage 
regulator is faulty (causing the battery 
to become overcharged), or if the 
alternator stator windings and rectifier 
diodes are functioning properly. No 
external power or battery required. 
Dimensions are 51/2" H x 23/4" W x 3/4"D. 

Kit CI -2065 (2 lbs.) $19.95 

Noise generator 
kit To properly 
check out any 
stereo or sound 
system with a 

spectrum analyzer, you need a noise 
source with a nearly constant energy 
output. This one -evening Pink/White 
Noise Generator will do just that...and 
at a fraction of the cost of comparable 
noise generators. 
Kit AD -1309 (2 lbs.) $24.95 

For the electronic 
hobbyist... 
Pocket-size digital 
meter for home and 
shop Compact digital 
meter includes 31/ 
digit, LCD display for 
readings up to 1999, 
audible continuity 
checker and diode 
test. Overload protected on all ranges, 
new transistor hFE test. 
Assd. SM -2310 (1 lb.) Now only $24.95 

Connector adapter 
kit Make 108 r 
different 
coaxial &' 

connector adapters 
with gold-plated pins and Teflon 
insulation. Kit contains male and 
female, N, BNC, UHF, SMA TNC and 
mini UHF connectors. Special in- 
between fittings allow you to assemble 
your own adapters in seconds. 
Assd. HCA-3000 (2 lbs.) .... $69.95 

Coax adapter 
cables Solve 
frustrating 'k" 
coax connection 
problems with this 
convenient adapter cable assortment. 
Twenty cables in all help you make 
almost any connection. Two handy 

..__. 

storage racks keep your cables neatly 
organized. 50 ohm impedance. 
Assd. TPI-5000 (5 lbs.) . Now $49.95 

Unbeatable Scanner 
Prices... 
Uniden 10-Channel/10-Band 
Handheld Scanner. Save $31. 
Superportable, programmable, direct 
channel access, channel lockout, 
keyboard lock switch prevents 
accidental reprogramming. 55 dB @ 
+ 25kHz selectivity; audio output 300 
milliwatts maximum. Receive 29 to 
512 MHz with a 15 -channel -per -second 
scan speed. Requires 5, AA (not 
included) or rechargeable NiCd 
batteries. 
Assd. BC -55X -LT (1 lb.) .... $108.88 

100-Channel/11-Band Uniden 
Handheld scanner. Reduced $41. 
100 programmable channels, 10 

scanning banks, 11 bands of coverage. 
Automatic and manual search, weather 
search, 10 priority channels, squelch, 
lockout and delay. Selectivity is - 55 
dB @ + 25kHz; audio output is 
450mW maximum. Snap -on battery 
pack gives full -powered portable 
scanning. 
Assd. BC -100X -LT (3 lbs.) .. $188.88 

Uniden Tabletop Scanner. 11 bands of 
coverage, 5 or 15 channels -per -second 
scanning speed. Features automatic 
memory search, backup, priority, 
programmable lockout, scan speed 
control and automatic squelch setting. 
Selectivity -45 dB @ +25 kHz, audio 
output one watt at 10% THD. Takes 
117 VAC, 60 Hz from an external wall 
outlet. Originally priced at $169.95. 
Assd. BC -175X -L (3 lbs.) ... $148.88 

100 Channel/11-Band Uniden Mobile 
scanner. Auto search aircraft, police, 
marine and emergency bands. Fully 
programmable. Fits neatly under dash, 
flip -down stand and telescopic 
antenna included. Audio output is 1.5 
watts at 10% THD; require 13.8 VDC 
(vehicle battery or AC adapter). 
Save $61 + . 

Assd. BC -580X -LT (5 lbs.) .. $198.88 

Deluxe Uniden Mobile Scanner. Save 
$81+ . 100-channel/12-band mobile 
scanner. Covers 800 MHz band for full 
12 -channel coverage. Weather search, 
priority, squelch, lockout, delay, auto 
and manual band search. Mount under 
dash, or AC adapter (included), flip - 
down stand and telescopic antenna. 
Takes 13.8 VDC. 
Assd. BC -760X -LT (5 lbs.) .. $248.88 

Make life easier... 
Full -featured remote 
control center for 
your TV, VCR and 
CATV 

Assd. GDZ-143 
(1lb.) ... $29.95 
**Zenith cannot 
guarantee that the 
PCC will operate 
every model TV or VCR. 

Recharge your NiCd batteries 
Assd. BP -1234 (4 lbs.) $17.95 

Amber screen fish 
finder 
Assd. MI -2020 
(6 lbs.) ... $244.95 
Accessories: Transom 
Mount Transducer 
Assd. MIA -2020-1 (4 lbs.) . $44.95 
Through -Hull Transducer 
Assd. MIA -2020-2 (6 lbs.) ... $99.95 

Full color fish finder 
Assd. MI -2040 
(10 lbs.) .. $399.00 

Portable weather computer travels in 
your shirt pocket Save over $15 on 
this compact weather instrument that 
goes with you hiking, biking, boating 
and camping. Gives time, date and 
current temperature, plus keeps a 

record of highest and lowest 
temperatures. Also acts as a stopwatch. 
Automatic power -down feature 
extends battery life. Requires three 
AAA batteries (not included). 
Assd. BW -100 (1 Ib.).Now only $24.95 

Heathkìt® 
to order CALL TOLL FREE 

1-800-253-0570 
Use order code 216-079 

rhareakt 

for credit card orders, 24 hours a day. 

Some items are closeouts. All items are 
available in limited quantities. Prices for 
some items were previously reduced. 

For your free Heathkit catalog 
call 1 -800 -44 -HEATH. 

AMERICAN 
EXPRESS 

CIRCLE NO. 115 ON FREE INFORMATION CARD 
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11111111/EDITORIAL /111111111111 
ATTENTION 

VCR 
TECHNICIANS 

VCR REPAIR PARTS KIT 
Now you can do most of your VCR 
repair jobs the same day. Parts Express 
VCR Parts Kit makes this possible. It 
contains over 45 of the most commonly 
used parts to repair RCA, Hitachi, 
Fisher, Sanyo, Lloyds, Panasonic, Sony, 
Sharp, JVC, Samsung, TMK, GE, Mag- 
navox, and more. Idler assemblies, 
pinch roller, sensing transistors, 
switches, and lamps are included in 
this comprehensive kit. Yciu also save 
over $20.00. 
Kit contains replacements for. Sharp. (2) NIDL0005. (2) 
NIDL0006, (1) NPLV-V0051. Panasonic (2) VXP0329. (2) 
VXP0401, (2) VXP0344, (2) VXP0521. RCA (1) 150614, (1) 
164113. (1) 150650. Hitachi (1) 601311 Fisher/Sanyo (1) 143- 
0-4204-00300.(2)143-0-4804-00100.(1)143-0-4904-00900.111 
143-0-741T-20002 RCA/Hitachi. (2) up/down switch. (5) 
161757 sensing transistors. Panasonic lamps. (2) 
XAM027P150W, (5) XAMV0019. (5) XAMV125. (1) Molybdenum 
grease Normal dealer cost of over $11000 Ail parts are avail 
able individually for reorders.) 

Order # $8995 
400-950 Plus shipping 

VCR IDLER TIRE KIT 
This popular kit contains 150 of the most 
popular idler tires (10 each of 15 different 
sizes). With this kit in your stock room, 
you can do over 90% of VCR repair jobs 
the same day, saving time and money! 
Also included is our comprehensive cross 
reference listing over 80 manufacturers' 
assembly numbers and over 200 model 
numbers. A $400.00 retail value. (All tires 
are available individually for reorders ) 

Order # 
400-900 

FREE 
CATALOG 

$5500 
Plus shipping 

XplB55 

Parts Express 
CALL TOLL FREE 

1-800-338-0531 
340 E. First St Dayton OH 45402 

Local -1-513-222-0173 

The Radar Detector Battle 

Radar detectors have been an important 
automobile add-on fixture for many 
years now. From the onset, however, as- 
saults against them have been repeatedly 
levied by local governments and various 
special -interest association groups. 

Recently, the Federal Highway Ad- 
ministration refused a request to ban ra- 
dar detectors in commercial vehicles that 
are employed in interstate commerce, 
noting that it has no jurisdiction to do so. 
A more serious challenge to the radar de- 
tector industry and its users, though, is 

the joining of forces by a number of anti- 
radar groups into a unified coalition. 
Called "GUARD," for Group United 
Against Radar Detectors, its lobbyist ef- 
fort to ban the popular device is led by 
very powerful insurance companies. 

A counter group has been formed to 
fight GUARD's attacks. Comprised of 
radar detector manufacturers and suppli- 
ers, it's called RADAR, which stands for 
Radio Association Defending Airwave 
Rights. 

The insurance companies' posture 
against radar detectors is that they allow 
motorists to exceed speed limits without 
suffering a penalty. GUARD defends 
this charge by observing that police radar 
guns are inaccurate and the majority of 
police officers using radar guns are un- 
trained in their proper application. As a 
result, it's claimed that motorists are get- 

ting unjustified speeding tickets. 
About 10 percent of households are re- 

ported to use radar detectors, which, de- 
tector defenders say, enable them to 
avoid unfair radar traps. I can empathize 
with this contention. Traveling East to 
West in Florida a few years ago, I got a 
speeding ticket when I didn't reduce my 
speed from around a legal 35- to around a 
20 -mph legal maximum that was insti- 
tuted abruptly for a span of some three or 
four minutes driving time through a short 
stretch. The only warning, which I missed, 
was a small, new speed -limit roadside 
sign. Two police cars were stationed in a 

parking area, grabbing one "speeder" 
after another. 

In another instance, in my own New 
York backyard, I moved from a 30 -mph 

area into a three -block 20 -mph area that I 

never knew existed. A tiny sign that no 
one I know ever observed warned about 
the new speed limit. A state policeman 
parked in an unmarked car was having a 
field day hauling in "speeders." 

Both times, the policemen used radar 
guns as proof of speeding. And in both 
cases, the speed I was charged with going 
at was greatly exaggerated. This in- 
creased the amount of my fine and gave 
the officer a fat over -the -speed -limit 
cushion in the event the motorist pleaded 
not guilty in traffic court. Aside from 
this, there's no doubt in my mind that I 

did not undermine driving safety. 
Like many motorists ticketed for 

speeding in such circumstances, I feel 
there's a blatant injustice here where a ra- 
dar detector would have given me some 
reasonable protection against innocently 
exceeding a speed limit and having to pay 
a traffic fine. In many cases, one's in- 
surance premium is increased, too. No 
wonder insurance companies would like 
to ban radar detectors! 

The battle between the two radar 
groups has been joined. Position papers 
are being issued, press releases abound, 
educational videos have been produced, 
etc. May the best group win? No, I favor 
the status quo. 

Let the people have their radar detec- 
tors. They're entitled to protect them- 
selves in view of abrupt changes in speed 
limits, inaccurate radar guns, and under - 
trained and over -zealous traffic officers. 
Moreover, a recent study by Yankelovic 
Clancy Shulman reports that detector us- 
ers were more likely to wear seat belts, 
drive more miles each year, and have an 
accident rate that's almost 25 percent 
lower than motorists who don't employ 
radar detectors. With such a record, we'd 
do well to have more people use detec- 
tors, not fewer. 

CIRCLE 5/I ON FREE INFORMATION CARD 
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IIILETTERS CABLE -TV 
Project Updates 

Here are a few clarifications to the 
schematics for my "Microprocessor 
Control With BASIC, Part I" article in 
the April 1989 issue: In Fig. 2, be sure to 
wire ADO through AD7 pins 11 through 
19 of IC9 to ADO through AD7 pins 39 
through 32 (note the reverse order here) 
of IC2 in Fig. 1. In Fig. 1, IC5 is a 6464LP 
and in Fig. 3, IC11 is a 7805K. Also, the 
telephone number for Datastorm Tech- 
nologies is now 314-474-8461. 

Jan Axelson 
In "A Switch Multiplier" (February 

1989), I note that I was inconsistent in 
designations for R2, R3 and R4. Compo- 
nent values are in Fig. 2 are correct, but 
change the Parts List to show R2 and R3 
as being 15,000 ohms and R4 as being 
100,000 ohms. On page 51: change R4 to 
R5 at the end of line 8 in the first para- 
graph; change the R2 at the end of the sec- 
ond paragraph to R4; and change the 
C3R3 in the third paragraph to read 
C3R4. On page 54: change R2 to R4 in 
both references to the junction in the cen- 
ter of the middle column. 

Robert E. Samuelson 
I've discovered several discrepancies 

between the schematic and Parts List for 
the "VCR Modulator" in the April 1989 
issue. Specifically, the Parts List calls for 
values of 220 µF, 75 ohms and 1,000 
ohms for C4, R7 and R11, respectively, 
while the values given in the schematic are 
470 µF, 51 ohms and 2,000 ohms. Which 
are correct? 

John Kramer 
Mission Viejo, CA 

The Parts List is correct in all three cases. 
Correct the values for these components 
on the schematic.-Ed. 

There are two discrepancies in the "Ex- 
tension Phone Lockout" ("4 -Add -On 
Phone Devices,"February 1989). One is 
that the Parts List calls for a 100 -micro - 
farad capacitor, while the schematic 
shows a 10-microfarad capacitor. The 
other is that the text states that the circuit 
should be installed in series with the red - 
insulated line conductor, while the sche- 
matic shows it in series with the green -in- 
sulated conductor. Which are the correct 
versions? 

Bernard Lau 
Singapore 

The correct capacitor value is 10 µF, and 
the correct telephone line conductor to 
use is the red -insulated one.-Ed. 

(Continued on page 82) 

BONANZA! 
ITEM NIT U 

1 10 OR 
MORE 

HFMLIN MCC 300036 CORDED HEM, - '., ERTER ICh 3only) 2900 1800 
PANASONIC WIRELESS CONVERTER .,.i, 7.,,1 boy) 9800 7900 
MOVIETIME VR7200A (manual Ene tune) 8800 6900 

'JERROLD 400 COMBO 169.00 11900 
JERROLD 400 HAND REMOTE CONTROL 2900 1800 

'JE 3ROLD 450 COMBO 199 00 139 00 

'JE 3ROLD 450 HAND REMOTE CONTROL 29 00 1800 
JERROLD SB -ADD-ON 9900 63.00 

'JE3ROLD SB -ADD-ON WITH TRIMODE 10900 7500 
'M-350 COMBO UNIT ICh 3 output only) 9900 7000 
'M-35 B COMBO UNIT WITH VARISYNC 10900 7500 
'MIJICODE IN -12) 9900 6200 
'MI JICODE IN -12) WITH VARISYNC 10900 6500 
'MI -ACODE VARISYNC WITH AUTO ON-OFF 145.00 10500 
ECONOCODE Immtcode sibstdute) 69.00 4200 
ECONOCODE WITH VARISYNC 7900 4600 

'MLD-1200-3 ICh 3 output] 99.00 62.00 
'MLD-1200-2 ICh 2 output] 9900 62.00 
'ZENITH SSAVI CABLE READY 175.00 12500 
INTERFERENCE FILTERS ICh 3 Only) 2400 1400 

'EAGLE PD -3 DESCRAMBLER ICh 3 output only 11900 6500 
'SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DE-CRAMBLER 119.00 85.00 

'CALL FOR AVAILABILITY 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code #593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

PI FACF PPINIT 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( 

Cashier's Check E Money Order E COD Visa Mastercard 

Acct # Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - 1, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 
PENALTIES FOR UNAUTHORIZED USE. 

Dated' Signed' 

w f 
O 

t} 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. #ME RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 
IMPORTANT: WHEN CALLING FOR INFORMATION 

Please have the make and model # of the equipment used in your area. Thank You 
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11111//MODERN ELECTRONICS NEWS/I/lilA 

HIGH RESOLUTION COLOR LCD. Sharp Electronics' Microelectronics 
Division has introduced two hi -res color LCD modules that 
reportedly provide picture resolution rivaling high-performance 
CRT monitors. A four -inch module produces a high -definition 
picture with 115,200 pixels, while a three-inch version offers 
92,160 pixel resolution. The division's marketing people feel 
that the new modules will fuel new products that weren't 
conceivable in the past, such as behind -the -seat video monitors. 
Sampling starts in the first quarter. Call 201-529-8757 for more 
information. 

HEADSTART COMPUTERS SOLD TO NAPC. North American Philips Corp. 
(NAPC) acquires the personal computer business of Vendex 
Technologies, Inc., headquartered in Long Island, NY. Vendex 
developed and marketed the HeadStart PC compatible personal 
computers. The new company will be called, HeadStart 
Technologies. NAPC, a subsidiary of The Netherlands' giant N.V. 
Philips, is among the top 100 industrial companies in the U.S., 
marketing such well-known brands as Philips, Norelco, Magnavox, 
Philco and Sylvania. Vendex International has a substantial 
interest in other U.S. companies, such as B. Dalton and Barnes & 

Noble bookstores. 

WAKE UP LAUGHING. Alarm -clock haters might wake up laughing now 
if they use INTEG's (San Jose, CA) "Dynamite Alarm Clock." The 
new product is a talking alarm clock that shouts to the sleeper 
in a different language (English, French and Spanish) each day, 
along with the sound of an explosion. Running on four AA 
batteries, its design resembles colorful dynamite sticks, 
including detonator wires. In the center is a conventional clock 
with traditional hands and Roman numerals. Retail is $49.95. 

THE FORTH ESTATE. The Forth computer language is alive and well, 
judging from reports. A 1988 year-end Real -Time Programming 
Convention, sponsored by the Forth Interest Group, for example, 
was said to have record attendance. Among events there was a 

contest with a $1000 prize to "the world's fastest programmer." 
The object was to program controlling of a device to be shown at 
the "go" sign. Only the serial port of a host computer was 
allowed to be used, along with any programming language. Only 
Forth was chosen by contestants, not surprisingly. Among systems 
used by the 14 contest participants were Amiga (Forth), 
Commodore (64Forth), Compaq (PC/Forth), Grid/New Micros 

(MaxForth), Macintosh II (MacForth+), Otrona (Z80/Forth), Samsung 
(polyForth), Sharp (F83), and Zenith (F83). 

The surprise device unveiled was a working model of a 

hacksaw blade that swept back and forth in a continuous arc while 
LEDs at the blade's top end displayed a scrolling message in the 

air that made use of the human eye's retinal retention: "The rain 

in Spain falls mainly on the plain." The problem was solved 1 

hour and 22 minutes after the contest began by the team of Phil 
Burk and Mike Haas from Delta Research in San Rafael, CA. 
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Electronics projects ... ideas ... the latest technology 
all at up to 50% off publishers' prices! 

Membership Benefits Big Savings. In addition to this introductory 
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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 
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ELECTRONJCS BOOK CLUB 
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billing me $3.95 plus shipping and handling charges. If not satisfied, I may return the books 
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X1111 NEW PRODLICTS /11/Ill 

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. 

Power Amplifier Analyzer 
Sencore's new Model PA81 is an in- 
tegrated stereo power amplifier anal- 
yzer that is designed to help pinpoint 
problems in audio power amplifiers 
in a fraction of the time it takes by 
traditional means. Two auto -ranged 
meters display measurements of watt- 
age directly, on both stereo channels 
simultaneously, up to 250 watts/ 
channel (up to 2,500 watts/channel 

using an optional dummy load acces- 
sory). Built into the PA81 are high - 
accuracy 2-, 4-, 8-, 16-, and 32 -ohm, 
zero -reactance loads. All required 
bandpass IHF/EIA audio filters are 
available at the flip of a switch. 

Two internal speakers with volume 
control permit the user to monitor 
sound quality at all times and at any 
output power setting. Audio ampli- 
fier driver and preamplifier faults are 
said to be easy to isolate with the ex- 
ternal input rms voltmeter or dB me- 
ter as needed. A special programma- 
ble decibel function provides any 
zero reference so that stage gains can 
be read directly. 

A dc balance tester tells the user 
whether push-pull amplifiers are in 
dc balance. Additionally, the stan- 
dard "audio line" level of any audio - 
generating device can be checked into 
the industry -specified 10,000 -ohm 

User Programmable 
Bar -Code Reader 
TimeWand II is a new programmable 
bar-code reader from Videx, Inc. 
(Corvallis, CA). The palm -size, por- 
table data collector offers the ability 
to read and collect bar codes without 
having to be connected to a host com- 
puter. Among its many features is 

rugged metal -case construction that 
makes it suitable for demanding en- 
vironments, including industrial. 

A two-line 32 -character liquid - 
crystal display automatically shows 
the bar code just scanned, along with 
date and time. Each character posi- 
tion consists of a 5 x 7 dot matrix 
that can display 96 standard ASCII 
characters and eight user -defined 
characters. 

Because it is programmable, Time - 
Wand II can be instructed to prompt 
the user to scan a pre -described se- 
quence of bar codes. If an error has 
been made, a delete button allows the 
user to erase it and re-enter the cor- 
rect data. Also, at any time, the user 
can scroll and review previously 
scanned data to ensure that each en- 
try has been made in correct order. A 
19 -button user -definable calculator - 
style keypad on the top of the scanner 
allows user entries to be made directly. 

A tough shield protects the read 

head on the TimeWand II. The head 
uses optics that operate in the visible - 
light range to permit reading of a va- 
riety of bar codes created with differ- 
ent printing techniques. 

Aside from reading bar-code in- 
formation, TimeWand II can control 
the order in which bar codes are 
scanned by allowing the user to de- 
fine a hierarchy of scans. The device 
can even cross-reference bar codes 
with definitions so that when a bar 
code is read it displays the bar code 
data and the name of the object the 
specific code represents. By loading a 
list of names into the wand, bar codes 
of special significance can be searched 

out so that if a scanned code is in the 
list, TimeWand II sounds an alarm. 
The loud tone can be varied in pitch 
and duration to suit different indus- 
trial -environment sound conditions. 

TimeWand II is powered by an in- 
ternal rechargeable Ni -Cd battery. 
Its internal recharger recognizes the 
level of charge and adjusts charging 
current appropriately. 

Three basic models of TimeWand 
II are available, differing from each 
other in the amount of memory each 
has on -board: Model TW2-032 has 
32K and retails for $698; Model 
TW2-064 has 64K and retails for 
$798 and Model TW2-128 has 128K 
and retails for $975. Bar codes read 
by the reader include Code 3 of 9, 
Codabar, UPC-AS and E, EAN/ 
JAN -8 and 13 and interleaved 2 of 5. 
An asynchronous RS -232 serial port 
built into each model can transmit 
data at rates from 300 to 19,200 baud. 

Options available for the Time - 
Wand II include a sapphire read head 
($91), 117- and 220 -volt recharger 
kits ($18 each), DB -9, DB -25 and 
DIN serial cables for PC/XT/AT 
and Macintosh computers ($28 each) 
and IBM and Macintosh communi- 
cation software packages ($380 
each). The last is required for Time - 
Wand II -to -computer data transfer. 

CIRCLE 63 ON FREE INFORMATION CARD 

l 
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input impedance. Advanced decibel - 
measuring capability tests separation 
up to 126 dB, which far surpasses the 
separation achieved with any stereo 
FM receiver currently available. The 
twin meter movements on the instru- 
ment's front panel are frequency 
compensated so that any function 
generator can be used with good 
results. 

CIRCLE 64 ON FREE INFORMATION CARD 

Car Sound Silencer 
Sound Quest's (N. Chicago, IL) new 
"Silencer", a handy little device, au- 
tomatically silences a vehicle's sound 
system an instant before a cellular 
telephone rings. The driver no longer 
has to fumble with the sound system 
to silence it himself before answering 
the call. Also, the moment the sound 

system silences, the driver knows a 
call is coming in and can simply reach 
for the receiver without having to 
divert some of his attention away 
from driving. The stereo sound is au- 
tomatically restored as soon as the 
telephone is hung up. Three models 
are available. $39.95 to $69.95. 

CIRCLE 65 ON FREE INFORMATION CARD 

Battery Maintainer 
Regular use of a new solar battery 
maintainer from Solarex Corp. 
(Newtown, PA) is said to significant- 
ly prolong battery life in most 12 -volt 
motor vehicles, household appli- 
ances and power tools. The Battery- 
MateTM is a photovoltaic unit that 
trickle charges any battery to which it 
is connected whenever enough sun- 
light is available to generate an out- 

put. The unit is housed in a durable 
Lexan polycarbonate-resin enclo- 
sure. It measures 13 x 4'/ x about 1 

inch thick and comes with a 7 -ft. out- 
put cable terminated in a cigarette- 
lighter plug. It provides 80 mA peak 
output at 12 volts dc. 

CIRCLE 66 ON FREE INFORMATION CARD 

Radar Detector Tester 
Snooper Radar Detectors (Dallas, 
TX) is offering a radar detector test- 
er. Containing commercial gun oscil- 
lators that meet FCC center -frequen- 

cy stability standards, the instrument 
is designed to test radar detectors in 
the retail environment, as well as in 
the field. For the latter, a cigarette - 
lighter adapter is provided. 

CIRCLE 67 ON FREE INFORMATION CARD 

Portable Computer Printer 
The ExpressWriter301 from Toshiba 
America is a 24 -wire letter -quality 
dot-matrix printer in a portable, 
lightweight package. It is said to be 
the first 24 -wire printer to use the 
thermal -transfer process using plain 

paper. Five fonts are resident: Cou- 
rier, Prestige elite, draft, condensed 
and proportional. Printing speed is 

rated at 60 characters per second in 
high-speed mode and 42 cps in nor- 
mal mode. Toshiba/Qume and Epson 
LQ Series emulations are standard 
for maximum compatibility with 
software packages. Graphics resolu- 
tion is 300 x 300 dots per inch. 

A rechargeable Ni -Cd battery is 

built in for portable use, and a 117 - 

volt ac adapter/charger is provided. 
The printer can be operated continu- 
ously for about an hour on full 
charge. It can also be operated con- 

tinuously via the ac adapter/charger. 
The printer's control panel has an in- 
dicator on it that signals when the 
battery needs recharging. 

The printer comes standard with a 
parallel interface and 2K buffer. It 
offers 10, 12 and 16.7 horizontal and 
3, 4, 6 and 8 lines per vertical inch 
spacing. In graphics mode, spacing is 

/2O " horizontally and ''/,e " vertically. 
The printer can handle paper widths 
ranging from 4"to 8.5"wide. It uses 
a black snap -in ribbon and has a 
built-in paper guide. The printer's 
mean time between failures (MTBF) 
rating is 25,000 hours. It measures 
12.2'W x 5.5 "D x 3 "H and weighs 
just 4 lb. $489. 

CIRCLE 68 ON FREE INFORMATION CARD 

Camcorder Light 
OSRAM's new Model AL -20 cam- 
corder video light features very com- 
pact construction, a variable reflec- 
tor and an ac adapter. The fully por- 
table light operates without an exter- I 
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MEW PRODUCTS 

nal battery to power its 20 -watt 
Xenophot® tungsten -halogen lamp. 
The lamp has a color temperature of 
3,200 Kelvin. The computer -matched 
faceted reflector is designed to pro- 
vide bright, even dispersion. The 
beam has a "flood" angle of approx- 
imately 35 ° for wide-angle shots and 
a "spot" of approximately 10 ° with 
farther reach for telephoto shots. 

The light's removable back con- 
tains a rechargeable Ni -Cd battery 
that operates for approximately 30 
minutes under normal use. It comes 
with its own 14 -hour battery charger 
with 13 -ft. cord. Extra batteries are 
available as options. A swing -arm 
mounting bracket permits the light to 

be clipped onto the camcorder's hot 
shoe or mounted on a tripod, either 
on- or off -center for greater versatili- 
ty when focusing the light. 

The AL -20 measures 7 "L x 
23/4 "H x 21/ "W and weighs 14 oz., 
including battery. $159.95. 

CIRCLE 69 ON FREE INFORMATION CARD 

Hand -Held L CR Meter 
Beckman Industrial's new Model 
LM22A is a high -accuracy hand-held 
LCR meter that measures capaci- 
tance, inductance, resistance (equiv- 
alent series resistance) and dissipa- 
tion over a wide range. Seven induc- 
tance ranges provide readings from 
19 microhenries to 199.9 Henries; 
eight capacitance ranges from 19 

picofarads to 1,999 microfarads; sev- 
en resistance ranges from 1 ohm to 
19.99 megohms. Two differential in- 
ternal test frequencies optimize the 
accuracy of readings between the 
high and low capacitance and induc- 
tance ranges. 

Rated accuracy ranges from 1% to 
3% ± 1 digit in all modes. Basic ac- 
curacy for dissipation readings varies 
from 1% ± 2 counts to 2% and 3% in 
the extreme low and high inductance 
and capacitance ranges. The instru- 
ment is powered from its own 9 -volt 
battery and can be powered from the 
ac line with an optional ac adapter. 

Input protection and overrange in- 
dication are provided on all ranges, 
with protection to 250 volts ac on re- 
sistance and 117 volts ac on capaci- 
tance and inductance. Readings are 
displayed in a high -contrast 3'/2 -digit 
LCD window, which also displays 
the low -battery condition. The meter 
is supplied with alligator -clip test 
leads, a spare fuse and operator's 
manual. Available options include a 
carrying case and ac adapter. $199. 

CIRCLE 70 ON FREE INFORMATION CARD 

Computer Vacuum Cleaner 
DATA-VAC(MDV-1) is a new high- 
tech cleaning system developed by 
Metropolitan Vacuum Cleaner Co. 

(Suffern, NY). It is claimed to be the 
first fully portable vacuum cleaner/ 
blower specifically designed for 
cleaning and maintaining computers 
and other office equipment. It was 
engineered to clean hard -to -reach 
areas in computers and peripherals. 
Featuring an Air PinpointerTM, with 
an opening that is just millimeters in 
size for super -fine spot cleaning, the 
portable cleaner is easy to handle. It 
comes with a shoulder strap for con- 
venient lugging around and a variety 
of attachments that include a 19 -inch 
hose, crevice tool, soft -bristle dust 
brush for keyboards and printers, 
and five extra reusable/disposable 
paper bags. $65. 

CIRCLE 71 ON FREE INFORMATION CARD 

Line Voltage Monitors 
Tep Inc. (Winona, OH) has two de- 
vices that continuously monitor the 
117 -volt ac line. The Model 2200 
plugs directly into an ac outlet, while 
the Model 2250 connects to the outlet 
via a 6 -ft. line cord/plug arrange- 
ment and comes with a table -top tilt 
stand. Both feature expanded -scale 
analog meter movements that indi- 
cate a range from 100 to 130 volts. 
The scales are color coded and claimed 
to be within 2 percent of pointer indi- 
cation. The Model 2200 also comes 
with Velcro mounting "hardware" 
for secure installation in RVs, boats 
and other mobile equipment in which 
117 -volt ac line power is used. $21.95 
Model 2200; $24.95 Model 2250. 

CIRCLE 72 ON FREE INFORMATION CARD 

Dubbing Cassette Deck 
Onkyo has a dubbing cassette deck 
for the user who demands high -quali- 
ty sound recording and reproduc- 
tion. It features both Dolby B and C 
noise -reduction systems and Dolby 
HX Pro for increased high -frequen- 
cy capability and reduced distortion. 
The transport is built around a dual - 
motor, logic -controlled system that 
offers quick automatic -reverse oper- 
ation for recording or playback. A 
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sensitive infrared sensor triggers re- 
versal at the beginning of the leader 
tape to provide shorter gaps of si- 
lence than are possible with mechani- 
cal -sensor arrangements. 

A real-time tape counter is incor- 
porated into the deck to provide ac- 
curate elapsed and remaining times 

for all popular cassette lengths. In 
this deck, both transports have the 
ability to record, giving the user 
much more flexibility in his taping. A 
computer -controlled Synchro Dub- 
bing capability automatically coordi- 
nates both transports when transfer- 
ring material from one tape to an- 
other. Direct Music Search on both 
transports skips directly to any selec- 
tion up to 16 ahead and 15 behind the 
current one. 

Included is Onkyo's new RI (Re- 
mote Interactive) remote -control 
format that uses bidirectional digital 
data transmission to permit interac- 
tion between many Onkyo compo- 
nents. $630. 

CIRCLE 73 ON FREE INFORMATION CARD 

Video Floppy Disks 
Maxell Corp. of America has an- 
nounced arrival of its new 2 " video 
floppy disk for use in still video 
equipment recently released by hard- 
ware manufacturers. The VF -1 flop- 
py disk's surface is coated with ultra - 

fine, high-coercivity metal particles 
to ensure high -quality image record- 
ing and reproduction. The coating is 

said to be further enhanced by Max - 
ell's oxidation -resistant treatment. 

VF -1's new high -dispersion coat- 
ing technology is claimed to achieve 
high output and low noise and deliver 
sharp color still video images. A spe- 
cial binder technology produces a 
durable bond between the magnetic 
layer and base film. 

Each disk stores up to 50 images 
(in field recording mode) or up to 25 
images in frame recording. Resulting 
pictures can be viewed immediately 
on any home TV receiver, and color 
prints can be made with a special 
hard -copy printer. Images can also 
be transmitted over standard tele- 
phone lines. 

CIRCLE 74 ON FREE INFORMATION CARD 
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Audible continuity check, Data hold 

SO -9500 with Digital Display 
end 150MHz built-in Freq Ctr 5249 

Digital Triple Power Supply XP -765 

$249 

Quad Power Su ply XP -580 

$59,95 

2.20V at 2A 
12V at lA 

Fullyregulated and 5V et 3A 

Shalt circuit protected -SV al SA 

XP -575 without meters $39.95 

10MHz XT 100% IBM® Compatible 
5 Year $595 
Warranty MODE L 

PC 1000 

11505 Power Supply 
5/10MHz Motherboard 258K RAM 
8 Expansion Slots Expandable to 040K 
Math Compressor Slots Monochrome Monitor 

K Floppy Driva Monographic Video Card 
AT Style KeyOoard Parallel Printer Pod 

FREE spreadsheet and word processor 
3.3MS DOS and GW Basic add S75 

¡ r {Y1 P20V at 1 A 
I 41ía4 y - T D -20V at lA 

SV at SA 
Fully Regulated, Short circuit protected with 
2 Limit Cont.. 3 Separate supplies 

XP -650 with Analog Meters $175 

Four -Function Frequency Counters 

F-1000 1.28H 

$259 
F-100 120MH 

Frequency, Period, Totalize, $179 
Self Check with High Stabilized Crystal Oven 
Oscillator, 8 digit LED display 

GF -8016 Function Generator 
with Freq. Counter 

$239 ¡¡, Sine, Square, Triangle -e-. Pulse, Ramp, .2 t0 2MHz 
Freq Counter .1 - 10MHz 

GF -8015 without Freq. Meter 5179 

WE WILL NOT BE UNDERSOLD! 
UPS Shipping: US 5% r 
($10 Max) IL Res., 7% Tax one 

C & S SALES INC. 15 Day Money Back Guarantee 
1245 Rosewood. Deerfield, IL 60015 2 Year Warranty 

(800) 292-7711 (312) 541-0710 wRITF FOR FREI. CATALOG 

CIRCLE 75 ON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics June 1989 / MODERN ELECTRONICS / 13 

www.americanradiohistory.com

www.americanradiohistory.com


Project 

WISARO 

A Smart Weather Monitor 
(Part 1) 

An expandable stand-alone multifunction 
MCU-based real -world instrument that 
automatically records temperatures and 
can predict them as well 

By Thomas R. Fox 

At first glance, WISARD (an 
acronym for Weather In- 
strumentation System for 

Analysis and Recording of Data) 
might appear to be a fancy digital de- 
vice that displays inside and outside 
temperatures and time of day. Closer 
inspection, however, reveals that it is 

much more. For example, it provides 
minimum and maximum tempera- 
ture readings for the day. Further- 
more, with the help of a computer 
printer, it produces hard copy of a 
number of different weather parame- 
ters. These include current tempera- 
ture as well as minimum and maxi- 
mum temperatures for the day, the 
time each occurred, and predictions 
on what the minimum and maximum 
temperatures will be for the next 24 
hours. It also prints out when dawn 
and dusk occurred and when rain be- 
gan to fall and when conditions 
cleared up. 

WISARD is a stand-alone system 

that does not require a separate com- 
puter to operate. It has its own on- 
board computer -on -a -chip to do all 
the work normally assigned to a sepa- 
rate computer. (Last month's 
"Smart" Thermometer had only a 

fraction of the "intelligence" of this 
one and required its own separate mi- 
crocomputer with built-in BASIC in- 
terpreter-Editor.) The project is 

built around commonly available 
and inexpensive components. Thus, 
it costs less to build than most weath- 
er -monitoring boards designed to be 
plugged into a separate computer 
and that have only a fraction of the 
flexibility of WISARD. 

Features 
Among WISARD's distinctive fea- 
tures is its automated record -keeping 
abilities. With a printer connected to 
the project, WISARD provides a 
hard copy of the previous day's 
weather conditions. It automatically 
prints out such information as hourly 

temperature and general hourly 
weather conditions (rain or no rain), 
mean and extreme temperatures and 
the time each occurred. 

Every morning at dawn, WISARD 
prints out a dawn message that in- 
cludes the exact time at which dawn 
occurred. Similarly, at dusk, WIS- 
ARD prints out a dusk message that 
includes the hours and minutes of 
daylight and sunshine for that day. 

When it rains, WISARD prints out 
a rain message. Conversely, when 
dry weather returns, that informa- 
tion is printed out as well. 

As mentioned, WISARD is a stand- 
alone unit. Though it can be plugged 
into a computer printer to provide 
hard -copy printouts of messages, 
you can opt for no printout simply by 
turning off your printer or unplug- 
ging it from the project. 

Battery back-up is included in this 

Fig. 1. Schematic diagram of CPU 
module is shown here in six parts, la IP - 

beled (A) through (F). 
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project to ensure against a 67F read- 
ing from becoming a 167F reading as 
the result of a power flicker. 

Other features included in the 
WISARD project include display of 
current date, notification of when ac 
power has been interrupted and the 
time it was restored, and notification 
of battery failure. 

On the keyboard is a PRINT switch 
that is used to force a printout of the 
current day's weather condition in- 
formation. Temperature is given in 
either all Fahrenheit or both Fahren- 
heit and Celsius degrees, controlled 
by an OPTION switch. 

Firmware version MEI for WIS- 
ARD (described here) has an abun- 
dance of features. Perhaps the most 
exciting thing about WISARD is its 
simplified expansion capability and 
versatility. For instance, while its 
RS -232 interface was designed with a 
printer in mind, you can hook up a 
modem to it to send the information 
to any modem -equipped telephone 
anywhere on Earth. You can also 
connect a terminal or computer (with 
the aid of a suitable terminal emula- 
tor program) to the project to display 
information on a video display's 
CRT. WISARD is electronically cap- 
able of two-way communication, but 
its firmware must be modified to ac- 
commodate this. 

In its most basic form, WISARD 
has five separate sense inputs: two 
for indoor and outdoor temperatures 
and one each for rain, daylight and 
sunshine. The built-in display con- 
sists of six decades of seven -segment 
LED numeric readouts that can dis- 
play 17 alphabetic characters and 0 
through 9. 

Although WISARD is able to 
"read" 20 keys, firmware version 
ME1 makes use of only 13 keys. This 
leaves seven keys for expansion. 

The project also uses a 6803 MCU 
(see box for details on this device's 
heritage), and its memory consists of 
up to 38K of EPROM, 10K of non- 
volatile RAM and 2K of EEPROM. 
It also has a real-time clock and an 
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BBV 

-5V < 

+12V< 

+5V < 

5V 
in 

C15 + 

10µF 

IC2 

+ C16 
10µF 

01 02 3 04 05 06 07 

018 
10µF T+ 

NV 
R41 
220 

51001 

D2 
1N4001 +1C17 

IC3 IC5 IC6 IC8 IC9 IC10 IC13 IC15 

I 1 F 

IC16 

D3 
sAD51V 

R40 

>101 Pin 40 

.B1 SB1 

IC17 IC19 

» 
IC20 IC21 

dc I 
out 

20) 

I C19 

28) 

C20 

128) 

C21 I 
7) 

C22 I(24) C23 C24 

116) 

C25 

114) 

C26 

18) 

I14) C27 C28 

114) 

C29 

(14) 

C30 

(14) 

C31 

0.1µF 0.1µF 0.1µF 0.1µF 0.1µF 0.1 µF 

T(8) 

0.1 µF 0.1 µF 0.1µF 0.1µF 0.1µF 0.1µF 0.1µF 

i (10) (14) (14) (14) (4) (12) 
+ 

(7) (4) (7) (7) (7) (11) 

+5V 

R/W 

A2 

Al 

AO 

501 X -E 

4-5FFFH 

6-7FFFH 

A7 

A6 

A5 

A4 

A3 

A2 

Al 
AO 

1 NOTE: 
= IC pin number connection points for bypass capacitors are shown in parentheses. 

Pl5D-CPU 
DISPLAY 

S406 

DO 

D1 

D2 

D3 

D4 

D5 

--> D6 

--> D7 

Ground 

S407 

RESET 

R!W 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

P15K-CPU 
KEYBOARD 

S408 

DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

8 9FFFH 

A BFFFH 

Al2 
A11 

A10 

A9 

A8 

Fig. 1(F). 

(28) 

C32 
0.1µ.F 

(14) 

Fig. 1(E). 

eight -channel A/D (analog -to-digi- 
tal) converter. Only two channels of 
the A/D converter are used in the ba- 
sic project, which leaves six channels 
for expansion purposes. 

Up to eight high/low logic input 
lines are available to accommodate 

two -state input devices, such as mi- 
cro switches. In addition to the LEDs 
and RS -232 interface, 16 output lines 
are available as well. With suitable 
buffering-using optical isolators 
and/or relays-these lines can be 
used to control heaters, cooling sys- 

tems, lights, solenoid -operated 
valves, alarms, etc. 

About the Circuit 
WISARD consists of four circuit - 
function modules, the primary one 
of which is the CPU module that can 
function all by itself. The circuitry 
for this CPU module is complex, at 
least in terms of semiconductor -de- 
vice count. The schematic diagram 
for this module is quite large and, 
thus, is presented here in six parts. 
For the following discussion, there- 
fore, refer to the appropriate (A) 
through (F) part of Fig. 1. 

In this circuit 6803 MCU ICI is op- 
erated at a clock frequency of 614.4 
kHz, which is derived by dividing the 
2.4576 -MHz frequency of XTAL2 
by four inside IC1. Eight different 
operating modes are possible for 
IC/. However, since the 6803 has no 
on -board ROM, only two modes -2 
and 3-are relevant here. The logic 
levels on pins 8, 9 and 10 of IC/ at the 
rising edge of the reset signal deter- 
mines which mode of the MCU chip 
is selected. WISARD uses mode 2, a 
multiplexed address/data bus and in- 
ternal RAM. 

Address strobe pin 39 of ICI is 

connected to ENABLE pin 11 of octal 
latch 1C2, which demultiplexes ad - 
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Semiconductors 
D1-LM336Z-2.5 2.5 -volt reference 
D2 -1N4001 silicon rectifier diode 
D3-1N5231B or similar 5.1 -volt, '/- 

watt zener diode 
IC1-6803 MCU 
IC2-74LS373 octal D flip-flop 
IC3-EPROM (27128 or 27256-see 

text) 
IC4-74HC14 hex inverter Schmitt 

trigger 
IC5-6464LP-15 static RAM 
IC6-LM1489 quad RS -232 line re- 

ceiver 
IC7-LM1488 quad RS -232 line driver 
IC8,IC15-LM393 dual comparator 
IC9-MC146818 real-time clock and 

RAM 
IC10-74LS138 expandable 3 -to -8 de- 

coder 
ICi 1-74HC373 octal D flip-flop 
IC12,IC13,IC18-74LS260 dual 5 -in- 

put NOR gate 
IC14-74HC00 quad 2 -input NAND 

gate 
IC16-74LS14 hex inverter Schmitt 

trigger 
IC17-74LS00 quad 2 -input NAND 

gate 
IC19-74LS126 tri -state quad buffer 
IC20-LM1830 fluid -level detector 
IC21-2817A (2K, 350-ns) EEPROM 
Q1,Q2-TIL78 or equivalent photo- 

transistor 

Capacitors 
C 1,C2,C 10,C 11,C 19 thru C32 -0.1-µF, 

50 -volt monolithic or equivalent 
C3,C4,C12,C13-22-pF, 100 -volt disc 
C5 -2.2-µF, 25 -volt tantalum 

PARTS LIST (CPU Board) 

C6,C7,C15 thru C18 -10-µF, 25 -volt 
miniature electrolytic 

C8-1,000-pF, 50 -volt monolithic or 
equivalent 

C9 -22-µF, 25 -volt miniature electro- 
lytic 

C14-Not used 

Resistors (1/4 -watt, 5 Wo tolerance) 
RI thru R4,R27-8,200 ohms 
R5,R39,R45-4,700 ohms 
R6 thru R9,R29 thru R32,R35,R42, 

R43,R44,-10,000 ohms 
R10,R22,R24,R28-3,300 ohms 
R11,R36-1 megohm 
R12,R26-33,000 ohms 
R13,R19,R23-100,000 ohms 
R14,R17,R38-1,000 ohms 
R15,R16-ZNR (Digi-Key Cat. No. 

P7022 or equivalent; optional-see 
text) 

R18,R21-22,000 ohms 
R33-330,000 ohms 
R34-30 megohms (three 10-megohm 

resistors in series) 
R40-47 ohms (1/2 -watt) 
R41-220 ohms (1/2 -watt) 
R20,R37-5,000-ohm subminiature 

15 -turn, pc -mount trimmer poten- 
tiometer 

R25 -10,000 -ohm subminiature 15 - 

turn, pc -mount trimmer poten- 
tiometer 

Miscellaneous 
B1-Nickel-cadmium C cells (three in 

series) 
SI thru S4 -4 -position DIP switch 
S406,S407,S408-10-pin female sock- 

ets with holes on 0.1 -inch centers 
(Digi-Key Cat. No. 929974-01-10) 

XTAL 1 -32.768 -kHz crystal 
XTAL2-2.4576-MHz crystal 

Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware; home -fabricated moisture 
sensor (see text); suitable enclosure; 
sockets for all DIP ICs; P1001 -CPU 
8 -circuit header with holes on 0.156 
inches (Digi-Key Cat. No. WM4406 
or WM4606);P 15D-CPU,P 15K -CPU 
20 -pin dual -row male headers with 
holes on 0.1 -inch centers (Digi-Key 
Cat. No. 929836-01-36 or 929665-01- 
36); connectors for moisture sensor, 
B1, Q1, Q2 and power supply; RS- 
232 connector or/and cable (optional 
-see text); hookup wire; solder; etc. 

Note: The following items are available from 
Magicland, 4380 S. Gordon, Fremont, MI 
49412: Double -sided, plated -through pc 

board for A/D memory expansion, $22 
(CPU, display and keyboard pc boards are 
not currently available commercially); 
27128 EPROM containing Firmware 
ME1, Version 1.8, $18, and programmed 
2732A EPROM (required for A/D 
board), $12, or both EPROMs, $25; 6803, 

$3.75; LM1830, $2.25; 74LS541, $1.45; 
74LS126, 60C; and for the required A/D 
board, ADC0809, $4; LM335, $2; 6116LP, 
$7. A PC -compatible disk that contains 
the firmware's assembly -language source 
code and Intel hex record that can be used 
by many EPROM programmers for $2.75 
to cover duplication cost. Also available is 

a brand-new Coleco dc power supply that 
delivers: + 5 volts at 3 amperes, -5 volts 
at 200 mA, two + 12 volts at 2.9 amperes, 
and + 18 volts at 1 ampere for $20 plus 
$5 shipping. Michigan residents, please 
add 40/o state sales tax on all orders. 

dresses AO through A7 from the mul- 
tiplexed AO/DO through A7/D7 lines. 

Contained within CPU EPROM 
1C3 is the firmware that gives WIS- 
ARD its "smarts." In firmware ver- 
sion ME1, IC3 is a 16K -byte 27128 
EPROM. However, a 32K -byte 
27256 EPROM can be used instead 
of the 27128, which requires move- 
ment of a jumper as shown in the up- 
per -right in Fig. 1(A). 

Integrated circuits 1C18, 1C14, 
IC4, 1C12, and 1C16, in conjunction 

with primary address decoder IC/O, 
provide address decoding for IC3, 
which is selected by addresses C000H 
through FFFFH (or 8000H through 
FFFFH if a 27256 is used in place of 
the 27128). 

On reset (power first turned on), 
the interrupt vector points to address 
FFFEH. The data bytes stored at lo- 
cations FFFEH and FFFFH is the 
starting address for the main pro- 
gram. (In firmware version ME1, 
this address is C000H.) 

A suitable reset signal is required 
to start WISARD. From a power - 
down condition, RESET pin 6 of ICI 
must be held low (less than 0.8 volt) 
for a period of time sufficient to per- 
mit the clock to stabilize. A fairly so- 
phisticated reset signal is developed 
by voltage comparator IC15B and 
support components C5 and R9 
through R13. The output of this 
comparator, at pin 7, connects to RE- 

SET pin 6 of ICi and pin I of the 
header identified as S407. 
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Address decoding for the CPU cir- 
cuit's primary RAM, IC5, is provid- 
ed by IC/O. Three -state buffer IC19 
ensures that the bus driver in the 
RAM is on only when the clock signal 
is high. Static RAM IC5, an 8K mem- 
ory device, has battery back-up to 
make it nonvolatile (prevent the 
RAM's contents from being wiped 
out when an ac line power interrup- 
tion occurs). This rechargeable Ni - 
Cd battery, consisting of three cells 
in series, keeps data in the RAM for a 
day with no ac power applied to the 
circuit. RAM IC5 is selected by ad- 
dresses 2000H through 3FFFH. 

The 2K EEPROM identified as 
IC21 is optional. The version ME1 
firmware does not make use of this 
EEPROM. Nevertheless, the firm- 
ware does support it with a special- 
ized write subroutine. A socket and 
complete decoding are provided for 
this EEPROM. 

The 2817A EEPROM provides 
nearly permanent storage and can be 
written to and erased through soft- 
ware. It is reliable for up to 10,000 
write/erase cycles per byte. 

While the IC21 EEPROM has 
many potential uses, one fascinating 
possibility is that it can be used in an 
advanced AI (artificial -intelligence) 
type of program that learns from 
past experience. 

Address decoding that selects IC21 
is accomplished with IC10, ICI7, 
ICI3 and IC4. This chip is selected 
for a read/write operation by ad- 
dresses 7000H through 7FFFH. No- 
tice that while IC21 was designed spe- 
cifically to be easy to use, it cannot be 
written to in the same manner as 
RAM because it requires up to 20 
milliseconds to erase and write a bit 
from and into memory. Most ordi- 
nary RAM is more than 100,000 
times faster than this. 

Pin 1 of IC21 is the RDY/BUSY line 
of the 2817A EEPROM. When this 
line is high, the chip is ready to be 
read or written to. This RDY/BUSY 

line is connected to three -state buffer 
IC19A, whose pin 1 output is con- 

nected to data line DO at pin 37 of 
ICI. This buffer is selected by a read 
to address 5018H. Address decoding 
for this buffer is accomplished with 
ICIO, IC17, IC18 and IC13. 

Real-time clock (RTC) IC9 has 
battery back-up. This chip has 50 

bytes of nonvolatile RAM on -board. 
The clock is selected by addresses 
100H through 13FH. The first 14 

bytes are used by the clock's regis- 
ters. The remaining 36 bytes are user 
RAM. Decoding is accomplished 
with ICIO, IC12 and IC14. The pur- 
pose of ICII is to assure that CE pin 
13 of IC9 is synchronized with the ad- 
dress strobe. 

The real-time clock uses a multi- 
plexed data/address bus that reduces 
circuit complexity (as well as physical 
circuit layout on the circuit board). 
Though MC 146818 IC9 has an inter- 
nal time -base oscillator, WISARD 
uses an external oscillator because 
the built-in oscillator caused reliabil- 
ity problems. The external oscillator 
is composed of Schmitt -trigger 
inverters IC4A and IC4B, 32.768 - 
kHz crystal XTAL1, capacitors C12 
and CI3, and resistors R40 and R41. 

The battery back-up circuit, 
shown in Fig. I(E), consists of R40, 
R41, D2, D3 and BI. The battery is 

made up of three Ni -Cd C cells in 
series. Zener diode D3 ensures that 
the BBV (Battery Back-up Voltage). 
supply does not exceed 5.25 volts 
when ac power is supplied to the cir- 
cuit. With ac removed from the cir- 
cuit, BBV is slightly less than 4 volts. 

Once it is fully charged, B1 can re- 
tain the contents of 10K bytes of 
RAM and the real-time clock for 
more than 24 hours. For applications 
where memory must be retained per- 
manently, you can make use of 2817 
EEPROM IC21. 

Because of its relatively high pow- 
er drain in standby mode, no battery 
back-up source is is connected to 
IC). Thus, all of this integrated cir- 
cuit's internal RAM (addresses 80H 
through FFH) is volatile. 

Included in the CPU module is a 

"shutdown" circuit, the output of 
which is connected to pin 26 of IC5. 
This shutdown circuit insures that 
the data stored in IC5, the primary 
RAM system, does not change while 
the + 5 -volt supply is dropping to- 
ward zero, which is normally caused 
by loss of ac power to the circuit. The 
output of the shutdown circuit is also 
connected to pin 3 of ICII to protect 
IC9's data. 

The shutdown circuit is made up of 
IC15A, DI and R35 through R39. 
Trimmer potentiometer R37 is ad- 
justed during initial calibration for a 
potential of 2.7 volts at pin 3 of IC15. 
When ac voltage starts to drop, the 
potential on pin 1 of ICI5 drops to 
near ground potential. As you can 
see, IC15 is powered by the battery 
back-up system. 

The firmware in IC3 initializes the 
Serial Communication Interface 
(SCI) of IC/. The actual procedure 
for accomplishing this is a bit com- 
plex. Suffice it to say that IC3's pin 
12 transmits, pin 11 receives and pin 
10 is not used at all. The SCI is pro- 
grammed to use the 6803's internal 
clock source. 

Using a 2.4576 -MHz crystal for 
XTAL2 permits use communication 
rates of 150, 600, 4,800 and 38,400 
baud, but only the 600- and 4,800 - 
baud rates are used by WISARD. 
The firmware monitors the logic level 
at pin 14 of IC1 to determine which 
baud rate to use. 

Pin 14 of ICI is connected to S4. 
Pins 13 through 20 are connected to 
Port 1 of ICI, which is located at ad- 
dress 02H. During reset, Port 1 is 

configured as an input. 
No built-in handshaking is includ- 

ed in the SCI. No handshaking is 

needed for fast printers and/or low 
baud rates. However, WISARD does 
use handshaking. One input of Port 
1, at pin 17 of IC1 acts as a BUSY in- 
put. The firmware will not permit the 
SCI to send data while pin 17 (port 
1's D4 data line) is high. 

An EIA receiver, IC6A, has its 
output connected to pin 17 of ICI. 
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No other training in school, on the job, 
anywhere-shows you how to trouble- 

shoot and service computers like NRI 

HARD DISK 
20 megabyte hard disk drive you Install 
Internally for greater data storage 
capacity and data access speed. 

DIGITAL MULTIMETER 
Professional test Instrument for 
quick and easy measurements. 

LESSONS 
Clearcut Illustrated 
texts build your 
understanding 
of computers 
step by step. 

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

Only NRI walks you through the 
step-by-step assembly of a powerful 
XT -compatible computer system you 
keep-giving you the hands-on 
experience you need to work with, 
troubleshoot, and service all of today's most 
widely used computer systems. You get all it 
takes to start a money -making career, even a 
business of your own in computer service. 

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

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

You get in -demand computer servicing skills as you 
train with your own XT -compatible system-now 

with 20 meg hard drive 

With NRI's exclusive hands-on training, you actually build and keep the powerful 
new Packard Bell VX88 PC/XT compatible computer, complete with 512K RAM and 
20 meg hard disk drive. 

You start by assembling and testing the "intelligent" keyboard, move on to test 
the circuitry on the main logic board, install the power supply and 5'A " disk drive, 
then interface your high -resolution monitor. But that's not all. 

Only NRI gives you a top -rated micro with complete 
training built into the assembly process 

Your NRI hands-on training continues as you install the powerful 20 megabyte hard 
disk drive-today's most wanted computer peripheral-included in your course to 
dramatically increase your computer's storage capacity while giving you lightning - 
quick data access. 

Having fully assembled your Packard Bell VX88, you take it through a complete 
series of diagnostic tests, mastering professional computer servicing techniques as you 
take command of the full power of the VX88's high-speed V40 microprocessor. 

In no time at all, you have the confidence and the know-how to work with, 
troubleshoot, and service every computer on the market today. Indeed you have 
what it takes to step into a full-time, money -making career as an industry technician, 
even start a computer service business of your own. 

No experience needed, NRI builds it in 

You need no previous experience in computers or electronics to succeed with NRI. 
You start with the basics, following easy -to -read instructions and diagrams, quickly 

PACKARD BELL COMPUTER 
NEC V40 dual speed (4.77 MHz/8 MHz) CPU, 
512K RAM, 360K double -sided disk drive. 

MMI 

MONITOR 
High -resolution, non -glare, 12" rn. 
monochrome monitor with tilt and 
swivel base. 

TECHNICAL MANUALS 
With professional programs and 

complete specs on Packard 
Bell computer. 

DISCOVERY LAB 
Complete breadboarding 

system to let you design and 
modify circuits, diagnose 

and repair faults. 

DIGITAL 
LOGIC 

PROBE 
Simplifies 

analyzing digital 
circuit operation. 

moving from the fundamentals to 
sophisticated computer servicing 

techniques. Step by easy step, you 
get the kind of practical hands-on 
experience that makes you uniquely 

prepared to take advantage of every 
opportunity in today's top -growth 

field of computer service. 
What's more-you learn at your own 
pace in your own home. No classroom 

pressures, no night school, no need to 
quit your present job until you're ready 

to make your move. And all throughout 
your training, you have the full support of your personal NRI instructor and the NRI 
technical staff always ready to answer your questions and give you help whenever 
you need it. 

Your FREE NRI catalog tells more 

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

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

PC/XT and XT are registered trademarks of International Business Machines Corporation 

rN?/.c"°°I of 
Electronics rit 

McGraw-Hill Continuing Education Center 
440011 Connecticut Avenue, Washington, DC 20008 

LJ Check one FREE catalog only 
Computers and Microprocessors 
Robotics 
TVNideo/Audio Servicing 

Computer Programming 

MOM ri 
For career courses 
approved under GI bill 

check for details 

Security Electronics 

Electronic Music Technology 

Basic Electronics 

Data Communications 

Name (please print) Age 

Address 

City/State/Zip 
Accredited by the National Home Study Council 

4-069 

J 
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PARTS LIST (Display/Output Board) 

Semiconductors 
IC101 thru IC108-74LS373 octal D flip- 

flop 
IC9-74HC237 3 -to -8 line decoder with 

latches 
IC110-74LS541 octal buffer 
DISP1 thru DISP6-MAN72A 7 -seg- 

ment LED numeric display 

Capacitors 
C101 thru C106,C108-0.1-µF, 50 -volt 

monolithic ceramic 
C107 -10-µF, 25 -volt tantalum 

Resistors (1/4 -watt, 5% tolerance) 
R101 thru R148-330 ohms 
R149,R150,R151-8,200 ohms 

Miscellaneous 
P15D-20-pin dual -row male header 

with holes on 0.1 -inch spacing (Digi- 
Key Cat. No. 929836-01-36 or 929665- 
01-36 or similar) 

P5016,P5017-10-pin single -row male 
header with 0.1 -inch spacing (Digi-Key 
Cat. No. 929834-01-36 or similar) 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware; sockets for all ICs; 18 -inch 
long, 20 -conductor cable terminated in 
sockets at both ends (Digi-Key Cat. 
No. R8322 -18 -ND or similar); hookup 
wire; solder; etc. 

The printer's Request To Send (RTS) 
line, from RS -232 connector pin 4, 
connects to pin 1 of IC6. Since invert- 
er IC6A is between pin 4 of the con- 
nector and pin 17 of ICI, WISARD 
stops transmitting serial data when 
connector pin 4 is low. 

For the rain (moisture) sensor 
shown at the lower -left of Fig. 1(A), 
a small piece of printed -circuit -board 
material with narrowly spaced paral- 
lel copper traces is used. This simple 
sensor is a home-made device. 

Integrated circuit IC20 is a special- 
purpose fluid level detector that elim- 
inates plating problems because of 
the ac voltage applied to the sensor. 
Connected as shown, the logic level 

at pin 18 of ICl will be low when the 
resistance of the moisture sensor 
drops to less than 35,000 ohms. This 
resistance drop is normally the result 
of water coating the copper -trace 
side of the sensor. Pin 18 of ICI is 

connected to data line D5 of Port 1. 

Day LIGHT and SUN light sensors 
are also connected to the CPU mod- 
ule and are both TIL78 phototransis- 
tors. (The temperature sensors used 
with this project connect to the A/D 
module that will be described next 
month.) Sensors QI and Q2 connect 
to separate comparators IC8A and 
ÍC8B, respectively. 

Trimmer control R20 in the SUN 

sensor circuit is set so that output pin 
1 of IC8A goes low when sunlight 
falls directly on the sensitive surface 
of Ql. Similarly, trimmer R25 is set 
so that output pin 7 of IC8B goes low 
at dawn and high at dusk. The out- 
puts of both converters are passed 
through inverters IC16A and IC16B 
and on to Port 1 at pins 19 and 20 of 
ICI. When the sun is shining, Port 
l's most -significant bit (MSB), on 
data line D7 goes high. Also, when 
there is sufficient daylight, Port l's 
D6 data line is high. 

The purpose of ZNRs R15 and R16 
on the input sides of both light -sens- 
ing circuits is to protect WISARD 
during electrical storms, though their 
effectiveness has not been conclu- 
sively proven. Consequently, if you 
wish, you can omit these devices 
from the circuit without affecting 
normal project performance. 

Options switches SI through S4 
are all contained inside an eight -pin 
DIP package and are connected to 
Port 1. Switches SI, S2, S3 and S4 
represent data DO through D3 inputs 
to ICI. These switches allow you to 
custom configure WISARD. For ex- 

ample, in the ME1 version of the 
firmware, SI is "off" if the 2716 
EPROM in the A/D module is in- 
stalled, S2 is "on" if a CPU test is 

wanted, S3 is "on" if only Fahren- 
heit displays are desired, and S4 is 

"on" for 4,800 -baud and "off" for 

600 -baud communication rates. 
Shown in Fig. 2 is the schematic 

diagram of the display module's cir- 
cuitry. As you can see, this module 
contains six seven -segment MAN - 
72A numeric displays, identified as 
DISPI through DISP6. In this circuit 
configuration, each segment and the 
decimal point of each display con- 
nects to a separate 74LS373 octal D - 
type latch that can be "set" or "re- 
set" by instructions from the CPU 
module. This enables each decade to 
display 0 through 9 and 17 alphabetic 
characters. 

Each 74LS373 latch has a separate 
address, and the D input of each is 

connected to a data line. Also, each 
of these TTL latches can sink suffi- 
cient current to directly drive the 
LED segments in the displays. 

Since the MAN72A numeric dis- 
play features a common -anode ar- 
rangement, a LED segment is turned 
on when its 74LS373 latch output is 

low. Thus, to light all segments of the 
display, you "write" 00000000 (OH) 
at the address of the latch. In 6803 
mnemonics, all segments in left -most 
display DISPI, which has an address 
of 5010H, would light after the fol- 
lowing instructions were processed. 

LDAA #0 ;load accumulator 
A with 0 

STAA 5010H ;store 0 at 5010H 

By storing different data at ad- 
dress 5010H, you can have the dis- 
play form more than 27 different rec- 
ognizable numeric and alphabetic 
characters. For example, the letter 
"H" can be formed by storing 
10001001 (89H) at the appropriate 
address. If you wish to modify the 
firmware, refer to Fig. 3, which gives 
details on addressing displays and 
forming numerals and letters. 

Returning to Fig. 2, note that there 
are two more 74LS373 latches than 
there are numeric displays. With this 
arrangement, there are 16 latches 
that can be used to control a combi- 
nation of just about any electrically 
operated devices you would like. 
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DATA 

LINE SEGMENT 

D7 DP 
D6 g 
D5 f 

D4 e 
D3 d 
D2 C 

Dl b 

DO a 

SYMBOL 

DATA IN 

HEX 

G CO 

i F9 
2 A4 
3 BO 

Li 99 
_, 

b 
92 
83 

7 F8 
E 80 
9 98 
R 88 
b 83 
c 87 
d Al 
E 86 
F 8E 
5 82 
H 89 

I F3 
LI El 
L C7 
n AB 
P 8C 
r AF 

Fig. 3. Details on addressing displays and forming letters and numbers. 

With the addition of an appropriate 
optical isolator or relay, you can use 
these latches to control on/off action 
of heaters, air conditioners, alarms, 
solenoid -operated valves, and other 
electrical devices from independent 
power sources. Part 3 of this article 
will discuss in detail use of these 16 

extra latches. 
The purpose of ICHO in the Fig. 2 

circuit is to provide buffering of the 
data bus from the CPU module. The 
CPU module provides address de- 
coding at pin 8 of IC17C (see Fig. 1). 

This line is low for all addresses that 

start with "501" in hexadecimal. For 
example, a write to or read from ad- 
dresses 5010H, 50522H ... 5015H 
will cause the line from pin 8 of 
IC17C to go low. Finally, IC109 in 
Fig. 2 provides final address decod- 
ing for each individual latch. 

Data connections from the CPU 
module to the display module are 
made via data lines DO through D7 at 
pins 2 through 9 of /C//0 at the low- 
er -left in Fig. 2. Similarly, pins 1, 2, 3 

and 6 of /C109 connect to address 
lines AO, Al, A2 and R/W in Fig. 1. 

Decoding lines from the CPU go to 

the display module via pins 7, 9, 10, 

11, 12, 13 and 14 of IC109. 

Coming Attractions 

This completes the first installment 
in this series of articles on our Smart 
Weather Monitor. Next month, we 
will continue with complete con- 
struction details for the CPU and dis- 
play modules and give fabrication in- 
formation for the various sensors 
used with the project. In the subse- 
quent issue, our coverage will include 
operational details and construction 
of the two remaining modules-an 
A/D (analog -to-digital converter) 
and memory -expansion board and 
the input keyboard. A final install- 
ment will deal with physical place- 
ment of the various sensors used with 
the project and how to use WISARD. 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

2. 

oUui 
ó.a 

Earn up to 
$30 an hour 
and more! 

Learn at home 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 
FCC 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 
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Under -carpet wiring provides uncluttered aesthetics and eases the task of making revisions to the wiring system 
when required in future. 

Under -Carpet Fiber Optics 
Simplifies routing of lines to carry power, voice signals 
and data signals throughout an office or building 

By Terry Bowen & Jim Kevern* 

Under-carpet cable, which 
carry power, voice and 
data, are being selected 

with increasing frequency in today's 
building designs. For wiring an open 
office, the most common type of un- 
der -carpet cable, coaxial copper, is 

being challenged now by super -thin 
fiber-optic cable. An under -carpet 

*AMP Inc., Harrisburg, PA 

version becomes an important ingre- 
dient in a total system solution, as the 
use of optical fibers for premise wir- 
ing increases. It offers high perfor- 
mance and durability. For example, 
optical fibers offer greater band- 
width than copper cables. Moreover, 
its dielectric properties provide better 
security of sensitive computer data 
and immunity to error -causing noise. 
To properly plan an under -carpet 
system, one must evaluate cost and 
performance requirements, compar- 
ing copper versus fiber optics. 

Copper Cable Overview 

Copper cable varies according to the 
application: 

For Power: cable is available in 3-, 
4- and 5 -conductor flat versions in 10 

and 12 gauge. 
For Telephone: cable is available in 

2-, 3-, 4- and 25 -pair versions in 26 
gauge. 

For Data Communication: cable is 

available in 26- and 28 -gauge paired 
versions, 25 -conductor versions, and 
50-, 75- and 93 -ohm coaxial versions. 
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Technology 

Intrabuilding Cable 

tiorb ..q1 

l 

0. Wall Box 

Under -Carpet Cable 

Hold -Down Tape 

Turn Fittings 
Floor Outlet 

Drop Cable 

A typical optical fiber cable application. 

There are three important issues 
when considering copper cable ver- 
sus optical fibers: 

Signal Radiation & Confinement: 
Copper cables radiate and collect 
electromagnetic energy. To maintain 
shield effectiveness, cables should 

use single or double braids, or triax- 
ial construction. Optical fibers, in 
contrast, convey energy by propaga- 
tion in a dielectric, rather than a con- 
ductor, the latter causing radiation 
of energy at high frequencies. 

High Attenuation at HF: In copper 

Special tools help simplify installation of fiber-optic cable. 
When small slitting block is pulled lengthwise over cable, 
strength members and ramp material are precisely separat- 
ed from the jacketed optical fibers. A blanking tool is then 

used to square off the end of the optical fiber. 

cable, attenuation is related to signal 
frequency. Transmission distance is 

primarily limited by frequency -de- 
pendent attenuation. Higher fre- 
quencies have greater attenuation per 
unit length and shorter useful trans- 
mission distances. In comparison, at- 
tenuation in an optical fiber is unre- 
lated to signal frequency (slight re- 
ceiver sensitivity degradation does 
occur in high -frequency, long -length 
links, though). 

Limited Bandwidth: Optical fibers 
have greater bandwidths than most 
copper cables. 

Fiber -Optic Choices 
Various cable designs that an engi- 
neer has to choose from when rout- 
ing a fiber cable to a specific building 
location include plenum and non - 
plenum multiple -fiber, duplex and 
single -fiber designs. A given installa- 
tion may involve several different ca- 
ble constructions. Since cable runs 
under carpets, in walls, raceways, 
conduits and air plenums, each has 
specific requirements. 

One specific under -carpet fiber - 

Carpet tiles, which completely conceal flat fiber-optic wir- 
ing, are usually held down with release -type adhesive to 
permit easy removal if outlets or wiring require rearrang- 
ing. Fiber-optic cable does not require any special shielding 

or other protection. 
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Turn fittings are positioned for 45- or 90 -degree turns in 

small areas. 

optic cable features a two -channel 
cable that has two optical fibers and 
three strength members. A polyester 
elastomer material covers the fibers 
to protect the glass from abrasion. 
The strength members are a proprie- 
tary fiber -reinforced plastic with 
good crush and impact resistance. 

All the elements are enclosed in a 
tough flame-retardant polyvinyl - 
chloride jacket. The cable has a low 
profile (0.075 inch high) for installa- 
tion under carpet or tile without 
causing a bulge. The fiber-optic cable 
withstands harsh mechanical and 
chemical exposures that could destroy 
flat copper data transmission cable. 

Installation 
When routing duplex fiber-optic ca- 
ble, stress may be induced on fibers if 
the cable is bent severely. At corners, 
the inner fiber must, therefore, take a 
shorter path than the outer fiber. 

One way to attempt to alleviate 
stress is to gradually turn the cable, 
rather than directly bend it. In most 
office areas, however, gradual turn- 
ing is impractical because of space 
limitations. Also, a difference in 
path length of two fibers still occurs, 

Technicians make a transition splice between a flat optical 
cable and a round optical cable in recessed floor junction 
box. The blanking tool, shown, provides a clean, precise 

square -off end of the optical fiber. 

even if the curve is gradual. 
The length of each fiber can be 

matched if they are first removed 
from the cable, then laid in different 
paths, and finally encased in turn fit- 
tings. Tracks in 45- and 90 -degree 
turn fittings are designed to provide 
equal lengths and optimum radii. 

Such turn fittings replace the ca- 

ble's strength members and side 
ramps, while providing crush resis- 
tance and low profile. By using vari- 
ous combinations of turn fittings, 
complex cable routes easily can be 
achieved. It is important to properly 
prepare the floor before laying the 
cable under the carpet. Three basic 
steps should be taken: 

2-Fiber Attenuation 

1-Source Interface Loss 

cr 
w 

o a 

Source 

SOURCE 

ADM 

Detector 

3-Splice Loss 

Connector 
4-Fiber Attenuation 

5-Detector Interface Loss 

5 

DETECTOR 

DISTANCE 

Sources of loss in a fiber-optic link. 
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Transitions between conventional and under -carpet cables 
are behind cover plates on an interior wall. 

(1) All holes or imperfections in 
the concrete slabs should be filled 
and all bumps removed; 

(2) Porous floors should be sealed 
and free of grease, oil and moisture; 

(3) Floors should be thoroughly 
cleaned and vacuumed. 

System Loss Budgeting 
Any fiber-optic cable application re- 
quires a loss budget analysis of the 
system. This analysis quantifies 
losses throughout the system and 
power available at the receiver. 

To minimize loss, all cables in a 
building should have the same core 
and cladding diameter. Total system 
loss can then be generalized as the 
sum of the individual losses: SLB (in 
dB) = L1 + L2 + L3 ... Ln. 

A fiber-optic link must deliver 
enough of the transmitter power to 
operate a receiver within system spec- 
ifications. To provide a wide margin 
for future re -arrangement and com- 
ponent degradation, losses through- 
out the system should be minimized. 

The main sources of loss in a link 
are: Fiber Attenuation; Fiber -to -Fi- 
ber Connections, including numeri- 
cal aperture (NA) mismatches, core 

Round fiber-optic feed wiring is connected to flat under - 
carpet cable at wall transition box with disconnectable fi- 

ber-optic splices. 

diameter mismatches, connector in- 
sertion loss, intrinsic fiber mismatch; 
and Loss Margins, to account for 
source aging, temperature varia- 
tions, and loss from bends and me- 
chanical stress. 

Loss at connectors is caused by 
several different factors, including 
intrinsic fiber mismatch and connec- 

tor misalignment. 
Optical fiber attenuation in an un- 

der -carpet system can be viewed as 
proportional with length. If the cable 
is specified to have an attenuation of 
less than 6 decibels per kilometer 
(dB/km), a 50 -meter cable run has 
only 0.3 dB of loss. For systems with 
LED (light -emitting diode) sources, 

Table 1. Power Budget Analysis 

Transmitter Launch Power* 
Receiver Sensitivity 

- 15 dBm 
- 28 dBm 

Total Power Budget 13 dB 
Power Allocation Example 

System Margin 
(A) LED Aging 
(B) Temperature Effects 
(C) Other Factors 

Total Margin 
Available Power 
Cable Loss 

(A) (Attenuation 1 km at 4.5 dB/km) 
(B) Transient Loss: 

Connector Loss (4 connectors at 1.0 dB) 
Installation & Repair Splice Loss (4 splices at 0.25 dB) 

1 dB 
1 dB 
1 dB 

3 dB 
10dB 

4.5dB 
0.5dB 
4.0dB 
1.0dB 

Total Loss 10 dB 

*Power specified by equipment manufacturer for size of fiber being used. 
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Fiber 

Table 2. Under -Carpet Cable Specifications 

Attenuation (dB/km) 
Optical Characteristics 

Bandwidth (MHz -km) NA 
(µm) 850 nm 1,300 nm 850 nm 1,300 nm 

50/125 < 5 < 3.5 > 400 > 400 0.215/0.185 
63/125 < 6 < 4.5 >100 > 200 0.305/0.275 
85/125 < 6 < 4.5 > 100 > 200 0.275/0.245 
100/140 < 7 < 6.0 > 100 >100 0.305/0.275 
485/500 < 300 at 650 nm > 0.5 at 450 nm 0.50/0.44 

Mechanical Characteristics 
Operating Temperature Range 
Storage Temperature Range 
Minimum Bend Radius 
Maximum Tensile Loading 
Flammability 

*Plastic fiber 

0°to 50°C 
120°to + 60° C 

1.5 inch 
22.5 pounds 
Passes UL B3 

an additional one-time penalty of 0.5 
to 1.0 dB is allowed for transient loss. 
This loss is due to high -order modes 
launched by LEDs, which are not ef- 
ficiently carried by the fibers. 

The obvious best approach is to 
use the same fiber diameter through- 
out an installation. However, this is 

not always possible. Telephone fi- 
bers entering a building may be 50/ 
125 µm, while equipment such as 
computers and terminals may be de- 
signed for 100/140 µm cable. 

Also, the direction of light trans- 
mission may not be known by the ca- 
ble installer, and losses may not be 
the same in both directions. Signals 
moving in one direction may go from 
smaller to larger fibers, meaning no 
diameter or NA mismatch loss. Sig- 
nals moving in the opposite direc- 
tion are affected by these losses. 

A loss margin must be allowed for 
performance change over time and 
temperature extremes, as well as for 
loss due to mechanical stress and 
bends. An allowance of 1 to 3 dB for 
LED aging and 2 dB for temperature 
variations and allowance for stress 
and bends is common. 

Also, analysis must consider 

source type (laser diode or LED), 
emission characteristics like diame- 
ter and NA, output power, and oper- 
ating wavelength (fiber attenuation is 
lower at 1,300 nm than at 850 nm, for 
example). The source manufacturer 
will usually provide information on 
the power coupled into the fiber. 

Given the amount of power cou- 
pled into the fiber, the system loss 
budget analysis shows how much 
power remains to operate the receiv- 
er. Sufficient power must reach the 
detector to maintain the desired bit 
error rate (BER). 

On the other hand, too much pow- 
er will saturate the receiver. There- 
fore, received power must lie within 
the dynamic range of the receiver. 
Saturation can be prevented by intro- 
ducing additional attenuation into 
the system, of course. 

Conclusion 
A power budget analysis can be per- 
formed by developing a worksheet. 
The example provided in Table 1 is 

for electric power. 
The worksheet includes informa- 

tion on the sensitivity of the receiver 

A newly completed tilt -up building 
requires an under -slab membrane to 
prevent methane gas seepage from 
entering the building. Opting for un- 
der -carpet wiring systems avoids the 
possibility of disturbing the build- 

ing's protective barrier. 

and the power launched by the trans- 
mitter. Next, system power is allocat- 
ed to the various components that 
make up the system. 

The number of ways one might 
configure a system is countless. Each 
configuration will be determined by 
the particular building layout. The 
use of the Power Budget Analysis 
Worksheet will ensure that power al- 
located falls within the total power 
budget available. 

In sum, then, under -carpet fiber- 
optic cable provides a convenient and 
flexible way to obtain the benefits of 
optical communications in an office 
environment, where it is desirable to 
install hidden wiring that can better 
withstand mechanical stress and 
chemical exposure to assure the inte- 
grity of data communication. 
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Project 

PC Clock/Calendar Card 
Short -slot board gives IBM PC, XT and compatible 
computer users battery -backed day/date functions 

By Vaughn D. Martin 

n its basic configuration, the 
popular IBM PC and XT and 
compatible computer has no 

functions for automatic time and 
date keeping. The circuit to be de- 
scribed here gives these computers 
those functions at a very reasonable 
kit cost of just $20 including software 
on disk. The board plugs into a short 
slot on the computer's bus and is 

nonvolatile (it has battery backup 
power). It also provides a cheerful 
"beep" and greeting message when 
you turn on your computer on se- 
lected holidays. 

About the Circuit 
Shown in Fig. 1 is a block diagram of 
the elements that make up the Na- 
tional Semiconductor MM58167A 
clock/calendar chip around which 
this project is built. This chip runs on 
very low power; thus, a 3 -volt lithium 
battery can run the project's circuitry 
for more than a year when the com- 
puter is turned off. 

As you can see in Fig. 1, the 
MM58167A clock/calendar chip 
consists of eight major sections. The 
oscillator section has an inverter that 
is on -chip and works in concert with 
several off -chip components. The 
two capacitors, one resistor and 
32.768 -kHz miniature crystal (fea- 
tured in most digital wristwatches) 
make up a classical Pierce parallel - 
resonant arrangement. The prescaler 
divides the 32.768 -kHz oscillator sig- 
nal down to 1 kHz. The timekeeping 
counters consist of a 14 -stage BCD 
counter, each stage of which has a 
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Fig. 1. Block diagram of internal details of National Semiconductor MM58167A 
clock/calendar chip around which this project is built. 

read/write capability in a 24 -hour in- 
ternational format. A read-only roll- 
over status bit informs the user that 
invalid data may have been read. 

The random-access memory 
(RAM) section is provided with 14 

nibbles, or "half -bytes" (four bits), 
for alarm interrupts and general stor- 
age. This project uses the RAM sec- 
tion for general storage (see the Table 
for the RAM memory map). 

The comparator is a 46 -bit device 
that compares values stored in RAM 
against the counters and provides an 
alarm (compare) interrupt. How- 

ever, in our project this feature is not 
used because the RAM section is util- 
ized here only for general storage 
purposes. 

Two interrupt outputs-the main 
and standby interrupts-make up the 
interrupt hardware. 

The Input/Output and Control 
Lines are the most vital section of this 
versatile integrated circuit. The basic 
I/O structure consists of a five -bit 
address bus and an eight -bit bidirec- 
tional bus. The control lines are chip 
select, power down, read and write. 
An additional output line accommo- 
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Fig. 2. Complete schematic diagram of PC Clock/Calendar Card's circuitry. 

dates microprocessors that have a 
wait state. 

Several registers are included in 
this IC. The lowest address register is 
where thousandths of a second are 
read, followed by minutes, hours, 
and so on. There are also latches for 
comparisons to the clock registers, 
which keep track of the year. Since 
the alarm feature is not used in this 
project, these latch locations are used 
as ordinary RAM-always retaining 
memory because of the battery that 
provides standby power. 

You read time by reading the ap- 

propriate registers. Each time a regis- 
ter is read, the status bit is also read. 
This bit tells you if any of the time 
counters have changed during the 
read operation. 

Shown in Fig. 2 is the complete 
schematic diagram of the PC Clock/ 
Calendar Card's circuitry. Address 
decoders UI and U5 generate an ac- 
tive -low board -select signal at pin 5 

of the latter chip. Addresses 20C 
through 2DF (all addresses are given 
in hexadecimal) drive the board se- 
lect low. Integrated circuit U3 and 
U4 are an address -line and clock buf- 

fer and a bidirectional data buffer, 
respectively. The latter selects the 
board -select line from pin 9 of U5 
Using a combination of the "mem- 
ory read" (MEMRD) and "read" (ac- 
tive -low IOR) at pins B12 and B14 of 
the board's edge connector, U1C 
controls the direction of data flow on 
the bidirectional A2 through A9/DO 

through D7 bus at the lower -left of 
the schematic. 

Lithium battery BI conducts 
through diode CR3 to power the 
clock circuit in the battery backup 
mode when the computer is powered 
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MM58167A RAM Memory Map 

Hex Address 

8 

9 

A 
B 

C 
D 
E 
F 

D7 D6 D5 D4 

milliseconds 
tenths of seconds 
tens of seconds 
tens of minutes 
tens of hours 
no RAM exists 
tens days of months 
tens of months 

D3D2DiDO 

no RAM exists 
hundredths of seconds 
units of seconds 
units of minutes 
units of hours 
day of week 
units days of month 
units of months 

down. Diode CR2 prevents battery 
current from flowing back into the 
computer's power supply. 

The network made up of CR1, R3 
and C5 ensures that the clock chip's 
correct power-up/down sequence is 

done in proper order. "Power 
Down" (active -low PwD) line pin 23 

of clock chip U2 must be held low 
long enough so that all other lines be- 
come stable. A germanium diode was 
selected for CR1 for its lower (than 
silicon diode) voltage drop. This net- 
work further ensures that voltage is 

supplied to pin 23 of U2 slowly at 
power -up and is removed quickly on 
power -down. 

Construction 
This PC Clock/Calendar Card proj- 
ect was designed to wire together on a 
double -sided printed -circuit board to 
assure stable, long operating life. If 
you wish, however, you can use a 
plug-in PC -type prototyping card 
and suitable Wire Wrap hardware. 
Whichever way you go, though, it is a 
good idea to use sockets for the DIP 
ICs to make it easy for you to replace 
a defective integrated circuit in the 
event one expires at any time. 

You can fabricate your own pc 
board using the actual -size etching - 
and -drilling guides shown in Fig. 3, 
or you can purchase a ready -to -wire 
board from the source given in the 
Note at the end of the Parts List. 

Wire the board exactly as shown in 
Fig. 4. (Note: Use Fig. 4 as a rough 

guide to component placement if you 
opt for point-to-point wiring on a 
prototyping board.) Start populating 
the board by installing and soldering 
into place the IC sockets. If you are 
using a home -fabricated board that 
does not have plated -through holes, 
use Molex Soldercons instead of 
sockets to give you soldering access 
to the pads on both sides of the board. 

With the sockets installed, proceed 
to installation of the resistors and 
then the diodes, making sure that the 
latter are properly oriented before 
soldering their leads to the pads on 
both sides of the board. Then install 
and solder into place the capacitor, 
making sure the electrolytic ones are 
properly oriented before soldering 
their leads into place. 

Next, install and solder into place 
crystal Y]. Use heat judiciously to 
avoid damaging the crystal. Finish 
up by installing and soldering into 
place the battery holder in the indi- 
cated location. 

With the card assembly wired, care- 
fully examine your work. Make sure 
that each component is in its correct 
location and is properly oriented. 
Check all soldered connections. 
Look for unsoldered and poorly sol- 
dered connections. Solder any con- 
nection you missed and reflow the 
solder on any suspicious connection. 
Also check for solder bridges, espe- 
cially between the closely spaced IC 
pads. If you find a solder bridge, use 
wicking -type desoldering braid or a 

PARTS LIST 

Semiconductors 
CR1-1N270 or similar small -signal 

germanium diode 
CR2,CR3-1N4148 or similar small - 

signal silicon diode 
U1-74LS00 TTL quad NAND gate 
U2-MM58165A (National) micro- 

processor real-time clock/calendar 
U3,U4-74LS254 TTL bi-directional 

line driver 
U5-74LS138 TTL expandable 3 -of -8 

decoder 
Capacitors 
C1 -10-µF, 16 -volt tantalum 
C2,C5,C6,C7-0.1-µF, 25 -volt ceramic 

disc 
C3-10-pF NPO ceramic 
C4-22-pF NPO ceramic 
Resistors ('/,-watt, 5% tolerance) 
R1-3,300 ohms 
R2-180,000 ohms 
R3-100,000 ohms 
Miscellaneous 
BAT1-3-volt coin -type lithium 

battery 
(Panasonic Part No. BR -2325 -BH or 
Digi-Key Cat. No. P 142) 

Y1 -32.768 -kHz quartz crystal (Digi- 
Key Cat. No. X32768) 
Printed -circuit card or PC -type per- 
forated prototyping card and suit- 
able Wire Wrap Hardware (see text); 
holder for BAT1 (Digi-Key Cat. No. 
BH906-ND); sockets for ICs (option- 
al); solder; etc. 

Note: The following items are available from 
Specialty Electronics Services, Inc., P.O. 
Box 680712, San Antonio, TX 78268- 
0712: Complete kit of components, in- 
cluding software on diskette, $19.95. Also 
available separately, pc card, $9; program 
disk, $5; and assembled and tested clock/ 
calendar card, $29. 

vacuum -type desoldering tool to 
remove it. 

When you are sure all components 
have been properly installed (except 
the ICs in their respective sockets), 
clip one lead of an audible continuity 
tester or the common lead of an ohm- 
meter set to a low -ohms range to + 5V 

pin B3 of the board's edge -connector 

Say You Saw It In Modern Electronics June 1989 / MODERN ELECTRONICS / 37 

www.americanradiohistory.com

www.americanradiohistory.com


BAT , 

CLOCK 

0000000000 
U2 

0040000000_ 

Oo coo 00` 
3 

o 

0/00 00 Jo 
o 0 0 . U4o 

44i I 
44 0 1110000011 1 

111111011-0-414) 

5 

H 

0 

O 000 
I 

O 0000 

+0 

o 

Fig. 3. Actual -size top (A) and bottom (B) etching -and -drilling guides for home fabrication of double -sided 
printed -circuit card on which project is to be wired. 
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Fig. 4. Wiring guide for pc card. Use this as a rough guide to wiring circuit on 
perforated prototyping board (see text). 

finger. Then probe pin 14 of the ICI 
socket, pin 24 of the 1C2 socket, pin 
20 of the 1C3 and 1C4 sockets and pin 
16 of the 105 socket. In all cases, you 
should obtain an audible indication 
of continuity or a reading of 0 ohm. 
If not, rectify the problem before 
proceeding to installation of the ICs 
in the sockets. 

When you are certain that all is 

well, install the ICs in their respective 
sockets. Make certain each goes into 
the proper socket in the correct orien- 
tation and that no pins overhang the 
sockets or fold under between the ICs 
and sockets. Also, exercise the usual 
safe -handling techniques for MOS- 
type devices when installing clock 
chip U2. Your PC Clock/Calendar 
Card is now ready to be installed in 
your computer. 

If you have not already done so, 
turn off your computer. Open its 

case and install the card in a free 
short slot. Make sure you install the 
card in the proper direction and that 
it is seated all the way in the comput- 
er's bus connector before closing the 
case. Do not power up your comput- 
er just yet. Do so only after reading 
through the following section on Soft- 
ware Operations. 

Software Operations 
Shown in Fig.s 5 and 6 are a pair of 
flow charts that outline the two pro- 
grams required for interfacing the 
PC Clock/Calendar card to your 
computer. The CLOCKSET pro- 
gram (Fig. 5) initially sets the clock 
when you first install the card in your 
computer and later when a time 
change has occurred when you 
change the battery or when you ad- 
just for Daylight Savings or Standard 

Battery holder and coin -like lithium 
battery used as backup power for PC 

Clock/Calendar Card. 

times. This program prompts you to 
key in the date. It also checks for val- 
id date entry. If you enter an invalid 
date, an INVALID DATE message will 
appear on the screen of your comput- 
er's video display monitor and you 
will again be prompted to key in the 
proper date. Once you key in a valid 
date, the program asks you to key in 
the current time. 

After you enter the correct time, 
the CLOCKSET program checks its 
validity. If an invalid time was en- 
tered, an INVALID TIME will be dis- 
played on -screen and you will be 
prompted to to reenter the time. 
Upon valid entry, the program goes 
into a loop to consecutively set the 
valid time and date into the appropri- 
ate battery clock registers. The pro- 
gram loops until all required registers 
are set. It then makes an orderly exit 
to the operating system. 
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Request date 

Input date 
Check for valid date 

YES 

Request time 

Input time 
Check for valid time 

VES 

Set all back-up 
battery clock registers? 

NO 

Set correct format in 

counter register? 

Set data in counter register 

Print error message 

Print error message 

NO 

YES 

End 

Read month, day, hour, minute, 
second, tenths, hundredths, 

thousandths, into 
temporary registers 

1 

Read status bit. 
Did rollover occur? 

NO 

Are month, day and 
time valid? 

YES 

SPECIAL 

Print special messages 

YES 

Check date for 
special messages 

NOT SPECIAL 

Update last month and 
year if necessary 

NO 

Print error messages 

Convert time and 
date into IBM format 

End 

Fig. 5. Flowchart for CLOCKSET 
program needed to interface project 

to your computer. 

The READCLOCK program (Fig. 
6) reads all the registers from the bat- 
tery backed up clock/calendar IC 
and then reads the status register to 
determine if the clock changed dur- 
ing the read operation. If a change is 
detected, the registers are read again 
until the status register indicates that 
the clock did not change. The date 
and time are first checked to deter- 
mine if a valid date was read from the 
clock/calendar. If the time or date 
was not valid, an appropriate error 
message is displayed on -screen. At 
this point, it displays the message, "a 
default time and date are to be used." 
A default of January 1, 1986 is used 
in lieu of the familiar January 1, 1980 
used by IBM. 

If the time and date are valid, the 
program begins to check for special 
dates, such as New Year's Day, Val- 
entines Day, Independence Day and 
Christmas. If it detects one of these 
dates, the program displays an ap- 
propriate message, such as "Happy 
New Year," on the screen and reads 
the time and date from the clock/cal- 
endar chip. If no special date is de- 
tected, the program only displays 
time and date. 

The READCLOCK program uses 
the time and date read from the clock 
chip (or a default time and date) to set 
the internal time and date on the 
computer. The program then returns 
to the operating system. 

Both programs are available on 
5''h -inch floppy disk from the source 
given in the Note at the end of the 
Part List. 

Fig. 6. Flowchart for READCLOCK 
program that displays time and date 
information on -screen and greetings 

for selected holidays (see text). 
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Project 

An IR Remote -Control System 
(Part 1) 

Lets you remotely control up to six lights and 
appliances from a single hand-held transmitter 

By Anthony J. Caristi 

Readers who own a remote - 
controlled TV receiver; VCR 
or audio system are familiar 

with the convenience of using wire- 
less infrared remote -control systems. 
If you've ever wished you could put 
this type of convenience to work con- 
trolling other devices as well, the 
project to be described is for you. It's 
a basic IR system that provides on/ 
off control of up to six electrically 
operated lights and appliances in a 
single room from a reasonable dis- 
tance away using a hand-held bat- 
tery -powered portable transmitter, 
an ac -powered stationary receiver/ 
decoder and suitable "interface" 
modules between the latter and de- 
vices you wish to control. 

The basic system is limited to six 
channels of control in any given 
room. However, it can easily be ex- 
panded to control up to six devices in 
as many rooms as you wish from a 
single transmitter unit. To accom- 
plish this, all you need do is build an- 
other receiver/decoder for each 
room in which you want control, plus 
whatever interfaces are needed. 

In this installment, we focus on op- 
eration and construction details for 
the transmitter and receiver/decoder 
units. Next month, we will detail how 
to build a variety of interface devices 
to control just about any electrically - 
operated item you wish. 

About the Circuit 
To avoid confusion, we'll discuss op- 

eration of the transmitter and receiv- 
er/decoder circuits separately. 

Transmitter. Shown in Fig. 1 is the 
complete schematic diagram of the 
transmitter circuit. This one -chip cir- 
cuit is powered by an ordinary 9 -volt 
transistor battery. It provides a series 
of 28.4 -kHz infrared energy pulses 
that are encoded according to which 
of the six pushbutton switches is 
pressed at any given moment. 

When no transmitting switch is ac- 
tivated, the circuit remains in stand- 
by, drawing virtually no current 
from battery BI. When any one of 
switches SI through S6 is pressed, its 
closed contacts activate circuitry in- 
side ICI that causes the transmitter 
to generate a group of pulses that are 
sent through the air by infrared -emit- 

ting diodes LEDI, LED2 and LED3. 
These pulses are repeated at 90 -milli- 
second intervals, as long as the par- 
ticular switch is held closed. 

Designed specifically as a PCM 
(pulse code modulation) transmitter, 
IC/ is capable of encoding up to 62 
channels in accordance with the se- 
lection of one row input terminal and 
one scanner input terminal, which 
are shorted together by means of a 
single -pole switch. As mentioned 
above, in this project only six chan- 
nels are used, specifically channels 2, 
4, 6, 8,10 and 12. These are identified 
in this project as channels A through 
F, respectively. 

Integrated circuit IC/ is capable of 
operating in either FSK (frequency 
shift keying) or AM (amplitude mod - 

Say You Saw It In Modern Electronics June 1989 / MODERN ELECTRONICS / 41 

www.americanradiohistory.com

www.americanradiohistory.com


. o 
S1 

1 B1 (optional- Cl 
9V see text) 

- 1004F 

modm, 
0 

S1 
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S2 

0 
S3 

--0 o 
S4 

.--o o 
S5 
.. .---o o 
S6 

D1 

1N41481 

Semiconductors 
D1 -1N4148 or similar silicon diode 
ICI-MC14497P remote -control trans- 

mitter 
LED1-2-volt, 20 -mA red visible light - 

emitting diode 
LED2,LED3,LED4-MLED81 or 

equivalent infrared light -emitting 
diode 

QI -2N3904 or similar npn silicon tran- 
sistor 

Q2 -2N3906 or similar npn silicon tran- 
sistor 

IC1 

' MC14497P 

7 

Y1 

455kHz 

C2 

1270PF 

C3 
27pF 

Fi3 

PARTS LIST (Transmitter) 

R1 

100 

R2 
100 

LEDI 

Capacitors (16 -WV or greater) 
C1 -1,000-µF, 16 -volt radial -lead elec- 

trolytic 
C2-27-pF ceramic disc or film 
C3-270-pF ceramic disc or film 
Resistors (1/4 -watt, 10% tolerance) 
R1,R2-100 ohms 
R3-220 ohms 
R4-1,000 ohms 
Miscellaneous 
B1 -9 -volt battery 
Si thru S6-Normally open spst push- 

button switch 

Q1 

1'N 3904 

R4 
1K 

Q2 
2N3906 

LED2 
S MLED81 

LED3 
"L MLED81 

LED4 
MLED81 

S7-Spst toggle or slide switch (option- 
al-see text) 

Y1 -455 -kHz ceramic resonator 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware; socket for IC1; 9 -volt bat- 
tery snap connector and holder; suit- 
able enclosure; hookup wire; solder; 
etc. 

Note: See Receiver Parts List for availability 
of pc board and semiconductors. 

Fig. 1. Complete schematic diagram of transmitter circuit. 

ulation) mode. Diode DI, connected 
between pins 3 and 7 of the chip, pro- 
grams the circuit to operate in AM 
mode. Figure 2 illustrates the output 
pulse train generated by the circuit 
when channel 2 (channel A hereafter) 
is transmitted. 

The output pulse train, called a 
"word," consists of a series of 28.4 - 
kHz bursts that represent a binary 

code of ones and zeros of the selected 
channel. The least -significant bit 
(LSB) follows the second start bit, 
and the most significant bit (MSB) is 

last. This format is commonly re- 
ferred to as "serial" data. 

In Fig. 2, the binary word for 
channel A (channel 2 for the IC) is 

000010, which indicates that all bits 
are zero except one, which has a bi- 

nary weight of 2. The pulse train con- 
tains two additional bursts, called 
start bits, which precede the binary- 
coded word. In this pulse train, the 
position of the amplitude modula- 
tion for each bit of the word deter- 
mines if the bit is a "1" or a "0," as 
in Fig. 3. A bit with a value of 1 is 

transmitted with the infrared burst 
occupying the first half of the allot - 
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ted space. If the bit is zero, the second 
half of the space contains the burst. 

Although this project uses only six 
channels, the chip is capable of en- 
coding channel numbers 0 through 
62 by transmitting six bits of infor- 
mation, any of which may be a one or 
zero. Thus, channel 0 would consist 
of a code word of 000000, channel 1 

would consist of code word 000001, 
and so on up consecutively to chan- 
nel 61, which would have the code 
word 111101. Channel 62 is automat- 
ically sent when the transmitting key 
is released, signifying end of trans- 
mission (EOT). Channel 63 is not 
used at all. 

Frequency control of the transmit- 
ter output is provided by 455 -kHz 
ceramic resonator Yl. Frequency di- 
viding circuits inside ICl generate the 
28.4 -kHz IR modulating frequency 
as well as the timing for the output 
pulse train. 

Transistors QI and Q2 serve as a 
driver circuit for the three IR LEDs. 
Using three LEDs as shown provides 
almost triple the amount of infrared 
energy with no increase in battery 
current drain. As long as visible light - 
emitting diode LEDI in the collector 
circuit of QI lights when a transmit- 
ter button is pressed, the battery has 
sufficient energy to power the circuit. 

Receiver/Decoder. Shown in Fig. 4 
in three sections is the complete sche- 
matic diagram of the receiver/decod- 
er circuitry. Integrated circuit IC7 
detects and amplifies the infrared 
pulses generated by the transmitter 
and detected by IR detector diode 
D1. The six remaining chips in this 
circuit decode the transmitted pulse 
train, and emitter -follower transistor 
Q2 through Q7 output stages provide 
six channels. Since this project con- 
tains just six active channels, only 
three bits of the transmitted word are 
needed for full control. 

The specified chip used for 1C7 has 
been specifically designed to serve as 
an infrared detector/amplifier. In- 
frared energy striking photodetector 
Dl is coupled to the pin 7 input of 

t- Start bits --t 

Binary word 10 I 1 I 0 I 0 I 0 I 0 1 

Fig. 2. Binary word for channel A is 000010, which indicates that all bits are 0 ex- 

cept one, which has a binary weight of 2. 

1C7. The 28.4 -kHz IR bursts are con- 
verted to electrical pulses by DI. The 
resulting electrical pulses are ampli- 
fied, and the amplitude -modulated 
waveform is detected to produce the 
waveform envelope that contains the 
binary-coded information of the 
transmitted pulse train. Wave -shap- 
ing circuitry inside IC7 provides a 
clean, solid waveform at the pin 1 

output. This is inverted by QI and 
fed to the decoder circuit for further 
processing. 

As shown in Fig. 2, the recovered 
transmitted pulse train (channel A is 
illustrated) contains six bits of infor- 
mation that must be decoded to de- 
termine which of the six possible 
channels, A through F, has been 
transmitted. A truth table illustrating 
the six possible code combinations is 
shown in Fig. 5. 

Since each individual bit of the 
coded word occurs in sequence, the 
information presented by the pulse 
train is in serial data form. To recov- 
er and store this information, serial - 
to -parallel converter 1C4 is used. 
This eight -bit shift register IC is cap- 
able of converting data from serial 
form to parallel form and latching it 
in its output stages. Operation of the 
decoder circuit is best understood by 
referring to timing diagram Fig. 6, 
which illustrates what the waveforms 
should look like at various points in 
the circuit. 

To synchronize the decoder timing 
circuits with the transmitter, ceramic 

Logic 
0 

I L 
Logic 

1 

Fig. 3. Position of amplitude modu- 
lation for each bit of the word deter- 

mines if bit is a 1 or a 0. 

resonator Y1 operates at the same 
455 -kHz frequency as the resonator 
in the transmitter. Gate ICIC is 

wired to operate as a simple inverter 
and is biased into its unstable linear 
region by means of R5. The ceramic 
resonator, connected between out- 
put pin 10 and input pins 8 and 9 of 
the gate, causes the circuit to oscillate 
at the resonant frequency of Yl. 
Gate ICID, also wired as an inverter, 
is used as a buffer for the oscillator. 

Gates IC1A and ICIC are config- 
ured to form a bistable multivibra- 
tor, or common flip-flop. This cir- 
cuit has two stable states that depend 
upon the logic levels fed to the inputs 
at pins 1 and 6. This circuit is a latch 
that controls operation of counter di- 
vider IC3 and shift register IC4. 

When the first pulse of the received 
transmission reaches input pin 1 of 
IC1A, output pin 3 of this gate as- 
sumes a logic O level and pin 4 goes to 
logic 1. The output at pin 4 of IC1B 
enables AND gate IC2A and allows 
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the oscillator waveform to be im- 
pressed upon the clock input of IC3 
at pin 10. At the same time, shift reg- 
ister IC4 is enabled by the logic 1 level 
that is fed to its strobe input at pin 1. 

Integrated circuit IC3 is a 14 -stage 
binary ripple counter. This chip 
serves two functions in this circuit. 
The first part of the chip, consisting 
of nine binary stages, is used as a di- 
vide -by -512 circuit that provides the 
correct clock rate for the shift regis- 
ter. This clocking signal appears at 
output pin 12. The second part of the 
chip, along with AND gate IC2B, is 

used as a divide -by -11 counter that 
permits the shift register to be 
clocked just 11 times during each dis- 
crete transmission. This will cause 
the three desired bits of the serial 
transmission to be stored in the out- 
puts of IC4 at locations represented 
by pins 7, 13 and 14. 

The detected signal from QI goes 
to the serial input at pin 2 of IC4. At 
the onset of the first start pulse, when 
the latch circuit is set to the active 
state, the shift register is clocked syn- 
chronously with the transmitter. 
Hence, each pulse of the transmitted 
word enters IC4 and is shifted down 
the line like a bucket brigade. The 
clock pulses are delayed by an RC 
network composed of R18 and C16 
to ensure that the data is present at 
the serial input of IC4 before the shift 
takes place. 

The output circuits of IC4 assume 
the logic levels of the input pulses as 
they enter the chip and shift down the 
line. When the count of 11 is com- 
plete, the reset pulse generated at pin 
13 of IC2B sets the latch back to the 
idle state, stops the clock inputs of 
IC3 and IC4, resets IC3 to a count of 
zero, and latches the outputs of IC4 
so that the transmitted word is stored 
in its output registers. The circuit re- 
mains in this condition until the next 
group of pulses is received by IC7. 

The desired six -bit binary informa- 
tion, illustrated in Fig. 6, is stored in 
the output circuits of IC4 at pins 5, 6, 
7, 14, 13 and 12, with the least-signif- 
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R9 >--- 
R10 >--- 
R11 

(B) 

I 

NOTE: 
C8-C13=0.11.1F 
02-07 = 2N3904 
R6-R11 = 220K 

R12-R17 = 220 

Semiconductors 
Dl-MRD821 or equivalent infrared 

photodetector (Motorola) 
D2,D3-IN4148 or similar silicon di- 

ode 
D4-1N5235B or similar 6.8 -volt zener 

diode 
D5,D6-1N4004 or similar silicon recti- 

fier diode 
ICI,IC6-CD4001B quad 2 -input 

NAND gate 
IC2-CD4082B dual 4 -input AND gate 
IC3-CD4020B 14 -stage binary counter 
IC4-CD4094B 8 bit shift register 
IC5-CD4028B BCD -to -decimal de- 

coder 
IC7-MC3373P infrared receiver/am- 

plifier 
Q1 thru Q7 -2N3904 or similar npn sil- 

icon transistor 

Capacitors (16 -WV minimum) 
Cl,C6,C7,C 16 -0.00l -µF ceramic disc 

(C) 

PARTS LIST (Receiver) 

C2,C4-4.7-µF, 16 -volt radial -lead 
electrolytic 

C3 -0.0033-µF Mylar or metal -film 
C5 -0.01-µF ceramic disc 
C8 thru C13 -0.1-µF ceramic disc 
C14-470-pF ceramic disc 
C15 -100-µF, 16 -volt radial -lead elec- 

trolytic 
C17,C18-270-pF ceramic disc 
C19 -220-µF, 16 -volt radial -lead elec- 

trolytic 
Resistors (1/4 -watt, 10% tolerance) 
R I ,R2,R 19,R20-100,000 ohms 
R3-22,000 ohms 
R4-51 ohms 
R5-1 megohm 
R6 thru R11,R18-220,000 ohms 
R12 thru R17,R21-220 ohms 
Miscellaneous 
F1 -1/2 -ampere slow -blow fuse 
L1-10-41 inductor (Toko No. 126LNS- 

T1032Z) 

+sv 

CND 

T1 -12.6 -volt C.T. power transformer 
(Radio Shack Cat. No. 273- 1365 or 
similar) 

Y1 -455 -kHz ceramic resonator 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware; sockets for all DIP ICs; 
three -conductor ac line cord with plug; 
fuse holder; suitable enclosure; ma- 
chine hardware; hookup wire; solder; 
etc. 

Note: The following items are available from 
A. Caristi, 69 White Pond Rd., Waldwick, 
NJ 07463: Transmitter pc board, $7.50; re- 
ceiver pc board, $15.50; MC3373P, $3.00; 
MC14497P, $15.00; CD4001B; $1.25; 
CD4082B, $1.25; CD4020B, $2.00; 
CD4094B; $2.25; CD4028B; $1.75; three 
MLED81s, $6.50; MRD821, $4.00; 
1N5235B, $1.00; L1, $4.00; Y1, $3.75 each. 
Add $2.00 P&H. New Jersey residents, 
please add state sales tax. 

Fig. 4. Complete schematic diagram of receiver/decoder circuit, shown here in three sections. 

icant bit stored at pin 12. The infor- 
mation contained at pins 13, 14 and 7 
of 1C4 is the only data required for 
this six -channel decoder. Note that 
the bits of data (see Fig. 6) stored at 
these three terminals represent a bi- 

nary number between 1 and 6. 
BCD -to -decimal decoder 105 ac- 

cepts four bits of binary -coded -deci- 
mal data and provides a single output 
that represents the decimal equiva- 
lent of the data fed to its input. Since 

the data to be decoded is contained in 
just three bits, the most -significant - 
bit input at pin 11 of ICS is grounded, 
and the data from 1C4 is fed to the 
three remaining inputs at pins 7, 14 

and 13. This permits 105 to decode e 
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IR Remote -Control System 

the information stored in IC4 and to 
provide a logic 1 output at the output 
pin (14, 2, 15, 1, 6 or 7) of the trans- 
mitted channel. 

The decoded output at one of the 
pins of ICS remains at logic 1 level for 
as long as the transmitting switch is 

held closed. When the switch is 

opened, the transmitter generates the 
EOT (end -of -transmission) code 
(channel 62), and the logic level at the 
decoded output pin returns to logic O. 

In this manner, the decoded output is 

automatically returned to a logic 0 
level at the end of each transmission. 

The emitter -follower stages Q2 
through Q7 in Fig. 4(B) are driven by 
the outputs of ICS. RC filtering en- 
sures that no transistor will be driven 
into conduction during the time that 
the circuit is shifting data. When any 
transmitter switch is closed, the ap- 
propriate transistor stage is driven in- 
to conduction and turns on the LED 
that identifies the selected channel. 
The output of each emitter -follower 
stage can be used to drive a variety of 
circuits to perform the desired re- 
mote action. 

Power for the receiver/decoder 
circuit is provided by the 117 -volt ac 
line using the dc power supply whose 
circuitry is shown schematically in 
Fig. 4(C). The 117 volts ac from the 
power line is converted to 12.6 volts 
ac by power transformer Ti. This re- 
duced ac voltage is rectified to pulsat- 
ing dc by full -wave rectifier D5/D6. 
The pulsating dc is then filtered to 
pure dc by capacitor C19. 

Two dc output voltages are avail- 
able from the power supply: an un- 
regulated + 9 volts and a regulated 
(by zener diode D4) + 6.8 volts VDD. 
The + 9 -volt output will be used by 
the interface circuits, which will be 
covered next month. Since the receiv- 
er/decoder circuit should never be 
shut off, there is no power switch in 
the primary circuit of Tl. 

Construction 
Both transmitter and receiver are 

best wired on separate single -sided 
printed -circuit boards. You can fa- 
bricate your own pc boards using 
the actual -size etching -and -drilling 
guides shown in Fig. 7 (transmitter) 
and Fig. 8 (receiver/decoder), or you 
can purchase ready -to -wire boards 
from the source given in the Note at 
the end of the Parts List. Alternative- 
ly, you can wire the transmitter cir- 
cuit on perforated board that has 
holes on 0.1 -inch centers using suit- 
able soldering hardware. Whichever 
way you go, though, it is a good idea 
to use sockets for all ICs. However, 
use only pc -board construction for 
the receiver/decoder to assure that its 
very -high -gain amplifier operates 
with maximum stability. 

Begin building this project by wir- 
ing the simple transmitter. Place the 
transmitter's pc board in front of you 
in the orientation shown in Fig. 9 and 
install and solder into place the IC 
socket. Do not install the IC itself 
in the socket until after you have 
checked out the wired circuit. 

Install and solder into place the re- 
maining on -board components. 
Make sure that electrolytic capacitor 

CHANNEL 

BINARY WORD 

LSB MSB 

A 0 1 0 0 0 0 

B 0 0 1 0 0 0 

C 0 1 1 0 0 0 

D 0 0 0 1 0 0 

E 0 1 0 1 0 0 

F 0 0 1 1 0 0 

Fig. 5. Truth table illustrates that 
project has six possible channel code 

combinations. 

CI and the diode and LEDs are prop- 
erly oriented before soldering their 
leads into place. Then, making cer- 
tain that the 2N3904 npn and 3906 
pnp transistors are installed in the Qi 
and Q2 locations, respectively, and 
that both transistors are properly 
based, solder their leads into place. 
Install and solder into place resona- 
tor Yl, using heat judiciously. 

Strip '/a inch of insulation from 
both ends of 14 4 -inch -long hookup 
wires. If you are using stranded wire, 
tightly twist together the fine conduc- 
tors at both ends of all wires and 
sparingly tin with solder. Then plug 

Binary word 10 I 0 I 1 I 0 

-- 

Transmitted word, Channel B 

--- 

IC1 Pin 4 (Gate) 

IC3 Pin 12 (Clock) 

IC4 Pin 3 (delayed and inverted clock) 

L 

i 

E-1 - 
T 

Start 
IC5 Pin 2 (Channel B output) 

Fig. 6. Decoder circuit timing diagram. 
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one end of these wires into all re- 
maining unoccupied holes in the 
board, except those labeled B1, and 
solder them into place. 

You have the option of incorporat- 
ing into your transmitter circuit pow- 
er switch SI or leaving it out and wir- 
ing the positive (+) terminal of the 
battery directly to the B1 + pad. Cur- 
rent drain of the circuit is very low 
(about 10 microamperes) in standby, 
but if you anticipate that there will be 
extended periods lasting weeks at a 
time during which the transmitter 
will not be used, installation of SI is 
recommended. 

Plug the black -insulated negative 
(-) lead of the 9 -volt battery snap 
connector into the B1- hole and sol- 
der it into place. If you opted to omit 
Si plug the red -insulated positive 
(+) lead of the connector into the 
BI + hole and solder it into place. 
Otherwise, prepare another 4 -inch 
wire as above, plug one end of it into 
the BI + hole and solder it into place. 
Then crimp and solder the free end of 
this wire to one lug of Si and the red - 
insulated lead of the battery connec- 
tor to the other lug of the switch. 

It is important that you wire the 
three IR LEDs into the circuit in 
proper polarity. If even one of these 
components is wired backward, none 
of the LEDs will operate. You will 
not be able to visually determine if 
these LEDs are operating. If neces- 
sary, use an ohmmeter to ascertain 
the polarity of each. (The polarity 
can be identified in a similar manner 
as with any semiconductor diode.) 

Once you have determined the po- 
larity of each IR LED, clip the cath- 
ode (x) leads of all three to a length of 
'/ inch. Form a small hook in the re- 
maining cathode -lead stub in each 
case. Slide a 1 -inch length of small - 
diameter heat -shrinkable or insulat- 
ing plastic tubing over the free ends 
of all LED wires coming from the cir- 
cuit -board assembly. Then crimp 
and solder the free ends of the wires 
coming from the LED2, LED3 and 
LED4 K holes individually to the cath- 

Fig. 7. Actual -size etching -and -drill- 
ing guide for transmitter pc board. 

ode leads. Trim the other leads of the 
LEDs to '/ inch and crimp and sol- 
der them to the end of the remaining 
LED wires. Slide the tubing up over 
the soldered connections until it is 
flush with the bottoms of the device 
cases and shrink into place. 

Wire visible light -emitting diode 
LEDI to the ends of the LEDI wires 
coming from the circuit -board as- 
sembly exactly as you did for the IR 
LEDs, including using insulating 
tubing on its leads. 

Referring to Fig. 1 and Fig. 9, wire 
the six pushbutton switches into the 

circuit, using additional hookup wire 
as needed to complete the wiring. 

House the transmitter circuit 
board and battery in a plastic box 
that is small enough to hold comfort- 
ably in one hand and allows you easy 
access to the six pushbutton switches 
and clear line of sight to LEDI that 
will mount on its top surface. 

Machine the box as needed. You 
do not have to drill mounting holes 
for the circuit -board assembly, 
which will be held in place with a lay- 
er of thick double -sided foam tape. 
However, you should plan on using a 
clip -type holder for the battery, 
which requires a single mounting 
hole. Remaining machining includes 
drilling mounting holes for the but- 
tons of the pushbutton switches (and 
a rectangular slot and small hard- 
ware holes for the power switch if 
you use it) and four holes for the visi- 
ble and IR LEDs. 

Drill the mounting holes for the 
three IR LEDs in the end panel of the 
box that will be facing away from 
you when holding the project in your 
hand. The hole pattern should have 

Fig. 8. Actual -size etching -and -drilling guide for receiver/decoder pc board. 
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the three LEDs mounted so that their 
emitted energy points in the same di- 
rection for all three to assure that 
your transmitter has the greatest pos- 
sible range. Orient the LEDs so that 
they are parallel and as close as possi- 
ble to each other. 

Carefully check all wiring. Make 
sure each component is installed in its 
correct location and is properly ori- 
ented. Flip over the circuit -board as- 
sembly and check your soldering. 
Solder any missed connections, re - 
flow the solder on any suspicious 
connection and remove any solder 
bridges with desoldering braid or a 
vacuum -type desoldering tool. 

Mount the battery clip and circuit - 
board assembly in place. Then care- 
fully plug the cases of the IR LEDs 
into their respective holes and, if nec- 
essary, secure each in place with a 

small drop of fast -setting clear epoxy 
cement or a daub of silicone adhesive 
from the inside of the box so as not to 
obstruct the emitted IR energy when 
the transmitter is keyed. 

Mount the switch buttons in their 
respective holes in the top panel of 
the box, using the hardware provided 
with them. Then mount the visible 
LED in its hole in the same manner 
used to mount the IR LEDs. Save in- 
stallation of the IC in the socket until 
after you have performed a prelimi- 
nary voltage check and are certain of 
your wiring and soldering. 

Since the receiver will be set in a 
permanent location, from which it 
will control some appliance or de- 
vice, it is powered from the 117 -volt 
ac line using a small 12.6 volt 
transformer. It is important that you 
use a three -conductor line cord to 
feed the primary of the transformer. 
The grounded line cord conductor 
must be tied to both circuit ground 
and the frame of the transformer to 
minimize any stray interference from 
other devices in the area. 

Mount the photodetector directly 
on the circuit -board assembly facing 
the outside of the enclosure used to 
house the receiver. Because it is the 

most sensitive part of the circuit and 
is sensitive to unwanted electrical 
pickup, be sure keep the detector 
close to the board. You will note that 
one side of the detector has the 
"lens" that gathers and focuses the 
infrared energy. This side should be 
directed towards the planned loca- 
tion of the transmitter. 

Inductor LI has five pins, only two 
of which are active. They are the two 
end pins on the side that has three 
pins in line. You can cut off the cen- 
ter pin prior to installing the inductor 
on the circuit board. 

As you can see, the receiver/de- 
coder board requires seven jumper 
wires, as shown in Fig. 10. Use insu- 
lated hookup wire to make these 
jumper connections to make certain 
that none of the jumpers short to an- 
other. Make each wire only as long as 
needed to permit routing between the 
terminating holes in the board. 

If you have decided to delete one 
or more transmitting channels, you 
can also omit the corresponding driv- 
er circuits and LEDs driven by ICS. 

T1 

Primary 

_D5._ D6_ 

F1 

T1 

Secondary C.T. 

C7 

T1 

Secondary 

Ici 

-Y1- 

'i IC2 

IC4 

-R18- 

U 

IC3 

JUMPER 

-C1= 
S3 F-- 

C3 

S4 

S2,S6 E -- 
Ic1 

D1 

S4,s5,S6 

.L -3 
S1,S2,S3 É -R2- 
S1 ,S5 R1- 

B1+ or S7 
(see text) 

Fig. 9. Wiring guide for transmitter 
pc board. 

Checkout & Use 

Check out the transmitter first, since 
it will be necessary to have it operat- 
ing to be able to check out the receiv- 
er. Be sure to use a known fresh 9 - 

volt battery to power the circuit. You 
can use an ohmmeter to check the 
transmitting switches first. If you 
have a general-purpose triggered - 
sweep oscilloscope, examine the out- 
put pulse waveform and compare it 
with that of Fig. 1. 

With IC] not installed in its socket 

IC7 

E 

Ú -R,o- 

¢ 

U 

C3 

L1 

c 

C -77..\--R17- 
7 

C13 
R17 

LE D6 

-R11-e E 

° R16- 
C128 Q6 

E -R10- c _K 
Ç88Q2 LEDI 

-R6- c 

LED5 

Ç9 LED2 Q3 E -q7_e 
C11 Q5 -R15- 

LED4 -R9 --B E 

C10 cQ4 R14- 
LED3 

E -RB 

Fig. 10. Wiring guide for receiver/decoder pc board. 
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and no battery connected to the cir- 
cuit, verify the wiring to the transmit- 
ting switches by connecting an ohm- 
meter to the appropriate pins of the 
ICI socket and pressing each trans- 
mitting pushbutton switch in turn. 
Ascertain that the proper pins of the 
socket are shorted together as indi- 
cated in accordance with the Fig. 1 

transmitter schematic diagram. 
If you have determined that the 

transmitting switches are properly 
wired install IC1 in its socket, orient- 
ing it as shown in Fig. 1 and making 
sure that no pins overhang the socket 
or fold under between IC and socket. 

Connect a fresh 9 -volt battery to 
the circuit via the snap connector and 
press any transmitting switches. 
Light -emitting diode LEDI should 
flash brightly at a rapid rate of about 
10 times per second. 

Although you will not be able to 
see the infrared flashes, an oscillo- 
scope probe connected between the 
collector of Q2 and circuit ground 
will display the encoded pulse train 
that is being transmitted. Transmit 
on channels A and B (one at a time) to 
verify that the transmitted pulse train 
displayed on the screen of the oscillo- 
scope agrees with the pulse wave- 
forms shown in Fig. 2 and Fig. 3. 

Press each transmitting switch in 
turn and verify that LEDI flashes at 
a rapid rate as long as the pushbutton 
of the switch is pressed. This com- 
pletes transmitter checkout. 

If you do not obtain the correct re- 
sponse as when checking out the 
transmitter, you must troubleshoot 
the circuit before proceeding to re- 
ceiver checkout. To do this, first in- 
spect the circuit -board assembly to 
ascertain that all components are in- 
stalled in the correct locations and 
that they are properly oriented, using 
Fig. 9 to guide you. Also, inspect the 
board for open and short circuits, 
and bad solder joints. And do not 
forget to verify the polarity of the 
connections to the battery. If all else 
fails, replace the battery with a fresh 
one. Finally, check ICI to make sure 

it is oriented properly and is firmly 
seated in its socket. 

Before installing the integrated cir- 
cuits in the sockets on the receiver cir- 
cuit -board assembly, apply power to 
the primary side of the transformer 
and check with ac voltmeter or multi - 
meter set to the ac volts function that 
the power supply is operating proper- 
ly. Be careful not to touch any part of 
the primary circuit of the transform- 
er, where potentially lethal 117 -volt 
ac line power appears. 

Next, use a dc voltmeter or a multi - 
meter set to the dc volts function that 
has an input resistance of 1 megohm 
or more to measure the voltage 
across D4. You should obtain a read- 
ing of about 6.8 volts. If you do not 
obtain the correct voltage reading, 
check the orientations of D4, DS and 
D6, and double check to make sure 
that no short circuit exists between 
the cathode of D4 and circuit 
ground. Also, check the orientations 
of electrolytic capacitors C1S and 
C19. Do not proceed until you are 
satisfied that the power supply is per- 
forming properly. 

When you are satisfied that the 
power supply is operating properly, 
disconnect the line cord from the 
117 -volt ac source and allow time for 
the electrolytic capacitors to dis- 
charge. Then install the integrated 
circuits in their respective sockets. 
Make certain that you orient each IC 
properly and that no pins overhang 
the sockets or fold under between ICs 
and sockets. Seat each IC securely in 
its socket. 

Place the transmitter near the re- 
ceiver (it will not be necessary to have 
the transmitting LEDs directly in line 
with the photodetector) and press 
one of the transmitter's buttons. The 
appropriate LED in the receiver 
should turn on and exhibit a slight 
flicker for as long as the pushbutton 
is held down. 

At this time, you can adjust LI for 
maximum receiver sensitivity. This 
adjustment is not critical, however. 
The proper way to adjust this coil is 

to use an oscilloscope to monitor the 
28.4 -kHz pulses at pin 3 of 1C7 as you 
adjust L1 for maximum waveform 
amplitude. When making this adjust- 
ment, orient the transmitter and re- 
ceiver so that the received signal is 
relatively weak. One way to do this is 

to partially block the infrared beam 
with an opaque object. Another is to 
separate the two units physically, 
though this way entails having an as- 
sistant operate the transmitter as you 
make the coil adjustment 

Try each transmitter pushbutton 
to ascertain that the respective LED 
in the receiver turns on. If each trans- 
mitting pushbutton activates its cor- 
responding receiver LED, try operat- 
ing the transmitter from across the 
room, pointing the infrared LEDs to- 
wards the photodetector. You should 
be able to achieve a response at a dis- 
tance similar to that obtained from 
your TV or VCR remote -control. 

If you are not able to obtain the 
proper responses, power down the 
receiver and troubleshoot it-assum- 
ing, of course, that the transmitter is 

operating properly. To do this, use a 
triggered -sweep oscilloscope to ex- 
amine the waveforms in the receiver. 

Examine the waveform at the col- 
lector of Ql in the receiver as channel 
A pushbutton is activated. Normal 
indication here is a pulse train similar 
to that shown in Fig. 2. Then check 
pin 11 of ICI to ascertain that the os- 
cillator is operating. The signal at 
this point should be a 455 -kHz 
square wave. Next, examine the 
clock signal at pin 12 of 1C3, which 
should be a train consisting of 11 

square pulses, as in Fig. 3. 
Check the outputs of IC4 at pins 7, 

14 and 13 to verify that the logic lev- 
els at these terminals agree with the 
truth table of Fig. 3 as each channel is 

transmitted in turn. Note that the 
logic levels are verified only during 
the time between transmissions, 
where the data is latched into the out- 
put registers of the chip. 

Ascertain that the outputs of ICS 
at pins 14, 2, 15, 1, 6 and 7 assume a 
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They're Here! 

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 Modem 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 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 
magic. Learn practical electronic tech- 
nology the painless way and have fun 
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, 
AudioNideo Electronics, Security Elec- 
tronics, Computers, Test Equipment, 
and Electronic Designing. There's 
something for everyone! 

Look at what you can build & take pride in: 
Digital voltmeter accessories-high- 
frequency ac probe, true-rms adapter, 
temperature probe 

*Car projects-anti-theft alarms, engine 
tachometer 

*Life-saving detectors-gases & micro- 
wave leaks 

'Computer system power controller 
Dual -pulse generator 

'Surround -sound audio enhancer 
*Security-telephoned status reporter, 
alarm control center 

'Home convenience-selectable phone 
ringer musical tunes, touch -sensitive 
light controller. 
... and so much more. 

The Fun Projects are capped by introduc- 
tory information on building projects and 
kits (tools needed, parts sources, etc.) 
and advanced design techniques that il- 
lustrate how a designer thinks and plans 
when putting together a practical end 
product. 

From beginning to end, MODERN ELEC- 
TRONICS FUN PROJECT BOOKS are for 
you! Order them today for a fast start in 
the world of electronics. 

MODERN ELECTRONICS 
76 N. Broadway, Hicksville, NY 11801 Order 

0TY 
Name 

Date- 

Title Price Total 

Address 
First Book 
of Modem 

$1295 ea. 

Electronics 
City Fun Projects 

State Zip Second Book 
of Modem 

$12.95 ea. 

( ) Check ( ) MasterCard ( ) VISA Electronics 

Card No. 
Fun Projects 

Total 
Expires 

*Shipping 

Signature Grand Total 

(Signature required on all charge orders) 
'Shipping charges 32 per order. Orders processed dry 
received, but please allow 30 days for delivery. 

logic 1 condition when the appropri- 
ate transmitter pushbutton is pressed. 
This will, in turn, forward bias the 
corresponding emitter -follower tran- 
sistor and its LED. 

When you are able to turn on each 
LED in response to pressing its cor- 
responding transmitter pushbutton, 
checkout is done. 

Coming Next Month 
Next month, we will show how this 
infrared remote -control system can 
be used to operate just about any 
electrical device that you may desire. 
Our coverage will include a variety of 
circuits that interface the project 
with a variety of electrical devices 
and appliances ranging from low - 
power on up to high -power devices. 

(.----- How do I get 
more data? 

Use the 
tree 
into card. 

Free Product Information 
Readers can obtain free information on 

products advertised by certain companies, 
as well as for some editorially mentioned 
products. Simply circle the appropriate 
number printed below an advertisement 
onto the Modern Electronics "Free Infor- 
mation Service" card bound into this is- 

sue. After filling in your name and ad- 
dress, just mail the postpaid card. Your re- 

quest will be forwarded directly to the ad- 
vertiser with a mailing label prepared by 

our reader -service department to ensure 

speedy response. 
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Project 

Substitute Current Shunt 
Shuts off power when excessive current is drawn and 
restores power when safe to do so-all automatically 
and without the need for fuses or circuit breakers 

By Mike McGlinchy 

Traditional current shunts are 
usually bulky, heavy and ex- 
pensive, which is why they're 

used only to protect expensive equip- 
ment when current drawn becomes 
excessive. Going the less expensive 
route of installing a fuse or circuit 
breaker, though compact and inex- 
pensive, is far from the ideal solu- 
tion. Once the fuse blows or circuit 
breaker trips, you must be present to 
replace the former or reset the latter. 
Here, we'll describe an inexpensive 
alternative to the traditional current 
shunt that works automatically. 

Our Substitute Current Shunt con- 
tinuously monitors the current drawn 
by an electrical device. Installed be- 
tween the power source and device 
being monitored, when the Shunt de- 
tects excessive current flow it auto- 
matically opens a pair of relay con- 
tacts and deprives the device being 
protected of power. Shutdown is not 
permanent, as is the case with a fuse 
or circuit breaker. The Substitute 
Current Shunt automatically re- 
stores power to the device when the 
current drawn falls below the prede- 
termined threshold. 

About the Circuit 
Shown in Fig. 1 is a schematic dia- 
gram of a basic current shunt circuit 
built around commonly available 
LM101A integrated -circuit differen- 
tial amplifiers. The 1 -ohm sense re- 
sistor goes in series with the main 
power bus to the device being pro - 

+15V 

1% 
POWER 
RESISTOR 

-15V 

+15V 
o 

+15V 
o 

30pF 

-15V 

-15V 

I 10K 100K 
1% 1% 

+15V 
9 

-15V 

o 

Fig. 1. Schematic diagram of a basic solid-state substitute current shunt. 

tected. The value of this resistor is 
low enough to have only a negligible 
effect on operation of the device. 
Its power -handling capability (watt- 
age) must be selected to safely ac- 
commodate the maximum power ex- 
pected to be drawn by the device be- 
ing protected. 

Assume that the device being pro- 
tected draws nominally 400 milliam- 
peres under ideal operating condi- 
tions and, furthermore, that it should 
never under any circumstances draw 
more than 450 milliamperes. This be- 
ing the case, if the device begins to 
draw 500 milliamperes, something is 
most definitely wrong and corrective 
measures must be taken to prevent its 
destruction. 

Using Ohm's Law, you can calcu- 
late the the voltage drop that appears 
across the sense resistor by multiply- 
ing 500 milliamperes by the resistor's 
1 -ohm value, which yields 500 milli- 
volts. This voltage drop is fed to the 
inputs of the differential amplifier. 
In this example, the gain of the dif- 
ferential amplifier is set at 10 (from 
100,000 ohms/10,000 ohms). There- 
fore, 500 millivolts x 10 = 5 volts, 
which is the potential that appears at 
pin 6 of the LM101A differential am- 
plifier and is, thus, the output from 
the circuit. 

Shown in Fig. 2 is a more complete 
schematic diagram of the Substitute 
Current Shunt that is the subject of 
this article. This schematic lacks only 
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Fig. 2 Schematic diagram of the complete Substitute Cur rent Shunt circuit, including the relay switching circuit that 
automatically interrupts power to the protected system when excessive current is drawn and restores power when 

conditions return to normal. 

PARTS LIST 
Semiconductors 
D1 -1N4001 or similar rectifier diode 
D2 -1N4148 or similar silicon switch- 

ing diode 
D3 -5 -volt zener diode 
ICI thru IC3-LM101A differential 

amplifier 
IC4-LM339 voltage comparator 
Capacitors 
CI ,C2,C3-30-pF disc 
Resistors ('/,-watt, 10% tolerance) 
R2,R4,R7-10,000 ohms 
R3,R5,R6-100,000 ohms 
RI -1 -ohm power resistance (wattage 

according to amount of current 
drawn under abnormal conditions- 
see text) 

Miscellaneous 
K1 -12 -volt dc spst relay 

Printed -circuit board or perforated 
board and suitable soldering or Wire 
Wrap hardware (see text); sockets for 
all ICs; suitable enclosure and small 
rubber grommet (if needed-see 
text); machine hardware; hookup 
wire; solder; etc. 

the ± 15 -volt supply needed to power 
the circuitry. Note here that the cir- 
cuitry containing differential ampli- 
fiers ICI, IC2 and IC3 and their 
associated components is identical to 
that shown in Fig. 1. The difference 
in this circuit is the addition of the 
IC4 LM339 voltage comparator cir- 
cuit and relay KI. 

Zener diode D3 provides a 5 -volt 
reference to the noninverting (+) in- 
put at pin 4 of IC4. It's this reference 
against which the voltage at output 
pin 6 of IC3 is compared. As in the 
Fig. 1 circuit, the magnitude of this 
potential is determined by the voltage 
dropped across sense resistor Rl. 

As long as the potential being fed 
to noninverting input pin 5 of IC4, 
the output at pin 2 of this IC is nom- 
inally 0 volt. However, when the IC3 
differential amplifier outputs + 5 

volts or greater to pin 5 of IC4, as 
would occur when 500 milliamperes 
is being drawn by the system in the 

above example, pin 2 of IC5 will go to 
+ 15 volts. When this occurs, relay 
Kl energizes. Its contacts then spring 
open to deprive the device or system 
being protected of its power source. 

Once the circuit trips, the voltage 
dropped across sense resistor Rl 
drops to 0 volt. In turn, this causes 
the output of IC3 at pin 6 to drop to 
nominally 0 volt, which is applied to 
the noninverting pin 5 input of IC4. 
The pin 2 output then drops to 0 volt, 
causing KI to deenergize and apply 
power back to the system or device 
being protected. If the current flow- 
ing through Rl still exceeds the preset 
"safe" level, the Substitute Current 
Shunt circuit will once again cause 
the relay to energize to deprive the 
protected system or device of power. 
Should the project determine that the 
voltage dropped across Rl is within 
safe limits once again, however, it re- 
stores power to the protected device 
or system. 
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Diode D2 shown installed between 
noninverting pin 5 of 1C4 and circuit 
ground is in the circuit to protect the 
LM339 from negative voltages. Di- 
ode Dl protects the output of 1C4 
from damage that might otherwise 
occur if it weren't in the circuit to ab- 
sorb the inductive kickback from the 
relay's coil when it is deenergized. 

The above example and Fig. 2 both 
assume that the device or system be- 
ing protected will be powered by a 
15 -volt or less dc power supply. Of 
course, this needn't be the case. You 
can rig the circuit to work with any 
other low dc -voltage circuit or system. 

Not shown in Fig. 2 is the bipolar 
dc power supply needed to operate 
the Substitute Current Shunt circuit. 
Because current drain of the Shunt is 
minimal, just about any ± 15 -volt 
power supply will do. 

Construction & Checkout 
Because of the simplicity of the cir- 
cuitry that makes up the Substitute 
Current Shunt, any traditional wir- 
ing technique can be used to build the 
circuit. For example, you can mount 
the components on perforated board 
that has holes on 0.1 -inch centers and 
use soldering or Wire Wrap hard- 
ware to make interconnections be- 
tween the components. Alternative- 
ly, you can design and fabricate a 
printed -circuit board. Whichever 
way you go, however, it is a good idea 
to use sockets for the ICs. All compo- 
nents, including the relay (unless it is 

large and heavy), should be mounted 
on the board. 

Be sure to observe proper polarity 
when installing Dl , D2 and D3. Also, 
make sure to use heavy wire for the 
connection from the relay's normal- 
ly -closed contact and RI and from 
R1 to the circuit or system being pro- 
tected. Additionally, mount power 
resistor RI so that it sits about % inch 
above the surface of the circuit board 
to allow air to freely circulate around 
it and carry off heat. 

Do not install the ICs in their re- 
spective sockets. Once you have 

wired the entire circuit, clip the com- 
mon lead of an audible continuity 
checker or multimeter set to the ohms 
function to a convenient point in the 
circuit that is to be at ground poten- 
tial. Then touching the "hot" lead or 
probe to pins 4 and 7 of the IC1, 1C2 
and 1C3 sockets and pin 3 of the 1C4 
socket should yield no audible in- 
dication from the continuity checker 
or an infinity reading on the meter in 
all cases. 

Now connect either lead or probe 
to any point along the + 15 -volt bus. 
Touching the other lead or probe to 
pin 7 of the ¡Cl through 1C3 sockets 
and pin 3 of the 1C4 socket should 
cause the continuity checker to sound 
an audible tone or ohmmeter to regis- 
ter a 0 -ohm reading. 

Finish up your tests by checking 
the - 15 -volt distribution bus. To do 
this, connect one lead or probe to any 
convenient point along the - 15 -volt 
bus. Then, touching the other lead or 
probe to pin 4 of ICl through IC3 
should cause a tone to be generated 
or a 0 -ohm reading to be registered. 

If you do not obtain any of the 
cited indications, locate the cause of 
and rectify the problem. Do not at- 
tempt to put the circuit into service 
until you are certain that it is proper- 
ly wired. When you are sure the cir- 
cuit is properly wired, install the ICs 
in their respective sockets. Make sure 
that each is properly oriented and 
that no pins overhang the socket or 
fold under between IC and socket. 

If possible, install the project in- 
side the enclosure that houses the cir- 
cuit or system to be protected. If 
there is no room or the circuit or sys- 
tem to be protected has no ± 15 volts 
to power the project, house the proj- 
ect and its dc power supply in a separ- 
ate enclosure. 

For the separately housed Substi- 
tute Current Shunt and its power 
supply, bring out the leads that con- 
nect to the movable contact's lug of 
KI and the two wires labeled TO SYS- 

TEM through a rubber -grommet - 
lined hole in the enclosure. Label the 
first lead v+ and the two remaining 
leads SYSTEM + (upper arrowed lead 
in Fig. 2) and SYSTEM GND. 

If you are installing the project in- 
side the protected equipment's enclo- 
sure, make sure that no part of the 
Substitute Current Shunt electrically 
contacts any portion of the protected 
equipment's circuitry. The only con- 
nections that are to be made to the 
protected circuitry are via the V + 
and ground leads. 

To make the installation, first solid- 
ly connect the project's SYSTEM GND 

lead to the circuit or system's ground 
bus. Next, locate the circuit or sys- 
tem's V + bus and track it back to the 
final output capacitor in the power 
supply, and interrupt the bus at this 
point. Connect and solder the free 
end of the SYSTEM + wire to the cir- 
cuit side of the interrupted connec- 
tion and the v + wire to the power -sup- 
ply side. This completes installation. 

SUBSCRIBER SERVICE 
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Will/Ill! ELECTRONICS NOTEBOOK/ill!! 

Do -It -Yourself Components 

By Forrest M. Mims III 

Fifty years ago, electronics experiment- 
ers often made many of the components 
they used. Some experimenters even de- 
vised components of their own invention, 
while others used plans published in 
books and magazines of the time. 

A. Frederick Collins's The Amateur 
Electrician's Handbook (Thomas Y. 
Crowell Co., 1924) was one of the many 
guides for do-it-yourselfers. This book 
described how to make gold -leaf electro- 
scopes, magnets, bells, motors, spark 
coils and the components required to as- 
semble wireless transmitters and receivers. 

Today, with thousands of different 
components readily available from a host 
of sources, do-it-yourself components 
have almost become a thing of the past. 
Yet homemade components still have a 
role to play. They are an important teach- 
ing tool at the very least. Also, in an emer- 
gency, a defective piece of electronic 
equipment can sometimes be put back in- 
to operation with the help of a homemade 
component. 

In this column, I'll describe a wide 
range of do-it-yourself components that 
you can make from readily available ma- 
terials. Some of these components, like 
homemade coils, are traditional with the 
electronics hobbyist. Others, like home- 
made super capacitors are new. Even if 
you don't plan now to make any compo- 
nents, what follows can at some time in 
the future be of help to you. 

Much of the material contained here 
applies to both do-it-yourself and con- 
ventional components. You'll gain a bet- 
ter appreciation of "store-bought" com- 
ponents when you finish reading this col- 
umn, and some day you might decide to 
try your hand at making some compo- 
nents of your own. 

Finding Materials 
Most electronic parts suppliers are in the 
business of selling finished components. 
Fortunately, there are many alternative 
sources for such materials. For example, 
discarded radio and television receivers 
can be mined for coil forms and cores. 

Fig. 1. Coil formulas from the ARRL 
Handbook. 

Hardware stores are an excellent 
source of plastic and aluminum tubing 
and heavy -gauge copper and aluminum 
wire. Craft shops sell various kinds of 
plastic and fabric as well as copper and 
brass sheets, and some sell steel wire. 
Hobby shops sell many kinds of small -di- 
ameter aluminum, brass and plastic tub- 
ing and rods, and some also sell unusual 
items like nichrome (nickel -chromium) 
wire. Welding supply companies sell iron 
rods that you can cut down to size for 
making magnets and relays. 

If you think the materials you need are 
too specialized to find locally, use your 
imagination before giving up. I once 
needed some conductive paint or adhe- 
sive to build a miniature surface -mount 
circuit. The material I ordered wouldn't 
arrive for a week; so I tried to think of 
possible consumer uses for conductive 
paints and adhesives. Then I remembered 
that conductive paint is used to repair 
broken conductor paths in self -defrost- 
ing rear windows in automobiles. A quick 
call to a local supply store turned up a tiny 

bottle of conductive paint, thus solving 
my problem. 

A Word About Safety: Before looking 
at how to make your own components, a 
few words about safety are in order. It is 
essential that a component-whether do- 
it-yourself type or otherwise-can be 
capable of withstanding the voltage 
placed across it and the current flowing 
through it. Otherwise, the component 
will fail and may take others with it. 

A good example of an unsafe do-it- 
yourself component is a burnt -out fuse 
that has been wrapped with aluminum 
foil and reinserted in its holder. It's better 
-and much safer-to simply replace the 
fuse than to risk damaging the equipment 
it is designed to protect. 

Inductors 
Inductors have traditionally been among 
the most common of do-it-yourself com- 
ponents in electronics. Construction 
project details published in books and 
magazines often include detailed infor- 
mation on how to wind a coil or even 
transformer that is not available from the 
usual retail outlets. Many reference 
books contain formulas that you can use 
to determine the inductance of an existing 
coil and for winding a coil for a specified 
impedance. 

One of the best references is The 1989 
ARRL Handbook for the Radio Ama- 
teur. This must -have book, a new edition 
of which is published annually by the 
American Radio Relay League, belongs 
in every electronics experimenter's libra- 
ry. Among other things, it gives several 
formulas for winding coils. For a single - 
turn, air -wound coil, the number of turns 
(n) required to give a specified impedance 
(L) is calculated using the formula given 
in Fig. 1. 

After determining the number of turns 
required to make a coil of a particular in- 
ductance, you must wind the coil. Air - 
core coils can be self-supporting or 
wound around a permanent form. Self- 
supporting coils are made from solid wire 
and usually consist of a dozen or fewer 
turns of the wire. For this application, 
No. 18 wire is a good choice of wire size to 
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Fig. 2. A do-it-yourself coil wound on a soda -straw 
"coil form." 

Fig. 3. A homemade adjustable resistor. 

use. The wire doesn't have to be insulat- 
ed, as long as the individual turns are kept 
from touching each other. 

Wind a self-supporting coil on a form 
that is slightly smaller in diameter than 
the desired coil's diameter. When you slip 
the wound coil off the form, it will spring 
outward slightly. 

Many different forms can be used for 
coils that require them. The main require- 
ments are that the form be a good insula- 
tor and that it be sturdy enough to sup- 
port the coil under any mechanical stresses 
that might be encountered in the environ- 
ment in which the circuit containing the 
coil is used. Very small coils can be 
wound on short lengths of plastic soda 
straw, as illustrated in Fig. 1. I've often 
used this method to make the coils for 
tiny micro -power r -f transmitters. Larger 
coils can be wound around standard coil 
forms, plastic pill containers and even 
sections of plastic tubing. 

For best results, drill two or three small 
holes in opposite ends of the coil form. 
Thread one end of the wire through the 
holes in one end of the form. If the coil is 
physically large, attach the opposite end 
of the wire to the knob on a closed door. 
Remove any kinks in the wire, and wrap 
the coil around the form while walking 
toward the knob to which the other end 
of the wire is attached. Finally, thread the 
finish end of the wire through the second 
set of holes drilled in the form. 

If the coil requires a space between 
turns, wrap both a small -diameter string 
and the coil around the form. Then, after 
winding the coil, unwind the string. 

Table 1. Characteristic Resistances in 

Ohms of 1 Foot of Wire Made From Dif- 
ferent Materials 

Material Resistance 

Aluminum 0.01050 
Brass 0.02590 
Gold 0.00904 
hon 0.03700 
Copper 0.00638 
Lead 0.08150 
Silver 0.00603 
Steel (piano wire) 0.04370 
Nichrome 0.42190 
Tungsten 0.02040 

It's usually best to apply a protective 
sealant to the exposed turns of wire that 
make up the coil. I've used tape, wax and 
various glues. Lately, I've become im- 
pressed with hot -melt adhesive and will 

probably use this material to seal the next 
coil I wind. 

Though coils are usually made from 
wire, they can also be fabricated by etch- 
ing spiral patterns in an etched circuit 
board. This method is especially well suit- 
ed for miniature r -f circuits. 

Ferrite -core coils provide more induc- 
tance than air -core coils. Their construc- 
tion is similar to air -core coils wound 
around a permanent form. However, an 
alternative means for anchoring the wire 
to the form may be required if the core is 

adjustable or removable. 
Determining the specifications for a 

ferrite -core coil requires a knowledge of 
the ferrite's permeability (µ). The perme- 
ability of a core is a measure of the mater- 
ial's ability to conduct a magnetic flux. 
At high frequencies, the permeability of 
ferrites is greater than that of iron. 

You can buy ferrite -core coil forms, 
but a cheaper approach is to use forms 
salvaged from old radio and television re- 
ceivers. Electronics parts dealers often 
sell bags of used and new coils that con- 
tain enough raw material to supply your 
coil -winding requirements for some time. 

Want to know more? Ferroxcube 
(5083 Kings Hwy., Saugerties, NY 12477) 
publishes an excellent reference, Linear 
Ferrite Materials & Components you 
might want to study. This book contains 
detailed information about the perme- 
ability of various ferrite materials and the 
design of ferrite inductors. Another ex- 
cellent and especially well written refer- 
ence is Eric Lowdon's Practical Trans- 
former Design Handbook (Howard W. 
Sams, 1980). 

Electromagnets & Solenoids 
An electromagnet can easily be made by 
wrapping an insulated wire around an 
iron rod or bar and connecting the ends 
of this "coil" to a source of current. You 
can buy iron rods at a welding shop. Mild 
steel can also be used for this application, 
but iron is best. Hard steel will produce a 
smaller magnetic field than either iron or 
mild steel. The core material will become 
a permanent magnet when the current is 

removed. 
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Table 2. Resistance in Ohms of 1 Foot of Three Common Wire Materials 

Gauge Copper Nichrome Steel (piano wire) 

20 0.0102 0.6592 0.0695 
22 0.0161 1.0550 0.1100 
24 0.0257 1.6710 0.1760 
26 0.0408 2.6700 0.2790 
28 0.0649 4.2510 0.4440 
30 0.1030 6.7500 0.7060 

Fig. 4. Conductive ink connects graphite 
resistor to copper foil. 

A solenoid is officially known as an 
electromechanical inductor. It's actually 
an electromagnet with a movable iron 
core. The wire coil of the solenoid is 

wound around a hollow form. When an 
iron rod is placed part -way into the hol- 
low form and current is passed through 
the coil, the rod is immediately pulled in- 
to the center of the form. This explains 
why solenoids were once called "sucking 
magnets." 

You can make miniature solenoids by 
wrapping magnet wire around a short 
length of plastic soda straw or small -di- 
ameter plastic tubing. I've used such sole- 
noids as tactile stimulators. Mount the 
solenoid a short distance above a flat sur- 
face on which rests a small nail or pin ar- 
mature inserted into the solenoid coil. 
When you apply a current to the coil, the 
armature will "jump" up and strike your 
finger. When you remove the current, 
gravity will pull the armature down to the 

surface below the solenoid coil until the 
next pulse of current arrives. 

Resistors 
You can easily make resistors from wire, 
conductive paint and even graphite pencil 
lead. Wire resistors are particularly im- 
portant, since you can make them with 
very precise resistances. 

The easiest way to make a wire resistor 
is to wind the necessary length of wire 
around a form. You can use a form sal- 
vaged from a choke or coil, or you can use 
a high -resistance resistor as the form. 
Start by soldering one end of the wire to 
one of the form's wire leads. Then wind 
the wire around the form and solder the 
free end of the wire to the other wire lead 
of the form. Since wire -wound resistors 
generally have relatively small resis- 
tances, the very -high resistance of a high - 
value resistor used as a form will have 
very little effect on the home-made resis- 
tor's overall value. 

You can find the resistance of various 
gauges and kinds of wire in reference 
works like Handbook of Tables and For- 
mulas and Reference Data for Engineers, 
both published by Howard W. Sams & 

Co. Copper wire is easiest to find, but it 
has a very low resistance. Wire made 
from most other materials has a higher 
characteristic resistance. Examples of the 
resistance of 1 foot of No. 18 wire taken 
from the sixth edition of the Handbook 
of Chemistry and Physics (CRC Press, 
Inc., 1987, pp. F-120 and F-121) are listed 
in Table 1. 

Higher -gauge (that is, smaller -diame- 

ter) wire provides higher resistance. For 
example, the resistances from the Hand- 
book of Chemistry and Physics for 1 foot 
of various gauges of three common wire 
materials are listed in Table 2. 

During the past few years, I've spent 
considerable time designing and building 
miniature circuits using surface -mount 
components. An important technique 
I've learned is that it's possible to make 
miniature resistors with graphite pencil 
lead and conductive paint. 

You can easily experiment with graph- 
ite resistors with a pencil, some paper and 
a VOM. First, draw a heavy line on the 
paper with the pencil. Next, draw over 
the line a dozen or so times. Then touch 
the probes of your VOM, set to the resis- 
tance function, to the line. Depending on 
the separation of the probes along the line 
and thickness of the graphite layer depos- 
ited on the paper, you can measure a re- 
sistance from a few thousand to a few 
million ohms. If your VOM doesn't res- 
pond, you probably didn't use a pencil 
whose "lead" is made from graphite. If 
this is the case, find a pencil that does 
have graphite lead and try again. 

Figure 3 shows a homemade adjustable 
graphite resistor with paper-clip termin- 
als. The "substrate" is a strip of paper 
cut from a common 3 x 5 -inch card or a 
business card. You can alter the resis- 
tance of the resistor by sliding one of the 
paper clips along the graphite line. 

I've built surface -mount circuits on pa- 
per substrates by attaching the compo- 
nents to the paper with glue. I connect the 
terminals of the components to each oth- 
er with conductive paint, I make my resis- 
tors by drawing small squares or lines 
with a graphite pencil. Such resistors can 
be connected to the rest of the circuit with 
thin lines of conductive paint. Figure 4 is 

a macrophotograph of the junction be- 
tween a line of conductive ink and a 
graphite resistor that I formed on a busi- 
ness card. 

If the resistance of your homemade 
graphite resistor is too high, you can easi- 
ly add more graphite. If it's too low, you 
simply take care in scraping away some of 
the graphite. In both cases, use an ohm- 
meter to monitor your work. The fin - 
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Table 3. Dielectric Constants of Some 
Common Plastics 

Material At 1 kHz At 1 MHz 

Polyethylene 2.26 2.26 

Polyvinyl chloride 4.55 3.30 
Plexiglas 3.12 2.76 
Polystyrene 2.55 2.55 

ished resistor can be protected from the 
elements with a thin coating of adhesive. 

Various kinds of conductive paint can 
also be used to make resistors. As with 
graphite resistors, you'll have to experi- 
ment with various application methods 
to arrive at resistors that have specific 
ohmic values. 

Capacitors 
If you build radio -frequency (r -f) cir- 
cuits, you're probably already familiar 
with what is called the "gimmick capaci- 
tor." This capacitor, which can have a 
capacity of up to a few tens of picofarads, 
is made by twisting together two short 
lengths of insulated wire. While the cir- 
cuit is operating, short lengths of the ends 
of the two wires are clipped away until the 
circuit performs as desired. Though I 

haven't yet tried one in this role, a gim- 
mick capacitor should also be able to 
fine-tune a quartz crystal h -f oscillator. 

Small -capacity fixed capacitors can 
also be made by forming circular or 
square shapes of copper foil on opposite 
sides of a double -sided printed -circuit 
board. Thin p.c. blank of course, yields 
higher -capacity capacitors. Other com- 
ponents can be attached to the same cir- 
cuit board, or a circuit board by itself can 
be made into a separate capacitor. 

Aluminum foil and plastic films can be 
used to make higher -capacity capacitors. 
Electronics reference books list the di- 
electric constants of various types of plas- 
tics. The dielectric constants of several 
common plastics are listed in the Hand- 
book of Chemistry and Physics on page 
E-55 and in Table 3. Values given are for 
room temperature and will change with 
deviations from this reference. 

SEALED 

GASKET 

PORou S 
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Fig. 5. Internal construction details of a super capacitor. 

Lengths of coaxial cable can also be 
used to make capacitors with faster rise 
and fall times than are possible with con- 
ventional capacitors. This kind of capaci- 
tor has been used to supply high -current 
drive pulses for laser diodes. The length 
of the drive pulse can be reduced by trim- 
ming the length of the coaxial cable. 

Super Capacitors 
Super capacitors are the newest member 
of the capacitor family. These remark- 
able devices have farad -level capacities. 
Indeed, they can store enough charge to 
enable them to perform as a back-up 
power source for low -power CMOS 
memory and microprocessor circuits. 
They can also supply short -duration 
power for LEDs, relays and even small 
motors. 

Since super capacitors are a relatively 
new development, they might appear to 
be rather exotic devices. Yet you can 
make your own with commonly available 
materials. 

Figure 5 shows the construction details 
of a basic super capacitor. The conduc- 
tors that store the charge are opposing 
layers of activated charcoal that are sepa- 
rated by an insulating layer of porous 
plastic film. A sulfuric -acid electrolyte 
permits charges to be transported 
through the plastic film. Activated char- 
coal is a highly porous substance that has 
an enormous surface area. This permits 
an enormous charge to be stored on the 
surface of each layer of charcoal. 

A single super capacitor has a break- 
down potential of about 1.2 volts, which 
is the point at which its electrolyte begins 
to decompose. Commercial super capaci- 
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Fig. 6. A homemade super capacitor. 
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Fig. 7. Plot of charge/discharge cycle of a homemade super capacitor. 

tors are made by stacking several cells in 
series with each other to provide working 
potentials of 5 volts or more. 

Construction of a super capacitor re- 
sembles that of some kinds of electrovol- 
taic cells. But a super capacitor should 
not be confused with conventional cells 
and batteries. No chemical reaction oc- 
curs when a super capacitor charges or 
discharges. Also, the terminals of a super 
capacitor are not polarized. 

You can find out more about super ca- 
pacitors and their applications by refer- 
ring to "Electronics Notebook" in the 
March 1989 issue of Modern Electronics. 
Shortly after writing that column, I de- 
cided to attempt construction of a home- 
made super capacitor. First, I visited the 
pet department at a nearby store to buy 
some activated charcoal, since the stuff is 

used in filters for aquarium tanks. While 
looking for a box of activated charcoal, I 
noticed various kinds of fibrous filter ele- 
ments impregnated with activated char- 

coal. For $1.38, I purchased a sheet mea- 
suring about 5.5 x 4 inches and blister 
packages under the label Black Magic: 
The Power Filter Cartridge is made by 
Aquarium Pharmaceuticals, Inc. 

Back in my shop, I cut five 1 -inch 
squares from the cartridge sheet and four 
slightly larger squares of paper towel. 
Then I stacked alternate layers of each. 
Finally, I placed the copper sides of two 
1 -inch -square pieces of single -sided 
printed -circuit blank against the opposite 
sides of the stack, as illustrated in Fig. 6. 

The sandwich was held together with a 

small C clamp. 
All that remained to make a working 

super capacitor was to drench the assem- 
bly with electrolyte. Instead of sulfuric 
acid, which is rather dangerous, I used 
concentrated lemon juice. After pouring 
a spoonful of juice over the capacitor, I 

connected a power supply to the home- 
made module and allowed the assembly 
to charge at several volts for a few min- 

utes. After removing the charging 
source, I connected a red LED across the 
capacitor. The LED glowed brightly for 
several seconds before gradually begin- 
ning to dim. 

Next, I monitored the charge/dis- 
charge cycle of the homemade super ca- 
pacitor with a chart recorder. Figure 7 

shows the charge on the capacitor after it 
was allowed to charge for 1 minute 
through a 1,000 -ohm resistor connected 
to a 2 -volt power supply and then 
self -discharge. 

Figure 8 shows the discharge curve of 
the same capacitor after it was charged by 
a 5 -volt supply for 10 minutes and then 
discharged through a red LED and 680 - 
ohm series resistor. The LED glowed for 
45 seconds. 

From some of the manufacturer's liter- 
ature about super capacitors, I had as- 
sumed that the activated-charcoal/insu- 
lator/activated-charcoal layers must be 
squeezed tightly together. This is true 
only if the end terminals are conductive 
plastic. The copper terminals I used 
didn't require the pressure of a C clamp. 
Consequently, a rubber band would have 
worked just as well. 

These simple experiments prove that 
super capacitors can be built by experi- 
menters. One fascinating possibility is to 
make a giant super capacitor inside a 
plastic food container or even a small 
aquarium. While a capacitor this size 
would require a considerable charging 
time, it would store a massive charge. 

Caution: Be sure to follow appropriate 
safety procedures when assembling super 
capacitors. Always wear protective cloth- 
ing and goggles if you use sulfuric acid! 
Protect others and the environment by 
properly storing and disposing of sulfuric 
acid. The internal resistance of a super 
capacitor will limit the maximum dis- 
charge current. Nevertheless, use caution 
to avoid the possibility of electrical shock. 

Batteries 

Electrovoltaic cells were at one time 
among the most common of do-it-your- 
self components. Now hundreds of dif- 
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1 

ferent kinds of power cells and batteries 
of almost unlimited size, voltage and ca- 
pacity are available. Nevertheless, there 
is still a role for homemade power cells. 
I've used them to power tiny radios and 
oscillators. Since homemade power cells 
can be made very small and in various 
shapes, you might be able to use them in 

applications for which no conventional 
cell is suited. 

1 

from a silver dime and a small piece of 
magnesium ribbon purchased from a 
hobby shop. Place a piece of paper towel 
soaked in lemon juice on the dime and 
follow up with the magnesium ribbon. 
This assembly will produce more than 
1.24 volts and will easily light a red LED 
connected across the dime (+) and 
magnesium (- ). 

You can easily make a water -activated 
that will power micro -power 
.tits. Figure 9 shows the details 
nany different arrangements 
make such a power cell. The 
making this cell is to soak 

towel in salt water. After the 
dries, cut it into small strips. 

r connection wires to a gal- 
or strip of zinc and a piece of 

. Then assemble the cell by 
ied piece of salt -impregnated 
1 on the copper sheet and 
to copper and paper around 
:ed nail or zinc strip. 

18o JL 

LED 

O 

TI ME 
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( MIivUTES) 

2.0 2.5 

Fig. 8. Plot of discharge characteristic of homemade super capacitor through a 
light -emitting diode. 
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Fig. 9. Construction details of a do -it- yourself power cell. 

To activate the cell, place a few drops 
of water or even saliva on the exposed pa- 
per towel emerging from each of its ends. 
Alternatively, simply dip the entire cell in 
water for a moment. 

Homemade power cells are an experi- 
menter's delight. You can build up a 
stockpile of materials from which you 
can quickly assemble working power 
cells. You can make the cells in countless 
sizes and shapes. You can wire them in 
series with each other to achieve greater 
voltages. And you can experiment with 
various metals to achieve different cell 
potentials. Table 4 shows the voltage I 

measured for various combinations of 

Table 4. Measured Cell Voltages Willi Different Electrode 
Metals and Electrolytes 

Electrodes 
Electrolyte 

Salt Acid 
Copper (+) Zinc (- ) 0.759 1.000 
Copper(-) Silver (+ ) 0.200 0.131 
Copper (+) Magnesium (- ) 1.400 1.484 

Copper (+) Aluminum (- ) 0.570 0.720 
Zinc (- ) Silver (+) 0.720 0.828 
Zinc (+) Magnesium (- ) 0.622 0.546 
Zinc (- ) Aluminum (+ ) 0.248 0.350 
Aluminum (+ ) Magnesium (- ) 0.778 0.820 
Aluminum (- ) Silver (+ ) 0.395 0.450 
Silver (+ ) Magnesium (- ) 1.242 1.231 

five different metal electrodes and two 
different electrolytes. 

The copper for these measurements 
was the foil on a pc blank; the zinc was the 
head of a galvanized roofing nail; the 
aluminum was ordinary aluminum foil; 
the silver was a silver coin; and the mag- 
nesium was purchased at a hobby shop. 
The salt electrolyte was made by mixing 
table salt with warm water, while the ci- 
tric acid was powdered lemon drink. A 
piece of paper towel was soaked in each 
electrolyte and placed between the metals 
being tested. 

Output voltages given in Table 4 are 
the peaks I measured in each case. In 

Order Back Issues 
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most cases, the measured voltage began 
to decline after the electrodes were 
pressed against the electrolyte paper. In 
some cases, the voltage increased to twice 
or more its initial level after 20 seconds or 
so. The results you obtain may differ ac- 
cording to the materials you use; so be 
sure to keep a record of your experiments. 

Both the voltage and available current 
of a chemical power cell decline as one of 
the electrodes is dissolved or is coated 
with a film of hydrogen bubbles. The 
electrolyte of commercial power cells is 
designed to reduce or delay these factors. 

When a homemade cell no longer func- 
tions, you can quickly restore it to its 
original condition. To do so, first disas- 
semble the cell and discard the electrolyte 
paper. Rinse away any remaining electro- 
lyte from the metal surfaces and allow the 
metal to dry. Then buff the metal sur- 
faces with fine sandpaper until they are 
bright and shiny. Finally, reassemble the 
cell with a new sheet of electrolyte be- 
tween the metal surfaces. 

Going Further 
In this column, I've described only some 
of the many kinds of electronic and elec- 
tromechanical components you can 
make from readily available materials. I 

hope you'll try your hand at making some 
of the components described here. May- 
be you'll even device some additional 
kinds of do-it-yourself components. AE 
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Norton Utilities Advanced Edition Ver. 4.5 

By John McCormick 

It would be an understatement, indeed, 
just to say that Peter Norton Computing 
has done it again with the introduction of 
the Norton Utilities Advanced Edition 
4.5. Packed onto the two floppy disks 
(both 5.25- and 3.5 -inch formats are in- 
cluded) are now all the tools even experts 
should need to maintain disks and files on 
any MS -DOS -compatible machine. 

The latest version of Advanced Edition 
sells for $150 and features utilities I've 
never seen before in such an easy -to -use 
form. 

What NU Does 
Utility programs differ from applications 
software like spreadsheets and word pro- 
cessors because they deal only with the 
computer and other software. They are 
intended to assist computer users in solv- 
ing common problems like locating files 
and making DOS easier to use. 

Peter Norton was the first to provide a 
well -documented set of programs that 
help users recover inadvertent file dele- 
tions on PCs along with an easy -to -use bi- 
nary editor that lets you view and edit the 
actual hexadecimal numbers that make 
up files stored on your disks. 

The reason you can recover deleted 
files is due to a "lazy" feature of DOS, 
which renames it instead of removing a 
file when you use DEL or Erase. Norton 
Utilities includes a feature that locates the 
file and changes its name back to some- 
thing usable. 

Format Recover finds files on hard 
disks that have been accidentally refor- 
matted. This works best if you install a 
special program in advance of an acci- 
dent, but Norton can usually recover 
most of the data even if you didn't pre- 
pare for this eventuality in advance. 

The reason you can recover files even 
after reformatting is that, just as with the 
delete operation, format usually doesn't 
overwrite any data areas. Obviously, if 
the deleted areas are overwritten, they 
cannot be restored. 

Enhancements 
Version 4.5 now supports DOS 3.3 ex- 
tended partitions, Compaq DOS 3.31 

BE 
DI 
DS 
DT 
FA_ 

FD 
FF 
FI 
FR 
FS 
LD 
LP 
NCC 
NCD 
NDD 
NU 
QU 
SD 
SF 
SI 

Batch Enhancer 
Disk Information 
Directory Sort 
Disk Test 
File Attributes 
File Date/Time 
File Find 
File Info 
Format Recover 
File Size 
List Directories 
Line Print 
Control Center 
Norton CD 
Disk Doctor 
Norton Utility 
Quick UnErase 
Speed Disk 
Safe Format 
System Information 

more... 

Batch Enhancer BE command [parameters] 
or BE filespec 

Enhance Batch files with sound (BEEP), 
color (SA), keyboard input (ASK), screen 
addressing (ROWCOL), character output 
(PRINTCHAR, BOX, WINDOW), and other 
attributes (CLS and DELAY). 

Available Commands 
ASK BEEP 
CLS DELAY 
ROWCOL SA 

BE 

BOX 
PRINTCHAR 
WINDOW 

menufile 
Execute multiple BE commands from the 
file, 'menufile'. 

BE ASK ? 

Get help on using the ASK command. 

A Print Screen of Norton Integrator with Batch Enhancer highlighted. 

large partitions, PC-MOS/386, and DOS 
4.0 with its large partitions. Nearly all op- 
erations now have improved user inter- 
faces, including pop-up windows and fill- 
in -the -blank dialogue boxes. 

Speed Disk is the Norton utility that 
unfragments disk files by moving files 
around until they are arranged better. 
This speed -enhancing unfragmentation 
also makes it more likely that accidentally 
deleted files can be fully recovered. 

The enhancement to SD in version 4.5 
is that you can select the exact order in 
which files and entire directories are 
stored on -disk, a feature advanced users 
can use to further speed disk access. 

Since the DOS DEL command merely 
renames files, to really remove a file (per- 
haps for reasons of data security) you 
must overwrite it; that is, you need to 
write new data to the same disk area. 
WipeFile and WipeDisk do this for indi- 
vidual files or entire disks and offer the 
chance to just overwrite deleted files. 

Disk Information provides a much - 
needed way to append short descriptions 
to complement the limited file names pro- 
vided by DOS, an important feature with 
70 -MB -plus hard disks becoming more 
common. 

The Real Norton Utility 
Norton Utilities is actually the name of 
the program that's used to view and 

modify even hidden and system files bit 
by bit. If you are familiar with what files 
should contain, then the various views 

(text or hex and binary) will let you 
explore every bit on your disk and make 
changes or repairs in data files or 
programs. 

Even if you are inexperienced, this 
makes an excellent program to use as an 
aid in learning about files and disk struc- 
ture with no risk of damage unless you 
are quite careless. 

New Features 
Norton Disk Doctor (NDD) adds an en- 
tirely new level of power to Norton Utili- 
ties Advanced. 

First, Disk Doctor tests the DOS boot 
record, the FAT (File Allocation Table), 
the ROOT directory, and the directory 
structure. It then gives you the option of 
testing every sector of the disk and having 
NDD attempt to move data found in bad 
sectors as well as permanently lock out 
those bad sectors. 

It takes about 45 seconds to analyze a 
360K floppy on a fast computer and not 
much longer even on an old XT. A 33 -MB 
hard disk requires about eight seconds 
for the initial tests and an additional three 
minutes for complete sector testing. 

Beyond performing testing, NDD will 
also automatically repair most problems 
that it can locate. 
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quired for qualified Electronic Technicians. 
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DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPYGUARDS 

While watching rental 
movies, you will notice an- 
noying periodic color 
darkening, color shift, un- 

wanted lines, flashing or 

jagged edges. This is 

caused by the copy protec- 
tion jamming signals em- 
bedded in the video tape, 
such as Macrovision copy 
protection. DIGITAL VIDEO 

STABILIZER: RXII complete- 
ly eliminates all copy protec- 
tions and jamming signals 
and brings you crystal clear 
pictures. 

WARNING 
The Digital Video 
Stabilizer: RXII is in- 
tended for private 
home use only. ft is 
not intended to copy 
rental movies or 
copyrighted video 
tapes that may 
constitute copyright 
infringement. 

FEATURES 
Easy to use and a snap to 

install 
The best and the most 

exciting Video Stabilizer 
in the market 
State-of-the-art micro- 
chip technology 
100% automatic - no 
need for any 
troublesome adjust- 
ments 

Works on all types of 
VCRs, TVs, and Monitors 

Light weight (8 ounces) 
and Compact (1x3.5x5') 

Beautiful deluxe gift box 

Uses a standard 9 Volt 

battery which will last 1-2 

years. 

Similar units sold else- 
where for $99 or more! 

UNCONDITIONAL 30 

DAYS MONEY BACK 
GUARANTEE 

FAST UPS DEUVERY 

Air Shipping available 

ToOrder: 1-800-445-9285 or 516-568-9850 

$49 ea + $4 for p&h 

Visa, M/C, COD M -F: 9-6 (battery not included) 
SCO Electronics Inc. 

Dept. CL2 581 W. Merrick Rd., ValleyBtream, NY 11580 

SOFTWARE FOCUS ... 

Reformatting a defective diskette with- 

out removing the data it contains is some- 

thing that NDD will do automatically, 
but is almost impossible to perform with 

any other utility program! This feature 
may help keep you from tearing your hair 
out when you encounter the famous DOS 

disk read error that results in the "Abort, 
Retry, Cancel?" prompt (the signal that 
you have lost some or all of the data you 
placed on that disk). 

NDD can also take any disk (as long as 

there is enough empty space left) and 
make it a system disk, moving files out of 
the system area and copying IBM- 

BIO.COM and IBMDOS.COM to the 
system area. This makes the disk 

bootable without copying off the infor- 
mation and reformatting the entire disk. 

Safe Format is a utility that offers sev- 

eral faster and safer alternatives to the 
DOS FORMAT command. 

Batch Enhancer is packed with useful 
enhancements that make DOS BAT 

(batch) files easier to create and more 
powerful, but is not all that new; rather, 
it is a collection of older programs. 

ASK is now part of BE and provides 
for easy creation of interactive batch files 

(ones that ask the user a question before 
proceeding). 

The other BE sub -programs include: 
BEEP, which adds tone feedback to 
batch files; BOX, which draws a rectan- 
gle on screen; SA, which modifies the 
way the screen appears; and WINDOW, 
a utility that creates a working window 
for creating your own dialogue boxes. 

BE isn't as useful as you might at first 
think because any use of BE.EXE on a se- 

cond computer, or inclusion of BE.EXE 
on any disk to enhance operation of 
batch files involving programs you wish 
to sell or distribute, violates the License 
Agreement. 

New Documentation 
A new publication, "The Norton Trou- 
ble Shooter," has been added to the Disk 

Companion and the excellent standard 
documentation. This new booklet con- 
tains step-by-step directions to help the 
novice user diagnose and repair nearly 
every major disk problem. 

Adding this book makes Norton Utili- 
ties accessible to people who would other- 
wise never feel confident enough to tackle 
the problems that all computer users 
eventually encounter. 

As just one example, on page 52 you 
learn that, while DOS 2.xx saves files just 
as you might by overwriting the previous 
file of the same name, starting with DOS 

3 something entirely different happens. 
If you save a file using a later version of 

DOS and there is enough room on your 
disk, the old file is deleted, but the new 

copy is placed elsewhere. That is, your 
old file remains intact and can, theoreti- 
cally, be recovered if you can locate it on 

the disk. 
Performing such an operation by brute 

force (looking through the entire disk for 
recognizable text) is feasible on a floppy 
disk, but out of the question for hard 

FA 
FD 
FF 
FI 
FR 
FS 
LD 
LP 
NCC 
NCD 
NDD 
NU 
QU 
SD 
SF 
SI 
TM 
TS 
UD 

File Attributes 
File Date/Time 
File Find 
File Info 
Format Recover 
File Size 
List Directories 
Line Print 
Control Center 
Norton CD 
Disk Doctor 
Norton Utility 
Quick UnErase 
Speed Disk 
Safe Format 
System Information 
Time Mark 
Text Search 
UnRemove Directory 

Safe Format SF [d:] [switches] 
Safely format a disk without overwriting the 
data on the disk, so the data can be recovered 

if the format was accidental. 

Switches 
/A 
/S 

/V: label 
/1 
/4 
/8 
/N:n 
/T:n 
/size 
/Q 
/D 
/C 

Automatic mode; useful in batch files 

Copy system files to the disk 
Leave space for system files 
Place a volume label on the disk 
Format for single-sided use 
Format a 360K diskette in a 1.2M drive 

Format 8 sectors per track 
Sectors per track (8, 9, 15, or 18) 

Number of tracks (40 or 80) 

Size of disk (/720 will create 720K) 
Quick Format 
DOS Format (same as DOS) 
Complete Format (diskettes only) 

Norton Integrator with Safe Format Highlighted. 

CIRCLE 51 ON FREE INFORMATION CARD 
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disks, except in the case of the most criti- 
cal files. 

Fortunately, step-by-step instructions 
like "Choose Explore disk" are provided 
to help any user make use of NU to auto- 
matically locate this deleted but not over- 
written file. 

What you basically do is have NU 
search for a string of text that is located in 
the replaced file, and then write down the 
cluster number where the text is located. 

The process is complex but will work if 
you follow the directions exactly, with 
one change. Although the directions tell 
you to "write down the file name that you 
want to recover," this doesn't work be- 
cause that file is the name of the new copy 
and will be rejected when you try to enter 
the name during the recovery process. 
What you really want to do is type a dum- 
my file name like XXXX and recover the 
data to that file, which can then be re- 
named easily enough. 

More than 150 pages of directions help 
the user do everything from recovering a 
deleted file or repairing an accidentally 
formatted hard disk to making absolute 
sector fixes to repair master boot records 
or edit the partition table. 

The most important thing to remember 
about Norton Utilities is that even if you 
don't know what these terms refer to, you 
can make the indicated repairs if you can 
follow simple directions. 

Integration 
The Norton Integrator is a simple menu 
listing of every feature it contains with 
commands used to start the stand-alone 
programs shown along the left side, and 
descriptions of the highlighted operation 
(along with an explanation of all switches 
and options) displayed on the right side. 

This is an important feature, because 
there are so many utilities, with numer- 
ous options, that even an expert user 
would be unlikely to remember very 
many of them. 

Conclusions 
This program could be called the Clark 
Kent of utilities: a very powerful set of 
programs disguised as a simple -to -use 
program under Norton Integrator. 

Since many of the problems that you 

can run into that might require the help of 
Norton Utilities can happen as easily to 
the most experienced user as they can to 
the novice, this is a program that belongs 
on every computer user's shelf if there is 

any information on your disks worth 
insuring. 

The ability to add SYSTEM files to a 
disk not formatted with /B to leave room 
for those boot files, formerly beyond the 
skill or patience of almost every comput- 
er guru, is now available to even a novice. 

Programs like File Find, that will 
search an entire hard disk for a text string 
or file name, are fairly common in collec- 
tions of "hackers"' utilities floating 
around in user groups and on BBS (Bulle- 
tin BoardS). Thus, they are often taken 
for granted by many more advanced us- 
ers. Their presence in this set of reliable, 
virus -free, utilities is essential for com- 
pleteness and a welcome addition for 
those new to computing. 

Too bad, though, that the failure to 
specifically exempt the BE.EXE from 
copy and distribution restrictions makes 
it of little value for most potential users. 

Speed Disk is another item that looks 
better at first glance than it actually is. 
Although SD recognizes many copy -pro- 
tection schemes, protects your carefully 
installed programs and is intelligent 
enough to rapidly unfragment a large 
disk with only a few fragmented files, if 
there are more than a small number of 
problem files SD will start moving nearly 
every file on the disk, which may take as 
much as 20 minutes. 

SD doesn't do a really good job of 
packing files, and the disk will quickly be- 
come unfragmented again unless you 
have enough knowledge to carefully rear- 
range files before running SD. 

Despite these problems, I certainly re- 
commend Norton Utilities Advanced 
Edition because of the Safe Format, Nor- 
ton Disk Doctor, Format Recover, and 
UnErase features. AE 

Order Back Issues of 

1Illll// ELECTRS 

More QSO's 
More QSL's 
More Fun 

when you speak their language. 
Add extra spice to your DX (DSO's 
Let your DX friends know you care enough 
about them to learn their language. (After 
all, they've gone out of their way to learn 
English!) 
Break the phone pile-up with a few carefully 
chosen words in the DX station's own lan- 
guage. You'll be amazed at the difference. 
it's like adding 3 dB to your signal. 

The Radio Amateur's Conversation Guide by 
OH1BR and OH3BAD gives you the 147 most 
often used phrases in eight languages: 
English, German, French, Italian, Spanish, 
Portuguese, Cyrillic Russian, Phonetic Rus- 
sian, Phonetic Japanese. Phonetic alphabets 
and eight -language dictionary included in 
this rugged spiral -bound manual a MUST for 
any serious DXer or Contestor. Beat the com- 
petition. Order yours today. Only $10.00 plus 
$2.00 per order shipping. 

Supplements available in less -used lan- 
guages: Dutch/Flemish, Danish, Finnish, 
Swedish, Serbocroatian. $4.00 per supple- 
ment. Be sure to state which language sup- 
plement you need. 

New cassette tapes in eight languages 

Now you can hear the exact pronunciation of 
the sentences, phrases and words covered in 
The Radio Amateur's Conversation Guide. 
Each high quality language tape is recorded 
with proper dialect and usage in one of the 
languages in the Conversation Guide. 

Tapes available in each of these languages. 
German Portuguese 
French Russian 
Spanish Japanese 
Finnish Swedish 

CO Book Shop 
76 North Broadway 
Hicksville, NY 11801 

Please send the following: 

Conversation Guide Book $10 

Language Tapes Supplements 
c $10 each @ $4 each 

German 
French 
Spanish 
Finnish 
Portuguese 
Russian 
Japanese 
Swedish 

Dutch/Flemish 
C Danish 

Finnish 
Serbocroatian 

Cl Swedish 

Add $2 for postage and handling in North America 

Total 

Name 

Address 

City State_ dip 
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By Curt Phillips 

The widespread availability of inexpen- 
sive tape recorders is one of the more 
practical benefits of the state of electron- 
ics technology today. Ignoring the music 
available for the more high-fidelity ma- 
chines, the least expensive recorders al- 
low us to increase our efficiency by listen- 
ing to recorded excerpts from a book as 
we drive, as well as to learn a foreign lan- 
guage, practice Morse code or listen to an 
inspirational or educational lecture. 

The record feature of these units allows 
us to record notes and ideas while driving 
or otherwise occupied. It often used to 
distress me that I wasted so much produc- 
tive time while I was driving to work. A 
tape recorder in my car now allows me to 
create an audio "To Do" list that I can 
later transcribe. Some people, unaccus- 
tomed to hearing their voices as others 
hear them, use a recorder to help them 
improve their diction and moderate re- 
gional accents (fortunately, we southern- 
ers don't have a problem with accents). 

For radio hobbyists, a recorder is in- 
valuable both at home and in the car. At 
home, it can record activities on the 
shortwave or scanner bands for future 
reference and enjoyment. In the car, it 

can help log contacts being made so that 
QSL (acknowledgment) cards can be ob- 
tained. I found that having a recorder in 
the car at the ready for use in conjunction 
with my ham radio is also very useful for 
recording directions while traveling. 
Also, the microphones in most recorders 
are sufficiently sensitive to enable hold- 
ing the recorder anywhere near the ra- 
dio to provide a copy of whatever one 
wishes so that it can be replayed as often 
as desired. 

The drawback of the least -expensive 
full-size cassette units is their size. In the 
past several years, however, a "microcas- 
sette" standard has emerged, which pro- 
vides most of the advantages listed above 
in a much smaller package. 

General Electric's 
Micro Recorders 
Recently, I had a chance to become ac- 
quainted with two of General Electric's 

Microcassette Recorders 

entries in the moderate -cost microcas- 
sette recorder field: the low -end Model 
3-5370 and the Model 3-5326 (pictured 
here). In using these recorders, I've been 
able to compare them to a Panasonic 
Model RN -120 microcassette recorder 
(now discontinued) that has served me 
well for several years. 

Both GE models are two -speed capstan 
drive microcassette recorders. Both have 
built-in microphones and the typical 
play, stop/eject, fast -forward and re- 
wind controls. All of these controls are 
on the right side of the machine (when the 
observer has the microcassette door fac- 
ing him). It took me several days of using 
them to notice that these controls are 
placed opposite those on my old Pana- 
sonic unit. Though my old RN -120 has 
the controls on the left side, investigation 
revealed that the new Panasonic micro- 
cassette recorders, as well as the new 
Sony units, have the controls on the right 
side. I can find no advantage to placing 
the controls on one side versus the other, 
which is one reason it took me so long to 

notice it (I never had the two different 
recorders side by side during this period). 

One problem that I did notice quickly 
is the fast -forward and rewind control 
placement. On my old Panasonic unit, 
when holding the recorder with the mi- 
crophone up as is normal, you slide the 
switch up for fast forward and down for 
rewind. Perhaps it is just the years of us- 
age, but this arrangement seems logical to 
me; up is forward, down is reverse. 

Conversely, on both GE recorders, 
sliding the switch up rewinds the tape and 
down fast forwards it. However illogical 
this may seem to me, this is also the pat- 
tern of the new Panasonic and Sony mi- 
crocassette recorders. Evidently, some 
ergonomics engineers somewhere in Ja- 
pan must have decided this was best. On 
all the units, manipulation of the fast - 
forward and rewind switch while in the 
"Play" mode allows for high-speed audi- 
ble "preview" or "review" of the tape. 

Some of the very early microcassette - 
type recorders displayed poor sensitivity 
from the built-in microphone, a fact that 
was most obvious when recording a meet- 
ing or when surreptitiously recording 
from a coat pocket. These latest record- 
ers, however, have sufficient sensitivity 
for an average conference room meeting 
and also do well from a coat pocket. The 
more expensive 5426 has provision for an 
external microphone or connection to a 
telephone recording device. It also fea- 
tures "Variable Voice Activation," a 
mode that starts the recorder when audio 
is sensed either through the internal mi- 
crophone or external jack. This mode is 
very useful for saving tape when record- 
ing off a scanner or telephone. It can be 
disabled, too. 

Most full-size microcassette recorders 
have a jack next to the microphone jack 
that will switch the recorder on and off. 
Quite often, such a switch is located on an 
external microphone included with the 
recorder. Telephone recording devices 
and scanner interfaces that use this 
switching function will not connect di- 
rectly with any of these microcassette re- 
corders because they don't have such a 
jack. Both GE units have a pause switch, 
but there's no external jack that controls 
this function. The voice control of the 
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5326 will achieve a similar result, but 
you'll have to experiment with the con- 
nections to be sure everything works as 
you expect. 

Recording & the Law 
Because of the voice -activation feature 
and its small size, the 5326 could be used 
as a recording "bug." Be sure to check 
your local and federal laws before using it 
in this fashion or before recording tele- 
phone calls. Surreptitious recordings is a 
federal offense. It is illegal to record a call 
where neither party knows that the call is 

being recorded. This is called "wiretap- 
ping." Just because it's a recorder you 
connect to your home phone and all it's 
recording is the babysitter and her boy- 
friend doesn't make it legal. Recording a 
telephone call where one party (you) 
knows it is being taped is also not legal. 
You should notify the other party or at 
least have a device that intermittently 
beeps so that the person on the other end 
of the line knows something is amiss. 

At 5% x 2% x 1 inches, the Model 
5326 stands slightly higher than the 4'/, x 
2% x 1 inches Model 5370. Unlike the 
5370, the 5326 has a digital tape counter, 
which is useful when transcribing notes, 
and a LED "record" indicator light. The 
latter is especially useful in automobiles 
at night, where you're never quite sure 
you pressed the right buttons and it's too 
dark to see the microcassette's reels 
turning. 

Both units provide a jack for an exter- 
nal earphone and another jack to connect 
an external 3 -volt dc power supply for use 
in lieu of the two internal AA cells. Both 
units also have switchable speeds of 2.4 
and 4.8 centimeters per second (cm/s). 
There are tapes available that will pack 90 
minutes of recording time on one side of a 
Microcassette, which is extraordinary, 
considering its size. 

One feature that's conspicuously miss- 
ing from my old Panasonic and both GE 
microcassette recorders is auto-stop. 
Even the cheapest full-size cassette re- 
corder automatically stops and shuts off 
when it reaches the end of the tape, but 
this feature has evidently not made it to 
the middle -price microcassette units. 

The GE Model 3-5370 retails for $49.95, 
the Model 3-6326 for $39.95. Both are 
readily available for approximately $13 
less than retail. 

Facsimile Copying 
A small -business -owner client of mine, 
who has been struggling to justify the 
purchase of both a photocopier and a 
FAX machine, came to me with a mail so- 
licitation offering a reasonably priced 
combined copier/FAX machine. Al- 
though the offer was legitimate, I knew 
that this piece of equipment wouldn't do 
the job he expected. He wanted a plain - 
paper copier. On both this FAX machine 
and every one I could find at local deal- 

ers, the copy function prints on the same 
thermal paper as the FAX does. Addi- 
tionally, the quality of the copy is ap- 
proximately the same as a fine -resolution 
FAX reproduction. Although in both 
cases the copy is usable, it's not the 
quality of paper and print most people 
have come to associate with photocopy 
machines. 

If you have business friends who may 
be similarly confused, you may want to 
warn them of the difference between a 
"facsimile" copy and a "photocopy." 
Your comments and suggestions are wel- 
come. You can contact me through The 
Source (BDK887), Delphi (CURTPHIL), 
CompuServe (73167,2050) or at P.O. 
Box 678, Garner, NC 27527. lE 

Now Available! 
Krueouirü D 

Buyers Guide 
The Active Ham's Complete Annual Reference Master 
This valuable new master directory and buyer's guide will serve you day in 
and day out in searching out new gear, comparing new models, locating deal- 
ers near you and mail-order retailers around the country. It'll help you buy 
more wisely with its multi -reference concept to help you wend your way 
through the buying maze. 

ORDER YOUR BUYER'S GUIDE TODAY! 
Don't miss the single most valuable buying guide in the Amateur Radio field. 
Send only $3.95 today. 

YES, please send my copy of AMATEUR RADIO BUYER'S GUIDE 1989 for only $3.95 
postage paid. 

Date Number of Copies 

Name Call 

Address 

City State Zip 
Check MasterCard VISA 

Card No. Expires 

Signature 
(Signature required on all charge orders) 

Mail to: CQ Communications, Inc. 
76 North Broadway, Hicksville, NY 11801 
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A Few Pictures-A Few Thousand Words 

By Ted Needleman 

If the old cliche about a picture being 
worth a thousand words is true, how 
many words are two or three pictures 
worth? After spending a few columns on 
electronic music, I find myself drawn 
back to another obsession of mine- 
computer video. The acquisition, manip- 
ulation, and use of video images on a 

computer has numerous applications, 
some of which are only now becoming 
obvious. The most popular of these, at 

the moment (and, incidentally, the one of 
most personal interest) is capturing an 
image from a video camera for use with 
desktop publishing software. This is an 
obvious use of the technology; people 
and other 3-D objects are rather difficult 
to run through a page scanner. 

Many other fields, though, are using 
video processing. These applications are 
as diverse as robotics and medicine. One 
particularly interesting use of the tech- 
nology on the medical side is to capture 
and digitize a set of X-rays taken of the 
same field at different times. X-ray films, 
because of their nature, can often be dif- 
ficult to digitize using a conventional 
page scanner. For one, they are often 
oversize for the standard 8.5 by 11 -inch 
scanner. More importantly, X-ray films 
are "read" by passing light through them 
by means of a light box. Standard paper 
output is read by a page scanner by boun- 
cing light off the surface. 

By using a video camera to record the 
image of an X-ray film mounted on a 
light box, you can then digitize the video 
image and wind up with a digital repre- 
sentation of the X-ray image. In the par- 
ticular application I encountered, the 
digitized X-ray images were of a tumor 
site undergoing treatment. By projecting 
(on the CRT) a time series of digitized im- 
ages of the same field of view, the shrink- 
age of the tumor could be visualized. The 
technique itself is exactly the same as that 
employed in animation, where each im- 

age is slightly different from the ones that 
came previous to it. 

A refinement of this technique, com- 
paring two images of the exact same field 
of view, is used in medicine, security, and 
astronomy applications. By quickly al - 

An image of the author's son, Marc, that was captured with Publisher's VGA and printed 
out on paper with Picture Publisher. 

ternating the views back and forth, any 
moving object, whether it is a growing 
tumor, a person moving within a secured 
area, or the movement of an astronomi- 
cal object, seems to move against the 
fixed images of the rest of the frame. This 
approach, called the BLINK method, 
was originally developed decades ago by 
astronomers, and has resulted in the find- 
ing of numerous planets, comets, and 
other astronomical objects. 

The foregoing was mentioned just to 
give you an idea of the some of the many 
uses video capture and processing hard- 
ware and software are being put to. Many 
of these applications require the use of 
high -resolution capture devices called 
"frame grabbers." A frame grabber 
works by analyzing one video -scan frame 
and converting the resolution of the video 

camera into the resolution of the comput- 
er's display. It then maps the displayed 
image into RAM memory contained on 
the frame grabber board, converting it in- 
to a digital representation of the gray 
scale image displayed. Again, depending 
on the amount of RAM the grabber 
board contains, the image may contain 
up to 256 shades of gray. The gray -scaled 
image is then saved to disk in one of a va- 
riety of formats, depending on how you 
intend to use it. 

For this process to work, several things 
must be in place. Because the resolution 
of your image is dependent on the resolu- 
tion of two devices, both the video device 
and the display should have the capacity 
for high resolution. Some video cameras 
that use CCD sensors have slightly lower 
resolution than the older tube -type cam - 
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eras. This may be noticeable in the cap- 
tured images. 

On the computer display side, a VGA 
adapter card and monitor are almost nec- 
essary. VGA monitors are, for the most 
part, analog devices, capable of display- 
ing shades of gray in addition to black 
and white. They also have higher resolu- 
tion than most other display types. The 
exception to this is the Hercules adapter. 
It has a resolution higher than than that 
of the VGA adapter, but cannot display 
gray -scale images. 

In addition, your display adapter 
should also have a considerable amount 
of on -board RAM. The greater the 
amount of RAM on the adapter, the larg- 
er the number of gray -scale levels you can 
capture. Ironically, in many applications 
(including desktop publishing), the num- 
ber of levels of gray -scale is often more 
important than the resolution of the im- 
age. A 320 x 200 -pixel image captured 
with 256 levels of gray -scale will often 
look better than 640 x 400 -resolution 
images containing only 16 levels of gray. 

I've recently been experimenting with 
two video capture systems. One is an in- 
expensive frame grabber/video adapter 
combination, and the other is an even 
less -expensive system based on slow -scan 
technology. 

Publisher's VGA 

As mentioned, there are numerous appli- 
cations for video capture technology. 
The best way to go about implementing 
many of these applications is with a 
frame -grabber. The only problem with 
using this approach is that frame grab- 
bers are expensive. Many, such as those 
available from Matrox and Targa, cost in 
excess of $1,500. Furthermore, they re- 
quire a second monitor to preview the 
video that you intend to "grab" from. 
These second monitors must be analog 
displays, such as a multisync or good 
quality video display. 

One relatively inexpensive solution is 

the economical Publishers' VGA card 
from Willow Peripherals. At $695, this 
card would be expensive if it were just a 
VGA adapter. Boards that provide VGA 
resolution can be purchased for under 

$300. What makes this board special is 

that it also has a built-in frame grabber 
on the card. Even if you already have a 
VGA adapter in your system, the 
under -$700 price is inexpensive for a 
frame -grabber. 

When not using the frame -grabbing 
capabilities of the card, the Publishers' 
VGA functions as a standard VGA 
adapter. The standard VGA resolution 
of 640 by 480 pixels with 16 colors, 320 by 
200 pixels with 256 colors, and 800 by 600 
pixels with 16 colors are available with 
the 256K of RAM the board comes with. 
A resolution of 1,024 by 768 with 16 col- 
ors is available as an option on a special 
version of the board that can be ordered 
from Willow. The resolutions in excess of 
standard VGA (640 by 400) require the 
installation of special software drivers. 
The extended resolutions, however, are 
equivalent to those offered on expensive 
high -resolution monitors. Willow can 
supply the additional RAM, but recom- 
mends that a user purchase them mail- 
order from other sources, which are often 
much less expensive. 

It is the frame grabber, however, that 
really sets the Publishers' VGA apart 
from the competition and provided the 
most fun for me. Using the frame -grab- 
ber feature is simple. Once the card has 
been installed, and the software copied to 
your hard disk, just plug a video camera 
or the video output from a VCR into the 
board. The card offers a standard RCA 
jack for this purpose. My three -year -old 
Panasonic camera was designed to be 
used with a portable recorder, taking 
power from the tape deck. Rather than 
the required RCA plug output, it has a 
round plug that mates on the video re- 
corder. Most VCRs (mine included) have 
a VIDEO OUT jack where a standard RCA 
plug to RCA plug patch cable can be 
plugged in. The other end of this cable 
feeds the Publishers' VGA card input. 

Installing the board was easy. There 
are two jumpers on the card. These are 
only changed if you need to use a non- 
standard port address, or wish to use a se- 
cond monitor as a preview monitor for 
the frame -grabber. As there is little to be 
gained by this (you can capture an image 
right off the main display screen), most 

users will never alter the factory jumper 
settings. After plugging the card into a 
free expansion slot (8 or 16 bit) in your 
PC, install the software on your disk. 
Willow provides drivers for Windows 
and Ventura Publisher, and a software 
program called VCAP (Video CAPture). 
The drivers that Willow includes are for 
using the higher resolution modes (in- 
cluding VGA) with the Windows and 
GEM environments. 

Incidentally, while Willow's documen- 
tation does not in dude this as a require- 
ment, you will probably need a hard disk 
to make use of the frame -grabber. De- 
pending upon the resolution and format 
of the image you're saving, you can ex- 
pect each image to take up to a megabyte 
or more of disk space. 

Using the frame -grabber mode of the 
Publishers' VGA is simple: just run the 
VCAP program. The first time this pro- 
gram is run, it will ask if you've changed 
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PC CAPERS... 

any of the jumpers on the board. If you 
have, you'll have to specify which jumper 
was changed. If you did not change any 
jumpers, you just hit ENTER. You are 
then presented with a menu that allows 
you to acquire and manipulate an image. 

The ACQUIRE IMAGE command 
displays the video image coming into the 
card. By pressing ENTER, you freeze and 
store what is displayed on the screen. 
There is a screen buffer that allows you to 
capture up to four images. You can then 
choose among these images as to which 
you wish to enhance. The menu allows 
you to make several modifications on an 
image. You can adjust the contrast, 
brightness, reverse black and white with 

the NEGATE command, soften the image 
with the ow command, and perform 
edge enhancement and posterization on 
an image. When you are satisfied, you 
can save the image in either regular or 
compressed TIFF format (used with 
Windows and PageMaker), IFF (used 
with certain paint programs), EPS (En- 
capsulated PostScript), or PCX format, 
used with Publishers' Paintbrush and PC 
Paintbrush Plus. 

With the PCX format, there are three 
resolutions available; 320 x 200 x 256 

color, 640 x 400 x 16 color, or 1280 x 
800 x 2 color. Separate utilities included 
with the hardware allow you to produce a 

halftone image using a dithering tech- 
nique. To print out a saved image, 
though, you'll need a second piece of 
software, such as those mentioned ear- 
lier, VCAP has no provisions for print- 
ing. The image of my son Marc was cap- 

tured at VGA resolution and printed with 

a program called Picture Publisher from 
Astral Development. I'll be covering this 

software package in detail next month, 
but it (and others of its type for the Mac- 
intosh, such as Image Studio and Digital 
Darkroom) allows you to perform such 
actions as merging multiple images, and 
cutting and pasting of images, which real- 
ly enhance the utility and fun of using a 

frame -grabber or other image capture 
technique. 

The Publishers' VGA card is easy to set 

up and use. If you've been thinking about 
upgrading your video adapter to one of- 

fering VGA resolution, the Publishers' 
VGA is a great buy. For a few hundred 

An image of the author's wife, Lynn, this one captured with COMPUTEREYES and 
printed with PageMaker. 

dollars more than a plain -vanilla VGA 
adapter, you get a frame -grabber similar 
in function and features to those costing 
$1,500 or more. If you already have a 

VGA adapter, Willow tells me they're 
working on a low-cost stand-alone 
frame -grabber board. I hope to have one 
of these soon, and will let you know what 
I think of it. 

COMPUTEREYES 
While the Publishers' VGA card re- 
viewed above is fun to use, not everyone 
can justify the $695 price tag, and the re- 
quired VGA monitor, just to play around 
with video acquisition. If you fall into 
this category (as many of us do), don't 
despair. Digital Vision's COMPUTER - 
EYES provides an inexpensive ($299) al- 
ternative. I first ran across Digital Vision 
three or four years ago when I reviewed 
its first video acquisition system, COM- 
PUTEREYES for the Apple II. Over the 
years, they have improved the product, 
and now offer similar systems for the 
IBM PC and compatibles, as well as the 
Mac. I reviewed the PC version, though I 
would expect their other models to offer 
similar performance. 

COMPUTEREYES is not a frame - 
grabber, but rather is based on a slow - 

scan acquisition technique. This means 
that it can take between 6 and 12 seconds 
(depending on the resolution you've spe- 
cified) to acquire an image. This makes 
COMPUTEREYES less suitable than a 
frame -grabber for imaging objects, such 
as small children, which tend to move. I 

state that it is less suitable, rather than 
unsuitable, because there is a way around 
this limitation. Like most video acquisi- 
tion systems, COMPUTEREYES doesn't 
care where the video image is coming 
from. If you have a fairly decent four - 
head VCR with freeze-frame capability, 
you should be able to get relatively good 
results by feeding a frozen frame into the 
COMPUTEREYES. 

The board itself is a half-size PC peri- 
pheral, which means it can go into a short 
slot in your system if you have one. On 
the bracket that mounts to the PC's back 
panel, there is a grommeted pass -through 
from which three cables come out. These 
are terminated with RCA type phono 
connectors, one female and two male. 

The female connector is the video in- 

put. As with the Publishers' VGA, if your 
video camera does not have this type of 
output, you can generally pass it through 
a VCR to obtain it (as I, in fact, did). The 
two male connectors go to the composite 
output jack, if one is available, on your 
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PC's video adapter card and to a compo- 
site monitor. 

If yo ar PC uses CGA graphics with a 
composite monitor, this allows you to 
preview an image before acquiring it. If 
you're using the 9 -pin DB connector do 
your video adapter board, or an EGA, 
VGA, or Hercules compatible graphics 
adapter, you can connect the cable la- 
beled "M" directly to an additional 
monitor with composite input to retain 
the preview function. I did not have a 
composite monitor available to me, so I 

had to monitor the image through my 
video camera's viewfinder. 

I also experienced a bit of trouble in- 
stalling the COMPUTEREYES board in 
my PC because the connectors on the 
ends of the cables were a little larger than 
the cut-outs in the back of my machine, 
and needed to be forced through. You 
may or may not have this problem (the 
system I used is an Acer 1100, a 386 PC 
with 8 expansion slots. With all these 
slots, the room between the slots is rather 
narrow. which necessitates slightly nar- 
rower cut-outs in the back of the PC). 

The slight difficulty physically install- 
ing the board was the only difficulty en- 
countered, though. The software consists 
of a single program, named EYES.EXE, 
and can be run from a floppy disk if de- 
sired. This software allows you to adjust 
the brightness and contrast (though you 
can have the software automatically cali- 
brate itself), and capture and view an im- 
age. As with the more expensive Publish- 
ers' VGA, COMPUTEREYES makes no 
provision for printing an image. You'll 
have to use an additional paint package 
or desktop publishing software for this. 

COMPUTEREYES can save an image 
in several different formats, such as 
TIFF, PIC, PCX, and MSP. It can also 
save in a format Digital Vision calls Raw 
Data. If you save the image as raw data, it 
can be reloaded and re -saved in a differ- 
ent format. 

To a large extent, the format you save 
an image in will determine the maximum 
resolution and gray -scale data that is as- 
sociated with the image. For example, a 
TIFF image, used with Aldus' PageMak- 
er and many other desktop publishing 
packages, is saved at a resolution of 640 
by 200 pixels, with 64 intensity levels per 

pixel. This is considerably less resolution 
than the Publishers' VGA, which offers 
640 by 480 pixels (VGA resolution) with 
256 levels of gray, and is evident in the un - 
enhanced image of Marc's mom, Lynn. 
Lynn's image was captured as a TIFF file 
and placed into PageMaker, sized and 
printed out. 

Both of the images reproduced here are 
un -enhanced, and used the default 
brightness and contrast settings. You can 
considerably improve the quality of cap- 
tured images by first adjusting the con- 
trast/brightness, then cleaning up the 
captured image with a paint program. 

Granted, the image captured and re- 
produced from COMPUTEREYES is of 
a lower quality than that of the Publish- 
ers' VGA. To some extent, this results 
from the method (frame -grabbing vs. 
slow scan) used to obtain the image. Of 
course, you generally get what you pay 
for (if you're lucky), and COMPUTER - 
EYES is less than half the price of the 
frame -grabber. 

If you already have a VGA or multi - 
sync monitor, or are seriously consider- 
ing adding VGA capability to your PC, 
I'd recommend going with the Publish- 
ers' VGA. If, however, you have CGA, 
EGA, or Hercules compatibility on your 
PC, and just want to get started playing 
with captured video, COMPUTEREYES 
is inexpensive and fun. 

Manufacturers Mentioned 
Publishers' VGA 
Willow Peripherals, Inc. 
190 Willow Ave. 
Bronx, NY 10454 
(212)402-0010 

COMPUTEREYES 
Digital Vision, Inc. 
66 Eastern Ave. 
Dedham, MA 02026-9912 
(617) 329-5400 
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iIIih/ COMMUNICATIONS//IllIll 

Taming the Yaesu FRG -9600 vhf/uhf Receiver: 
An Apple II Interface 

By Robert R. Frahm 

Users of the Yaesu Model FRG -9600 vhf/ 
uhf communications receiver soon dis- 
cover the difference between a "scanning 
receiver" and just a "scanner." The 
memory scan feature of the Yaesu (scan- 
ning) receiver may be functional, but it is 

not fast, flexible, or large enough to satis- 
fy most FRG -9600 users. The Apple II 

computer can overcome these limitations 
through use of the optional Yaesu Model 
FIF-65A interface. This connection re- 

sults in an extremely useful data collec- 
tion and analysis capability as well. (For 
details on CAT Control of the FRG -8800 
with a Commodore C-64 computer, see 

the February 1988 "Communications" 
column.) 

Making Entries 
The format required for frequency entry 
when using an Apple II computer with 
the FRG -9600 using the FIF-65A inter- 
face is presented in Listing 1, lines 1 

through 6. In line 2, for example, the data 
array location R(1) stores the second fre- 
quency. The value 1542650 equates to 
154.265 MHz. Six frequencies are includ- 
ed to serve as examples. These values 
should be adjusted to reflect active fre- 
quencies in your locale. 

Program line 1 sets the number of fre- 
quencies possible at 99. This number 
could be increased if required, along with. 
appropriate renumbering of the pro- 
gram. The program tests sequential data 
array entries for null or non -entry. It re- 

sets to the top of the list when a null value 
is encountered. To avoid problems, you 
should enter your frequencies in adjacent 
data array locations. 

Listing 1 assumes the receiver is set to 
the desired demodulation mode manual- 
ly, and that all frequencies use the same 
mode. Optional lines given in Listing 2 

permit you to use a special value, instead 
of a frequency entry, to direct a demodu- 
lation mode change. Group your fre- 
quencies together to follow the correct 
mode setting. In a mixed mode program, 

you must include at least two mode 
changes to permit you to reset the original 
demodulation mode. 

Lines 100 through 210 allow the Yaesu 
FIF-65A interface to work from any slot 
inside the Apple II computer. As present- 
ed, the program assumes the interface is 

installed in slot 5. To change the slot ref- 

erence, simply change the "5" in pro- 
gram line 150 to match the slot number 
for the installed interface. The instruc- 
tion manual states that the interface will 
work only from slot 4. The ROM on the 
Yaesu FIF-65A interface contains com- 
puter code that has been written exclu- 
sively for slot 4. The program installs a 

Listing 1. The Main Program 
1 DIM R(99): DIM L(99): DIM D$(99): R(0) = 

D$(0) = "FIRE" 
2 R(1) = 1542650: D$(1) = "FIRE" 
3 R(2) = 1542800: D$(2) = "POLICE" 
4 R(3) = 1543000: D$(3) = "POLICE" 
5 R(4) = 4505500: D$(4) = "POLICE" 
6 R(5) = 1558650: D$(5) = "FIRE" 
100 FOR I = 768 TO 794 
110 READ J 
120 POKE I,J 
130 NEXT 
140 DATA162,255,142,214,192,173,214,192,41,1,240,6,202,240, 

3,76,5,3,142,157,128,162,0,142,214,192,96 
150 SLOT = 5 * 16: REM SLOT NUMBER * 16 
160 L = -151 
170 P = (49280 + SLOT): J = (P + 1): REM INITIALIZE FIF-65A 

INTERFACE 
180 POKE J,0: POKE J,0: POKE J,0: REM INITIALIZE FIF-65A 

INTERFACE 
190 POKE J,64: POKE J,207: POKE J,55: REM INITIALIZE FIF-65A 

INTERFACE 
200 POKE (P + 4),0: REM MOVES ROM CODE TO $C800 
210 CD = SLOT + 134: POKE 771,CD: POKE 774,CD: POKE 792,CD: 

REM SETS A ->D CONVERTER CODE FOR SLOT NUMBER 
220 T = 150: REM INITIAL THRESHOLD VALUE 
230 PE = - 16384: REM USED TO IDENTIFY KEY PRESSED 
240 PO = - 16368: REM USED TO CLEAR KEYBOARD STROBE 
250 HOME 
260 PRINT "CHAN. THRESHOLD CALLS FREQUENCY": PRINT 
270 POKE 34,2 

1541300: 

Note:Do not type REM statements below this point, 
as they slow the channel scan routines and 
may cause timing errors during the frequency 
setting routine. They are provided here for clarity. 

280 I = FRE (0):REM FORCES GARBAGE COLLECTION 
290 C = R(G): G = G + 1: REM ADVANCES CHANNEL COUNTER 
300 IF C < 60 THEN G = 0: GOTO 280: REM TESTS FOR LAST CHANNEL 
310 D = C: REM START OF FREQUENCY SET ROUTINE 
320 FOR I = 7 TO 1 STEP - 1 

330 F(I) = D - (INT (D / 10) * 10) 
340 D = INT (D / 10) 
350 NEXT I 

360 D1 = 10 
370 POKE P,D1: REM INDICATES TO Yaesu FRG -9600 THAT THIS IS A 

FREQUENCY CHANGE (VS. A DEMODULATION MODE CHANGE) 
380 D2 = (F(1) * 16) + F(2): POKE P,D2 
390 D3 = (F(3) * 16) + F(4): POKE P,D3 
400 D4 = (F(5) * 16) + F(6): POKE P,D4 
410 D5 = (F(7) * 16) + 00: POKE P,D5 
420 K = PEEK (PE): POKE P0,0: REM TEST AND CLEAR KEYBOARD 
430 IF K = 212 THEN GOTO 700: REM T - SET THRESHOLD 
440 IF K = 210 THEN GOTO 750: REM R - SUMMARY REPORT 
450 DA = 0: REM BEGINNING OF AGC TEST 
460 FOR I = 1 TO 8 
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copy of the ROM code in another portion 
of memory, then changes the code to be 
consistent with the slot number. 

"Garbage" Collection 
Line 280 forces a "garbage -collection" 
operation before each frequency change. 
("Garbage collection" is a term used to 

describe the computer's periodic recalcu- 
lation of available memory.) This action 
will occur unpredictably, if it is not forced 
and, thus, can occasionally interfere with 
proper timing of data pulses. This inter- 
ruption can result in the setting of unpre- 
dictable frequencies or modes. 

The program permits a new threshold 

620 FOR I = 1 

63C CALL 768 
64C DB = DB + PEEK ( -32611) 
650 NEXT I 

66C IP DB => T THEN GOTO 610: REM LOOP UNTIL CHANNEL IS 
67C FOR B = 1 TO 3000: REM DELAY FOLLOWING BUSY CHANNEL 
680 NEXT B 
690 GOTO 420: REM ADVANCE TO NEXT CHANNEL 
700 PRINT "NEW THRESHOLD VALUE? ";: PRINT T;: HTAB 23: REM SET 

NEW THRESHOLD VALUE 
710 INPUT ""; TT 
720 IF TT = 0 THEN GOTO 280: REM DOES NOT CHANGE THRESHOLD IF 

IS ENTERED 
730 T = TT 
740 GOTO 280 
750 PRINT "CHAN.:;: REM BEGINNING OF SUMMARY REPORT ROUTINE 
760 HTAB 6 

770 PRINT "ACTIVITY"; 
780 HTAB 23 
790 PRINT "FREQUENCY" 
800 FOR X = 0 TO 99 
810 IF L(X) = 0 THEN GOTO 910: REM TESTS TO SEE IF THERE IS 

ANYTHING TO REPORT 
820 HTAB 3 

830 PRINT X; 
840 HTAB 6 

850 PRINT L(X);" ("; 
860 PRINT INT (100 * (L(X)/W)); 
870 PRINT " %)"; 
880 HTAB 20 
890 PRINT R( X ) 1) / 10000; 
910 PRINT " "; D$( X - 1) 

910 IF R(X) < 60 THEN X = 99: REM TESTS TO SEE IF THIS IS THE 
LAST CHANNEL 

920 NEXT 
930 PRINT "END OF REPORT" 
940 GOTO 280 

47C CALL 768 
480 DA = DA + PEEK ( -32611) 
49C NEXT I 

50C IF DA < T THEN GOTO 280: REM TEST FOR BUSY CHANNEL 
51C L(G) = L(G) + 1: REM ADVANCE INDIVIDUAL CHANNEL BUSY DATA 

(USED IN SUMMARY REPORT) 
52C PRINT G;: REM PRINTS CHANNEL NUMBER 
53C HTAB 8 

54C PRINT DA;: REM PRINTS SIGNAL STRENGTH (RELATIVE AGC VOLTAGE) 
55C HTAB 20 
560 PRINT L(G);: REM PRINTS NUMBER OF TIMES CHANNEL WAS BUSY 
570 HTAB 25 
580 PRINT (C / 10000);: REM PRINTS FREQUENCY ASSIGNED TO THE 

CHANNEL 
590 PRINT " "; D$(G - 1): REM PRINT THE REMARK ASSIGNED TO THE 

CHANNEL 
60C W = W + 1: REM ADVANCE THE TOTAL 
610 DB = 0: REM BEGINNING OF ROUTINE 

STILL BUSY 
TO 8 

BUSY CHANNEL COUNTER 
TO SEE IF THE CHANNEL IS 

NOT BUSY 
RELEASE 

o 

value (similar to setting the squelch con- 
trol by manual means) to be used by 
pressing the "T" key on the Apple II's 
keyboard. The initial threshold value is 

set in line 220 of the program. It may re- 
quire adjustment, depending upon the 
level of electrical noise in the local envi- 
ronment. Manual squelch can be set inde- 
pendently of the software threshold, of 
course. 

Pressing the "R" key on the comput- 
er's keyboard will return an on -screen re- 
port of activity. However, if a particular 
frequency was not active, nothing will be 
reported. When a report is made, the per- 
centage figure displayed represents the 
number of stops at the reported frequen- 
cy, divided by the total number of stops. 
If a printer is activated with "PR#1" (or 
similar command) before running the 
program, a hard -copy printout of all 
screen activity will result. 

Program lines 450 through 490 mea- 
sure the receiver's automatic -gain con- 
trol (agc) voltage. This measurement is 

directly proportional to signal strength. 
Line 500 determines if the frequency is 

active or inactive. The agc voltage is mea- 
sured and summed eight times before be- 
ing compared to the threshold value. This 
method seems to differentiate between 
voice and other modulation patterns. 
Lines 510 through 690 in the program 
continue to test signal strength, and delay 
after the frequency is clear. 

The delay time is set in line 670 of the 
program. The value "3000" permits five 
seconds of delay. This feature allows the 
computer to pause a reasonable period of 
time on a formerly active frequency, to 
await a reply. This "dwell" time can be 
adjusted by changing the initial value in 
line 670. 

Running the Program 
The following lines can be added to 
Listing 1 to verify that the program is op- 
erating correctly: 

495 PRINT "SCANNING "; DA 
655 PRINT "HOLDING "; DB 
685 PRINT "DELAYING" 
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These program additions can help deter- 
mine the correct initial value for the 
threshold. "SCANNING" and the pro- 
gram variable "DA" value are printed on 
the computer's video screen while the 
Yaesu receiver is scanning under comput- 
er control. 

Following the first value above the 
threshold value printed, the screen indi- 
cates "HOLDING," which is then fol- 
lowed by the program variable "DB" 
values. When a DB value that is below the 
threshold value is printed, the program 
prints "DELAYING" and begins the de- 
lay discussed above. Following the delay, 
the program scans at the busy frequency 
once again to determine if it is still busy 
and prints another DA value before pro- 
ceeding to the next phase. 

Once proper program operation and 
threshold values have been determined, 
the lines given in Listing 3 should be re - 

Listing 2. Optional Program Lines 

7 R(6) = 21: REM WILL SET WIDE SAND AM DEMODULATION 
8 R(7) = 1215000: D$(7) = "EMER.AIR": REM AIRCRAFT FREQUENCY 
9 R(8) = 22: REM WILL SET NARROW BAND FM DEMODULATION 
295 IF C > 15 AND C < 24 THEN Dl = C: GOTO 370 

Note: R(X) = 17 will set upper sideband. 
R(X) = 23 will set wide -band FM. 
R(X) = 20 will set narrow -band AM. 

moved from the main program. If they 
are not deleted, these extra lines will slow 
the scan operation. 

Because different activities require dif- 
ferent frequencies, I have one program 
version crammed with all the published 
frequencies that are active in my area and 
other programs tailored to specific situa- 
tions, like ham, fire, police, aircraft, etc. 
activities. 

I also control my Yaesu FRG -8800 hf 
communications receiver with my Apple 
II computer and a second Yaesu inter- 
face, This second interface card is in- 
stalled in my Apple II computer's slot 3. 

With the information presented here, 
you should find the task of interfacing 
the Yaesu FRG -9600 vhf/uhf communi- 
cations receiver and other Yaesu CAT 
products a little easier to perform. 

Organize and Protect 
Your Copies of 

THE MAGAZINE FOR ELECTRONICS 8 COMPUTER ENTHUSIASTS 

Now there's an easy way to organize and keep copies of your 
favorite magazine readily available for future reference. 

Designed exclusively for ME 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 yourr 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. 

Cases and binders designed to 
hold a year's issues (may vary with 
issue sizes). 
Constructed of heavy reinforced 
board, covered with durable 
leather -like material. 
Title hot -stamped in gold. 

Free personalization foil for index- 
ing year. 
Cases V -notched for easy access. 
Binders have special spring mech- 
anism to hold individual rods 
which easily snap in. This allows 
magazines to be fully opened for 
easy readability. 
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The Laser Cookbook by Gordon 
McComb. (Tab Books. Soft cover. 404 

pages. $17.95.) 
This is a "hands-on" book for readers 

who not only want to know about heli- 

um -neon and semiconductor lasers and 
how they operate, but want to build proj- 
ects around them that they can put to 
practical use. Though it does give healthy 
doses of theory, the book's main thrust is 

the 88 practical projects it details how to 
build. To get things started, though, 
there are a few introductory chapters that 
deal with general topics, like the develop- 
ments leading up to the laser, safety pre- 
cautions to be observed when working 
with lasers, and the anatomy of the typi- 
cal He -Ne laser. From here onward, the 
book concentrates on projects and tech- 
niques. 

This book covers a wide range of topics 
and applications. Among them are com- 
munication over a laser beam, creating 
and viewing three-dimensional holo- 
graphs, building equipment for creating 
fascinating laser light shows, studying 
aerodynamics and airflow, coherent - 
light seismology experimenting and using 
a lase- beam to create intrusion -detection 
systems. Aside from these, the book also 
covers use of fiber optics in laser systems. 

Using this book, the reader can con- 
struct a Michelson interferometer, free - 
air light communicator, He -Ne laser pis- 
tol, perimeter burglar alarm and dozens 
more projects. Accompanying each proj- 
ect entry are a full circuit diagram, com- 
plete parts list, an explanation of how the 
projects operates and a discussion of how 
to use it. Other detailed drawings are sup- 
plied where needed. Projects are geared 
to both the the curious person who has no 
technical training with lasers as well as 

the more advanced person who wishes to 
get deeper into experimenting with laser 
techr-ology and applications. To this end, 
some application topics like light -beam 
communications, holography and light 
shows have separate beginners and ad- 
vanced chapters. 

Tc make the book as complete as possi- 
ble, the author includes a chapter devoted 
entirely to tools for laser experimenting 
and another to buying laser parts. Addi- 
tionally, an appendix gives sources for 
components, parts and systems and an- 
other appendix lists magazines and books 
to check out for further study. In sum, 

this book provides a fascinating tour 
through the world of lasers. It is well writ- 

ten, amply illustrated-and lots of fun. 

NEW LITERATURE 
Full Product Line Catalog. The Spring 
edition of the Heathkit catalog is now 
available. Listed, pictured and fully de- 

scribed in the colorful 98 -page catalog are 
hundreds of kit and factory -assembled 
products ranging from audio/video to 
communications to test equipment to 
computers and more. Among the new of- 
ferings described in this catalog is a 

27 -inch digital color TV receiver with pic- 
ture -in -picture capability that lets one 
view two channels or sources simulta- 
neously on the same picture screen. Other 
items highlighted in the catalog are 
Heath's first radio -controlled sailboat, 
airplanes, and a complete selection of 
fish -finding and navigational equipment. 
For a free copy, write to: Heath Co., 
Dept. 350-041(ME), Benton Harbor, MI 
49022. 

Workstation Service Catalog. Jensen's 
new 32 -page "Workstation Service Cata- 
log" lists products designed for cost-ef- 
fective troubleshooting, service and re- 

pair of data processing equipment. The 
fully detailed and illustrated catalog lists 
the company's most popular workstation 
tool kits, diagnostic software, tools and 
test equipment. Included are product list- 

ings for disk drive maintenance, data 
communications equipment, peripher- 
als, installation and networking, cable 
testing, soldering, circuit -board repair, 
power protection, static control and 
more. For a free copy, write to: Jensen 
Tools Inc., 7815 S. 46 St., Dept. ME, 
Phoenix, AZ 85044. 

Test Equipment Catalog. Now available 
from Global Specialties is a 32 -page cata- 
log that describes electronic testing and 
prototyping equipment. Included are 
Global's full line of breadboarding prod- 
ucts, logic test equipment, power sup- 
plies test instruments and accessories. 
New products featured in this edition in- 

clude a low-cost Model DSA-250 digital 
storage adapter and a line of data com- 
munications equipment. For a free copy, 
write to: Global Specialties, P.O. Box 

1405, Dept. ME, New Haven, CT 06505. 

If you enjoy Amateur Radio, 
you'll enjoy CO_ 

ç(NVINU AMATEUR RADIO 

OCTOBER 

SINCE1051 

S'.50 

í.u45 

.CO 

i 

1987 C 

Allen 

St 1 ' A010 AMATIUN'S JOURNAL V 
It's a different kind of ham magazine. Fun 

to read, interesting from cover to cover, 
written so you can understand it. That's 
CO. Read and enjoyed by over 80,000 
people each month in 116 countries 
around the world. 

It's more than just a magazine. 
It's an institution. 

CQ also sponsors these thirteen world 
famous awards programs and contests: 
The CO World Wide DX Phone and CW 
Contests, the CO WAZ Award, the CO 

World Wide WPX Phone and CW Contests. 
the CO World Wide VHF WPX Contest, 
the CO USA -CA Award, the CO WPX Award, 

the CO World Wide 160 Meter Phone and 
CW Contests, the CO Five Band WAZ Award, 
the CO DX Award, and the highly acclaimed 
CO DX Hall of Fame. Accept the challenge. 
Join the fun. Read CO. 

Also available in a Spanish language 
edition. Write for rates and details. 

SUBSCRIBE TODAY! 
_ _ _ _ _ _ _ _ _. _ 

76 North Broadway 
C U 

The Radio Amateur's Journal 

Hicksville, NY 11801 

Please start my CO subscription with the 
next available issue. 
Enclose payment or charge information 
with order. Term and Rate (check one): 

USA VE/XE Foreign 

1 Year E 19.95 22. E 24. 
2 Years 38. 42. 46. 
3 Years 57. 63. 69. 

Paid by: E Check E Money Order 

VISA E MasterCard 

Card Number: 

Allow 6.8 weeks for delivery of first issue 

Name 

Street 

City 

State or Country Zip 
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PICKS UP A WHISPER 50 FEET AWAY! 

The model WAT -50 miniature FM tranmltter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 
battery and you can hear every sound in an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz - 130mhz. Easy to assemble kit 
includes all parts and instructions. Only 29.98 tax incl. 

The WIRELESS TELEPHONE TRANSMITTER model 
WTT-20 is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 
with crystal clarity. Completely automatic. Uses power 
from the telephone line itself - never needs a battery! 
Up to 1/4 mile range. Tunes from 70mhz -130mhz. Easy 

to assemble kit Includes all parts and instructions. On- 

ly $29.98 tax Incl. 
Call or send MO, VISA, MC for immediate delivery. 
Single kit orders Include $1.50 SAM. FREE SHIPPING 
on orders of 2 or more. All orders shipped by U.S. Mail. 
COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914.232.3878 

CIRCLE 57 ON FREE INFORMATION CARD 

Free Product Information 
Readers can obtain free information on 
products advertised by the above compa- 
nies, as well as for some editorially men- 
tioned products. Simply circle the appro- 
priate number printed below an adver- 
tisement onto the Modern Electronics 
"Free Information Service" card bound 
into this issue. After filling in your name 
and address, just mail the postpaid card. 
Your request will be forwarded directly 
to the advertiser with a mailing label pre- 
pared by our reader -service department 
to ensure speedy response. 

CABLE T.V. CONVERTERS 
WHY PAY A HIGH MONTHLY FEE? 

All Jerrold, Oak, Hamlin, Zenith, Scientific 
Atlanta, Magnavox and all specialized cable 
equipment available for shipment within 24 
hours. For fast service MC / VISA or C.O.D. 
telephone orders accepted (800) 648-3030 
60 Day Guarantee (Quantity Discounts) 
8 A.M. to 5 P.M. C.S.T. Monday through 
Friday. Send self-addressed Stamped 
envelope (601 postage) for Catalog. 

MIDWEST 5143 (ME) W. Diversey 
ELECTROf11CS inc. Chicago, IL 60639 

No Illinois Orders Accepted. 

MODERN ELECTROMCS MART 
Classified Commercial Rates: $1 per word, 15 -word minimum ($15.00) prepaid. (Word 

count includes name and address; ZIP code and abbreviation each count as one word; 

P.O. Box number and telephone number count as two words each.) Indicate free cate- 

gory heading (Computers, Communications, Electronics, Video or Miscellaneous). A 

special heading is available for a $6 surcharge. First word only is set boldface caps at no 

charge. Add 20% for additional boldface words. 
Non -Commercial Rates: FREE to subscribers, as space permits; maximum 15 words. A 

recent MODERN ELECTRONICS mailing label must accompany ad. 
(All advertisers with P.O. Box addresses must supply permanent address and telephone 

number. Copy is subject to publisher approval.) 
Mailing Information: Copy must be received by the publisher by the 25th of the third 

month preceding the cover date. Send Advertising material with check or money order or 

credit card information (Visa or MasterCard only) with number and expiration date to: 

MODERN ELECTRONICS, Classified Department, 76 N. Broadway, Hicksville, NY 

11801. 

VIDEO 
DESCRAMBLERS. All brands. Special: Jer- 
rold combo 400 and SB3 $165. Complete cable 
descrambler kit $39. Complete satellite de - 
scrambler kit $45.00. Free catalog. MJO IN- 
DUSTRY, Box 531, Bronx, NY 10461-0531. 

VHS -VCR Repair Solutions Volumes 1,II,III, 
IV. Each contains 150 symptoms and cures, 
cross reference chart, free assistance. Each 
$11.95, any two $19.95, any three $29.95, all 
$39.95. Eagle Electronics Box A, 52053 Locks 
Lane, Granger, IN 46530. 

ELECTRONICS 
VOICE Disguisers! FM Bugs! Telephone 
Transmitters! Phone Snoops! Bug Detectors! 
More! Catalog $1.00: XANDI ELECTRON- 
ICS, Box 25647, "KK", Tempe, AZ 85285- 
5647. 

TUBES, Name Brands, New, 80% off list, 
Kerby, 298 West Carmel Drive, Carmel, IN 
46032. 

CB Tricks of the Trade book, CB repair tricks 
and tuning tricks. Send $19.95 to Medicine 
Man CB, P.O. Box 37, Clarksville, AR 72830. 

DESCRAMBLERS, Test Equipment, Elec- 
tronic Books, etc. Send $2 for info to B and R 
Enterprises, P.O. Box 662, Portage, MI 
49081. 

ELECTRONIC COMPONENTS Free 192 
page catalog including capacitors, resistors, 
relays, connectors, soldering equipment and 
supplies. Box 699, Mansfield, TX 76063. 
1-800-992-9943. 

FCC Commercial General Radiotelephone 
License Prep Course by correspondence. 60 
individual lessons, $89.50. Payment plan. 
Also BASIC COMPUTERS, $39.50; cer- 
tificates. Details free. AMERICAN TECH- 
NICAL INSTITUTE, Box 201, Cedar Moun- 
tain, NC 28718. 

SOLAR ELECTRIC SYSTEMS. Discount 
prices. SUN POWER - TEXAS, P.O. Box 
2788A -ME, Freeport, TX 77541, (409) 
233-8350. 

LASER Image Projectors. Complete Red - 
beam scanning systems. Red Line, 9737 Bal- 
boa Dr., St. Louis, MO 63136. 

LASER LISTENER II, other projects. Bug- 
ging, descrambling, false identification, infor- 
mation. Plans, kits, other strange stuff. In- 
formational package $3.00 refundable. DIRI- 
JO/BOND ELECTRONICS, BOX 212, 
LOWELL, NC 28098. 

AT LAST! An educational and practical cir- 
cuit! Mutes stereo/TV when phone rings or is 
in use. Schematic $5.00 with power supply. 
Phone jacks $14.00. COYOTE CONTRAP- 
TIONS, 1906 S. Espina, Suite 30, Las Cruces, 
NM 88001. 

DETECTION -Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest High - 
Tech Catalog $5. DETECTION SYSTEMS, 
2515 E. Thomas, #16-864H, Phoenix, Ari- 
zona, 85016. 

ELECTRONIC fish detector. It brings the 
ageless pleasure of fishing right into the elec- 
tronic age. And it's low cost is within the reach 
of everyone. Send $5.00 and SASE for info. to 
James Tyler, 107-51 139 St., Jamaica, NY 
11435. 

SURVEILLANCE, Debugging, Protection 
Worlds largest new catalog - $5.00. Kits - As- 
sembled - All price ranges, TECHNOLOGY 
SERVICES, 829 Ginette, Gretna, LA 70056. 

DIGITAL project: build yourself complete 
electronic car dashboards. Send $1 (refun- 
dable) for details. MODERN LABS, 2900S 
Ruisseau, Saint -Elizabeth, QC, JOK 2J0, 
Canada. 

PROTECT your home and business from 
electronic eavesdropping and wire tapping! 
Complete counter measures catalog, $3.00 
"refundable." Diversivied Wholesale Prod- 
ucts, Box 1275 -ME, Redondo Beach, CA 
90278. 

TEKTRONIX 545A Oscilloscope, dual trace, 
30MHz $100.00 Test Equipment, parts. Low- 
est Prices. FREE Catalog. EF Electronics, 
Box 326, Aurora, IL 60507. 

CIRCUIT boards for projects in this maga- 
zine (and past issues) about half price. KLAY- 
Corporation, 106 Mark Drive, Syracuse, NY 
13209-1808. 

CHART Recorders- L&N, Esterline, Dick- 
son, others. New and used, Vi price or less. 
For list write: Data Tech, 2411 N. Waverly, 
Bossier City, LA 71111. 

CIRCLE 59 ON FREE INFORMATION CARD 
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CRYSTAL -controlled FM transmitter kit, 
transmit to scanner V2 mile away in 49MHz 
CB or 50MHz amateur band. Sensitive VOX 
circuit prolongs battery life, can be activated 
by voice from across the room. $29.95 post- 
paid. Andromeda Electronics, 125N Pros- 
pect, Washington, NJ 07882. 

TRACKER circuit for your x/y input oscillo- 
scope. Simple transformer/resistive circuit. 
Test diodes, transistors, IC's. Complete plans 
$8.00, kit $24.95, assembled $34.95. Tech 
Center, 200 North Madison, Edmond, OK 
73034. 

q UDIO 
DIGITAL stereos, speakers, amplifiers, 
equalizers, cassette recorders, walkmans, tele- 
phones, CBs, antennas. Catalog $1. Expo- 
tronics Enterprises Dept -M, 1222 Highland, 
Berwyn, IL 60402. 

COMPUTERS 
SOFTWARE. Schematic & PC Board Fonts, 
Electronic Programs & Dictionary. For c64 or 
c128 with Geos[tm]. Send $19.95 or write: 
Thomas Software, 1375 Beasley Rd., Jack- 
son, MS 39206. 

NEW PRODUCTS!! 
IRON SLEEVE 

Place a hot soldering iron in your toolkit without having 
to wait for it to cool! 
Save wasted time) Lncrew productivity/ Insulated caller protects while it 
absorbs the iron. hat. Fite molt pop) ar snldaring irons. 11 long tub 1.0 
diameter. Only 819.96 Three for $49.9 I 

WINDOW COUPLER 
Run coax from outside to inside right 
through the glue! No Heal No 
pinched coal No Draft.) May modeh! 
SCANNER/TV ao-600MHe, gdb los,'F cone WPO-TV 849.96. 

TAPE SAVER 
Connecte your saner to tape 
recorder for action only 
recording. $49.96 

ELECTRON PROCESSING, INC 
P.O. BOX 708 
MEDFORD, NY 11783 
(618) 784-9798 

SEND FOR FULL DETAILS! 

APARTMENT 
ANTENNA! 

VAR-TENNA mount. to window 
with suction cup. SCANNERS, TV, 
FM, HAM. 39-699M11. Specify UHF, 
BNC or F connector. $19.96 

SIGNAL INTENSIFIER 
RF PREAMPLIFIERS 
Ca RFTR amplio,, received gig - 

nabs 13db1 AM -849.96 008- 
$84.96 VHF MARINE 199D5 

SCANNER RFP-40 0.6-1300MH. 
15db gain. 2.9 nf. BNC, UHF, P 
con. wail. 119AC power. 889.96 

MANY MORE MODELS) 

ADD 54 S/H & Tax if NY 

CIRCLE 61 ON FREE INFORMATION CARD 

Surface Mount Chip Component 
Prototyping Kits - 

Only 

4995 

CC -1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from 1pf to .338f. CR -1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 100 to 10 mega. 
Sizes are 0805 and 1206. Each kit is ONLY $49.95 and 
available for Immediate One Day Delivery! 

Order by toll -free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre -paid orders. Company 
P.O.'s accepted with approved credit. Call for free 
detailed brochure. 

Me OrCOMMUNICA I SPECIALISTS, INC. 2 426 West Taft Ave. Orange, CA 92665-4296 
Local (714) 998-3021 FAX (714) 974-3420 

Entire USA 1-800-854-0547 

COMPUTER REPAIR DEPOT. IBM, Com- 
paq, Apple, AT & T, and many others. CaL 
Bi-Tronix, Inc. (408) 236-3385 or (209) 952- 
7116, PO Box 23069, San Jose, CA 95153. 

APPLE and IBM compatible computers from 
$399, monitors from $69. Printers, disk 
drives, paper, diskettes, and more. Send 
SASE for complete list. Mr. G's Computers, 
R. R. #5 -Box 205A, Portland, Indiana 47371. 

VIRUS KILLER DISK. $5.00 with FREE 
P.D. software catalog. P.C. Enterprises, Box 
1217-A, Hamilton, Ontario, Canada L8N 4B4 
Specify: IBM -5.25 ", ATARI -ST 3.5 ". 

POLICE database program! Suspect Identifi- 
cation System matches case suspect descrip- 
tions with your department's known subjects. 
Retrieve records and print records by ANY 
descriptive criteria. One billion record capa- 
city. Up to 20 times faster than dBASE! Re- 
quires MS-DOS, 512K, hard drive. Send 
$89.95 to Nelson Communications, Box 946, 
Bronxville, NY 10708. 

COMMUNICATIONS 
ALUMINUM image transfer process, your 
artwork to aluminum. Write: J & E Enter- 
prises, 2457 N. Marmora, Chicago, Illinois 
60639. 

CLASSIFIED ADVERTISING ORDER FORM 

Mail this form with payment to MODERN ELECTRONICS, Classified Dept., 76 N. Broadway, 
Hicksville, NY 11801. 

Name: 

Street Address* 

City: State* Zip* 

Check category you wish to be listed under or note a special heading ($6 additional) you want. 

( ) Audio ( ) Communications ( ) Computers ( ) Electronics 
( ) Miscellaneous ( ) Wanted ( ) Special Heading 

( ) Video 

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 20% more each (initial 
boldface word is free). Minimum charge is for 15 words. 

Free Boldface 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 15 ($15) 16 ($16) 

17 

$ 

($17) 18 ($18) 19 

(PLEASE ADD) 

Extra Bold Words @ 20 cents $ 

($19) 

Special Heading ($6) 

20 ($20) 

TOTAL PAYMENT ENCLOSED (Check or Money Order) $ 

Payment may also be made by MasterCard or Visa. For this, please fill in information below. 

Credit Card Number Expire Date 

Print Full Name Signature 

"If a box number is used, please supply your permanent address and telephone number for our records. 
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COMMUNICATIONS PLANS, BOOKS, 
KITS! AM/FM broadcasting (licensed/unli- 
censed), 1750 Meter transceivers, ham/CB 
amplifiers, surveillance bugs, more! FREE 
catalog, PAN-COM, Box 130-ME6, Paradise, 
CA 95967. 

C18: -I: I % I:Qt 11a111.NI 

CABLE DESCRAMBLER LIQUIDATION. 
Major makes and models available. Industry 
pricing! (Example: Hamlin Combo's, $44 
each - . minimum 10 orders). DEALERS 
ONLY! Call West Coast Electronics, (818) 
709-1758. 

('ABLE I:Qt'IPti11:N1 

CABLE TV Secrets - the outlaw publication 
the Cable Companies tried to Ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers List Included. 
$8.95. Cable Facts, Box 711 -ME, Pataskala, 
Ohio 43062. 

VIDEOCIPHER 11 

VIDEOCIPHER II Manuals. Volume 1 - 

hardware, Volume 2 - software. Either $32.45. 
Both $54.95. Volume 3 - Projects/software - 

$42.50. Volume 4 - Repair - $97.45. CODs - 

1-602-782-2316. Catalog -$3.00 TELECODE 
Box 6426 -ME, Yuma, AZ 85366-6426. 

IN1T:N LORS 

INVENTORS! Can you profit from your 
idea? Call AMERICAN INVENTORS COR- 
PORATION for free information. Over a de- 
cade of service, I-800-338-5656. In Canada 
call (413) 568-3753. 

('ABLE TV CONVERTERS 
YOUR cable TV converter and descrambler 
bargain headquarters: Zenith, Tocom, Ham- 
lin, Scientific Atlanta, Oak, Jerrold. Order 
yours today. VISA -MC COD. (415) 584-1627. 

AUTO SECURITY 
PROTECT your automobile inexpensively! 
15 minute installations, easy assembly. Com- 
plete, thorough instrucations. Kit- $3.99, As- 
sembled- $5.99. D-Btronics Inc., 111 Elk 
Trail, Carol Stream, IL 60188 (IL add 7%). 

CABLE I1 

CATV converters & descramblers. Quality 
products. Professional service. Call 1-800- 
541-5487. VISA M/C accepted. Mountain - 
tech Inc., Box 5074, Mt. Crested Butte, CO 
81225. 

CABLE TV DESCRAMBLERS 
JERROLD, Scientific Atlanta, Zenith, all ma- 
jor brands available. Dealer inquiries wel- 
come. VISA/MC accepted. Call for informa- 
tion. 1-800-638-6898. E & O Video Inc., 9691 
E. 265th, St. Elko, MN 55020. 

ELECTRONIC COMPONENTS 
FREE 192 -page catalog including capacitors, 
resistors, relays, connectors, soldering equip- 
ment and supplies. BOX 699, MANSFIELD, 
TX 76063. 1-800-992-9943. 

MISCELLANEOUS 
BUY 20,000 oriental import products below 
wholesale. Bevans, Dept. -PE, 9 King Richard 
Ct., Baltimore, MD 21237. 

TEXT TO SPEECH BOARD! 
PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK! 

A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL 
INSTRUMENTS SP0256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH 
CONVERTER. 
THIS BOARD USES ONE SLOT ON THE 
MOTHERBOARD AND REQUIRES A COM 
SERIAL PORT. BOARD MAY ALSO BE USED IN A .* ` 
STAND ALONE ENVIRONMENT WITH ALMOST -. 
ANY COMPUTER THAT HAS A RS232 SERIAL 3' ` 
PORT. FEATURES ON BOARD AUDIO AMP OR 
MAY BE USED WITH EXTERNAL AMPS. 
DEMONSTRATION SOFTWARE AND A LIBRARY - 

BUILDING PROGRAM ARE INCLUDED ON A 5'/. - - 

INCH PC/XT DISKETTE. FULL DOCUMENTA- 
TION AND SCHEMATICS ARE ALSO INCLUDED. 

$6995 
NEW! f.eG . 

ASS SBL 

NEW! IC TESTER! $149.00 
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS 
ALMOST ALL 14, 16, AND 20 PIN 74XX SERIES. INCLUDES STANDARD POWER, "S" AND 
"LS" DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN 
DETERMINE PART NUMBERS OF MOST UNMARKED AND HOUSE NUMBERED DEVICES 
WITH S MPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! W ITH MANUAL 
AND SOFTWARE 5149. PERFECT FOR SCHOOLS. 

PC/XT EPROM 
PROGRAMMER 

$169 

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER 
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL 
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY 
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V.* 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING 
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A,27128, 27128A, 27256, 
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH 
SOFTWARE. 

ASK ABOUT 
OUR NEW 

PAL 
PROGRAMMER! 

* FEATURES EASY 
OR MS-DOS. * USES AN 

FAST (8X) EPROM 
MINI CHASSIS 

MODULES 
EPROM DATA CAN 

SOFTWARE 
27256A, 27512, AND 

MANUAL. $169 WITH 

JUST RECEIVED. SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNITS AT ONE 
TIME - 5299. 

Digital Research Computers 
P.O. BOX 381450 DUNCANVILLE, TX 75138 (214) 225-2309 

TERMS: Add 53.00 postage. We pay balance. Orders under 515 add 75E handling. No 
C.O.D. We accept Visa and MasterCard. Texas Res- add 6-1/4°/o Tax. Foreign orders 
(except. Canada) add 20°/, P 8 H. Orders over $50 add 854 for Insurance. 

ASIAN LADIES want correspondence for 
friendship, marriage, SUNSHINE INTER- 
NATIONAL, Dept. TW, Box 5500, Kailua- 
Kona, HI 96745. (808) 325-7707. 

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 
5175.00 - 6 month Warranty - Phone Tap Catalog 13.00 
LISTEN ELECTRONICS, 603 Elgin. Muskogee. OK 74401 

1 -800 -633 -TAPS 

DETAILED PLANS: 54.95 

TV -SCOPE 
PENN RESEARCH, Box 3543 

Williamsport, PA 17701 

FINALLY! 
An interesting and worth- 

while project. This EASY - 

TO -BUILD circuit lets you 

use any regular TV set as 

a simple OSCILLOSCOPE. 

Build for less than 510. 

NO MODIFICATIONS TO TV! 

Single or dual tracé. 

Send for FREE CATALOG of 

other plans and kits. 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 

800-442-9333 

*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

I'LL ELECTROf 11CS CORK. 
10 AMP SOLID 

STATE RELAYS 
ELECTROLs52181 
CONTROL .,-\ 
Rated 55a 10 Vdc \-1L, 
(will operate on 3-32 Vdc) , 
LOAD. 10 amp (4 240 Vac \ 
2 114 X 1 314 X 7A1 

CATS SSRLY-10B $9.50 each 
QUANTITY DISCOUNT 

10 for $65.00 25 or $175.00 
50 for $30000 10010r $.500.00 

STROBE KIT 

Y/ `i1 / al/ rt V to ` 1 
"''' 

Variable rate soobe kn. Hashes be 
Tween 60 to 120 times per minute. Will 
operate on either 6 or 12 Vdc depend- 

ing upon how you wire the circuit. 
COmu complete with P.C. board and 

instructions for easy assembly. 
CATS STROBE -1 $7.50 each 

CASSETTE MECHANISM 
Alpine cassette 
transport - 

merhanóm w. ti 
. Includes stereo tl ' ;._ 

tape head, 
Mitsubishi a MET3RF2B 13.2 Vdc 
motor. belt. pulleys, capstan, last - 
forward. rewind and eject actuator. 
Does not include amplifier section. 
6 12.X 51/4' X 1 314. 

CATS CMEC-5 07.50 each 
10 for $65.00 
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CALL OR MAIL ORDERS To: 

ORDER TOLL FREE 
800-826-5432 WRITE 

FOR OUR 

FREE 

4;Yr.. .., - 

-. NN 
r 
tl 

i 

r,ei 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

INFO: (818)804-0524 
FAX: (8/8)781.2653 .,,.... 
YMIYUY ORDER 1-2.00 

CATALOG 
OVER 
4000 

PARTS! 

,v 
rj7}[ _ +2,.,. . 

.r -r 

TWO -º+0,0101., (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND 82.00 POSTAGE 

FOR A CATALOG!! 

QUANTITIES LIMITED 
CAUF. ADD SALES TAX ugzu 

USA: 10.00 SHIPPING 
FOREIGN ORDERS r 

INCLUDE SUFFICIENT L- J 
SHIPPING. NO C.O.D. 
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ADVERTISERS' INDEX LETTERS ... 
RS# Page # 

53 AMC Sales 73 
52 ARRL 63 
54 All Electronics 81 
75 C&S Sales 13 

98 Cleveland Institute of Elec..Cov 111 

- Command Productions 27 
62 Communications Specialists 80 
55 Consolidated Electronics 71 

148 Cook's Institute 66 
57 Deco Industries 78 
89 Digi-Key Corp 79 
60 Digital Research Computers 81 
- Electronics Book Club 9 

61 Electron Processing Inc 80 
- Grantham 3 

115 Heath Co 5 

95 Kenwood, USA Coy. IV 
- Listen Electronics 81 

59 Midwest Electronics 78 
56 Mouser Electronics 73 
- NRI Schools 25 

176 OptoElectronics Coy. II 
- Pacific Cable Co., Inc. 7 

58 Parts Express International 6 

Penn Research 81 
51 SCO 66 
- Trans World Cable Co. 81 

We'd like to see your company listed here too. 
Contact Jonathan Kummer at 516-681-2922 to 
work out an advertising program tailored to suit 
your needs. 

(from page 7) 

Publication of the "Programmable 
Appliance Timer" (February 1989) and 
"UV Exposure Light" (March 1989) 
couldn't have been at a more fortuitous 
time for me. I've needed this combina- 
tion for some time now and thought I 

would have to design them myself. As 
you can see in the photo of both projects I 
built, I made a few modifications in the 
Exposure Light to create a cleaner ap- 
pearance. But to get both projects to 
work, some changes had to be made in 
the published material. 

In the Timer article's Parts List, 
change C4's rating to 25 volts, change the 
value of R33 to 820 ohms and include 
XTAL1 with a frequency of 32.768 kHz. 
Labeling of IC8 and IC9 in Fig. 1 should 
be transposed and some gates relabeled to 
conform to Fig. 6, though Fig. 1 is tech- 
nically correct. (It would have been help- 
ful if pin numbers had been included in 
the schematic.) In the Light article, Fig. 
2, label the top ends of B1, B2 and B3 

with B1A, B2A and B3A, respectively, 
and use these three designations to re- 
place NI C, N2C and N3C in Fig. 4. The 
Parts List specifies 15 -watt starters for 
the lamp, while 20 -watt units are men- 
tioned in the text. Either can be used, 
though I would go with the latter. 

David H. Bevel 
Norcross, GA 

NEW PRODUCTS ... (from page 13) 

Low -Cost 80386 Computer 
HiTech International (San Jose, CA) 
announces a low-cost 16 -MHz 80386 
computer that is claimed to be Com- 
paq compatible. The Model SAM - 

30001/386 computer comes with 1M 
byte of RAM and a 1.2M -byte floppy 
disk. It also includes hard/floppy- 
disk controller, 200 -watt power sup- 
ply and 101 -key enhanced keyboard. 
Optional are 80287 and 80387 math 
coprocessors, hard disks and video 
monitors. $999. 

CIRCLE 76 ON FREE INFORMATION CARD 

20 -MHz Oscilloscope 
Leader Instruments Corp. has a new 
modestly priced two -channel 20 -MHz 
bench oscilloscope. The Model 1021 
scope features an ergonomic front 
panel that is said to make operation 
simple and straightforward while of- 
fering comprehensive triggering con- 
trols that include variable trigger 
hold -off, TV -V and TV -H sync sep- 
arators, LF-Reject and line trigger- 

ing. The scope offers 1 mV sensitivity 
so that very -low-level input signals 
can be observed on the 8 x 10 -cm 
rectangular CRT screen. An internal 
graticule, automatic focus and scale 
illumination are standard features. 
The scope is housed in a rugged metal 
case and comes with a carrying handle 
that doubles as a tilt stand. $550. 
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EXPAND YOUR CAREER HORIZONS... 

START WITH CIE. 
Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 
You can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call toll -free 
1-800-321-2155 (in Ohio, 1-800-362-2105) or mail in 

CIRCLE 98 ON FREE INFORMATION CARD 

The CIE Microprocessor Trainer helps you to learn how circuits with 
microprocessors function in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

CIEWorld Headquarters 
AMO -142 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street Cleveland, Ohio 44114 

Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. 

Check box for G.I. Bill bulletin on Educational Benefits 
Veteran Active Duty MAIL TODAY! 

Just call toll -free 1-800-321-2155 (in Ohio, 1-800-362-2105) 
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¡IANX 

KENWOOD 
pacesetter in Amateur Radio 

POWEF . ON 

Al OFF 

VOICE TIMER DIM 

COMMUNICATIONS RECEIVER 

MODE/KEY 
CLOCKI OFF CLOCK2 

OÑ OFF TIME 
TIM TIME SET 

8fß SP 
.,.E$ pedprmartcé Pe e 

receivers. 
Scan the entire frequency 
range from 100 kHz to 905 
MHz with Kenwood's 
R-5000, R-2000 and 
RZ-1. Listen in on 
foreign music, news, 
and commentar,. 
Monitor local pdice, 
fire, and other pi blic 
safety services, as well as the 
Marine channels, and the many other 
services 50 MHz and above. 
(The VHF converter options must be used in the R-5000 
and R-2000.) 

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 

1 r fo r rf ri 
1 r. 1 _I J. u 

r M.SCR ___. ANT Y._.__ ANT2 _ NOTCH FLOCK 

HOUR MINUTE 

A B FLOCK 

STEP A -B 

-HF/VHF 
C]íß.11 MHz m 

super easy! Other useful features 
include programmable scanning, large, 
built-in speaker, 110 volt AC or 12 volt DC 

operation (with optional DCK-2 cable), 
VHF capability (108-174 MHz) with the 
VC -20 option, dual 24 -hour clocks with 
timer, and even voice frequency readout 
with the VS -1 option. 

RZ-1 
Wide -band scanning receiver 

The RZ-1 wide -band, scanning receiver 
covers 500 kHz- 905 MHz, in AM, and 
narrow or wideband FM. The automatic 
mode selection function makes listening 

easier. One hundred memory channels 
with message and band marker, direct 
keyboard or VFO frequency entry, and 
versatile scanning functions, such as 
memory channel and band scan, with 
four types of scan stop. The RZ-1 is a 

12 volt DC operated, compact unit, with 
built-in speaker, front -mounted phones 
jack, switchable AGC, squelch for narrow 
FM, illuminated keys, and a "beeper" to 
confirm keyboard operation. 

Optional Accessory 
PG -2N Extra DC cable 

SELECTIVITY 501. -@-NOTCH 
AUTO 

N 11 

Ml 

1-112 2 

NB IF SHIFT AF -e-- RF 

N81 NB2 NOTCH 

R -20Q0 
The R-200d''is an all band, all mode 
receiver with 10 memory channels and 
many deluxe features such as program- 
mable scanning, dual 24 -hour clocks 

with timer, all -mode squelch and 
noise blankers, a large, front - 

mounted speaker, 110 volt AC or 
12 volt DC operation (with the 

DCK-1 cable kit), and 118-174 
MHz VHF capability with 

VC -10 option. 

Optional Accessories 
R-2000: 

VC -10 VHF converter DCK-1 DC 
cable kit for 12 volt DC use. 
R-5000: 
VC -20 VHF converter VS -1 Voice 

module DCK-2 for 12 volt DC operation 
YK-88A-1 AM filter YK-88SN SSB 
filter YK-88C CW filter MB -430 
Mounting bracket. 
Other Accessories: 

SP -430 External speaker SP -41 
Compact mobile speaker SP -50B 
Mobile speaker HS -5 Deluxe head- 
phones HS -6 Lightweight headphones 

HS -7 Mini -headphones. 

KENWOOD 
KENWOOD U.S.A. CORPORATION 
2201E. Dominguez St., Long Beach, CA 90810 
P.O. Box 22745, Long Beach, CA 90801-5745 

o 
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