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-.Radtelhaek Parts PlaceTM 
START SPRING PROJECTS TODAY AT RADIO SHACK 

Special -Order "Hotline" 
No Minimum Order 
No Postage Charge 

Your Radio Shack store manager 
can special -order a wide variety of 
parts and accessories from our 
warehouse -vacuum tubes, ICs, 
microprocessors, phono cartridges 
and styli, crystals, even SAMS 
Photofactso. No minimums, no 
postage charge. Just fast, direct 
delivery to our store near you. 

Electronic 
Counting Module 

Prewired! Heart of a 
Traffic/Event Counter 

1695 
Counts up to 99,999. Advanced (or reset) by external switch closure or 
digital circuit. Count rate up to 7 Hz. Features 1/2" LC display, panel -mount 
escutcheon and holder on back for required "AA" battery. Long battery 
life -draws only 4µA. 211/1 e x 13/e x1 /e': With data. #277-302 

Computer/Peripheral Connectors 
(2) 

(1) 
(3) 

Solder -Type D -Subs. Metal shield plus gold-plated pins and terminals 
for highest reliability. 

Fig. Description Cat. No. Only 
1 D -Sub 9 Male 276-1537 .99 
2 D -Sub 9 Female 276-1538 1.99 
3 Shielded Hood 276-1513 1.49 

111. 
(5) 

Solderless IDC-Type Connectors 

(6) 

Fig. Description Cat. No. Each 
4 D -Sub 25 Male 276-1559 3.99 

D -Sub 25 Female 276-1565 3.99 
5 36 -Pos. Male Printer 276-1533 4.99 
6 34 -Pos. Card -Edge 276-1564 1.99 
7 34 -Pos. Header 276-1525 2.49 

Super Adhesive 
349 

Works When 
Others Fail 

Forms a secure 
bond to most plas- 
tics, metals, ce- 
ramics and wood. 
Twin -plunger dis- 
penser eliminates 
measuring and waste. #64-2305 

Shunt Box 

Top-quality, shielded male -to - 
female RS -232 adapter. Wire in- 
cluded jumpers and board to suit 
your need. #276-1403 ... 9.95 

Chime & Buzzers 

.11111 
(2) (3) (1) 

(1) "Ding -Dong." #273-071 ... 8.99 
(2) Two -Tone. #273-070 9 95 
(3) Miniature Electronic Buzzers. 

DC Voltage Cat. No. Each 

11hto3 
6 
12 

273-053 
273-054 
273-055 

2.19 
2.19 
2.19 

Strobe Tube 

Super Bright! Long Life! 

Perfect for photo replacement or 
hobby projects and experiments. 
Trigger: 4 kV. Anode: 200V min. 
With circuit data. 
#272-1145 3 29 

Shielded Cables 

(1) 

11111113m»- 

(2) 

(3) Our 
Best! 

(1) Oxygen -Free Copper A/V Cable. 
6 feet, 6 mm dia. #278-1271 .... 5.95 
8 mm Diameter. #278-1272 .... 7.59 
(2) Dual Mike Cable. For balanced 
hookups. 30 ft. #278-1281 19.95 
(3) Super -Flex Mike Cable. Extra - 
supple. 30 ft. #278-1282 14.95 

Resistor Buys 

(1) 

(2) Precision Thermistor. Resist- 
ance changes in proportion to temper- 
ature. -50 to +110° C. 
#271-110 1 99 
(2) 15 -Turn Trimmer Pots. 3/4 watt. 
1k, #271-342. 10k, #271-343. 20k, 
#271-340 Each 1.49 

Etch Your Own Boards 
995 

Extra Etchant and 
Pens Available 

Archer' PC Board Kit 
includes two 41/2 x 3" 

Everything You Need copper -clad boards, 
For Two PC Boards resist -ink pen, sol- 

vent, etchant, layout strips/circles, tank, special 
Vie" drill bit and instructions. #276-1576 

Low 
As 

Tantalum caps 
59° ,. 
Each 

High capacity in a tiny package. 

µF WVDC Cat. No. Each 

0.1 35 272-1432 .59 
0.47 35 272-1433 .59 
1.0 35 272-1434 .59 

2.2 35 272-1435 .69 
10.0 16 272-1436 .79 
12.0 16 272-1437 1.19 

Service Chems 
(1) 

(1) Color -TV Tuner/Control 
Cleaner. #64-2320 3 19 

(2) Precision Lubricator. 
Needle -tip applicator reduces 
spills and waste. #64-2301, 1.69 

Autoranging Probe DVM 

3995 
I e 

Measures to 400 volts AC/DC and resistance. 
It's really handy for tight spaces. Data hold 
freezes display and lets you remove tester for 
easy reading. Has continuity sounder, low - 
battery indicator. Overload protected. Ready to 
use with batteries, manual, case. #22-165 

'Pro' Soldering Station 

3995 
Solder Better, Faster! 

Selectable 15/25 -watt 
power, grounded tip to 
protect sensitive com- 
ponents. Tip -cleaner 
pad. Ironclad replace- 
ment and surface - 
mount tips available. 
UL listed AC. #64-2057 

Over 1000 items in stock! Binding Posts, Books, Breadboards, Buzzers, Capacitors, 
Chokes, Clips, Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, 
Multitesters, PC Boards, Plugs, Rectifiers, Resistors, Switches, Tools, Transform- 
ers, Transistors, Wire, Zeners, More! 

Prices Apply at Participating Stores and Dealers Radio Shack -A Division of Tandy Corporation. 

Radrelhaek 
AMERICA'S 

TECHNOLOGY 
STORE"i 

A 
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Andy is a Ham Radio operator and he's having 
the time of his life talking to new and old friends 
in this country and around the world. 

You can do it too! Join Andy as he communi- 
cates with the world. Enjoy the many unique and 
exclusive amateur bands ... the millions of fre- 
quencies that Hams are allowed to use. Choose 
the frequency and time of day that are just right 
to talk to anywhere you wish. Only Amateur Ra- 
dio operators get this kind of freedom of choice. 
And if it's friends you're looking to meet and talk 

with, Amateur Radio is the hobby for you. The 
world is waiting for you. 

If you'd like to be part of the fun ... if you'd like to 
feel the excitement ... we can help you. We've 
got all the information you'll need to get your 
Ham license. Let us help you join more than a 
million other Hams around the world and here at 
home. Who are we? We're the American Radio 
Relay League, a non-profit representative organ- 
ization of Amateur Radio operators. 

For information on becoming a Ham operator 
circle number 110 on the reader service card or write to: 

AMERICAN RADIO RELAY LEAGUE Dewtingt 
COon, 225 

Mainnn. 

Street 
N 

This space donated by this publication in cooperation with the American Radio Relay League. 
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B, Inc. 
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1-800-826-7623 

MESSAGE STOPPER° 
,. Automatically stops your 

answering machine when 
you pick up any phone! 

ONLY $15.95 

ALL IN ONE 
REMOTE 

`r 
=:. aw 

,a7=k1 am 
. I .- 
- i-`_ij 

---. 

Tired of having 3 or 4 different 
remotes on the coffee table? 
Then this remote is for you! 

YOUR COST $59.95 

MTS TV 
STEREO DECODER 

-. ,- 
Receives 

Noise 
Hear true stereo TV sound. 
bilingual programming. Dolby 

Reduction® Sleek high-tech technology. 

SPECIAL $99.95 

WIRELESS DOOR CHIME 
Now have remote 
chimes with 
Simply plugs 

electrical outlet. 
up to 50 feet 

worst -- --- - 
door 

no wiring! 
into any 
Effective 
apart. 

PRICE $30.00 

INDOOR FM 
STEREO ANTENNA 
Superb antenna isolates the main 
FM signal. No more FM station drift 

or fading with the Beamaster. 
Features built-in amplifiers, 

adjustable gain control. 

EACH $49.95 
2 FOR $39.95 EACH 

1-800-826-7623 
4030 BEAU D -RUE DRIVE 

MN 55122 i EAGAN, 
(612) 452-8420 

ELIlII'/Pv10DERt1ICS 
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FEATURES 

16 Extended Play Remote -Control System 
(Part 1) 
Extends functions of wireless remote controls to other 
rooms without extra wiring between entertainment sys- 
tems. By Crady VonPawlak 

26 Microcomputer on a Chip 
Motorola's MC6870I microcomputer chip offers a 
wide variety of features that make it ideal for ex- 
perimenter projects. By Brian B. Beard 

32 Maximum/Minimum Voltage Detector 
Voltmeter accessory tracks highest or lowest voltage, 
light or other physical parameter level. 
By Jan Axelson 

37 Super -Sensitive Gas Detector 
Professional -quality device "sniffs out" combustible 
gases and noxious fumes and sounds an alert or lights 
a LED when it detects them. By Anthony J. Garish 

46 Telephone Answering Machines (Conclusion) 
Installing an answering machine, making the connec- 
tion and maintenance. By Steven J. Bigelow 

50 Quick and Easy PC Boards 
Innovative method for making pc boards using 
overhead projection film to bypass traditional 
photographic process. By Bill Eubank 

58 Three -Phase Motor Protector 
Low -power semiconductor devices inexpensively pre- 
vent failure. By Fernando Garcia Viesca 

COLUMNS 

62 Electronics Notebook 
More About Superconductors. By Forrest M. Mims III 

68 Solid State Devices 
JFET-Input Op Amps. By Joseph Desposito 

70 Electronics Omnibus 
Citizens Band Radio Update. By Curt Phillips 

76 PC Capers 
Hands -On Look at the Hewlett-Packard LaserJet IIP. 
By Ted Needleman 

DEPARTMENTS 

6 Editorial 
By Art Salsberg 

7 Letters 
8 Modern Electronics News 

9 New Products 
67 Books & Literature 
82 Advertisers Index 
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CQ Amateur Radio Buyer's Guides. 

CABLE -TV 

BONANZA! 
ITEM I 

UNIT 
10 OR 
MORE 

HAMLIN MCC 3000 36 CORDED REMOTE CONVERTER ICh 3 only) 29 00 1800 
PANASONIC WIRELESS CONVERTER (our best buy) 9800 79.00 

MOVIETIME VR7200A (manual fine tune) 8800 6900 
'JERROLD 400 COMBO 16900 11900 
JERROLD 400 HAND REMOTE CONTROL 2900 1800 

'JERROLD 450 COMBO 199 00 139 00 

'JERROLD 450 HAND REMOTE CONTROL 29 00 1800 

JERROLD SB -ADD-ON 9900 6300 
'JERROLD SB -ADD-ON WITH TRIMODE 10900 7500 
'M-35 B COMBO UNIT (Ch 3 output only) 9900 70.00 

'M-35 B COMBO UNIT WITH VARISYNC 10900 7500 
'MINICODE IN -121 9900 62.00 

'MINICODE IN -121 WITH VARISYNC 10900 6500 
"MINICODE VARISYNC WITH AUTO ON-OFF 145 00 105.00 

ECONOCODE (mInIcode substitute) 6900 4200 
ECONOCODE WITH VARISYNC 7900 4600 

'MLD-1200-3 ICh 3 output) 99.00 6200 
'MLD-1200-2 ICh 2 output) 9900 6200 
"ZENITH SSAVI CABLE READY 175 00 125 00 

INTERFERENCE FILTERS ICh 3 only) 2400 1400 
'EAGLE PD -3 DESCRAMBLER ICh 3 output only) 11900 6500 
'SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBLER 11900 8500 

'CALL FOR AVAILABILITY 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

California Penal Code 6593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

DI caec ODIMIT 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD 8 Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( 

Cashier's Check Money Order E COD E Visa Mastercard 

Acct ti Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, 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' 

Pacific Cable Company, Inc. 
7325'/2 RESEDA BLVD., DEPT. # M E 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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THE 

Battery operated 
InfraRed Detector 

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

Indi- 
cates 

presence 
of infrared 

in normal 
light. Slim 

design easily 
reaches IR 

emitters on 
crowded VCR 

circuit boards. This 
low cost and easy to 

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

CALL TOLL FREE 

1-800-338-0531 
Parts 

Express 

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

IIih/EDITORIAL 1111 

Repair Work 

Electronic and computer repairs can be 
challenging, whether it's a job function 
or for your personal equipment. Since 
more than 34% of Modern Electronics 
readers are professionally involved in 
maintenance/repair work, tackling one's 
own equipment comes naturally. For 
others, though, whether design engineer 
or electronics educator, it's not quite as 
easy since it is not an everyday task. 

Troubleshooting techniques are pretty 
straightforward insofar as methodology 
is concerned. The key is isolating the pro- 
blem to a section, then narrowing it down 
to a device. In real life, though, it is much 
more difficult due to both circuit com- 
plexity and production methods. 

The latter is particularly trying because 
small seems to be better today and cir- 
cuits are mounted and spaced tightly on- 
to pc boards, which are often double - 
sided. Moreover, the growing use of sur- 
face -mount devices makes repair life 
even more difficult. More than anything 
else, however, is the mechanical side. 
You might have to disassemble half of 
the innards to get at what you want to 
check out. 

As an example of this, I have a VCR 
that stopped recording. Additionally, 
most TV (cable) channels don't play 
through the VCR's tuner. Without even 
opening up the VCR, I concluded that 
the problem lies with the r -f modulator or 
switch or combination modulator/ 
switch. Removing the VCR's cover re- 
vealed that the modulator (which turned 
out to have an integrated switch) was 
buried amid a mass of metal that would 
challenge anyone's ingenuity to uncover. 
The part itself cost more than $35, to 
boot. The saving grace is that virtually 
nothing gets repaired in a service shop for 
less than $125. 

Computer repairs can be a frustrating 
experience, too. I tackled a memory 
board problem recently that was both 
easy and difficult. The monitor's error 
code indicated that the machine I was 
working on had a defective RAM. The 
code pointed to a particular memory 
bank and even order number of the IC in 
that bank. Substituting a new RAM chip 
for that one didn't correct the problem, 

however, which puzzled me. I tried an- 
other new RAM chip just to be sure, but 
the error code still popped up. 

Not wishing to randomly substitute the 
IC for a host of others, I checked out a 
manual I had to confirm that I was look- 
ing in the right spot. To my surprise, the 
manual indicated that the defective IC in 
the same bank was a one other than what 
the IBM manual indicated. Okay, so I 

tried the new one in that location. Same 
thing: an error code. Double-checking 
my count of the IC's position, I then re- 
alized that my number counting was 
wrong. I had started counting the IC 
order with the number one instead of 
zero. Quickly extracting and inserting in 
the next IC socket to the one I worked on 
solved the problem. Whew! It could have 
been worse because the first bank of user 
memory was unsocketed, which means I 

would have had to remove all my expan- 
sion cards and the motherboard, unsol- 
der a suspect IC, insert the new one, as- 
semble the whole thing again, and con- 
tinue the time-consuming procedure un- 
til I hit the right one. 

There are some neat devices to speed 
servicing, of course. For example, there 
are extender boards that allow you to test 
an expansion card that's typically 
mounted vertically with no room to 
check things out. I just got a news release 
about one such device, called the PC- 
EXT. Made by ICS Datacom (San Jose, 
CA), it's an active card that buffers the 
computer from damage and allows the 
printed -circuit card to be removed or re- 
inserted without powering down the PC. 
The service accessory can be left plugged 
into the PC; a two -position toggle switch 
is used for powering up the device or the 
card under test. 

If you service electronic or computer 
equipment for a living, it generally pays 
off to invest in devices that shorten ser- 
vicing time (which is money). 

CIRCLE NO. 129 ON FREE INFORMATION CARD 

6 / MODERN ELECTRONICS / Apri11990 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


IIIIll/LETTERS /111111 

A Fun Learning Experience 
I thought you might like to see the fin- 

ished product from your "Solid -State 
Oscilloscope" project featured in the 
November 1989 issue of Modern Elec- 
tronics. Thanks for this very interesting 
project. I must admit that there was one 
point that had me stopped for a couple of 
days. In the wiring of the LM3914, pin 9 

has two alternatives. One is as was shown 
for bargraph mode. Using individual 
LEDs instead of bargraph displays, I 

noted that all LEDs in each row lit, in- 

cluding the ones that should light when a 
sine -wave input was applied to the project. 

After checking and rechecking my wir- 
ing and locating no errors, I turned to an 

IC handbook and discovered that, for an 
individual LED array, pin 9 of the LM - 
3914 should be left unconnected. This 
was a good learning experience and a fun 
project to build. Along with my many 
other interests, I enjoy working with sol- 
id-state electronic projects. 

D.B. Lones 
Palos Verdes Estates, CA 

A Myth 
"Down Memory Lane" in the Febru- 

ary 1990 issue of Modern Electronics 
stated that David Sarnoff started Radio 
Corporation of America. That's non- 
sense! The book Men and Volts, which is 

the history of the General Electric Com- 
pany, gives the correct information on 
the origin of RCA. 

William D. Hibbard 
Wautatosa, WI 

You're correct, of course. The Federal 
government carved out RCA from its 
parent company. Sarnoff led the fledg- 
ling company to its heights.-Ed. 

Double your income! 
Computer maintenance and service 

-a $10 billion industry. 
If you are presently servicing any electronic equipment, computer repair can double your income. 

National research results indicate that computer technicians bill out at double the hourly rate of electronic equipment technicians. 
Tech-Sery can put you into computer repair quickly, economically and efficiently and with a complete support program including 

a proven marketing plan. 
We provide: 

RECOGNITION TRAINING 
Nationally recognized trademarks and logos give you immediate Hands on training: IBM, Compaq, Apple and compatibles at 
recognition as a professional computer repair specialist by being separate levels: 
a Tech-Sery Authorized Computer Repair Center. Level 1: 8086-8088 Based Machines 

DOS System Configuration and upgrades 
Level 2: 80286/80386 Machines, Letter Quality and Laser 

Printers 
Level 3: System Networks Configuration, Installation and Repair 

FINANCING 
Available for qualified businesses. 

OVER 125 DEALERS WORLDWIDE 
Find out why more and moro electronic professionals are adding 
computer repair to their businesses or starting their own com- 
puter repair businesses. 

DOCUMENTATION 
We provide manuals, schematics, documentation and advanced 
diagnostic software. 

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

PARTS AND BOARD REPAIR 
Single source for parts and board repair. 24 -hour express 
turnaround. 

©1989 TechSery Corp. 

Call Tech-Sery at (212)967-1865 now. 

techsërv, 
SERVICING THE WORLD OF MICROS 

253 West 28th Street, New York, NY 10001 

CIRCLE NO. 126 ON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics April 1990 / MODERN ELECTRONICS / 7 

www.americanradiohistory.com

www.americanradiohistory.com


1IIIIIMODERN ELECTRONICS NEWS/I/Il 
COMMUNICATIONS. Cellular telephone ownership continues to rise 
rapidly. According to a NYNEX spokesman, it will increase almost 
50% in 1990, reaching 5 -million by year's end. It's predicted 
that it's current 3.4 -million base will triple to 10 -million by 
the end of 1993, The average user in the New York metropolitan 
area is said to conduct more than 880 phone calls via cellular 
phone every year. The industry is expected to adopt standards for 
digital cellular technology in 1990 to allow servicers to handle 
the burgeoning calls. To illustrate how quickly cellular phones 
are taking hold, NYNEX's average customer is now 39 years old 
with an annual income of $40,000, compared to a 1986 average of 
55 years old with an annual income of more than $90,000 (not 
adjusted for inflation). 

CBS transmitted the Super Bowel on a switched fiber-optic 
video network, the first time such a nationwide network has been 
used for television. It demonstrated an alternative to 
satellites. The advantage of fiber optics is that there is little 
to no signal degradation, whereas satellite transmission is 
subject to higher signal loss and interference due to weather 
phenomena such as rain or snow, and has redundant physical paths. 

General Instrument announces it will offer an upgrade 
program for its new VideoCipher II -Plus de -scrambling system. 
Current VCII modules will be able to be upgraded for $129 plus 
shipping/handling. 

Telephones will soon be available that display the caller's 
phone number. Northern Telecom, Inc. displayed such a phone, the 
Maestro, with a caller identification built-in screen, at a 
recent consumer electronics trade show. For $136, you'll be able 
to know who's making the call to you before answering it. 

BATTERY ADVANCES. Duracell introduces the first 9 -volt alkaline 
battery pack for use in camcorders. Its battery -pack cartridge 
holds six alkaline batteries that provide up to two hours of 
continuous recording time. Its main advantage is, of course, easy 
and quick replacement instead of recharging time for standard 
rechargeable Ni -Cd batteries commonly used....Gates Energy 
Products, the largest maker of sealed, rechargeable batteries, 
introduced its own line of rechargeable batteries to the consumer 
retail market with a lifetime guarantee against failure to accept 
a charge for as long as the purchaser owns them. 

MOTOROLA'S 040 MICROPROCESSOR. Motorola's new 32 -bit 68040 CPU 
answer's Intel's 80486, claiming 20 MIPS (millions of 
instructions per second) performance at 25 MHz compared to the 
486's 15 MIPS. The 1.2 -million -transistor chip has been endorsed 
by 35 leading computer manufacturers, including Apple, Bull, 
Hewlett-Packard/Apollo, NCR, Unisys and Nixdorf, among them. The 
040 is a complete redesign of the company's 68000 architecture 
while maintaining complete software compatibility with preceding 
68000 -family processors. It includes an integer unit, floating- 
point unit, dual memory management units and data and instruction 
caches on a single chip. Its expected to be used in desktop 
computers, graphics workstations and multi-user computers. The 
179 -pin device is priced at $795 in sample quantities. 
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IIbNEW PRODUCTS 1//lili 

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. 

Portable SIMM/SIP 
Memory Tester 

Innoventions Inc.'s (Houston, TX) 
SIMCHECK automatically tests all 
standard 30 -pin SIMM and SIP 
memory modules that contain eight 
or nine bits of 256K, 1M, 4M or 16M 
on -board. The portable tester is said 
to offer features previously available 
only in very expensive large desktop 
testers. Its built-in high-speed 16 -bit 
processor in a proprietary architec- 
ture is optimized for fast testing. 

An automatic digital speed synthe- 
sizer tests access time down to 20 ns. 
Programmable voltage sources per- 
mit advanced testing, including volt- 
age bounce and voltage cycling. A 
unique Chip -Heat mode warms the 
modules to ready them for tempera- 
ture -dependent measurements. 

Automatic functions include mea- 
surement and display of module 
type, size and speed; testing of all 
memory module data bits without 
the need to switch from bit to bit; and 
Auto Loop Test that generates com- 
plex proprietary test patterns. The 
tester has a 50 -pin expansion slot to 
accommodate future add-ons. Its 
test program can easily be upgraded 
by replacing the on -board EPROM. 

SIMCHECK identifies individual 
defective chips in a module and de- 
tects short/open wiring problems to 
provide intelligent repair informa- 
tion. The tester's two-line LCD win- 

dow displays test results and instruc- 
tions. All module sockets are ZIF 
type, and automatic current limiters 
provide short-circuit protection for 
the module under test. SIMCHECK 
measures just 7 " x 5 " x 1.5 " and 
weighs less than 2 pounds, including 
ac adapter. $995. 
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Bitstream CD Player 
Philips' Model CD840 is the first CD 
player to feature one -bit pulse densi- 
ty modulation dual D/A conversion 
with 256 x oversampling. With this 
Bitstream approach, 16 -bit digital 
samples read from a CD are trans- 
formed into a high-speed one -bit 
data stream that is converted into an 
analog signal by a high -accuracy one - 
bit converter. This arrangement is 

said to eliminate noise and distortion 
that frequently occur in multiple -bit 
converters. 

In addition to Bitstream technol- 
ogy, the player offers FTS Info and 
Direct Play/Program. FTS Info 
summarizes the status of the mem- 
ories in Active Info messages in the 
display in five modes: number of 

discs programmed in FTS 1; number 
of discs programmed in FTS 2; FTS 
memory space available; in sequence, 
the number of each disc and number 
of times it has been played; and title 
display mode. With Direct Play/Pro- 
gram, selection or programming on 
any disc track is done in one step. In 
direct play, any track can be played 
by pressing the appropriate number 
key on the keypad. In direct pro- 
gram, tracks can be programmed in- 
to a play sequence of FTS program 

! STOP ! 

COMPUTER 
RADIATION 

Have you ever observed the situation where an 
electric device is adversely affected by a nearby 
computer? We look at the waveform in the time 
domain and think we understand it. 

time 

10dB 
per 
DIV 

100 
µv 

frequency 100MHz 

The scope photos show the wave form being 
conducted by ribbon between shielded circuit 
and keyboard within a computer, in both time 
(fig. 1) and frequency (fig. 2) domain. The 
Spectrum Probe is placed directly on the line 
and has no effect on the waveform because of 
the low capacity input. Clock and waveform 
harmonics are low - but unnecessary spurious 
is radiated by this lead up to about 70MHz. 

10dB 
per 
DIV 

100 
µv 

frequency 100 MHz 

Fig. 3 shows the waveform being connected to 
the outside world (read "radiated") by a rear 
panel connenctor. There is no digital informa- 
tion present, yet there is extremely high and 
completely unnecessary spurious energy at 
about 20MHz. Most spectral lines above 
50MHz are due to residual pickup of RF, even 
without connecting an exterior lead, indicating 
that a reasonably good radiating antenna is 
present! 

107 SPECTRUM PROBE 
converts any scope into a 

100MHz spectrum analyzer 

$199 direct 

Smith Design 1324 Harris Rd. 
Dresher, PA 19025 (215) 643-6340 

Say You Saw It In Modern Electronics 
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No other training 
anywhere-shows you 

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

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

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

You get in -demand 
computer skills as you 

train with your own 
AT -compatible computer 

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

With NRI's exclusive hands-on 
training, you actually build and 
keep the powerful new AT - 
compatible West Coast 1010 ES 
computer, complete with 1 meg 
RAM and 20 meg hard disk drive. 

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

NEW! 
Now includes 
AT -compatible 

computer with 1 meg 
RAM and 20 meg 

hard drive! 

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

Only NRI gives you 
a top -rated micro 
with complete 

training built into 
the assembly 

process 

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

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

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

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

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

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

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

AT -COMPATIBLE 
COMPUTER 
80286 CPU (12 MHz 
clock, 0 wait states), 1 

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

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

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

Voice synthesis 
training adds an 

exciting new dimension 
to your computer skills 

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

You now train with and keep 
a full -featured 8 -bit D/A converter 
that attaches in -line with your 
computer's parallel printer port. 
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in school, on the job, 
how to troubleshoot and 
like NRI 
MONITOR 
High -resolution, 
nonglare, 12" TTL 
monochrome 
monitor with tilt and 
swivel base. 

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

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

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

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

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

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

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

No experience 
needed, NRI 
builds it in 

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

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

r - 
School of 
Electronics ¡ Nei 

McGraw-Hill Continuing Education Center A t . 

4401 Connecticut Avenue, NW r: 
Washington, DC 20008 1 

CHECK ONE FREE CATALOG ONLY 

Computers and Microprocessors 
Robotics 
TVNideolAudio Servicing 
Computer Programming 

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

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

Your FREE 
NRI catalog tells more 

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

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

For career courses approved 
under GI Bill 

check for details 

Security Electronics 
Electronic Music Technology 
Basic Electronics 

E Telecommunications 

Name (Please Print) ' Address 

Age 

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

Mal MI 
4-040 

u ' 
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NEW PRODUCTS ... 
by pressing the appropriate key on 
the keypad. 

Features include: double Favorite 
Track Selection with two memories; 
title display; digital CD record sync 
and edit; optical and coaxial digital 
outputs; full wireless remote control; 
random -order programming; ran- 
dom play of discs; selectable 10- or 
20 -second music scan with single -key 
programming; two -speed selectable 
forward and reverse music search; 
separate fast high-speed search with 
muted sound; and headphone output 
with separate volume control. $599. 

CIRCLE NO. 119 ON FREE INFORMATION CARD 

Mini Computer Modules 
Ampro Computers announced a se- 
ries of four new MiniModules for 
OEMs that measure only 3.5 x 3.8 
inches. They mount directly on the 
company's Little Board and Slot 
Board single -board systems while re- 
maining within the form factor enve- 

lopes of those systems. The low - 
power -consumption MiniModules 
provide additional serial and parallel 
I/O, 2,400 -baud Hayes -compatible 
modem, ARCNET LAN interface 
and an interface for hard -disk drives 
with embedded AT -but controllers. 

The MiniModule/SSP ($131 each; 
all prices are in 100 quantity) pro- 
vides two serial ports and one bidi- 
rectional parallel port. One serial 
port is RS -232C compatible, while 
the second can be configured for RS- 
232C, RS -422 or RS -485. The paral- 
lel port can be used for Centronics - 
compatible printing or general-pur- 

pose I/O. I/O addresses and inter- 
rupts for each port are jumper select- 
able. The MM/SSP supports an in- 
terrupt -sharing mechanism that per- 
mits virtually unlimited expansion of 
the serial and parallel ports inside a 
PC or AT architecture. 

An industrial -quality, 2,400 -baud 
modem, the MiniModule/Modem 
($187 each) offers as options a speak- 
er interface and cable assemblies 
with RJ-11 connectors. 

The MiniModule/ATDisk ($79 
each) provides an interface to hard - 
disk drives with embedded AT -bus 
controller. It has a 16 -bit bus inter- 
face to the Little Board/286 for high- 
performance disk transfers. Accord- 
ing to Ampro, this module allows 
standard operating systems like 
UNIX, XENIX and QNX to now 
run on the Little Board/286 without 
the need for special hard disks. 

MiniModule/ARCNET ($187 each) 
provides single -board Ampro sys- 
tems with an interface to the ARC - 
NET LAN. It supports coax media in 
both star and bus topologies, fiber- 
optic media in star topology and 
twisted -pair wire in bus topology. 

CIRCLE NO. 120 ON FREE INFORMATION CARD 

Soldering Stations 
A series of single -iron digital and an- 
alog soldering stations from Royel 
Soldering Systems, Inc. (Glendale, 
CA) exceeds Mil. Spec. DOD -STD - 
2000 -1B. They provide a tip -to - 
ground resistance of 0.58 ohm, tip - 
to -ground leakage voltage of 0.70 
mV and idling temperature main- 
tained at ± 3°. These Thermatic Sol- 
dering Stations are said to provide 
ultimate soldering control, while 
minimizing thermal and electrostat- 
ic -discharge shock. Fast heat -up and 
recovery permits setting a lower tem- 
perature than with other systems to 
achieve the same production speeds. 

These Soldering Stations feature a 
24 -volt dc power supply that protects 
the irons from transient voltage and 
switching spike damage. The case of 
the power unit and the handle of the 

iron are made of static -dissipative 
material. Small -diameter tips facili- 
tate penetration into high -density 
circuitry, while shortest possible tip 
length minimizes hand tremble in 
high -precision soldering. Both set - 
point and actual tip temperature are 
displayed simultaneously on the digi- 
tal soldering stations. 

The compact footprint of the pow- 
er unit measures just 5.5 "D x 4 "W. 
The iron holder on the power unit 
can be left- or right -mounted. $259, 
Model T3000 -115V with No. 1300 
40 -watt, 3 -mm tip ($269 with No. 
T500 60 -watt, 5 -mm tip); $359, 
Model T3050 -115V with No. 1300 
iron tip; $369 Model T5050 -115V 
with No. T500 iron tip. 

CIRCLE NO. 121 ON FREE INFORMATION CARD 

Digital/Analog Scope 
The dual -trace Model 2522 portable 
digital/analog oscilloscope from 
B&K-Precision offers 10 megasam- 
ple/second real-time sampling on 
each channel, 20 megasample/sec- 
ond repetitive sampling and display 
of one-shot events to 1 megasample/ 
second equivalent sampling time. 
Also provided is full 20 -MHz dual - 
trace analog operation at the touch 
of a button. Vertical sensitivity is rat- 
ed at up to 1 mV/division, and V - 
mode is provided for viewing two sig- 
nals with unrelated frequency. 

In digital mode, a waveform can 
be frozen for close examination of 
transients, one-shot events, low -re- 
petition -rate signals and events that 
occur before or after the trigger sig- 
nal. Digital mode operation includes 
several x 100 time/division ranges to 
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extend sampling time to as much as 
20 seconds per division (200 seconds 
per screen) for viewing slow events. 
Stored waveforms can be expanded 
by x 10. "Dot joining" for linear in- 
terpolation between samples is also 
included. Specifications: 2,048 x 8- 

bit/channel storage word size (2K/ 
channel with direct sampling, 1K/ 
channel with equivalent time sam- 
pling), 20 -MHz equivalent time sam- 
pling bandwidth and 256 vertical by 
2,048 horizontal resolution. 

In analog mode, selection is from 
among 20 calibrated sweep -time 
ranges with full variability between 
calibrated ranges. A x 10 magnifier 
permits close examination of analog 
waveforms while maintaining cali- 
bration. Additional features include 
X -Y operation, Z-axis input (TTL 
compatible), Channels 1 and 2 out- 
puts on the rear panel for driving an 
analog plotter, and 8 x 10 -cm CRT 
with internal graticule. $1,495. 

CIRCLE NO. 118 ON FREE INFORMATION CARD 

Universal Counters 
Optoelectronics, Inc.'s new Model 
UTC3000 universal frequency count- 
er/timer and Model 2600H basic fre- 
quency counter offer 1 -Hz resolution 
in 1 second over a frequency range of 
10 Hz to 150 MHz basic and to be- 
yond 2.4 GHz with prescaling. Both 
counters have a 10 -decade LCD dis- 
play and high-speed ASIC and cus- 
tom LCD technology. Both also fea- 
ture multiple preamplifiers for maxi- 
mum usable sensitivity to permit an- 
tenna pick-up measurements. A 16 - 
segment bargraph displays input sig- 
nal level to ensure reliable counting 

and aid in r -f security sweeps. 
Front -panel operator controls in- 

clude pushbutton switches for power 
on/off, gate select (four gate times 
available), function input, hold, pre - 
scale and direct -count selection. Cal- 
ibration and bargraph adjustment 
controls are accessible through holes 
in the front panels. A gate LED 

rounds out the front -panel indicator 
line-up. In addition to the numeric 
frequency and analog bargraph dis- 
plays, there are annunciators for 
function and gate time selected, 
number of cycles averaged, units and 
low -battery indication. 

(Continued on page 81) 

HITACHI SCOPES AT DISCOUNT PRICES 
Digital Storage Scopes V-212 . 

}' DC to 100MHz 
Dual Channel 

' VC -6025 20e/Swe 
50MHz Bandwidth 

" 21( Word Memory t Capacity . \ 2349 00 
Advanced storage rune -bons create new dimensions in 

flicker tree display, 

' 

- *"..44,$435'". 
ab a +.- 

Ust 5595 
Save 160 

DC 10 20MHz 
Dual Channel 

V- DÓ0 
List $1595 

$ 1, 359 

Delayed Sweep 

Sweei 
Readout 

Autoranping 
Trigger Lock 
2mV Sensitivity 

scopes such as one shot observation, 
bright display for even high speed event, trace observation 
for low speed event, hard copy by plotter and data output to 
computer. 

I VC-6045100MMz 40MS'S 416 word Memory up (Cain 

LIST PRICE SAVE 
0-422 40111-lz D.T., 1 mV saris, DC Offset Vert Mod Trigger, Alt Meg $940 $740 $200 
V-423 40MHz D.T., I mV sans, Delayed Sweep , DC Offset, Aft Mag $1,025 $625 $200 
V-425 40MHz D.T., 1 mV sons, DC Offset, CRT Re dour, Cursor Meas 51,070 $849 $221 
V-660 6014Hz D.T., 2mV sans, Delayed Sweep. CRT Readout $1.295 $1,145 $150 

All Hitachi scopes include probes schematics, and Hitachi's 
3 year wmrldwl warranty on pans and labor. Many maces- 
$ones availablee tor all scopes. 

V-1065 100MHz D.T., 2mV sens. Delayed Sweep, CRT Readout. Cursor oeas $1,895 $1,670 $225 
V -1100A 100MHz O.T., 1 mV sans. Delayed Sweep, CRT Readout. DVM. Counter $2.450 $2.095 $355 
V-1150 150MHz O.T., 1mV sans. Delayed Sweep, Cursor Meas. DVM, Counter $3.100 $2.675 $425 

ELENCO PRODUCTS AT DISCOUNT PRICES 
35MHz Dual Trace Oscilloscope 20MHz Dual Trace Oscilloscope 

Q 75 
FREE DMM $495 

with purchase of , 

MO -1251 
6" CRT 
Built in 
component tester 

. ` TV Sync 

ANY SCOPE 

SCOPE PROBES_" 
P -I 65MHz ix, 10x $19.95 
P-2 100MHz, 1x, 10x 52395 

a 43 J fi 
a , 

} 
Wee 

d . S , mr ., 

ell 0-1252 
High luminance 6'CRT 
1mV Sensitivity 
6KV Acceleration Voltage 
Ions Rise Time 
X -V Operation Z Axis 
Delayed Triggering Sweep 

Top quality scopes at a very reasonable price. Contains all desired features. Two lx, 10x probes, diagrams and manual. Two year guarantee. 

PRICE BREAKTHRU 
on Auto Ranging 

EN3to choose1135 from..05% 
MDM-1180.1%Resistance $24.95with 
MDM-1181 

$27.95 
MOM -1182 

$29.95 
3 12 LCD Display 
27 Functions 
Auto /Manual Ranges 
Audible Continuity 
Dew Hold (MOM -1182) 
.1%N:curacy (MOM -1181) 

True RMS 41 
Digit Multimeter M-7000$58.95 

DC Accuracy 

Freq. Counter 
and deluxe case 

mummers, with 
'aka capacitance end 

1Transistor Tester 

Digital Capacitance M' 
0 

Meter 

CM -1550 

9 Ranges 
1 1.20 000utd 

,5 %basic eccy 
Zero control 
with case 

Digital LCR Meter 

470,1LC-1801 
$125 

Measures 
Cods IUH 2O0H 
Capa 1pf 2000, 
Res 01200 

$55 CM -1500 

Reads Volts, Ohms, 
- 

a Current, Capacitors, ;= Transistors and 
Diodes with case 

Solderlass Breadboards Bench DMMS 

- 

AC Current Meter 
ST -1010 

$69.95 
100"0 Amps 
DataaPeak HOW 

8Functions 
Deluxe Case 

AC Clamp -On 

Current Adapter 

ST -265 

$25.00 1pLJ 

0-1000A AC 
WOrlIS With 
MOM DMM 

9a34 1,100 pinsS1S 
9a3d 
2.170 pins $25 
9436 
z,es0 pins $35 
All have Solo, 

M.3500 M.4500 
31/2 019íi $1254V, digit $175 
.1%eccy .05% acct' 9436 SHOWN 

codes posts 

Soldering Station 
Temperature Controlled r SL -3o 599 

Dphaldisplay 
T ange. 

F 

sad tip 
Overheat proles 

Color Convergence Generator 
SG -200 

__. 

w $69.95 
IOrocksteady martens 
Fines) in the industry(A..., 

10MHz Oscilloscope 
S-3000 

tt $275 
10MHz DC or AC 

10MHated 

Temperature Probe 
M-11OCF 

1 $29.95 .rº 
SemicoMuda }'peData 

F a most Rarg 
di dalmuhimeters -58F-302F 

Autorenging 

- 

DMM 
M-5000 

$45 
9Fundbm 
Memory and 

hold 
%Oasis arc 

31/2 doh LCD 

TMrg Sweep Moored S 

Ha 
Reads Volk& Freq 

Wide Band Signal Generators 

Sreq 100 $129 
RF Freq 1001(.450MHz 
AM Modulation of 1KHz 

,e Variable RF output 

50.9500 with Digital Display 
and 150MHz built -In Freq Ctr $249 

TRIPLE POWER SUPPLY XP -620 

Assembled $65 
Function GenerBator 

#9600-e--E 
$ 28.95 

Provides sine irl squ wave 

Iren 1He to tHee 
AM or FM capability 

Decade Blox 
#9610 or 

#9620 

$18.95 
#9610 Resistor Blox 
47 ohm to IM a 10016 pot 
#9620 Cappxxltor Bloc 
47pí to 1OMFD 

9 9! Klt $45f '1 # 2 to I5V at to 
Contains all the dewed features le -2 le -15V at to 
doing experiments. Features shoe (or 41e 300 at lAi 
circuit protection all supplies and 5V at 3A 

Digital Triple Power Supply XP -765 

$249 

Quad Power Supply XP -580 

$59.95 
. 2.20V at 2A 

12V at 1A - 5V at 3A Fully regulated and 
short circuit protected -SV at.SA 

XP -575 whhout meters $39.95 

LEARN TO BUILD AND PROGRAM 
KIT! COMPUTERS WITH THIS KIT! 

INCLUDES: An Pena, Aawmbly and 
THIS 

Manual 

MODEL 
- 

MM -8000 

.. 

$129.00 (.7 

.r 
Sutne 

h t' 

hy10 wleld 

Iarl 

pMOmo 
r 

M M6s5, 

II write Me . 

whichPC 
use totoNIIewine 

language wee 
CCaned 

e stall as Sono was IBM 

get aimed 
and store m a instructions in permanent memory a 2816 EE PROM. 

T4979,4y dl aboul'ifpt end ouhutpor6 rvmpNe P.M- Buid 

your own xeebnam end wen has O sear keymam end aspen. Ho 

peviote computer knowledge reamed. Simple easy s understand in 
Sexton teaches wuto write innwchme language 

,,fe Ile 0-20V at 1A - 0.20V at 1A.....---,...,11777 
5V at 5A 

F wly Regulated, Short circuit protected with 
2 Limit Cont., 3 Separate supplies 

XP -660 whh Analog Meters $175 

Four -Function Frequency Counters 

F-100 120MH 

$179 ' 44 
- F-1000 1.2GH P - 

Frequency, Period, Totalize, $259 
Self Check with High Stabilized Crystal Oven 
Oscillator, 8 digit LED display 

GF -8016 Function Generator 
, whh Freq. Counter 

$249 
Sine, Square, Triangle 
Pulse, Ramp, .2 to 2MHz 
Freq Counter .1 - 10MHz 

GF -8015 without Freq. Meter $179 

WE WILL NOT BE UNDERSOLD! 
UPS Shipping: 48 Stares 5°o 

($10 Max) IL Res., 7 % Tax r- C & S SALES INC. 15 Day Money Back Guarantee 
1245 Rosewood, Deerfield, IL 60015 2 Year Warranty a,,- .,ubwrl lc cro-o 

(800) 292-7711 (7081 541-0710 WRITE FOR FREE CATALOG . 
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The Extended Play 
Remote -Control 

System (Part 1) 

Extends functions of wireless remote 
controls to other rooms without extra 
wiring between entertainment systems 

By Crady M. VonPawlak 

As handy as they are, infra- 
red remote -control devices 
for modern electronic home - 

entertainment systems are limited to 
line -of -sight operation. Consequent- 
ly, you might string audio/video ca- 
ble from, say, a VCR machine locat- 
ed in a den to a second TV set in your 
bedroom in order to view a video 
tape there. But you must work the 
controls directly from the VCR since 
the remote control cannot operate 
from the second room. Thus, you 
can't conveniently pause the tape to 
answer a phone call, stop and rewind 
the tape to view a scene that you 
missed because your mate asked you 
a question, etc. 

There are indeed remote control 
extenders on the market to provide 
you with such control from another 
location. However, these control sig- 
nals are sent from the remote loca- 
tion to the main location over wire or 
cable. This introduces drawbacks in 
addition to the need to route wire 
from one room to another: possible 
interface problems that cause picture 
degradation; and momentary noise 
in the picture or sound whenever the 
control transmission is made since 
it's added to incoming r -f modulated 
video/audio signals. Furthermore, 

such control signals may possibly 
even interfere with radio or cordless 
telephone reception. 

The Extended Play Remote -Con- 
trol system described here eliminates 
all the problems cited above. For ex- 
ample, it is wireless! Our Extender 
does not require stringing wires be- 
tween rooms because it uses existing 
ac house wiring and a carrier -current 
technique to route control signals 
from any remote location to where 
the main equipment is located. Fur- 
thermore, novel circuit design elimi- 
nates the possibility of degrading vid- 
eo or audio reception or interfering 
with the operation of other electronic 
devices, as we will shortly discuss. 

In its most basic form, the Extend- 
ed Play system operates from any 
two 117 -volt ac outlets in a given resi- 
dence. If you wish, you can expand 
upon the system with additional 
transmitters and/or receivers, all in- 
terconnected by the same ac line. In- 
stallation is as easy as plugging the 
system into ac outlets, the receiver at 
the VCR or stereo system source, the 
transmitter(s) at the desired remote 
location(s). 

In this first installment, our con- 
centration is on the transmitter por- 
tion of the system. Next month, we 
will conclude with the theory of oper- 
ation of the receiver and its construc- 

tion, system checkout and installa- 
tion and use. 

Design Considerations 
Although the Extended Play is simi- 
lar in operation to the popular sys- 
tems that control electrical appli- 
ances and other devices in home con- 
trol in its use of carrier -current for 
transmission, significant differences 
exist between the two. The Extended 
Play uses only the frequencies and 
signal encoding it receives from an 
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existing IR remote -control transmit- 
ter. No other signals are impressed 
onto the original control codes, nor is 
there any need for zero -crossing de- 
tection or switching. 

IR energy generated by a hand- 
held remote -control transmitter is 
simply converted into an electrical 
signal that is then used to modulate 
the 117 -volt ac power line for distri- 
bution throughout the home. At the 
receiving end, this signal is detected, 
filtered and restored to its original IR 
form. The resulting IR energy is then 

beamed to the device(s) to be con- 
trolled. This makes the system trans- 
parent to the IR control signal. Be- 
cause these signals differ so markedly 
from those used by home control sys- 
tems, inadvertent triggering one of 
those devices is an impossibility while 
using the Extended Play system. 

This simple means of transmission 
translates into simple circuitry de- 
sign. As you can see in the schematic 
diagram of the transmitter circuit in 
Fig. 1, component count is relatively 
low. For our purposes, the entire sys- 

tern need provide only the following 
functions: (1) Detect and accurately 
amplify the ultrasonic IR signal; (2) 
Convert the received data into a high- 
energy sinusoidal emf signal, free of 
r -f, and impress it onto the ac line 
wiring; and (3) Detect the transmit- 
ted emf at some remote location and 
reproduce it in its original IR energy 
fora, for re -transmission. 

Although accomplishing these 
aims appears to be a straightforward 
proposition, special considerations 
must be kept in mind. For example, 
the IR detector/preamplifier must 
have a gain of 60 dB or so while main- 
taining a bandwidth of 30 kHz to 60 
kHz without any significant rolloff. 
Also, because the levels of received 
IR energy vary greatly from room to 
room with distance and different 
models of remote controllers, auto- 
matic gain control (age) at the front 
end of the amplifier is required. 

To accomplish the above reliably 
with operational amplifiers requires 
complex and costly circuitry, but in- 
expensive devices designed specific- 
ally for use as IR preamplifiers are 
available. However, the bulk of these 
pass along only the data pulses while 
stripping off the ultrasonic carrier 
frequencies. (A carrier is needed if 
you intend to re -transmit the control 
signals.) Therefore, if you wish to 
transmit the IR control signal intact, 
you must exercise care in selecting an 
IR detector circuit. 

The device used here is the 
TDA4060. This is an excellent choice 
for the Extended Play transmitter be- 
cause it meets all of the criteria cited 
above and requires only a minimum 
of ancillary components. 

Another component of the IR de- 
tector circuit worthy of considera- 
tion is the transducer. In the Extend- 
ed Play, an SFH2O5 PIN -type photo- 
diode was selected because it electric- 
ally matches the TDA4060 and is en- 
capsulated in its own IR filter, which 
eliminates the need to add external 
light filtering. Unlike phototransis- 
tors, which are quite slow in opera - 
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Fig. 1. Complete schematic diagram of Extended Play's transmitter module. 
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TRANSMITTER PARTS LIST 

Semiconductors 
BR1-50-PIV bridge rectifier 
CR1-1N5819 Schottky diode 
D1-SFH2O5 photodiode 
D2-T13/4 green light -emitting diode 
Ql-TIP120 power Darlington transis- 

tor (TO -220 package) 
Q2-MPSA13 Darlington transistor 
U1 -78L05 + 5 -volt regulator 
U2-CD4584BC CMOS hex Schmitt - 

trigger inverter 
U3-TDA4060 infrared amplifier 
Capacitors 
CI -1,000-µF, 35 -volt electrolytic 
C2 -47-µF, 50 -volt electrolytic 
C3,C5-4.7-µF, 16 -volt electrolytic 
C4 -47-µF, 35 -volt electrolytic 
C6 -1-µF, 250 -volt metalized polyester 
C7 -0.22-µF, 16 -volt metalized 

polyester 
C8 -0.33-µF, 16 -volt dipped tantalum 
C9 -0.l -µF, 16 -volt metalized 

polyester 
C10 -0.1 -pr, 100 -volt metalized 

polyester 
C11 -0.01-µF, 100 -volt metalized 

polyester 
C12,C13-220-pF, 16 -volt monolithic 

ceramic 
Resistors ('A -watt, 5% tolerance) 
R1-100,000 ohms 
R2-39,000 ohms 

R3-6,200 ohms 
R4,R5-1,000 ohms 
R6-330 ohms 
R7-47 ohms, '/2 watt 
R8,R9-4.7 ohms, '/2 watt 

Miscellaneous 
F1-'/a-ampere fuse (see text) 
T1 -12.6 -volt ac, 300 -mA pc -mount 

power transformer 
T2-Coupling transformer (TOKO 

No. 707VX-A043YUK) 
Printed -circuit board; suitable enclo- 
sure (see text); ac line cord with plug; 
sockets for U2 and U3; fine cop- 
per mesh for Faraday shield (see 

text); hookup wire; solder; etc. 
Note: The following items are available from 

Scientific Engines, P.O. Box 2295, Ever- 
ett, WA 98203: Complete Extended Play 
transmitter and receiver kit (includes pc 

boards, enclosures, all electronic compo- 
nents, copper screen and self -adhering 
front -panel overlays), $160.50 plus $5.00 
P&H; additional receiver and transmitter 
kits, $87.50 each plus $2.50 P&H; ready - 
to -wire transmitter and receiver pc boards, 
$32.50 per set of two plus $2.50 P&H. 
Mail orders, make payment via certified 
check or postal money order; Visa/Mas- 
terCard orders, call: (206) 348-7754. 

Washington residents, please add state 
sales tax to all orders. 

tion, PIN photodiodes lend them- 
selves well to high-speed data trans- 
fers. One explanation for this speed 
is the extremely low junction capaci- 
tance of the PIN photodiode (this de- 
vice is not a true diode; rather, it is a 
very fast -acting photoresistor). 

The PIN photodiode permits very 
fast turn-on/turn-off cycles. For a 
phototransistor to operate correctly 
at the frequencies used in this project 
would require extensive modifica- 
tion to the detector circuit. This 
would mean adding a constant -cur- 
rent device held at some negative 
voltage to the emitter circuit of the 
phototransistor. This is the only way 
to effectively draw off the character- 
istically high pn junction capacitance 
of the phototransistor, which de- 

creases its rise and fall times. 
Once the control signal has been 

detected and amplified to a usable 
level, it is impressed on the ac power - 
line wiring. This is handled by a pow- 
er amplifier driving a 10:1 step-down 
coupling transformer (required be- 
cause of only a few ohms of reactive 
load typically imposed by the ac line) 
with multiple impedance taps at its 
secondary winding. If you wish to 
maintain low -distortion output into 
such a heavy load, the design concern 
becomes one of current delivery into 
the line, rather than peak output 
voltage-hence the term "carrier - 
current" transmission. 

For user safety and to protect the 
transformer, this current is capaci- 
tively coupled to the ac line. A similar 

transformer circuit is then duplicated 
at the receiver end to detect the con- 
trol -signal transmission. The receiv- 
er filters, amplifies and uses the sig- 

nal to drive an IR amplifier/driver 
output stage. 

About the Circuit 
Referring to the schematic of the 
transmitter shown in Fig. 1, photodi- 
ode transducer DI intercepts the sig- 
nal generated by a hand-held or other 
IR remote -control transmitter. This 
transducer converts the received IR 
energy into an equivalent electrical 
signal, which is then passed by the 
anode of DI to the IR IN of wide - 
bandwidth preamplifier U3 at pin 4. 
With the input threshold of U3 in the 
microvolt range, this IC becomes 
sensitive to printed -circuit traces and 
component leads, which tend to act 
as antennas, passing their collective 
noise along with the received signal. 

Due to extremely low energy re- 
ceived signal level and high signal 
gain of U3, a metallic emi/rfi (elec- 
tromagnetic interference/radio fre- 
quency interference) shield must be 
used, as indicated by the dashed lines 
shown around this portion of the 
schematic. This Faraday shield is 

comprised of a metallic mesh "cage," 
extensive pc -board ground planes 
and the metallic enclosure itself, the 
last held at ground potential. The 
Faraday shield compensates for the 
electrically transmissive plastic end 
panels of the recommended enclo- 
sure and blocks any emi produced by 
the coupling transformer. 

A low-pass RC filter, made up of 
R5 and C5, is connected to the cath- 
ode of DI and pin 3 of U3 to prevent 
noise on the dc power bus from being 
passed on to this IC via the pn-junc- 
tion capacitance of DI. Components 
C9, C7, C12, C11 and RI set the sen- 
sitivity and provide bandpass filter- 
ing for the amplifier. 

Pin 8 of U3 is the output for an 
open -collector stage. It is held in a 
normally high state by R2. This out - 
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Fig. 2. Actual -size etching -and -drilling guide for transmitter module. 

put exactly reproduces the input im- 
pressed on pin 4 of U3 at an ampli- 
fied, CMOS-compatible level. 

Once amplified by U3, the signal at 
OUTPUT pin 8 is passed to Schmitt - 
trigger inverter U2A at pin 1. The re- 

maining gates in U2 are used to in- 
crease the fan -out of the IC while 
maintaining a normally -low output 
level when no input signal is present. 

Hex Schmitt -trigger U2 performs 
two functions. It cleans up the signal 
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Fig. 3. Wiring guide for transmitter pc board. 

image produced at pin 8 of U3 by 
eliminating any risetime errors. It 
also produces the required current to 
drive both visual indicator light - 
emitting diode D2 and the carrier - 
current line driver circuits. 

A high -brightness visual indica- 
tion of the received signal is provided 
by light -emitting diode D2. This 
LED receives current through R6. 
Capacitor C4, which is connected to 
the anode of D2 serves as a current 
buffer and maintains the high cur- 
rent levels supplied to D2 to prevent 
significant supply dropouts and 
spikes that may occur during the fast 
LED turn -on and turn-off cycles. 
These cycles appear at the same rate 
and frequency as that of the received 
IR control signal. 

A green LED must be used here be- 
cause red and amber LEDs tend to 
emit small amounts of IR energy 
when pulsed at the levels used in the 
project. Though quite low in power, 
this energy can cause the receiver to 
self -oscillate. 

Because U2 cannot directly drive 
D2 to the energy levels required for 
across -the -room viewing, switching 
transistor Q2 makes up for this defi- 
ciency. This transistor is driven 
through current -limiting resistor R3. 
When the output potential of U2 goes 
positive, a current flows between the 
emitter -collector junction of Q2, 
which forward -biases the LED. 

The shared output of U2 is passed 
to R4, which is connected to the base 
of Ql. Resistor R9 sets the current 
limits of Ql at its emitter. Schottky 
diode CRI is a high-speed transient 
clamp. (Spikes in excess of one kilo- 
watt instantaneous may be produced 
at the collector of Ql, caused by 
back-emf from the primary winding 
of T2.) Capacitor CI1 further soft- 
ens these transients and insures over- 
all signal integrity by shunting any r -f 
energy to ground. Resistor R8 and di- 
ode CRI limit the currents produced 
by these transients. 

The primary winding of coupling 
transformer T2 and capacitor CIO 

20 / MODERN ELECTRONICS / April 1990 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


Troubleshooting and Repairing 

VCRs 
Gen. suet he. 

1111111. . ; 
2960 $27.95 
Counts as 2 

Basic 
Electronics 

Course 

2613P 515.95 

2707 526.95 
Counts as 2 

3155 519.95 

3241 524.95 

20 
INNOVATIVE 

EEECtRONICS 

PROJECTS 

for low Nome 

2947P 513.95 

600! 
LOW-COST 
ELECTRONIC 
CIRCUITS 

3219 $27.95 
Counts as 2 

Ite 
16( «MOM« 

2826P 515.95 

1604P 517.95 

HOW TO MAKE 

PRINTED 
CIRCUIT BOARDS 
With 17 Proécls 

2898 523.95 

NandbMook`o/ 

IC Circuits 

3185 534.95 
Counts as 2 

101 
OPTOELECTRONIC 

PIHC)JEC T'S 

3205 $24.95 

2972 523.95 

SELECT 5 BOOKS 
for only $495 

(values to $131.70) 
and get a FREE Gift! 

THE. ILLUSTRATED " 

HOME 
ELECTRONICS 
FIR -IT BOOK 

2883P $17.95 

For 25 years, your most complete source for electronics books. 

Membership Benefits Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 50% off the 
publishers' prices. Bonus Books. Starting immediately, you will be eligible for 
our Bonus Book Plan, with savings of up to 80% off publishers' prices. Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections -mains, alternates, extras -plus bonus offers and 
special sales, with scores of titles to choose from. Automatic Order. If you want 
the Main Selection, do nothing and it will be sent to you automatically. If you prefer 
another selection, or no book at all, simply indicate your choice on the reply form 
provided. You will always have at least 10 days to decide. As a member, you agree 
to purchase at least 3 books within the next 12 months and may resign at any 
time thereafter. Ironclad No -Risk Guarantee. If not satisfied with your books, 
return them within 10 days without obligation! Exceptional Quality. All books 
are quality publishers' editions especially selected by our Editorial Board. 

FREE when you join! 
15 Easy Electronic 
Projects From Delton T. Horn 
Projects you can build -some unique, 
some old favorites -from the author's 
vast treasury of electronics know-how. 

ELECTFIONJC5 1300K CUE 
SM 

I?sttonTJiQO S 

All -Time Favorite 
Electronic Projects 

d¡7S Blue Ridge Summit, PA 17294-0810 

P ease accept my membership in the Electronics Book Club and send the 5 volumes listed 
below, plus my FREE copy of Delton T. Horn's All -Time Favorite Electronic Projects (3105P), 
billing me $4.95 plus shipping and handling charges. If not satisfied, I may return the books 
within ten days without obligation and have my membership cancelled. I agree to purchase 
at least 3 books at regular Club prices (plus shipping/handling) during the next 12 months 
and may resign any time thereafter. 

50% MONEY SAVING OPTION: 1 also wish to order my first Club 
Selection at 50% off the Publishers' price (plus shipping/handling). 1 then need 

to purchase only 2 or more books within the next 12 months. 

Name 

Address 

City 

State Zip Phone 

Signature 

Valid for new members only. Foreign applicants will receive special ordering instructions. Canada must remit 
in U.S. currency. This order subject to acceptance by the Electronics Book Club. MDNE490 

,whksMglne anI 8,1,á,e5 

AUDIO EQUIPMENT 

2867P $17.95 

2987P $16.95 

BEGINNERS 

Tv REPAIR 

1897P $14.95 

2980P 519.95 

solid -State 
ELECTRONICS 

THEORY 
.iIM1 f:.Pemmwa 

2926 525.95 

Beyond the 
Transistor 
1R. .mete..= M1.}sb 

2887P $9.95 

1938P $29.95 
Counts as 2 

8 .6S,InC 

ELECZßORICS 
HEM 

3195 528.95 
Counts as 2 

2912P 514.95 

49 
Battery - 

Powered 
Two -IC 

Pet, 

Del..7 ton 

PIXTF 881» Of 

OSCILLOSCOPES 

r^n o t 

1532P 1532P $14.95 

3156 523.95 

3165 $17.95 3031P 516.95 

51990 ELECTRONICS BOOK CLUB 
Blue Ridge Summit, PA 17294-0810 

Call Toll -Free 1-800-233-1128 to join Now! All books are hardcover unless number 
is followed by a "P" for paperback. 
(Publishers' Prices Shown) 

www.americanradiohistory.com

www.americanradiohistory.com


make up a high -Q resonant LC tank 
circuit. This tank is designed for opti- 
mum operation in the frequency 
band of approximately 30 kHz to 60 
kHz, which is the frequency range 
employed by the vast majority of 
modern hand-held IR remote control 
transmitters. 

Buffer capacitor C2 assists in 
maintaining the energy required by 
the transformer circuit to modulate 
the 117 -volt ac power line. This pre- 
vents excessive dropouts and ripples 
from appearing on the transmitter 
circuit power -supply lines during car- 
rier -current transmission. 

When the output of U2 makes a 
transition from low to high (positive - 
going), a current flows in the emitter - 
collector junction of Ql. When pro- 
duced at or near the center frequency 
of the LC tank circuit, this current 
causes the tank to resonate and effec- 
tively doubles its excitation voltage. 
The excitation voltage is coupled to 
the secondary winding of the LC tank 
transformer and appears there as a si- 
nusoidal waveform. 

The secondary winding of T2 is im- 
pedance -matched to the reactive load 
of the 117 -volt ac wiring. Maximum 
signal voltage developed across this 
winding is an approximately 4.5 -volt 
peak -to -peak sinusoidal waveform, 
as measured across a 4.7 -ohm resis- 
tive dummy load (approximately 4.3 
watts). This signal is coupled to the 
ac power line by high -voltage capaci- 
tor C6 and resistor R7. These two 
components prevent current from 
the ac line from being directly cou- 
pled to T2, while allowing modula- 
tion of the ac line. Capacitive cou- 
pling greatly enhances overall safety 
of the circuit and, together with R7, 
snubs any significant power -line 
spikes before they can reach the 
transmitter circuitry. 

The received control signal is 
transmitted over the ac power line in 
an unmodified state. Therefore, the 
method of transmission can be 
viewed as a form of pulse code modu- 
lation (PCM). No additional encod- 
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Fig. 4. Physical details for photodiode and coupling transformer. Refer to these 
drawings when installing these devices on the circuit -board assembly. 

ing or modulating frequencies are re- 
quired or used in the transmission. 

Shown at the lower -left in Fig. 1 is 

the power supply circuitry for the 
transmitter. Power transformer TI, 
bridge rectifier BR1, capacitors CI, 
C3 and C8 and regulator Ul make up 
a regulated + 5 -volt dc power supply. 
Note here that there is also a pick -off 
for + 20 volts. 

Construction 
Because of the susceptibility of the 
transmitter to picking up stray elec- 
trical noise, only printed -circuit con- 
struction is recommended. You can 
fabricate your own pc board using 
the actual -size etching -and -drilling 
guide shown in Fig. 2. Alternatively, 
you can obtain a ready -to -wire, silk- 
screened board from the source given 
in the Note at the end of the Parts list. 

Wire the transmitter board exactly 
as shown in Fig. 3, referring also to 
Fig. 4 for physical details of some key 

components. Begin by installing and 
soldering into place the sockets for 
U2 and U3. Do not plug the ICs into 
the sockets until after preliminary 
voltage checks have been performed 
and you are certain that the circuit 
board has been correctly wired. 

Next, install and solder into place 
the resistors and then the capacitors, 
making certain that the electrolytic 
capacitors are properly polarized be- 
fore soldering any leads to the copper 
pads on the bottom of the board. 
Continue wiring the circuit -board as- 
sembly by installing and soldering in- 
to place the diodes and transistors. 
Make sure the diodes are properly or- 
iented and that the transistors are 
properly based. Note the case config- 
urations of the transistors. During 
installation, the metal tab on Ql 
must be facing toward C2 and C10, 
and the outline of the case of Q2 must 
match that shown. Bend the center 
leads in both cases as needed to con- 
form with the holes in the board. 
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Fig. S. Details for installing the Faraday shield on the circuit -board assembly. 
Cut-off resistor leads or bare solid hookup wire secures shield in place and con- 

nect electrically to circuit ground. 

Identify the cathode lead of light - 
emitting diode D2, and locate it to 
your right while viewing the LED 
from the bottom of its case. Bend this 
lead downward at a 90 -degree angle 
about '''hto % inch from the bottom of 
the case. Then do the same for the an- 
ode lead. Plug the leads into the holes 
in the circuit board and push down 
until the case of the LED touches the 
top of the board. Ideally, the dome 
of the LED should either align with 
or overhang the front edge of the 
board by no more than '/,6 inch (see 
Fig. 4). Adjust positioning as needed 
and then solder the leads into place 
and clip away excess lead length. Re- 
fer to Fig. 4 to identify the leads of 
DI and do the same for this photodi- 
ode and the Dl board location. 

Install and solder into place power 
transformer TI. Then refer to Fig. 4 

for pinout details of coupling trans- 
former T2. Plug this transformer in- 
to the holes in the T2 location on the 
board and solder its pins into place. 
Still referring to Fig. 4, identify each 
lead of photodiode DI. Plug its leads 
into the DI holes in the board to prop- 
erly orient the photodiode. Mount 
the photodiode perpendicular to the 
top of the board with the bottom of 
its case 'A, to''/ inch above the surface 
of the board. 

Next, install fuse FI in place. You 

can use either a short length of No. 30 
Wire Wrap wire for the fuse or a a 
solder -tail 'h -ampere fuse. 

Now fabricate the Faraday shield. 
This simply consists of copper mesh 
cut to size and folded to form a 1.5 x 
1 -inch straight -sided rectangle that 
encloses U3 and the nearby compo- 
nents, as shown in Fig. 3. 

If you purchase the kit of parts 
from the source given in the Note at 
the end of the Parts List, the copper 
mesh for the Faraday shield comes as 
a 1 x 5 -inch strip that simply needs 
to be folded to form the rectangle. 
Copper mesh purchased from any 
other source may require trimming to 
these dimensions. Whatever the 
source, if the mesh is discolored as a 
result of oxidation, clean it prior to 
use with a mild solution of powdered 
copper cleaner and warm water. Do 
not use a paste -type copper cleaner; it 
leaves a difficult to remove residue. 
After thorough cleaning and rinsing 
to remove all residue, bathe the strip 
in a cold tin-plating solution prior to 
soldering, removing and rinsing it 
when it has been completely plated 
with tin. 

Use a ruler and a fiber -tipped 
marker with indelible ink to make 
marks 1, 2.5 and 3.5 inches from one 
end of the mesh strip to indicate 
where the folds are to be made. Care- 

fully make a 90 -degree bend at each 
marked point to form a straight -sid- 
ed rectangular "cage." It helps if you 
use a rigid metal edge to assist you in 
making the bends. 

When the cage has been formed, 
use a small amount of solder to tack 
together the open corner edge at two 
or three places. Select four cut-off re- 
sistor leads or 1 -inch lengths of solid 
bare hookup wire. Place the circuit - 
board assembly in front of you fac- 
ing up and oriented as shown in Fig. 
3. Drop one wire into each of the four 
Faraday -shield holes and test fit the 
shield over the area in which it is to 
mount, with the wires on the outside 
of the cage, as shown in Fig. 5. 

Carefully tack solder each wire at 
top and bottom to the mesh cage. Do 
not solder the wires to the copper pat- 
tern on the bottom of the board at 
this time. Remove the Faraday cage 
and more solidly solder each wire in- 
to place. Make sure that no wire 
moves as you do this. Then set aside 
the cage until it is called for later. 

Prepare the face plates of the en- 
closure as follows. (Note: If you use 
any enclosure other than the one sup- 
plied with the kit, make suitable ad- 
justments in the procedure to be de- 
scribed.) First, remove all screws that 
secure the front and rear panels in 
place from the enclosure and set 
them aside with the Faraday cage. 
Next, use a quality photocopier to 
make a same -size copy of Fig. 6. 
Carefully cut out the templates along 
the dotted lines. 

Place the templates on the front of 
the front and rear panels of the enclo- 
sure. Use an X -acto knife fitted with 
a No. 11 blade or a small drill punch 
to carefully mark the center of the 
power -cord entry hole onto the rear 
panel. Repeat for the LED and IR 
window cutout hole centers on the 
front panel. 

Remove and set aside the tem- 
plates. Then drill the line cord entry 
hole through the rear panel. The pan- 
els of the enclosure provided with the 
kit are made from soft plastic that 

Say You Saw It In Modern Electronics April 1990 / MODERN ELECTRONICS / 23 

www.americanradiohistory.com

www.americanradiohistory.com


does not readily take to drilling large - 
diameter holes without becoming ec- 
centric or/and ragged and shifting 
off -center. Therefore, begin drilling 
with a ''/6 -inch bit and progress to a 

-inch bit. Follow up with a hand 
reamer tool (Radio Shack Cat. No. 
64-815 or similar), working slowly 
and checking the diameter often until 
the given hole dimension is obtained. 

When the hole is finished, insert an 
appropriate size vinyl grommet into 
it. Feed the free end of the power 
cord through the grommet and tie a 
strain -relieving knot in it about 4 
inches from the unfinished end on 
the inside of the panel. Separate the 
two line -cord conductors to within 
inch of the knot. Then tightly twist 
together the fine wires at the ends of 
both conductors and sparingly tin 
with solder. 

Following the procedure detailed 
above, drill the hole for the LED 
through the front panel. When you 
are done, drill a''/6 -inch hole in each 
of the four corners of the IR window 
area as shown in Fig. 6. Follow up 
with a /-inch bit and hand reamer 
until at least one hole is large enough 
to accommodate a nibbling tool 
(such as the Radio Shack Cat. No. 
64-823), which should be used to fin- 
ish up making the window. 

Insert the cutting head of the nib- 
bling tool from the -inward facing 
side of the end -panel. Do not be over- 
ly concerned if the edges of the win- 
dow are slightly ragged; the self -ad- 
hering front -panel overlay will cover 
it and the rest of the panel. 

If you are building the project us- 
ing a different type of enclosure than 
that supplied with the kit, make the 
window as neat and squared off as 
possible and face or back it with a 
transparent red plastic filter. If you 
are using the enclosure supplied with 
the kit, do not install the overlay until 
the transmitter and next month's re- 
ceiver have been fully tested and you 
are satisfied with their operation. If 
you do, the overlay will cover the 
panel mounting screw holes and will 

be destroyed if any attempt is made 
to remove it. 

Place the circuit -board assembly in 
front of you, oriented as shown in 
Fig. 3. Plug the free ends of the ac 
line cord into the holes labeled NEUT. 

and HOT at the lower -left of the 
board. Solder both connections. 

Preliminary Checkout 
Use a battery -powered dc voltmeter 
or a multimeter set to the dc -volts 
function to perform preliminary 
voltage checks. Before you begin, 
though, keep foremost in mind that 
this project makes use of potentially 
lethal ac -line current. Therefore, you 
must exercise extreme caution when 
probing in the powered circuitry. 

Place the circuit -board assembly 
on an insulated surface. Clip the 
common lead of the meter to power - 
supply ground, and plug the line cord 
of the project into a convenient ac 

outlet. Then use the "hot" probe of 
the meter to take readings at pin 14 of 
the U2 socket and pins 3 and 8 of the 
U3 socket. In all cases, you should 
obtain a reading of + 5 volts. You 
should also obtain a reading of ap- 
proximately + 20 volts when you 
touch the "hot" probe to the + ter- 
minal of the bridge rectifier. 

If you do not obtain the proper 
reading at any given point in the cir- 
cuit, immediately power down by 
pulling the plug from the ac outlet. 
Check to make sure that all compo- 
nents have been installed in their cor- 
rect locations and that all electrolytic 
capacitors, diodes, the bridge rectifi- 
er assembly, transistors and voltage 
regulator are properly oriented. 

Also check all soldering. If you 
missed a connection, solder it now. 
Reflow the solder on any suspicious 
connection. Clear away any solder 
bridges with desoldering braid or a 
vacuum -type desoldering tool. Do 
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Fig. 6. Fabrication details for front and rear panels of the enclosure. 
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not proceed with assembly until you 
have rectified the problem. 

When you are satisfied that every- 
thing is functioning correctly, dis- 
connect the power and allow time for 
the charges to bleed off the electro- 
lytic capacitors in the power supply. 
Then install U2 and U3 in their re- 
spective sockets. Make certain that 
each is properly oriented and that no 
pins overhang the sockets or fold un- 
der between ICs and sockets. Also, 
exercise normal safety procedures 
when handling these CMOS devices. 

Install the Faraday cage by plug- 
ging the ends of the wires you sol- 
dered to it earlier into the holes in the 
circuit -board assembly. Gently press 
the cage against the board until it is 

squarely seated in place and is flush 
all around. Then hold the cage in 
place as you solder the ends of the 
wires to the copper trace on the bot- 
tom of the board. Work quickly to 
prevent the wires from coming loose 
as a result of excessive heat. 

Referring to Fig. 4, adjust the tun- 
ing slug of the coupling transformer 
until it is just visible along the top of 
the case of the transformer when 
viewed edge -on. Plug the line cord of 
the transmitter into the ac outlet. 

Use a hand-held IR remote -control 
transmitter from a TV receiver or 
VCR to make an operational test of 
the Extended Play transmitter. Stand 
about 5 feet back from the receiver 
module and point the remote con- 
troller directly at the front of the cir- 
cuit -board assembly. Each time you 
press any button on the remote con- 
troller, the green LED on the trans- 
mitter board should flash. Although 
the transmitter is sensitive to a range 
well beyond 20 feet, actual usable IR 
range is closer to 18 feet. 

It is normal for the the LED to 
flash intermittently on its own. Out- 
side of its enclosure the circuit is sus- 
ceptible to stray emi. Bright fluores- 
cent lighting in your work area may 
have to be shut off because it gener- 
ates spurious IR energy that can in- 
terfere with normal operation. 

Once you are satisfied with opera- 
tion of the IR detector, disconnect 
the power cord from the wall outlet 
and install the circuit -board assem- 
bly in its enclosure, the edge with the 
detector and LED first. Carefully 
slide the assembly into the grooves 
located along the squared corners of 
the enclosure interior. 

When fully inserted, view the 
space between the underside of the 
board and the floor of the enclosure 
to make certain no component legs 
come into contact with the enclosure 
interior. If there is adequate clear- 
ance, hold the assembly firmly in 
place and install only the rear panel 
via its four mounting screws. Do not 
install the front panel at this time. 

The screws for the enclosure pro- 
vided with the kit are stiff to install; 
so work slowly, exercising caution 
not to over -tighten or strip them. As 

the lower panel -retaining screws are 
threaded in place, they cut into the 
traces along the edges of the circuit - 
board assembly, making and main- 
taining electrical contact between cir- 
cuit ground and the metal enclosure. 

Together, the Faraday shield, 
ground planes on the circuit board 
and enclosure provide enough emi 
shielding to permit the transmitter to 
be conveniently placed on top of or 
alongside most TV receivers. 

Coming Next Month 
In this first installment, we have pre- 
sented full theory of operation and 
construction details for the Extended 
Play transmitter module. Next 
month, in the conclusion, we will dis- 
cuss operation and construction of 
the receiver module, system checkout 
and installation and use. 
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Computing 

Microcomputer on a Chip 
Motorola's MC68701 microcomputer on a chip offers 
a wide variety of features that make it ideal for 
experimenter projects 

By Brian B. Beard 

Designed as a development 
tool for the 6801 masked 
ROM microcomputer, the 

Motorola MC68701 eight -bit single - 
chip microcomputer allows the user 
to make software changes before 
committing to final circuit version. 
Available from several sources for 
less than $15, it offers an abundance 
of resources and an affordable price 
make this chip almost ideal for elec- 
tronic projects. 

Like all Motorola processors, the 
68701 uses linear addressing and 
memory -mapped I/O. As part of the 
6800 family of microprocessors (in- 
cluding the 6801 and 6803), the 68701 

has the same instruction set as its pre- 
decessors, which is an enhanced ver- 
sion of the 6800 instruction set. This 
instruction set is compatible with 
source and object code written for 
the 6800. Programming of these mi- 
croprocessors is usually in assembly 
language. Therefore, in this article, 
we use Motorola syntax in which hex- 
adecimal values are preceded by a 

dollar sign, as in $0F, $8A3E, etc. 
This time out, we familiarize you 

with the 68701 in enough detail so 
that you can utilize this chip in your 
own projects. In an upcoming issue, 
we will detail how to program the in- 
ternal EPROM and discuss construc- 
tion details for a programmer you 
can build to accomplish this using a 

serial or parallel port of any personal 
computer. 
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Fig. 1. Block diagram of internal architecture of Motorola's MC68701 micro- 
computer. (All figures courtesy of Motorola Inc.). 

Chip Resources 

Shown in Fig. 1 is a block diagram of 
all the resources contained on the 
68701 microprocessor chip. These in- 
clude: 2K bytes of EPROM, 128 

bytes of RAM, serial communica- 
tions interface (SCI), parallel I/O, 
clock oscillator and three -function 
programmable timer. The latest ver- 
sion of this chip, which bears the 

number 68701U4, has 4K bytes of 
EPROM, 192 bytes of RAM, more 
timer functions and a complete baud - 
rate generator. This enhanced U4 
version does everything the standard 
version does and more. Because of 
the fact that two versions of the chip 
may be available where you buy and 
you may get only the original 68701, 
we will limit our discussion here to 
the standard version. 
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Table 1. Summary of MC68701 Operating Modes 

Common to all Modes: 
Reserved Register Area 
Port 1 

Port 2 

Programmable Timer 
Serial Communication Interface (SCI) 

Single Chip Mode 7: 
128 bytes of RAM; 2048 bytes of EPROM 
Port 3 is parallel I/O with two control lines 
Port 4 is parallel I/O 
SC1 is Input Strobe 3 

SC2 is Output Strobe 3 

Expanded Non -Multiplexed Mode 5: 
128 bytes of RAM; 2,048 bytes of EPROM 
256 bytes of external address space 
Port 3 is an eight -bit data bus 
Port 4 is an input port/address bus 
SC1 is Input/Output Select 

%MSC2 is Read/Write (R/W) 

Expanded Multiplexed Modes 1, 2, 3, 6 

Four memory map options, each with 64k address space 
1. External RAM, EPROM, and interrupt vectors (Mode 3) 
2. Internal RAM, external EPROM and vectors (Mode 2) 
3. Internal RAM and EPROM, external vectors (Mode 1) 

4. Internal RAM, EPROM, and interrupt vectors (Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus 
SCI is Address Strobe (AS) 
SC2 is Read/Write (R/W) 

Expanded Multiplexed Mode 0: 
64k of address space 
Internal RAM and EPROM 
External interrupt vectors at $BFFO through $BFFF 
Used to program internal EPROM 

Test Mode 4: 
For factory testing 

All versions of the 68701 are sup- 
plied in a 40 -pin ceramic dual in -line 
package, the pinouts for which are 
shown in Fig. 2. Because Motorola 
recently changed package designa- 
tions, you may find part numbers 
with either an L or S suffix. 

Referring to both Fig. 1 and Fig. 2, 
let us now discuss the various ele- 
ments that make up the 68701: 

Clock Oscillator. Available at pins 
2 and 3, XTAL1 and EXTAL2, connect 
directly to most commercially avail- 
able crystals whose operating fre- 
quencies are between 2 and 4 MHz. A 
divide -by -four circuit reduces the 
crystal frequency to establish the op- 
erating clock frequency of the chip, 
which is known as the E clock. The E 

clock is available at pin 40 of the 
68701 and is used to synchronize da- 
ta -bus transfers in the expanded op- 
erating modes. Maximum E clock 
frequency for the 68701 is 1 MHz, 
which is obtained with a 4 -MHz crys- 
tal. A 20-picofarad capacitor should 
be tied from each crystal pin to 
ground to ensure reliable start-up. 

Operating Modes. The 68701 can 
operate in eight different modes, 

which are referred to as Mode 0 
through Mode 7. The operating 
mode determines the memory map, 
use of Port 3, Port 4, Scl, SC2 and lo- 
cations of interrupt vectors. Table 1 

summarizes the characteristics of the 
operating modes. The operating 
mode is latched in from P20, P21 and 
P22 on the rising edge of RESET. The 
three -bit binary number on these pins 
at that instant is the mode number. 
Since these pins may also be used for 
general I/O, external circuitry may 
be required to force them to the cor- 
rect mode number when RESET is low. 

Memory. At first glance, the 
amount of memory supplied in the 
68701 may seem rather limited. Actu- 
ally, there is plenty for the jobs the 
chip was designed to do. The 6801/ 
68701 is usually used in embedded 
control applications that do not re- 
quire large amounts of variable stor- 
age. If internal memory is not enough, 
of course, one of the expanded 
modes can be used. The lower 64 
bytes of RAM, at locations $80 
through $BF, are powered via pin 21. 
Whenever internal RAM is used, + 5 

volts must be applied to this pin. A 
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Fig. 2. Pin assignments for MC68701. 
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Table 2. Internal Register Area of 68701 

Register Address* 

Port 1 Data Direction Register 
Port 2 Data Direction Register 
Port 1 Data Register 
Port 2 Data Register 
Port 3 Data Direction Register 
Port 4 Data Direction Register 
Port 3 Data Register 
Port 4 Data Register 
Timer Control and Status Register 
Counter (High byte) 
Counter (Low byte) 
Output Compare Register (High byte) 
Output Compare Register (Low byte) 
Input Capture Register (High byte) 
Input Capture Register (Low byte) 
Port 3 Control and Status Register 
Rate and Mode Control Register 
Transmit/Receive Control and Status Register 
SCI Receive Data Register 
SCI Transmit Data Register 
RAM/EPROM Control Register 
Reserved for future expansion 

*Addresses are in hexadecimal format. 

00 
01 

02 
03 
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05 
06 
07 
08 
09 
OA 
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Program Counter (PC) 15 PC o 

7 0 

H N Z V l C I Condition Code Register ICU() 

A A Ak 
Carry/Borrow from MSB 
Overflow 
Zero 
Negative 
Interrupt 

Bit 3) Half Carry (From 

Fig. 3. Programming model for 6801/6803/68701. 

back-up battery on his pin can keep 
critical data from being lost during 
power outages. 

Memory from $0000 to $001F is 

the internal register area, as detailed 
in Table 2. This area is the same in all 

modes and consists of the registers 
used to control and monitor the on - 
chip peripherals. 

I/O Ports. There are 29 parallel 
I/O lines that are organized as four 
ports. Each port is controlled by two 
registers. The Data Direction Regis- 
ter determines which lines are input 
and which are output. A 0 in a bit lo- 
cation makes that line an input, while 
a 1 makes it an output. All Data Di- 
rection Registers are cleared when 
RESET goes low. The Data Register is 

used to both read input and write 
output data. Port lines are desig- 
nated by the letter "P" followed by 
the port number and the bit number; 
thus P12 refers to Port 1, bit 2. 

Port 1 (Pio through P17) is a mode - 
independent I/O port. Port 2 (P2o 

through P24) is a mode -independent 
multi -purpose I/O port. It is used to 
set the operating mode and provide 
access to the SCI and programmable 
timer functions. Port 3 (P30 through 
P37) can be an I/O port, a bidirec- 
tional data bus, or a multiplexed ad- 
dress/data bus depending on the op- 
erating mode. 

Control lines sC1 and SC2 work 
with Port 3 in all modes. In single - 
chip mode, the control lines can latch 
Port 3 input data, strobe output or 
perform bidirectional handshaking. 
In multiplexed mode, SC2 becomes 
read/write (R/W), and SC1 functions 
as Address Strobe (AS). Port 4 (Pao 

through P47) functions as an I/O port 
in single -chip mode. In multiplexed 
modes Port 4 becomes address lines 
A8 through A15. 

Programmable Timer. The heart 
of the timer is a 16 -bit free -running 
counter that is incremented by the E 

clock. The programmable timer does 
overflow detection, output compari- 
son and input capture. Any or all of 
these features can be enabled and 
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linked to interrupts by programming 
the Timer Control and Status Register. 

Whenever the counter reaches a 
value of $FFFF, an overflow flag is 
set, which can be used to generate a 
periodic interrupt. When the 16 -bit 
counter equals the Output Compare 
Register a preset level is clocked out 
to P21. Pulse -width modulation is 
easy to implement with this feature. 

The Input Capture Register latches 
the current value of the 16 -bit coun- 
ter when a proper level transition is 
detected on P20. A proper level tran- 
sition can be programmed as either a 
rising or a falling edge. By counting 
the number of E cycles between edges 
of a waveform, its period can be ac- 
curately measured. 

Serial Communications Interface 
(SCI). SCI mode and baud rate are 
determined by the Rate and Mode 
Control Register. Baud rate can be 
set to any of four frequencies derived 
from the E clock; E/16, E/128, 
E/1,024, and E/4,096. For many 
crystal frequencies, these choices do 
not yield standard baud rates, so one 
other option has been included on the 
chip. An external clock at eight -times 
the desired baud rate can be con- 
nected to P22. 

SCI is full -duplex and asynchro- 
nous and provides one start bit, eight 
data bits and one stop bit. The Trans- 
mit/Receive Control and Status Re- 
gister enables the transmit and re- 
ceive sections and their interrupts 
and monitors the status of serial op- 
erations. Data written to the Trans- 
mit Data Register is shifted out, LSB 
first, to P24. Serial data to the receiv- 
er is connected to P23. As each com- 
plete byte is received, it is loaded into 
the Receive Data Register. 

The Software 
A programming model for the 6801/ 
6803/68701 is shown in Figure 3. 
Eight -bit accumulators A and B op- 
erate identically in that any instruc- 
tion that uses A can also be done us- 
ing B. For 16 -bit operations, A and B 

make up a 16 -bit accumulator re- 
ferred to as D (for Double accumula- 
tor), where A is the most -significant 
byte. Six addressing modes are sup- 
ported, as follows: 

Immediate Addressing. In imme- 
diate addressing, the instruction con- 
tains the value to be acted upon-not 
as a pointer to the value. For exam- 
ple, "LDAA #3" loads Accumulator 
A with the value 3, not the data 
stored at address $03. 

Direct Addressing. Instructions us- 
ing direct addressing contain a one - 
byte address for the data to be acted 
upon. Thus, only data stored bet- 
ween $00 and $FF can be accessed 
with direct addressing. The instruc- 
tion "LDAA 3" loads Accumulator 
A with the data at address $03. 

Extended Addressing. Extended 
addressing is similar to direct but al- 
lows a two -byte address. Thus, data 
from $0000 to $FFFF, the entire 64k 
address space, can be accessed. The 
instruction "LDAA $81FF" loads 
the Accumulator with the data at ab- 
solute address $81FF. 

Indexed Addressing. Instructions 
using indexed addressing provide a 
one -byte unsigned offset (0 to 255) 
that is added to the value of the index 
register. The result of this addition is 
the address of the data. Consider the 
two lines of assembly code "LDX 
#$8000" and "LDAA 3,X." The 
first line loads Index Register x with 
the 16 -bit absolute hex value 8000, 
while the second line loads Accumu- 
lator A with the data at address $8003 
($8000 + $03). 

Inherent Addressing. These are 
single -byte instructions. Op -codes 
specify everything that is needed. For 
example, the instruction "CLRA" 
means clear Accumulator A; nothing 
more is needed because the location 
to be accessed, Accumulator A, is in- 
herent in the instruction. 

Relative Addressing. Only branch 
instructions use relative addressing. 
A branch instruction contains a one - 
byte signed offset ( -126 to 129) that 
is added to the program counter if the 

branch condition is true. If the condi- 
tion is false, execution continues with 
the next instruction. 

Further Information 
This article is much too short to com- 
pletely describe all the aspects of the 
versatile MC68701 microcomputer 
chip. If you want to learn more about 
the 68701, particularly if you plan on 
using it in a project, contact Motor- 
ola for complete data. A good way to 
do this is to call the Motorola Free - 
ware Bulletin Board System at (512) 
891-3733. Protocol is 300 or 1,200 
baud, eight bits, no parity and one 
stop bit. This BBS is a treasure trove 
of valuable information. It offers 
free cross -assemblers and applica- 
tion notes, lists of local sales offices 
and distributors, user group libra- 
ries, and much more. AE 
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Project 

A Maximum/Minimum 
Voltage Detector 

This voltmeter accessory tracks highest or lowest voltage, 
light or other physical parameter levels for testing, 
troubleshooting and other applications 

By Jan Axelson 

It is often useful to know the 
maximum or minimum measure- 
ment made over a period of 

time. For example, you might want 
to know the highest or lowest output 
voltage of a power supply, or the 
loudest noise, the dimmest light, the 
highest temperature or some other 
maximum or minimum value that oc- 
curs over a given period of time. The 
Maximum/Minimum Voltage De- 
tector described here permits you to 
make this type of measurement by 
storing the highest or lowest voltage 
it detects. The stored voltage can 
then be measured with any dc 
voltmeter. 

Sensors and additional circuitry 
can be used to translate light, sound, 
temperature and other physical phe- 
nomena into voltages that are mea- 
surable with this project. 

Our Maximum/Minimum Voltage 
Detector continuously compares its 
input voltage to a previously stored 
value. If the input voltage is greater 
than the stored value (for maximum 
measurements) or less than the stored 
value (for minimum measurements), 
the input voltage becomes the new 
stored value. In this way, the stored 
voltage always equals the maximum 
(or minimum) voltage sensed. 

About the Circuit 
Designing and building a circuit that 
directly stores an analog voltage is 

difficult to do. A capacitor charged 
to a certain voltage might hold the 

charge for a given period of time. 
However, leakage current will even- 
tually cause the voltage across the ca- 
pacitor to droop. For this reason, a 
different approach is used in the 
Maximum/Minimum Detector, which 
stores its voltages in digital form. 
Two CMOS counters make up an an- 
alog -to-digital (A/D) converter that 
saves the maximum or minimum 
measured voltage as an eight -bit 
digital word. A digital -to -analog 
(D/A) converter transforms the 
digital word back into an analog 
voltage for comparison with the in- 
put voltage. 

Shown in Fig. 1 is the complete 
schematic diagram for the circuitry 
of the Maximum/Minimum Voltage 
Detector. Batteries BI and B2 pro- 
vide + 9 and -9 volts for the circui- 
try. Capacitors Cl, C2, C3 and CS 
provide filtering and bypassing for 

the dc battery supply. NAND Schmitt 
trigger IC2A, capacitor C4 and resis- 
tor R2 generate an approximate 700 - 
kHz clock signal frequency at pin 
3 of IC2A. 

The input to the Detector (V;,,) is 

the voltage across jacks 11 and J2. 
Comparator ICI compares V;o to 
stored voltage Vo,,, at pin 6 of IC8. 

Comparator ICI's output at pin 7 

is high (+ 9 volts) if the potential at 
pin 2 is greater than that at pin 3, and 
low (0 volt) if the potential at pin 3 is 

greater than that at pin 2. Pull-up ac- 
tion for the open -collector output of 
ICI is provided by R1. 

Switch S2 determines whether the 
Detector stores the maximum or 
minimum voltage measured. This 
switch serves three functions: selects 
either a true or inverted output at pin 
12 of IC3D; configures counters ICS 
and IC6 to count either up or down 
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Fig. 1. Complete schematic diagram of circuitry used in Maximum/Minimum Voltage Detector. 

(at pin 10); and determines whether 
the counters will reset to their maxi- 
mum or minimum counts (at pins 3, 
4, 12 and 13). 

NOR gate IC3D serves as a switch 
that transmits or inhibits clock pulses 
to counter IC5. When pin 12 of IC3D 
is high, pin 15 of IC5 is held low, and 
when pin 12 of IC3D is low, pin 15 of 

IC5 is clocked by IC2A through IC3D 
(IC3D inverts the clock pulses). 

Counters IC5 and IC6 are cas- 
caded by connecting CARRY OUT pin 
7 of IC5 to CLOCK pin 15 of 106. The 
outputs at pins 6, 11, 14 and 2 of the 
counters are in binary from 00000000 
to 11111111 (decimal255). 

When switch S3 is pressed, the out- 

puts of 105 and 106 are preset to the 
count at their "jam" inputs at pins 3, 
4, 12 and 13. If S2 is set to MAX, 
pressing S3 sets low the counter out- 
puts and, if S2 is set to MIN, S3 sets 
high the outputs. 

The outputs of the counters are the 
inputs at pins 5 through 12 of IC7, a 
DAC0808 digital -to -analog convert - 
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PARTS LIST 
Semiconductors 
IC1-LF311 comparator 
IC2-4093B CMOS quad NAND gate 

Schmitt trigger 
IC3-4001B CMOS quad NOR gate 
IC4-LM317 adjustable positive 

voltage regulator 
IC5,IC6-4029B CMOS up/down 

counter 
IC7-DAC0808 digital -to -analog 

converter 
IC8-LM308 operational amplifier 
Capacitors (25 WV minimum) 
C 1,C3,C5-1.0-µF tantalum 
C2 -47-µF electrolytic 
C4,C6,C7-100-pF ceramic disc 
Resistors ('/4 -watt) 
RI ,R2-10,000 ohms, 5% tolerance 
R3-21 ohms, 1% tolerance 
R5-100,000 ohms, 5% tolerance 

R6,R7,R8-4,990 ohms, 1% tolerance 
R4 -1,000 -ohm pc -mount 15 -turn 

potentiometer 
Miscellaneous 
B1,B2-9-volt battery 
J1 thru J4-Banana jack 
S1-Dpst toggle or slide switch 
S2-Dpdt toggle or slide switch 
S3-Spst momentary -action normally - 

open pushbutton switch 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable soldering or Wire Wrap 
hardware (see text); sockets for all 
DIP ICs (two 14 -pin, three 16 -pin); 
snap connectors and holders for B1 

and B2; panel -mount LED holder 
(optional); suitable enclosure; label- 
ing kit and clear acrylic spray (see 
text); machine hardware; hookup 
wire; solder; etc. 

er, or DAC. The DAC generates a 
current at pin 4 that is proportional 
to the binary count at its inputs. 

The range of the DAC is set by ref- 
erences at pins 14 and 15. The lower 
reference is tied to ground through 
R7 at pin 15. Voltage regulator IC4 
and resistors R3 and R4 provide an 
adjustable positive reference (Vtef) 

that ranges from 1.25 to 6 volts. Vref 

connects to pin 14 of IC7 through R6. 
Operational amplifier IC8 gener- 

ates a voltage across resistor R8 in 
proportion to the output current at 
pin 4 of IC7. This is the output volt- 
age (Vo,,,) of the Detector and is also 
the input at pin 3 of comparator ICI. 

If R4 is adjusted so that Vo,,, is + 5 

volts, pin 6 of IC8 increases from 0 to 
5 volts as pins 5 through 12 of IC7 
count from 00000000 to 11111111. 
Capacitors C6 and C7 provide com- 
pensation and are recommended by 
the data sheets for IC7 and IC8. Ad- 
ditional data and applications infor- 
mation about the DAC0808 can be 
found in Linear Databook 2 (1988 
Edition) from National Semiconduc- 
tor Corp. 

If the counting circuitry over- 
flows, a set of logic gates causes 
LEDI to latch on. Pin 7 of ICS and 

IC6 is a CARRY OUT output that goes 
low if a clock pulse occurs when pins 
6, 11, 14 and 2 are all high (if count- 
ing up) or all low (if counting down). 
If pin 7 of both ICs are low at the 
same time, the counters are beyond 
maximum (or minimum) count. 

NOR gates IC3B and IC3C make 
up a set/reset flip-flop. When pin 7 

of ICS and IC6 are both low, pin 3 of 
IC3A is high and pin 4 of IC3B is low. 
Unless S3 is pressed, pin 9 of IC3C is 

held low through RS. Pin 10 of IC3C 
is high, pin 11 of IC2D is low and 
LED] is on. Once LED] turns on, it 
remains on until S3 is pressed, bring- 
ing pin 10 of IC3C low and pin 11 of 
IC2D high. 

As an example of circuit opera- 
tion, observe what happens if V;t is 1 

volt and S2 is set to MAX. When S3 is 

pressed to reset the circuit, ICS and 
IC6 reset to 00000000 and Vou, equals 
0 volt. Since Vot is less than V;,,, pin 7 

of ICI goes high, pin 10 of IC2C goes 
low, and IC3D clocks ICS. With the 
rising edge of each clock pulse, the 
count at pins 5 through 12 of IC7 ad- 
vances one count. As a result Vo,,, 

rises slightly. 
The counters continue counting 

until VQ,,, is slightly higher than the 1 - 

volt V;,,. At this point, pin 7 of ICI 
goes low, pin 10 of IC2C goes high 
and the counters stop counting. 

If V;,, now drops below 1 volt, V0,,, 

remains at 1 volt because the count- 
ers are holding the DAC inputs at 
their previous high count. If V;,, goes 
higher than 1 volt, pin 7 of IC1 will go 
high again, causing the counters to 
resume counting and Vo,,, to increase. 
As soon as Vou, is greater than Vi,,, 

the counters cease counting and the 
new maximum voltage is saved. 

To measure minimum voltages, 
both halves of S2 are set to MIN. Cir- 
cuit operation is much the same as 
for measuring maximums, with these 
differences: ICS and IC6 now count 
down instead of up; the counters re- 
set to 11111111 instead of to 00000000; 
and the output of IC] is not inverted 
by IC2C, so the counters count when 
V;,, is less than (not greater than) Vo t. 
Also, LEDI turns on when the count 
goes lower than 00000000, instead of 
higher than 11111111. 

Construction 
The circuitry for the Maximum/Min- 
imum Voltage Detector is suitable 
for construction using Wire Wrap or 
soldering hardware and techniques 
and perforated board with holes on 
0.1 -inch centers. If you prefer, you 
can use a printed -circuit board of 
your own design. Whichever method 
you choose, sockets are recommended 
for all DIP ICs. 

Any suitable -sized plastic or metal 
enclosure can be used. Be sure to re- 
serve room in the enclosure for the 
two 9 -volt batteries and the switches 
and jacks that will mount on its 
walls. Figure 2 shows a completed 
Wire Wrapped project in its enclosure. 

The project's components are 
commonly available from local 
stores and mail-order houses. For 
best accuracy and stability, use 1 -per- 
cent precision resistors for R3, R6, 
R7 and R8 and a precision 15 -turn 
potentiometer for R4. 

The circuit easily fits on a 3 x 
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4 -inch circuit board. If you go the 
Wire Wrap or point-to-point solder- 
ing route, take some time to plan 
your component layout-including 
the locations for where the connec- 
tions to + 9 volts, -9 volts and 
ground will come onto the board-to 
obtain a minimum -size assembly. 

Except for Sl, S3, LEDs, BI and 
B2, and JI through J4, all com- 
ponents mount on the circuit board. 
These exceptions mount on the front 
or top panel of the enclosure. When 
you are ready to lay out the com- 
ponents on the circuit board, mount 
the IC sockets but not DIP ICs 
themselves in their respective loca- 
tions. Save installation of the ICs un- 
til after assembly is completed and 
you have run preliminary voltage 
checks. When you are finished wiring 
the circuit -board assembly, the only 
IC that should be on the board is 

regulator IC4. 
Begin wiring the circuit by install- 

ing the DIP IC sockets and voltage 
regulator. Then proceed to wiring 
from the sockets and IC4 to + 9 

volts, -9 volts and ground. Mini- 
mize noise in the analog portions of 
the circuit by using a separate ground 
return for the analog circuitry. Note 
that in Fig. 1 analog grounds are 
shown as a triangular symbol, where- 
as normal power ground is depicted 
by the traditional three lines in tri- 
angle form. Wire these connections 
to a common point, keeping them 
electrically separate from the other 
ground connections. Then wire this 
point directly to the ground connec- 
tion for the battery connectors. 

Continue wiring the on -board cir- 
cuitry with the resistors and capaci- 
tors. Be sure to observe proper polar- 
ity for the electrolytic capacitors. 
Connections to the batteries, switches, 
LED and jacks require two 9 -volt 
battery clips and 16 short lengths of 
hookup wire with''/, inch of bare wire 
at each end. 

To prepare your enclosure, drill 
appropriate -size mounting holes for 
the jacks, switches, LED, battery 

clips and the circuit -board assembly. 
After drilling is complete, deburr any 
holes drilled through metal to re- 
move sharp edges. Then use a dry - 
transfer lettering kit to label the con- 
trols and the LED. Follow up with 
two or more light coats of clear acryl- 
ic spray to protect the legends. 

When the spray acrylic has com- 
pletely dried, mount the jacks, 
switches, LED and battery clips via 
their respective holes. If the LED 
does not remain in place, secure it 
with a daub of clear fast -setting 
epoxy cement. Then mount the cir- 
cuit -board assembly in place using 
'/2 -inch spacers and 4-40 x 3/4 -inch 
machine screws, nuts and lockwash- 
ers. This done, wire the panel - 
mounted components to the circuit - 
board assembly. Before placing the 
fresh batteries in the enclosure, wrap 
them in a piece of nonconductive 
foam to keep them from shorting 
against other circuit components. 

Checkout & Use 

Begin checkout of the project with 
the power -supply circuitry by mak- 
ing voltage measurements at strategic 
locations in the circuitry. Set POWER 

switch SI to ON and measure the po- 
tentials between ground and all + 9 - 
and -9 -volt connections to the IC 
sockets. Use a dc voltmeter or a mul- 
timeter set to the dc -volts function to 
take all measurements. Connect the 
common lead of the meter to ana- 
log/circuit ground, leaving it there 
throughout the procedure. 

Touch the meter's "hot" probe to 
pin 8 of the /C/, pin 14 of the IC2 and 
IC3, pin 16 of the ICS and IC6, pin 13 

of the IC7 and pin 8 of the IC8 sock- 
ets. In all cases, the reading obtained 
should be approximately + 9 volts. 
Touching the meter's "hot" probe to 
pin 4 of the ICI and IC8 and pin 3 of 
the IC7 sockets should yield a read- 
ing of approximately -9 volts. 

If you fail to obtain the proper 
reading at any point in the circuit, 
power down and recheck all your 
wiring and component orientations 
and the polarities of the connections 
to the batteries. Also measure Vfef at 
the OUT pin of regulator IC4. Adjust- 
ing R4 should cause Vref to vary from 
+ 1.25 to at least + 6 volts. For initial 
check-out of the circuit, set Vfef to 
+ 5.0 volts. 

When you are certain that the proj- 
ect is properly wired, power down 

Fig. 2. Project be built using pc board or Wire Wrap techniques and materials 
as shown. 
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Fig. 3. To use Maximum/Minimum Voltage Detector, connect the voltage to be 
measured to V;,, and voltmeter to V,; voltmeter displays maximum (or mini- 

mum) voltage measured. 

and plug the DIP ICs into their re- 
spective sockets. Make certain that 
each IC is properly oriented and in its 
appropriate socket. Make certain, 
too, that no pins overhang the 
sockets or fold under between any IC 
and its socket. 

Wire together a simple test circuit 
for the detector using a potentiome- 
ter and an additional 9 -volt battery. 
The value of the potentiometer is not 
critical. Use test leads to connect one 
end leg of the test potentiometer to 
the + terminal of the 9 -volt battery 
and the other end leg to the - battery 
terminal and to J2 in the project. 
Then connect the wiper lug of the po- 
tentiometer to JI. Adjust the poten- 
tiometer for 0 volt between J1 to J2. 
Then connect test leads from your 
voltmeter to J3 and J4, with the more 
positive lead to J3. 

Set S2 to MAX, set S/ to ON and 
press S3. The meter reading should 
be 20 millivolts or less. Slowly in- 
creasing V; by adjusting the test po- 
tentiometer should cause V,to in- 
crease accordingly. If you increase 
and then decrease V;, V, should re- 
main at highest voltage for V;. 

When V, is 5 volts, LEDI should 
light. The LED should remain lit 
even if you adjust V, to a level below 
5 volts. To reset and begin a new mea- 
surement, press S3. 

Fig. 4. The 741 op amp translates 
output current of silicon solar to a 
voltage measurable by the Maxi- 
mum/Minimum Voltage Detector. 

To measure minimum voltages, set 
S2 to MIN and press S3. Now Vot 
should be equal to the lowest voltage 
measured, and the LED should light 
when V, drops to a level of 0 volt. 

To measure other potentials with 
the Maximum/Minimum Voltage 
Detector, connect test leads between 
the voltage to be measured and J1 
and J2, with the more positive lead to 
J1. Connect the voltmeter between 
J3 and J4 as above. Figure 3 shows 
the project in use. 

Shown in Fig. 4 is the schematic 
diagram of a light -sensing circuit you 
can use with the project. The sensor 
here is a silicon solar cell that gener- 

ates a current of 300 milliamperes in 
full sunlight. Most of the output cur- 
rent from the cell feeds through the 1 - 

ohm resistor, with about one percent 
feeding through the 100 -ohm resistor. 

A 741 op amp in the Fig. 4 circuit 
generates a voltage that is propor- 
tional to the output current of the so- 
lar cell. As the output of the cell va- 
ries from 0 to 300 milliamperes, the 
voltage across the 1,600 -ohm resistor 
varies from 0 to about -5 volts. 

To measure the relative maximum 
or minimum light level detected by 
the solar cell, connect the output of 
the Fig. 4 circuit to J1 and J2 on the 
project. Since the output of the op 
amp is the more negative voltage, it 
connects to J2. Now set SI to ON and 
S2 to MAX or MIN, as desired, and 
press S3 to reset the project. 

The Maximum/Minimum Detec- 
tor will now store a voltage in pro- 
portion to the maximum or mini- 
mum light level detected. A reading 
of 5 volts means that the output of 
the solar cell is 300 milliamperes, 2.5 
volts means 150 milliamperes, and so 
on in direct proportion. 

When using the Detector, there is 

no need to plug the voltmeter into J3 
and J4 until your measurements are 
complete. Of course, you must leave 
the Detector powered until you read 
the measurement. 

You can vary the range of the De- 
tector by adjusting Vref from 1.25 to 
6 volts with R4. For highest possible 
resolution, adjust R4 so that Vref is 
slightly greater than the maximum 
voltage you expect to measure. The 
reason for this is that with the maxi- 
mum 6 -volt range, each of the 255 
counts at the eight -bit input of the 
DAC represents about a 23 -millivolt 
change at V,. V, does not change 
perfectly smoothly; it rises or falls in 
steps of about 23 millivolts from 0 to 
6 volts. As you reduce the range, the 
size of the steps decreases. If the 
range is just 1.25 volts, each step is 5 

millivolts, so you get greater preci- 
sion, though at the expense of re- 
duced range. AE 
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Project 

Super -Sensitive Gas Detector 
Using a newly refined semiconductor device, this 
professional -quality detector "sniffs out" combustible 
gases and noxious fumes and sounds an alert or lights 
a LED when it detects them 

By Anthony J. Caristi 

When properly maintained, 
home smoke detectors 
can save lives. Smoke/ 

fire detectors are good insurance, of 
course, but the protection they pro- 
vide does not go quite far enough. To 
be truly effective, a detection system 
in the home should also detect gas 
and other dangerous fumes. The Su- 
per -Sensitive Gas Detector described 
here provides the added protection 
needed. This project is not intended 
to be a substitute for a smoke detec- 
tor, but a supplement to it. 

Our Gas Detector is a sensitive, 
professional quality, accurately cali- 
brated instrument. It monitors the 
air for an indication of an abnormal 
amount of combustible gases, such 
as natural methane gas or LPG pro- 
pane and provides a visible or audi- 
ble warning if even a small amount 
of gas is detected. 

Although this project is useful for 
detection of natural gas and propane 
it is sensitive to such other types of 
reducing (deoxidizing) gases as car- 
bon monoxide, ethanol, hydrogen 
and others. The gas sensitivity of the 
detector used in the project is also 
useful in detection of vehicle exhaust 
fumes and gases resulting from heat- 
er or furnace combustion. These of- 
ten contain deadly amounts of car- 
bon monoxide, of which even very 
small amounts (less than 0.1 percent), 
inhaled over a period of time, can 
prove fatal. 

Project Operation 
At the heart of our Gas Detector is an 
improved version of a semiconduc- 
tor gas sensor manufactured by Figa- 
ro Engineering, (Osaka, Japan). 
This sensor is supplied as a factory 
calibrated gas detector that permits 
an accurate instrument to be built 
and to respond to a known concen- 
tration of gas. In our project, the 
alarm is designed to be triggered 
when the level of gas reaching the 
sensor is at a concentration of 500 

ppm (parts per million) of methane. 
When operated in "sniffer" mode, 
the sensitivity of the instrument is 

significantly greater than this. 
The gas detector/sniffer may be 

operated in either of two ways. The 
conventional method, lights a LED 
or sounds an alarm when the gas con- 
centration reaches the predeter- 
mined 500-ppm level. The second 
method of detection employs a novel 
circuit that allows the user to "sniff" 
out the source of gas contamination. 

When the project is operated in the 
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sniffer mode, the detector is exposed 
to gas and an audio signal is gener- 
ated when gas is detected. As the 
concentration of gas increases, the 
frequency of oscillation also increases. 
This allows the full sensitivity of the 
detector to be exploited for locating 
relatively low concentrations of gas, 
much less than the 500-ppm sensitivi- 
ty when the project is operated in the 
normal mode. The variable frequen- 
cy characteristic of the oscillator 
helps in locating the source of the gas 
contamination. This makes the proj- 
ect useful in checking gas pipe con- 
nections for suspected leaks. 

The project is powered by a set of 
six Ni -Cd or alkaline cells in series to 
provide complete portability. If you 
wish, you can use an ac -operated 
power supply to make the project in- 
dependent of battery power. An- 
other option is to assemble the proj- 
ect with its own built-in charging cir- 
cuit to eliminate the hassle of having 
to periodically replace the battery. 

Detector Fundamentals 
Gas concentration can be expressed 
either as a volume percentage or in 
parts per million. The relationship 
between these two quantities is 1 per- 
cent gas by volume equals 10,000 
ppm. The relationship is linear; that 
is, 1,000 ppm is equal to a gas con- 
centration of 0.1 percent by volume. 

When flammable gas is to be mon- 
itored or detected, it is important to 
be familiar with Lower Explosive 
Level (LEL). This is the minimum 
concentration of flammable gas that 
will result in explosion or combus- 
tion in the event of ignition by means 
of a spark or other ignition source. 

It is obvious that any gas detector 
must be designed so that it signals an 
alarm at much lower than LEL gas 
concentrations. A practical value for 
alarm level is 10 percent of LEL. 

Fig. 1. Schematic diagram of basic 
Gas Detector circuitry. 
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However, setting the trigger at too 
low a point can result in false alarms, 
since the detector will respond to the 
mixture of "noise" gases that are al- 
ways present in the atmosphere. 

A methane gas detector should be 
able to respond to a concentration of 
not more than a 5,000-ppm concen- 
tration, since the LEL of methane is 

50,000 PPM. Because the detector 
used in this project can easily re- 
spond to lower concentrations of 
gas, 500 ppm is the level selected as 
the point at which the alerting LED 
lights or audible alarm sounds. 

Natural gas is mostly methane, 
which accounts for 80 to more than 
95 percent of the mixture, depending 
upon the source. Although methane 
is not a toxic gas, breathing an at- 
mosphere containing large quantities 
of it can cause physical discomfort or 
even death if it prevents sufficient 
oxygen from reaching the body. For 
this reason, as well as the possibility 
of explosion, suppliers add a chemi- 
cal odor to the gas so that a leak can 
be readily detected. The danger here 
is that it takes a concentration of 
about 1 percent (10,000 PPM) for 
many people to detect the odor. Our 
Gas Detector provides a warning 
long before anyone smells the gas. 

About the Circuit 
As shown in Fig. 1, the heart of 
the project is DET1, a Figaro No. 
TGS813C detector element. This de- 
vice consists of a pair of sintered tin - 
oxide (SnO2) electrodes mounted on 
a ceramic tube. A heater coil inside 
the sensor raises the temperature of 
the electrodes so that they become 
sensitive to combustible gases. This 
sensitivity manifests itself in the val- 
ue of resistance between the elec- 
trodes, which varies inversely with 
the concentration of the ambient gas 
level. Solid-state circuitry is then em- 
ployed to monitor the change in re- 
sistance and provide both an audible 
and visible warning that the concen- 
tration of gas has exceeded the nor - 

PARTS LIST 

Semiconductors 
D1 thru D4 -1N4001 or similar silicon 

rectifier diode 
DET-Figaro No. TGS813C gas sensor 
IC1-AN78L05 fixed + 5 -volt 

regulator 
IC2-LM324N quad operational 

amplifier 
LED1-Red 2 -volt, 20 -mA light - 

emitting diode (or 5 -volt do piezo- 
electric buzzer-see text) 

Ql,Q3-2N3904 or equivalent npn 
silicon transistor 

Q2 -2N3906 or equivalent pnp silicon 
transistor 

Capacitors 
Cl,C2,C3-0.1-µF ceramic disc 
C4 -0.01-µF ceramic disc 
C5 -1,000-µF, 25 -volt electrolytic 
Resistors (Y4 -watt) 
(5% Tolerance Carbon -Composition) 
R1-Sensor load (see text) 
R2,R3,R6, R 16-10,000 ohms 
R5-220-000 ohms 
R7-10 ohms 
R8-560 ohms 
R9-47,000 ohms 
R14-330,000 ohms 
R15-1,000 ohms 
R17-Current limiter (see text) 
(1% Tolerance Metal -Film; do not 

substitute) 
R11-10,000 ohms 
R12-1,000 ohms 
R13-1,690 ohms 

R4 -200,000 -ohm pc -mount trimmer 
potentiometer 

R10 -25,000 -ohm linear taper, panel - 
mount potentiometer 

Miscellaneous 
B1-Six C -size alkaline or sub -C Ni -Cd 

cells (see text) 
Fi-Y2-ampere slow -blow fuse 
S1-Spst toggle or slide switch 
SPKR-8-ohm miniature speaker (Ra- 

dio Shack Cat. N. 40-245 or similar) 
T1 -12.6 -volt C.T. power transformer 

(Radio shack Cat. No. 273-1365 or 
similar) 

TH1-4,600-ohm thermistor (Pana- 
onic No. ERT-D2FHL462S) 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); suitable enclo- 
sure (Radio Shack Cat. No. 270-223 
or similar); miniature 7 -pin tube 
socket; socket for IC2; small -diame- 
ter heat -shrinkable tubing; in -line 
fuse holder; machine hardware; 
hookup wire; solder; etc. 

Note: The following items are available 
from A. Caristi, 69 White Pond Rd., 
Waldwick, NJ 07463: Etched and drilled 
pc board, $9.95; TGS813C gas sensor, 
$25.50; 7 -pin miniature tube socket; $2; 
AN78L05, $2; LM324N, $1.75; thermis- 
tor, $3; set of three metal -film resistors, 
$1.50. Add $2.75 P&H per order. New 
Jersey residents, please add state sales tax. 

mal ambient level. 
It is mandatory that the heating coil 

within the sensor be operated from a 
regulated 5 -volt dc source so that 
sensor operation is stable and predic- 
table. Fixed 5 -volt regulator ICI pro- 
vides the power needed to operate 
both the heater and sensor circuit. 

The sensor is factory calibrated at 
a gas concentration of 3,000 ppm of 
methane. (Figaro also makes a ver- 
sion of the sensor calibrated for pro- 
pane gas.) The resistance between 
the sensor electrodes is measured 
during calibration, and a fixed resis- 
tor of equal value is shipped with the 
unit. This is the resistor shown as RI 

in Fig. 1. The value of RI is in the 
range from 3,000 to 9,000 ohms. 
Since the value of RI is equal to the 
resistance of the sensor between pins 
1 and 4 at 3,000 ppm of methane, it 
can be seen that at this gas concentra- 
tion the voltage across RI will be half 
the supply potential, or 2.5 volts. 

Additionally, the resistance of the 
sensor at gas concentrations other 
than 3,000 ppm is a known function 
of the value of Rl. Figure 2 is a nor- 
malized graph supplied by the manu- 
facturer that illustrates the variation 
in sensor resistance with different 
types of gases at a variety of differ- 
ent concentrations. 
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Figure 2 has been normalized for 
1,000 PPM of methane, indicating 
unity as the relative value of sensor 
resistance at this level of gas concen- 
tration. Since the sensor resistance 
(3,000 to 9,000 ohms) is determined 
by the manufacturer during calibra- 
tion of the sensor at 3,000 ppm of 
methane, it is a simple matter to cal- 
culate the sensor resistance for any 
concentration of any of the gases 
shown in the graph. 

Using the information provided 
by Fig. 2, sensor resistance at 500 
ppm of methane is approximately 
equal to the value of RI multiplied 
by 2.4. Using Ohm's law, the poten- 
tial across R1 for 500 PPM of me- 
thane is 1.47 volts. This is the trigger 
point for the voltage comparator 
alarm circuit that follows. 

The voltage developed across RI is 

fed to IC2A, connected here as a 
voltage follower. Amplifier IC2C is 

used as a voltage comparator, with 
the reference voltage at pin 9 deter- 
mined by the resistances of resistors 
R11, R12, R13 and thermistor TH1. 
The output of IC2A goes to the non - 
inverting (+) input of the compara- 
tor so that the output at pin 8 goes 
high when the voltage output of the 
sensor exceeds the reference input. 
Resistor R14 provides hysteresis to 
the circuit by means of positive feed- 
back between output pin 8 and non - 
inverting input pin 10. 

A thermistor is used in the refer- 
ence voltage -divider string to pro- 
vide temperature compensation of 
the alarm circuit. This is required be- 
cause the output voltage of the detec- 
tor is temperature dependent. 

Under normal operating condi- 
tions, when there is essentially no 
contamination of gas present in the 
atmosphere, the voltage across R1 is 

much less than the reference 1.47 
volts, and the output of IC2C is zero. 
Transistor Q3 is cut off and light - 
emitting diode LEDI is extinguished. 

When the detector is exposed to a 
gas concentration of greater than 500 
ppm the potential across RI exceeds 

0.1 . ,,,1 1 1 i iiiil 
500 1000 5000 10,000 

Gas concentration (ppm) 

Fig. 2. Gas sensor resistance relative 
to standard condition at 1,000 ppm 

of methane. 

the reference input of 1.47 volts. As a 
result, the output of IC2C goes high, 
driving Q3 into conduction and illu- 
minating LEDI. This provides visual 
indication that the gas level has ex- 
ceeded the trigger level of 500 ppm. 
(If you wish, you can substitute a pie- 
zoelectric buzzer for LEDI to pro- 
vide an audible alert.) 

For greater operating sensitivity, 
the sniffer portion of the circuit can 
be used. Here, the output of IC2A is 
fed to the noninverting input of dif- 
ferential amplifier IC2B at pin 5. 
This stage has a voltage gain that can 
be adjusted over a range of about 2 

to 22 by means of potentiometer R4. 
Simultaneously, a positive voltage, 
generated by a voltage -divider net- 
work composed of resistor R9 and 
THRESHOLD control R10 is fed to the 
inverting (-) input of the amplifier. 

Adjustment of R10 allows you to 
null out the residual voltage that ap- 
pears across R1 when the sensor is 

exposed to contamination in free air. 
Thus, the output of the amplifier at 
pin 7 can be set to a low voltage (near 
zero) that will not forward -bias Ql. 

When this is done, the circuit is ex- 
tremely sensitive and will respond to 
a very small increase in voltage across 
R1 should a minute quantity of gas 
enter the chamber of the detector. 

When the voltage across RI in- 
creases by just a few millivolts as gas 
enters the detector, the amplified 
output at pin 7 of IC2B rises from 
zero and causes base current to flow 
into transistor Ql. 

The circuit composed of Q1 and 
Q2 is a variable -frequency audio os- 
cillator with positive feedback taking 
place through R6 and C3. The fre- 
quency of oscillation is largely deter- 
mined by the output voltage of IC2B 
so that as the gas concentration de- 
tected by the sensor increases, the 
frequency rises. Collector current 
from Q2 flows into the speaker, 
creating an audio signal. By taking 
note of the change in frequency, you 
can determine the relative strength of 
gas as the instrument's location is 

changed. Potentiometer R10 can be 
set to one end of its travel to silence 
the speaker when the sniffer feature 
is not required. 

The circuit requires a power 
source that can deliver about 7.2 
volts at 170 milliamperes. For inter- 
mittent use, a set of six alkaline C 
cells connected in series provides 
about 10 hours of operation. An al- 
ternate choice would be to use Ni -Cd 
cells as the power source and build 
into the project the recharging circuit 
shown in Fig. 3. An advantage of us- 
ing Ni -Cd cells is that smaller cells 
than C size can be selected, since Ni - 
Cd cells can supply greater current 
than alkaline cells. 

Since the circuit draws about 170 
milliamperes from the power source 
when it is operating, sub -C cells 
rated at 1.2 ampere -hours made a 
good choice for the rechargeable - 
battery supply. Ni -Cd cells require a 
constant charging current equal to ''/,0 

the ampere -hour rating of the cells 
being used for a period of 14 to 16 

hours. In the case of sub -C cells rated 
at 1.2 ampere -hours, proper charg- 
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ing current is 120 milliamperes. 
With the above in mind, the value 

of R17 must be chosen so that charg- 
ing current is limited to the capaci- 
ty of the battery cells selected. This 
value will be in the range of 25 ohms 
for sub -C cells and have a minimum 
power rating of 1 watt. Select the re- 
sistance and wattage rating for the 
particular cells you choose for your 
project. 

A final powering option is ac - 
only. If you wish to go this route, use 
the circuit shown in Fig. 4. 

Construction 
The bulk of the Gas Detector circui- 
try mounts on a single -sided printed 
circuit board, the actual -size etching - 
and -drilling guide for which is shown 
in Fig. 5. The circuit is not critical. 
Therefore, if you prefer not to fabri- 
cate a pc board or purchase a ready - 
to -wire one from the source given in 
the Note at the end of the Parts List, 
you can use point-to-point wiring. If 
you go this route, use perforated 
board with holes on 0.1 -inch center 
and suitable Wire Wrap or soldering 
hardware. Whichever method you 
choose, however, it is a good idea to 
use a socket for 1C2. 

From here on, we will assume you 
are wiring the circuit on a pc board. 
Refer to the component installation 
guide shown in Fig. 6. Begin wiring 
the board by installing and soldering 
into place the IC socket. Do not in- 
stall the IC in the socket until after 
you have conducted voltage checks. 

Except for LEDI, battery Bl, 
POWER switch SI, speaker SPKR, 
THRESHOLD control R10, sensor 
DET and optional ac -operated pow- 
er supply or charger, all components 
mount directly on the circuit board. 
Therefore, continue populating the 
board by installing and soldering in- 
to place the resistors, trimmer poten- 
tiometer R4, thermistor TH1. The 
resistor supplied with the gas sensor 
must be installed in the R1 location. 

Note that the resistors that make 

T1 

12.6Vac 

117Vac 

R17 
(see text) 

si 

Fig. 3. Constant -current charging circuit details for Ni -Cd battery. Value of R 17 

must be selected to deliver one -tenth ampere -hour rating of cells used. 

up the voltage -divider string at pin 9 
of 1C2 are specified as metal -film 
types. The reason for this is to ensure 
that the trigger voltage that defines 
alarm condition is precisely con- 
trolled. Ordinary carbon resistors 
do not have the necessary tempera- 
ture stability for this application and 
should not be used here. Continue 
populating the board by installing 
voltage regulator ICl and transistors 
Ql , Q2 and Q3. Make certain that 
the regulator and transistors are pro- 
perly based before soldering any 
leads or pins into place. 

The gas sensor is designed to fit a 
miniature seven -pin tube socket, 
which should be mounted on the out- 
side of the enclosure so that the sen- 
sor can be exposed to the gas it is to 
detect. Four 5 -inch -long hookup 
wires are needed to connect the soc- 
ket to the circuit -board assembly. 
Prepare these wires by stripping 
inch of insulation from both ends of 
each. If you are using stranded wire, 
tightly twist together the fine con- 
ductors at all ends and sparingly tin 
with solder. 

Following Fig. 7, plug one end of 
these wires into the pins 2, 4, 5 and 6 

holes in the circuit -board assembly 
for the sensor. Solder all four wires 
into place. (Pins 1 and 3 and pins 4 
and 6 are connected together inside 
the sensor.) When the project is 
finally assembled and the sensor 
plugged into its socket, sensor pins 4, 
5 and 6 plug into socket pins 5, 6 and 
7, with socket pin 4 unoccupied. 

Next, prepare seven more 5 -inch 
lengths of hookup wire as above. 
Plug one end of these wires into the 
holes for LEDI, R10 and SPKR1 
and solder each into place. The other 
ends of the wires will be connected 
later. Meanwhile, if you did not use 
color -coded wire, tie a loose knot in 
the LED1 cathode (x) and SPKR1 + 
wires to readily identify them. 

If you are building into the project 
the Fig. 3 battery -charging circuit, 
you can wire rectifier diodes DI 
through D4, filter capacitor C4 and 
resistor R17 on a five -lug terminal 
strip. Use the lug that connects to the 
mounting tab as the ground point, 
wiring the anodes of Dl and D4, and 
negative (-) lead of C5 to it. 

Use the second lug of the terminal 
strip for the cathode lead of DI and 
anode lead of D4 and the third lug 
for the cathode lead of D3 and anode 
lead of D4. Do not solder either con- 
nection; simply make them mechani- 
cally secure. The fourth lug of the 
terminal strip is for the cathodes of 
D2 and D4, + lead of C5 and one 
lead of R17. Solder this connection. 
Finally, crimp and solder the free 
lead of the resistor and a 5 -inch -long 
hookup wire to the fifth lug. 

If you are incorporating the ac - 
only option shown in Fig. 4, wire D3, 
D4 and C4 on a four -lug terminal 
strip. Crimp and anodes of the di- 
odes to two separate lugs and their 
cathodes positive (+) lead of the ca- 
pacitor to a third lug. The fourth lug 
(common with the terminal strip 
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T1 

12.6Vac 

F1 

72A 

S1 

117Vac 

D1 

1N4001 

9V 
C5 To 
1000µF circuit 

board 

Fig. 4. Ac -only power -supply option circuit details can 
straight battery powering of project. 

mounting tab) is circuit ground to 
which the negative (-) lead of the 
capacitor connects. Solder only the 
connections made to the third lug of 
the terminal strip. 

Select a suitable enclosure for the 
project. This can be all -metal, all - 
plastic or a plastic enclosure with a 
metal "front" panel. The size of the 
enclosure you need depends on how 
you plan to configure the project. If 
you are planning on battery -only 
power, you can use a fairly small en- 
closure. On the other hand, if you 
wish to be able to operate the project 
from the ac line or be able to re- 
charge an internal Ni -Cd battery 
supply, you need a substantially 
larger enclosure to accommodate the 
power transformer needed, as well as 
support components. 

Machine the enclosure as needed. 
That is, drill mounting holes for the 
circuit -board assembly, tube socket 
for the sensor, THRESHOLD control, 
POWER switch and light -emitting di- 
ode. Also drill a series of small holes 
in the area of the front panel behind 
which the speaker will mount. Addi- 
tionally, if you are incorporating the 
ac power supply or charger circuitry, 
drill mounting holes for the power 
transformer and terminal -strip as- 
sembly. Also drill an entry hole for 
the ac line cord. You also have the 
option of replacing LED1 with a pie- 
zoelectric buzzer rated at 5 volts. If 
you do this, you will need additional 
panel space and a hole or holes drilled 
in the panel through which the buzz - 

be substituted for 

er's leads can be routed. 
After machining is done, deburr 

all holes drilled through metal to re- 
move sharp edges. If you drilled the 
entry hole for the ac line cord through 
a metal panel, line the hole with a 
rubber grommet. 

Carefully inspect the circuit -board 
assembly. Check to make sure that 
all components are mounted in their 
correct locations and in correct ori- 
entation. Then turn over the assem- 
bly and inspect your soldering. Sol- 
der any connection missed and re - 
flow the solder on any connection 
that appears suspicious. Check for 
solder bridges, especially between 
closely spaced IC pads. If you locate 
any, remove them with desoldering 
braid or a desoldering tool. 

Mount the circuit -board assembly 
inside the enclosure, using Y2 -inch 
spacers and suitable machine hard- 
ware. Mount the switch, potentio- 
meter and tube socket in their respec- 
tive holes in the front panel. Then 
mount the speaker in place with sili- 
cone adhesive. 

If you are using the ac power sup- 
ply or echarger, mount the power 
transformer and terminal -strip as- 
sembly in their respective locations. 
If you are using the piezoelectric 
buzzer, mount it in place by what- 
ever means is appropriate and pass 
its leads through the hole(s) drilled 
for them. 

Now connect and solder the four 
wires coming from the DET location 
on the circuit -board assembly to the 

lugs of the tube socket, referring to 
Fig. 7. Wire 2 from the board goes to 
lugs 1, 2 and 3 of the socket, wire 
4 to lug 5 of the socket, wire 5 to 
lug 6 of the socket and wire 6 to lug 7 

of the socket. This done, connect 
and solder the free ends of the wires 
coming from the Rio location on the 
circuit board to the lugs of the panel - 
mounted potentiometer. 

If you are using the ac power sup- 
ply or charger, feed the unprepared 
end of the ac line cord through its en- 
try hole into the enclosure and tie a 
strain -relieving knot in it about 5 in- 
ches from the unprepared end inside 
the enclosure. Tightly twist together 
the fine wires of each conductor and 
sparingly tin with solder. 

Slip over each line cord conductor 
a 1 -inch length of small -diameter 
heat -shrinkable tubing. Twist to- 
gether one conductor and one lead of 
an in -line fuse holder. Solder the 
connection. Twist together the other 
conductor and one primary lead of 
the power transformer and solder 
this connection. 

If you are using the ac -only supply 
option, crimp and solder one trans- 
former primary lead to one lug of the 
POWER switch. Crimp and solder one 
lead of an in -line fuse holder to the 
other switch lug. Then connect and 
solder the other fuse holder lead to 
one lead of the ac line cord. Now 
connect and solder the remaining 
primary lead to the other line -cord 
conductor. Slide the tubing over the 
connections and shrink into place. 

Crimp and solder the secondary 
center tap lead to the grounded lug of 
the terminal strip. Then crimp and 
solder the other two secondary leads 
to the lugs to which the diode anodes 
are connected. Crimp and solder the 
free end of the wire labeled TO Si on 
the board to the lug to which the 
cathodes of the diodes and + lead of 
the capacitor are connected. Similar- 
ly, terminate the wire labeled TO Bt - 
at the lug to which the - lead of the 
capacitor is connected. 

If you opted for the Fig. 3 power - 
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ing circuit, crimp and solder one lead 
of the ac line cord to one lead of the 
in -line fuse holder. Slip a 1 -inch 
length of small -diameter heat -shrink- 
able tubing over both leads of the 
transformer primary. Connect to- 
gether this lead and the other lead of 
the fuse holder and solder the con- 
nection. Similarly, connect and sol- 
der together the remaining line -cord 
conductor and primary lead. When 
the connections cool, slide the tubing 
over them to completely insulate the 
connections and shrink into place. 

Crimp and solder one transformer 
secondary lead to the terminal strip 
lug to which the cathode of Dl and 
anode of D2 are connected. In like 
manner, crimp and solder the other 
secondary lead to the lug to which 
the cathode of D3 and anode lead of 
D4 are connected. Then crimp and 
solder the free ends of the wires com- 
ing from the TO SI hole on the circuit - 
board assembly to the lug to which 
the + lead of C4 is connected and the 
TO BI - hole to the lug to which the 
anodes of DI and D3 are connected. 

Plug a %-ampere slow -blow fuse 
into the holder. 

Crimp and solder one secondary 
lead of the transformer to terminal - 
strip lug to which the cathode of D3 
and anode lead of D4 are connected. 
Similarly, crimp and solder the other 
secondary lead to the terminal strip 
lug to which the cathode of D5 and 
anode lead of D6 are connected. 

If you opted for battery -only pow- 
er, simply plug the free end of the 
wire coming from the TO BI - hole on 
the circuit -board assembly to the 
negative end of the battery. Use a 
length of hookup wire to connect 
from the positive end of the battery 
to one lug of the POWER switch and 
terminate the free end of the wire 
coming from the TO SI hole at the 
other lug of the switch. 

Assuming you opted for the Fig. 3 

battery -charger option, use suitable 
lengths of hookup wire to bridge 
from the negative end of the battery 
to the ground lug of the terminal 

strip and from the positive end of the 
battery to the lug to which RI 7 ter- 
minates and is specified to go to it. 
Then Wire from this lug of the termi- 
nal strip to one lug of the POWER 

switch, and crimp and solder the free 
end of the wire coming from the TO 

s1 hole on the circuit -board assembly 
to the other lug of the switch. 

Caution: Even when partially 
charged, nickel -cadmium (Ni -Cd) 
cells can deliver many amperes of 
current into a short circuit. For this 
reason, you must be very careful to 
avoid shorting out the cells through a 
wiring error. Should you mis -wire 
the circuit, printed -circuit (and 
other) wiring can be instantly vapor- 
ized, and you can receive a nasty 
burn. Therefore, double-check your 
wiring of the battery circuit as you 
proceed with wiring it. 

Identify the cathode lead of the 
LED and trim it to a length of % inch. 
Locate the TO LEDI wires coming 
from the circuit -board assembly. 
Slide a 1 -inch length of small -diame- 
ter heat -shrinkable tubing over the 
ends of each wire. Crimp and solder 
the free end of the wire labeled K to 
the cathode lead of the LED. 

Next, trim the anode lead of the 
LED to % inch in length and crimp 
and solder the free end of the LEDI 
anode wire coming from the circuit - 
board assembly to it. When both con- 
nections cool, slide the two lengths 
of tubing up over them until they are 
flush with the bottom of the LED's 
case and shrink into place. Plug the 
LED into the hole you drilled for it in 
the front panel. If the fit is too loose 
to retain the LED, use a spot of fast - 
setting epoxy cement or silicone ad- 
hesive to secure it into place. 

If you are substituting a piezoelec- 
tric buzzer for the LED, simply con- 
nect and solder its + and common 
leads to the anode and cathode wires, 
respectively, coming from the LED] 
holes on the circuit -board assembly. 
Another alternative is to wire a small 
5 -volt dc relay into the collector cir- 
cuit of instead of the LED or buzzer 

Fig. 5. Actual -size etching -and -drill- 
ing guide for making printed -circuit 

board for project. 

so that the relay contacts can control 
power to an external remote alarm. 
Then, observing polarity, wire the 
speaker into the circuit. 

Now plug the sensor into the tube 
socket on the front panel. The sen- 
sor is a bilateral device that can be 
plugged into the socket in either of 
two positions. Make sure that pin 1 

of the sensor goes into pin 1 of the 
tube socket. 

Checkout & Use 
Fully charge the battery (assuming 
you are using this means of power) to 
prepare the project for voltage 
checks. When you are ready, set the 
POWER switch to "on" (plug the line 
cord of the ac -only option into an ac 
outlet before doing this). Clip the 
common lead of a dc voltmeter or 
multimeter set to the dc -volts func- 
tion to circuit ground. 

Touch the "hot" probe of the me- 
ter to the OUT pin of ICI and note the 
meter reading. It should be about 
+ 5 volts. Assuming you obtain the 
appropriate reading at this point, 
touch the "hot" probe of the meter 
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Fig. 6. Wiring guide for pc board. 
Use this as a general component lay- 
out guide for point-to-point wiring. 

to pin 4 of the 1C2 socket and once 
again note the meter reading. This 
time around, it should be between 
7.2 and 9 volts, depending on the 
powering option you chose. 

If you do not obtain the proper 
reading at either or both points, im- 
mediately power down the circuit 
and rectify the problem. Do not pro- 
ceed until you are sure the project is 
properly wired. 

With no power applied to the proj- 
ect, plug an LM324N into the 1C2 
socket. Make sure this IC is properly 
oriented and that no pins overhang 
the socket or fold under between IC 
and socket. 

Now perform an operational 
check of the Gas Detector. To do 
this, you need a source of gas fumes. 
This can be obtained by placing 
about a teaspoon of ordinary rub- 
bing alcohol in a shallow dish. 

Set SENSITIVITY control R4 and 
THRESHOLD control R10 to the mid- 
dle of their ranges. Apply power to 
the circuit. Now measure the voltage 
between the 5 -volt regulated bus and 
ground; you should obtain a reading 

between 4.8 and 5.2 volts. If you do 
not obtain the correct voltage read- 
ing, power down the circuit and rec- 
tify the problem before proceeding. 

Make sure that the power source is 
delivering at least 7.2 volts to the cir- 
cuit. Check the ICs to ascertain that 
they are placed into the board as il- 
lustrated in the parts layout. Mea- 
sure the resistance between the 
+ 5 -volt bus and ground to be sure 
that you do not have a short circuit. 
Normal resistance reading will be 
about 30 ohms-the resistance of the 
sensor heater coil. If you suspect a 
short on the + 5 -volt line, remove the 
sensor from its socket and check the 
circuit with an ohmmeter. 

When power is first applied to the 
project, you may notice that the 
speaker howls and the LED lights (or 
buzzer sounds) after a few seconds. 
This is normal, as the sensor requires 
a few minutes to stabilize. After 
about 2 minutes of warm-up, adjust 
the THRESHOLD control over its en- 
tire range. At one end of travel, the 
speaker should be silent, and as the 
control is rotated the audio oscillator 
should start at a low frequency and 
increase. Set the THRESHOLD control 
so that the oscillation just ceases. 

Place the sensor close to the dish 
of alcohol (be careful not to allow 
the sensor to touch the liquid). The 
audio oscillator should sound off im- 
mediately and the LED should light 
(or buzzer sound) after a few sec- 

onds. When you distance the sensor 
source from the alcohol fumes, the 
LED should extinguish (buzzer cease 
sounding) as the audio tone dimin- 
ishes in frequency. 

If you do not obtain the responses 
as indicated above, use the following 
procedure to troubleshoot the circuit: 

(1) Check the power source and 
output voltage of the regulator to be 
sure that + 4.8 to + 5.2 volts is being 
delivered to the circuit. The regula- 
tor requires at least 7 volts at its IN 

lead to properly provide a + 5 volt 
regulated source. Normal load cur- 
rent seen by the regulator is about 
170 milliamperes. Should this cur- 
rent be excessive due to a wiring error 
or defective component, the regula- 
tor protects itself by shutting down. 

(2) Check the sensor to be sure that 
the heater is operating. Do this by 
measuring the potential between pins 
2 and 5 of the sensor, which should 
be 5 volts. Make sure the sensor is 
wired to the board in accordance 
with Fig. 7. You can tell if the heater 
of the sensor is operating by feel; if 
you note that the body of the sensor 
is warm to the touch when it has been 
on for a few minutes, it is working 
properly. 

(3) Check the voltage across R1. 
When the project is first turned on 
after being off for some time, the 
reading across R1 will increase from 
zero to over 1 or 2 volts, and then 
slowly decrease to a relatively stable 

7 -pin tube socket 

Fig. 7. Wiring details for connecting from circuit -board assembly to sensor's 
front -panel -mounted seven pin tube socket. 
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BLACK&DECKER 

level of less than 1 volt. If no voltage 
is obtained across R1, check that 
both pins 4 and 6 of the sensor (5 and 
7 of the socket) are connected to the 
circuit in accordance with Fig. 7. 

(4) Measure the voltage at pin 14 

of IC2 as the THRESHOLD control is 
rotated over its full range. You 
should obtain a reading of zero and 
about + 1.7 volts. Check the voltage 
at pin 7 of IC2 as the THRESHOLD 

control is rotated over its range. You 
should obtain a reading of about 
zero to +4 or more volts. If you do 
not obtain the correct readings, 
check the wiring associated with 
IC2 sections A, B and D. Also, try a 
new IC. 

If the voltage at pin 7 of IC2 is cor- 
rect but there is no sound from the 
speaker, check the wiring associated 
with QI and Q2. Ascertain that these 
two transistors are not interchanged 
and each is wired into the circuit cor- 
rectly. Check the wiring to the speak- 
er and be sure that the voice coil is 

not open. A good speaker will have a 
coil resistance of about 8 ohms. 

If the LED does not illuminate 
when the potential across RI exceeds 
+ 1.5 volts, due to gas striking the 
detector, check the potential at pin 9 

of IC2 to be sure it is close to the de- 
sign level of + 1.47 volts. The ther- 
mistor causes this voltage to vary by 
a few tenths of a volt at low or high 
ambient temperature levels. Measure 
the output voltage at pin 8 of IC2 to 
be sure it goes high when an alarm 
condition exists. Check LEDI and 
Q3 to be sure that these parts are 
good and not placed incorrectly into 
the circuit. 

THRESHOLD control R4 is func- 
tional only in sniffer mode. Setting 
this trimmer potentiometer to mid - 
position should be satisfactory; but 
if you desire to make your project 
more or less sensitive, you can adjust 
R4 accordingly. Maximum sensitivi- 
ty is obtained when the control is set 
to maximum circuit resistance. Bear 
in mind that greater sensitivity set- 
tings cause the setting of the 

THRESHOLD control to be more criti- 
cal; so try to use as little gain as possi- 
ble in the amplifier. 

Before attempting to use the in- 
strument, be sure that the batteries 
are good. Alkaline cells that have no- 
load terminal potential of less than 
1.4 volts are probably exhausted and 
should be replaced. Ni -Cd cells left 
idle for several months will probably 
need recharging, since it is normal 
for them to self -discharge over a pe- 
riod of time. 

When the project is operated after 
being idle for a week or more, the gas 
sensor may require a few extra min- 
utes to stabilize. And when the unit is 
first turned on the audio oscillator 
will sound and the LED will turn on 
(or the buzzer sound). This self -test 
feature tells you that the battery is 
good and the circuit is operating. Af- 
ter a couple of minutes, the circuit 
will stabilize and the instrument will 
be ready for use. 

To use the sniffer function, adjust 
the THRESHOLD control so that the 
audio oscillator is set to as low a fre- 
quency as possible, or to the point 
where it is just turned off. Then, any 
gas sensed by the detector will start 
the oscillator and alert you to its 
presence. Frequency will increase as 
you move the detector closer to the 
source of fumes as the concentration 
of gas becomes greater. When you 
move the sensor away from the 
source, the frequency will decrease. 

When the sniffer function is not in 
use, adjust the THRESHOLD control 
to silence the speaker. The project 
can then be used as a go/no-go device 
that indicates the presence of gas 
contamination by turning on the 
LED or sounding the buzzer. When 
searching out the source of gas, al- 
low a couple of seconds for the sen- 
sor to respond; it needs some time 
for the gas to enter the sensing cham- 
ber and trigger the alarm. 

Be sure to turn the unit off when 
you are finished using it. Otherwise, 
you may find exhausted batteries 
when you turn it on again. 

DELUXE WIRELESS 
SECURITY SYSTEM 

Intelligent home security system. 
Detects intruder during entry. 
Wireless for easy installation. 
Difficult to defeat because of new, advanced 
technology. 
Lamp command flashes lamp upon intrusion. 
Signal relay-relays entry sensor intrusion 
signal from a remote area of your home to 
controller. Tamper resistant. 
85 decibel alarm on inside siren. 
Piercing 120 decibel outside siren. 
Fail-safe battery back-up. 
Low battery warning. 
2 Year Warranty! 

Includes: 
8 entry sensors, 1 system controller (includes 
inside siren), 1 signal relay, 1 lamp command, 
1 outside siren, 2 window stickers, 
1 yard sign, and complete hardware and 
batteries. 

Due to a special ar- 
rangement, we 
were able to obtain 
a large inventory of 
these wireless se- 
curity systems. As 
a result, we can 
now offer them to 
you at HUGE SAV- 
INGS! 

Manufacturer's 
Suggested Retail 

$698.00 
DAMARK PRICE: 

$29999 
Item No. B-1923-133389 

Insured Ship/Hand.: $15.00 

FOR FASTEST 
SERVICE CALL 

TOLL FREE 
1-800-729-9000 

VISA MasterCard D(ICOVER 

DAMARK INTERNATIONAL, INC. 
6707 Shingle Creek Parkway, Minneapolis, MN 55430 

Customer Service 612-566-4940 

Please rush me:._ Black & Decker Security 
Systems(s) @ $299.99 each, plus $15.00 s/h 
each. Item No.B-1923133389. 

MN res. add 6% sales tax. 

Name 

Address 

City,State Zip 

O Check/MO VISA Master Card Discover 
Card No 

Exp. Date / Ph # ( 

Signature 
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Technology 

Telephone 
Answering Machines 

(Conclusion) 
Installing an answering machine, making the 

connection and maintenance 

By Steven J. Bigelow 

Last month in Part I we dis- 
cussed how telephone an- 
swering machines work and 

some tips on buying the right model 
for a given application. This month, 
our focus is on selecting a suitable lo- 
cation for your answering machine, 
making the connection, maintaining 
the answering machine for top-flight 
performance and troubleshooting it 
should a problem arise. 

Selecting a Location 
Once you have decided to add an an- 

swering machine to your existing 
telephone system and have made 
your selection of the desired make 
and model, installation is a relatively 
simple procedure. For your new sys- 
tem to operate flawlessly and unob- 
trusively, however, there are a few 
simple guidelines you should keep in 
mind, both in selecting a location for 
the machine and wiring it into your 
telephone system. We will discuss 
each of these in turn here. 

Some important things to keep in 
mind when selecting a location for 
your answering machine include: 

(1) Never place the machine in a lo- 
cation where it will be subjected to 

strong magnetic fields, such as on top 
of a TV receiver or a high -power 
speaker. Magnetic fields of force can 
easily garble the information re- 
corded on a cassette tape. To be on 
the safe side, locate the machine no 
closer than 2 feet from any appliance 
or device that generates electromag- 
netic fields of force. 

(2) Keep the machine away from 
any device that generates electrical 
noise, including fluorescent lamps 
and electric motors. Electronic cir- 
cuits in the machine, especially in mi- 
croprocessor -driven units, can pick 
up electric noise and interpret it as 
false control signals. This would re - 

Two interior views of a Panasonic telephone answering 
machine: (A) showing drive motor and mechanisms and 
(B) showing main printed -circuit board assembly that con- 

tains machine's electronics. 
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suit in sporadic or spontaneous 
operation. 

(3) Even though microprocessor - 
controlled answering machines are 
regarded by the FCC as Class B com- 
puting devices, they may still gener- 
ate enough r -f energy to interfere 
with radio and TV reception. There- 
fore, test out the machine in the se- 
lected location before making a final 
installation. If you note any interfer- 
ence, moving the machine to a new 
location should eliminate the prob- 
lem. However, if the interference 
persists, noise may be coupled into 
the radio or TV receiver through the 
ac -line wiring. The solution is to try 
an outlet on a different branch of the 
ac wiring. 

(4) Never install an answering ma- 
chine in a location where dust, mois- 
ture, condensation, direct sunlight or 
high heat, extreme cold, or unusual 
vibration exist. 

Dust will accumulate on the mag- 
netic recording and playback heads, 
and concentrations of it will clog 
mechanical elements in the tape 
transport mechanism, which will re- 
sult in distorted sound in both play 
and record. 

Moisture is particularly destruc- 
tive to electronic components. Even 
if it is not concentrated enough to 
cause a direct short circuit, acids, 
chemicals and minerals contained in 
rain and other forms of moisture can 
oxidize and corrode component leads 
and printed -circuit traces. 

Excessive heat and cold are hostile 
to electronic circuits. A typical com- 
mercial integrated circuit has a rated 
operating range of 40 to 100 degrees 
Fahrenheit. Direct sunlight can raise 
the temperature inside the machine's 
enclosure to in excess of 150 degrees 
after just a few hours. Excessive cold 
is normally not a consideration with 
telephone answering machines, but if 
you plan on having your machine lo- 
cated in an unheated trailer, cabin or 
other location during the winter, it 
must be taken into consideration. 
The bottom line is: Avoid any ex- 

tremes of temperature. 
When moving an answering ma- 

chine from one place to another, 
keep in mind that violent jarring or/ 
and vibration will cause misalign- 
ment of mechanical elements and can 
loosen electrical connectors within 
the machine, which will result in in- 
termittent operation. Gentle han- 
dling of an answering machine will 

obviate any such problems. 
Never use any type of solvent- 

such as acetone or benzene-to clean 
the enclosure in which the answering 
machine is housed. Plastics and fin- 
ishes used in fabricating the enclo- 
sure normally will not bear up to such 
harsh chemicals. The only safe way 
to clean an enclosure is to wipe it with 
a soft cloth that is only slightly damp- 
ened with water. 

Do not overload a telephone line 
by connecting an excessive number 
of devices to it. A standard telephone 
line has a REN (Ringer Equivalence 
Number) of 5.0, which is the total ad- 
ditive load of the devices connected 
to the line. It should not exceed 5.0. 
For example, if a typical phone line 
has a telephone with an REN of 1.0 
connected to it, an answering ma- 
chine with a REN of 0.4 may be con- 
nected without problems (1.0 + 0.4 
= 1.4, which is less than 5.0). 

According to the above, if five 
telephone instruments are connected 
to the line in the above example and 
each has a REN of 1.0, the line is at its 
limit. Therefore, at least one instru- 
ment must be disconnected from the 
line before an answering machine can 
be installed. Bear in mind that all de- 
vices connected to the telephone line 
must be registered with the FCC to 
ensure compliance with standards of 
construction and safety. After regis- 
tration, devices are issued an FCC 
registration number that, along with 
the REN, is printed on the outside of 
the housing of the device. 

Making the Connection 
All answering machines require a 

power source to operate. This is usu- 
ally the 117 -volt ac line. Machines 
that require a low dc voltage are sup- 
plied with a power pack that plugs in- 
to the ac line. 

A common telephone circuit con- 
sists of only two conductors, identi- 
fied as a green -insulated "tip" con- 
ductor, and a red -insulated "ring" 
conductor. (Some modern circuits 
also have a black -insulated "con- 
trol" conductor and a yellow -insu- 
lated "ground" conductor. The con- 
trol and ground conductors are not 
normally used in residential wiring.) 
The tip and ring conductors, to 
which the telephone answering ma- 
chine connects, carry the ring, dial- 
ing, control -pulse, busy, hang-up, 
and ringback-tone signals, as well as 
the two-way voice conversation sig- 
nals between parties. 

An answering machine can be con- 
nected to a telephone line all by itself, 
which is the hook-up arrangement 
used by businesses that have "call - 
in" information lines. With this ar- 
rangement, a long outgoing message 
gives the caller information-such as 
event dates, times, and locations- 
and then asks him to leave his name 
and address for addition to a mailing 
list. Machines are used in this way 
when the phone line does not need, or 
is not intended, to be answered. 

When a machine is to be used in 
conjunction with a telephone instru- 
ment, two general configurations ex- 
ist. One is the parallel approach in 
which a duplex jack is plugged into 
the phone line's wall jack and into 
which the answering machine and 
telephone instrument are plugged. 
This arrangement connects the ma- 
chine and instrument in parallel 
across the telephone line so that the 
two share the same resource without 
adding complexity and cost to the 
existing wiring. 

Older and very compact newer an- 
swering machines may not have a 
jack into which a telephone instru- 
ment plugs, which necessitates the 
use of the external duplex jack. New - 
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Telephone Answering Machines Buyer s Guide 
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AT&T 3110 $100 

Cobra AN -8511 $60 

AN -8531 90 ' 
AN -8533 80 

Code -A -Phone 1350 $100 
1650 80 

DuoFone TAD 241 $60 
TAD 245 130 

TAD 252 280 ' 
TAD 325 120 

TAD 330 140 

TAD 440 140 ' 

Emerson TAD 8100 $70 

GE 2-9860DB 84 

2-9882 130 

2-9891 90 

Panasonic KX-T1418 $70 
KX-T1450 90 
KX-T2427 150 ' 

Phone -Mate 5000 $60 
5050 100 

6900 90 
7050 118 

7300 150 ' 
7400 170 

Record a Call 2140 $130 

Sanyo TAS 344 $85 
- 

*Manufacturers and models listed represent only a sampling of answering machines available to show feature and price comparisons. 
Black dots indicate presence of feature; no dot indicates that feature is either not available or no information was supplied. 

er machines that do have this jack 
eliminate the need for the external 
duplex jack because the instrument 
can be plugged directly into this in- 

stead. With this arrangement, the 
two on -board jacks are wired in pa- 
rallel with each other and the incom- 
ing phone line. 

Maintenance 
Telephone answering machines re- 
quire very little maintenance. How- 
ever, performing some simple rou- 
tine maintenance can reduce failures 
and extend the useful life of the ma- 
chine. Two things that should be 

avoided when performing mainten- 
ance. Firstly, do not use any oil or 
grease on the mechanical elements of 
the machine. The motor pulley and 
drive mechanisms are very light and 
make up a precision assembly. Any 
substance used on the gears will add 
drag and result in audio distortion. 
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Secondly, keep all magnetic items 
away from the play and record 
heads. If a head should become mag- 
netized-for example from a screw- 
driver-it will cause severe distortion 
in the audio signal. 

In average use, an answering ma- 
chine will handle about ten calls per 
day. At this rate, the OGM and ICM 
tapes should be replaced about every 
six months. When more than ten calls 
are handled each day, tapes should 
be replaced more frequently, and 
vice-versa. For optimum overall per- 
formance, use normal -bias tapes. 
Unless otherwise specified, avoid us- 
ing metal and chrome tapes. 

To play from and record to a cas- 
sette tape, the head, a capstan, and a 
roller must come into contact with 
the tape surface. Dirt and residue 
from the tape slowly accumulate on 
these element over a period of time 
and eventually cause distortion and a 
loss of signal level in the OGM and 
ICM tapes. Therefore, it is a good 
practice to clean the contact parts 
each time the tapes are replaced. 

Use a dry cotton swab to wipe 
away mild residue deposits. For stub- 
born deposits, lightly dip a cotton 
swab in 100 percent isopropyl alco- 
hol, denatured alcohol, or a thin 
head -cleaner solution and carefully 
clean each head and around each 
capstan and roller. Make very sure 
that all of the cleaning solution com- 
pletely evaporates before inserting 
the new tapes into the machine. 

Troubleshooting 
Should a problem occur with a tele- 
phone answering machine, the first 
step in any troubleshooting proced- 
ure should be to isolate the cause. 
When there is a problem with the 
phone line, remove the answering 
machine from the line and test the 
line with a known -good telephone in- 
strument alone to see if it functions 
properly. If the problem disappears 
without the answering machine, the 
trouble is in the machine. If it per- 

sists, the trouble may be either the 
machine or the line. You can deter- 
mine which is the case by trying the 
instrument on a known -good line. If 
the instrument functions properly on 
this line, the answering machine is 

confirmed bad. 
To be doubly certain, however, 

you can test the answering machine 
on the known -good telephone line. If 
it is bad, it will still fail to function 
properly. Once you have isolated the 
problem to the answering machine, 
the only recourse is to seek out pro- 
fessional service for it. 

Summing Up 
In the business community, the an- 
swering machine has already become 
a necessity for conducting normal 
daily business. It has also rapidly be- 
come an integral part of many home 
telephone systems. The ever-increas- 
ing demand for flexibility and power 
has even begun to have an effect on 
home computers. 

An entire answering machine using 
total speech synthesis is already 
available as a plug-in option for IBM 
and compatible computers. Con- 
nected directly to the telephone line, 
it runs under software control. With 
such a plug-in board, state-of-the-art 

speech synthesis technology permits 
both a custom recorded OGM to be 
digitized and storage of incoming 
messages as files on -disk. The result 
is a no -wear, tape -free, non -mechan- 
ical device not subject to wear. 

Current prices for computer -type 
answering -machine boards are still 
pretty steep, ranging from $400 to 
$500. However, like the computers in 
which they are designed to run, prices 
are almost certain to drop dramati- 
cally in the not too distant future, to a 
point where their purchase will be 
economically acceptable for even 
those people who are operating on 
limited budgets. 

There can be little doubt that the 
answering machine in its many guises 
is here to stay. With some insight and 
knowledge of its construction, oper- 
ation, and care, an answering ma- 
chine can greatly enhance any mod- 
ern telephone communication sys- 
tem, whether in the business or the 
personal environment. Just as we 
have become heavily dependent on 
the telephone itself, this extension to 
that most popular of personal com- 
munication devices will add to its 
flexibility and utility and, in so do- 
ing, perhaps even add to that depend- 
ency as time passes. ICE 

CABLE TV EQUIPMENT 
Converters, Remote Controls, 
Descramblers, CD Players. 

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLIN 
ZENITH MANY MORE CALL TODAY! 
Only quality products sold Ni Easy to use 

Satisfaction guaranteed 'I Knowledgeable sales staff 
Most orders shipped within 24 hours 

CALL FOR YOUR FREE CATALOG ® 1-800-228-7404 
MAKE THE CONNECTION 

WITH 
NU -TEK ELECTRONICS II 

5114 Ralconcs Wood Dr.#307 Dept.298 
Austin, TX. 78759 

CIRCLE NO. 143 ON FREE INFORMATION CARD 

Surface Mount Chip Component 
Prototyping Kits- 

Only 

4995 t 

CC -1 Capacitor Kit contains 365 pieces, 5 ea. of every 
10% value from 1pf to .33µf. CR -1 Resistor Kit contains 
1540 pieces; l0ea. of every 5% value from 100 to 10 meg0. 
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. 

COMMUNICATIONS. SPECIALISTS, INC. 
426 West Taft Ave. CA 92665-4296 

Local (714) 998-3021 FAX (714) 974-3420 

Entire USA 1-800-854-0547 

CIRCLE NO. 144 ON FREE INFORMATION CARD 
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Technology 

Quick and Easy 
PC Boards 

An innovative method for making printed -circuit 
boards using overhead projection film to bypass the 
traditional photographic process 

By Bill Eubank 

Even though most techniques 
for home -fabricating print- 
ed -circuit boards utilize the 

photographic process in one way or 
another, they can be cumbersome 
and messy. Light-sensitive copper - 
clad pc blanks require special han- 
dling and lighting, and negative or 
positive exposure masks must be 
made from original artwork. Need- 
less to say, with the photographic 
technique, the potential for problems 
with light intensities, exposure times 
and handling of chemicals is great. 

A practical solution to the above is 

to use sheets of ordinary overhead 
projection film to make pc boards di- 
rectly from finished artwork. With 
the technique to be described here, 
you simply copy your artwork onto 
the projection film using a plain -pa- 
per photocopier and then transfer the 
image formed on the film directly to 
a clean pc blank using heat. Using 
heat, the "ink" that forms the image 
on the film directly transfers to the pc 
blank and eliminates the need for a 
separate resist. Once the image is 

transferred, you simply etch and drill 
the blank as you would normally do. 

The Basics 

In a typical dry -toner copier or laser 
printer, a sheet of paper is drawn be- 
tween several rollers, one of which 
deposits the toner image on the pa - 

MAGAZINE ARTICLE 
PRINTED CIRCUIT ARTWORK 
(FACE DOWN) 

MYLAR OVERHEAD 
TRANSPARENCIES 

PAPER TRAY 

Fig. 1. Copying published actual -size printed -circuit artwork from a magazine 
or electronic book onto overhead projection film is done with a plain paper 

photocopier as shown. 

per. Other rollers, heated to about 
180 degrees Fahrenheit, quickly fuse 
the toner to the paper. 

Toner that adheres to the paper is 
like dense -black powdered hot -melt 
glue. If you reheat the toner to a high 
enough temperature, it becomes 
tacky enough to adhere to a blank 
copper -clad pc blank. Once trans- 
ferred to the blank, this toner is im- 
pervious to the etchants normally 
used in printed -circuit board fabrica- 
tion and, thus, takes the place of tra- 
ditional resist. 

The trick in transferring the toner 
from the paper (or, as in this applica- 
tion, overhead projection film) to the 
copper surface of the pc blank is to 
simulate the heat and pressure of the 
copier. A little muscle and an ordi- 

nary clothes iron or hotplate are all 
you need to accomplish this task. 

Overhead transparency material is 

usually composed of a polyethylene 
(such as DuPont's Mylar material) 
base that is coated on both sides with 
acrylic to make the toner adhere to it. 
Mylar can withstand the heat and 
pressure involved in the xerographic 
copying process and makes an ideal 
medium for our printed -circuit board 
application. 

It should not be difficult to locate 
overhead transparency film. It is 
commonly available from office - 
supply outlets. If the outlet near you 
does not normally stock it, chances 
are the proprietor will be willing to 
order it for you. Alternatively, you 
can contact the manufacturers di - 
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rectly to request the name and ad- 
dress of a retailer in your vicinity that 
does stock what you need. 

A box of 100 sheets of 8'/ x 11 - 

inch overhead projection transpar- 
ency film usually costs about $50. 
This works out to about 50 cents per 
sheet, which is a bit steep but no- 
where near as expensive as having 
made an actual -size film negative or 
positive of your original artwork or 
making your own exposure masks. I 

have had good results with transpar- 
ency film made by both 3M and La - 
belon Corp. 

3M's product is called "Scotch 
Brand PPC Transparency Film." 
The PPC stands for Plain Paper 
Copier. This film comes in various 
types that are specially adapted to 
specific copiers. The main difference 
between the different types of film 
available from 3M is in the acrylic 
coating used. This coating formula- 
tion determines the adhesion charac- 
teristic of the toner to the film. Image 
printing on the finished overhead 
film may be more or less durable, de- 
pending on which particular brand or 
type of film is used. 

I have used Type 501 film from 3M 
with good results in my pc -board fa- 
brication efforts. Labelon's XTR- 
650 general-purpose transparency 
film is an excellent alternative. (For 
addresses of manufacturers men- 
tioned here, refer to the Names & Ad- 
dresses box.) 

According to one manufacturer, 
overhead transparencies for liquid - 
toner copiers have weak adhesion 
properties. Therefore, it would ap- 
pear that using a liquid -toner trans- 
parency film in dry -toner copiers 
might be advantageous to the process 
that is detailed below. You want the 
toner to adhere weakly to the Mylar 
film so that when you transfer the im- 
age made up of it to the copper -clad 
pc blank, all the toner will transfer to 
the copper cladding. It is possible 
that using a liquid -toner transparen- 
cy film is a good move, but I have not 
yet tried it to verify results. 

PLAIN PAPER COPIER 

WHITE PIECE OF PAPER 

ARTWORK POSITIVE 
(EXAGERATED SCALE) 

MYLAR OVERHEAD 
TRANSPARENCIES 

PAPER TRAY 

Fig. 2. When copying original artwork laid out on transparent film, place a sheet 
of clean white paper over the artwork before lowering the lid of the copier to pre- 

vent dirt and scratches on the lid from copying onto the film. 

For illustrative purposes, let us as- 
sume that you plan on fabricating a 
printed -circuit board from the art- 
work published as part of one of the 
construction articles in Modern Elec- 
tronics. For this operation, you must 
have on hand or have access to the 
following materials: 

(1) Overhead transparency film 
(2) A plain -paper photocopier 
(3) A clothes iron or hotplate 
(4) A small roller 
(5) A copper -clad pc blank 
(6) Etchant 
The copier used for transferring 

the image from the printed page to 
the transparency film should have 
the minimum amount of distortion. 
Most copiers have a certain amount 
of distortion built in. Some have very 
little, others an excessive amount. 
Unless the distortion is really exces- 
sive and shrinks or enlarges the re- 
produced image enough to prevent 
integrated -circuit pins from reason- 
ably aligning with the pad patterns in 
the image, a small amount of distor- 
tion will be tolerable. Distortion is 
usually negligible for small pc -board 
conductor patterns, but it can prove 
to be problematical for large, intri- 
cate patterns that require precise pad 
positioning, especially if you are 

working on artwork that must exact- 
ly align for double -sided boards. 

The small roller you use should be 
the type meant for wallpaper work. 
Use the one that is designed for press- 
ing the paper to the wall at the seam. 

The copper cladding on the pc 
blank must be meticulously cleaned. 
Use scouring powder to bring out a 
uniform bright, shiny copper sur- 
face. Thoroughly rinse the board to 
remove all dirt and grit and either air- 
dry the clean blank or place it in a 
warm oven to force dry it. Once the 
blank is clean, handle it only by its 
edges to avoid getting fingerprints on 
the copper surface. 

You can use either ferric -chloride 
or copper-persulfate to etch the pc 
blank once the resist pattern has been 
transferred to it. Either will work ef- 
fectively. 

With the foregoing in mind, let us 
detail the actual procedure from start 
to finish. 

Seven -Step Process 
Printed -circuit original artwork 
must be actual -size (1:1 ratio) to suc- 
cessfully apply the procedure about 
to be described. So, if you are prepar- 
ing your own artwork from scratch, 
keep this in mind. Fortunately, most 
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HOT PLATE 0 340 DEGREES F 

MYLAR 
(WIN TONER IMAGE DOWN) 

COPPER-CLADDED BOARD 

Fig. 3. Use of a hotplate and wallpaper seam roller, the latter to apply needed 
pressure during the transfer process, is simpler than using a clothes iron. 

pc artwork that appears in print in 
magazines and many electronics 
books is actual -size; so it can be 
copied directly. 

To apply our procedure, be aware 
that you must have a conductor -side 
view of the artwork to be copied. If 
the artwork you wish to copy is a so- 
called "x-ray" view through the top, 
or component side, of the board, you 
must mirror -image the copy that will 

be used to transfer the image onto the 
pc blank. 

There are seven basic steps in- 
volved in fabricating a printed -cir- 
cuit board with our procedure. They 
are as follows: 

(1) Place several sheets of over- 
head projection film into the paper 
tray of the copier to be used. Copy 
the original artwork onto the film in 
the usual manner. If you are working 
with original artwork of your own 
design constructed on clear or trans- 
lucent film, place the artwork in 
proper position and with the conduc- 
tor side down, cover this with a sheet 

of clean white paper to prevent any 
dirt or scratches on the copier's cover 
from copying as well, and copy the 
artwork. If you are copying from a 
magazine or book, simply place this 
on the copier, as shown in Fig. 1, and 
make the copy. 

When copying artwork you origi- 
nated yourself using self -adhering 
donut pads, IC patterns and tapes, 
make certain that the artwork is in in- 
timate contact with the glass plate of 
the copier to prevent any shadowing 
effect in the copy. To assure this inti- 
mate contact, place over the sheet of 
white paper a %- to %-inch-thick sheet 
of soft foam plastic packing mater- 
ial, close the lid of the copier and ap- 
ply gentle pressure as the copy is be- 
ing made. 

Your self -originated artwork will 
almost certainly be made with self - 
adhering tapes, donuts and IC pat- 
terns on transparent plastic film. 
Thus, you can copy it from either the 
conductor or component side. If you 
copy from the component side, as 

shown in Fig. 2, you will have to 
make two passes, one to make the in- 
termediate component -side view and 
the other to make the conductor -side 
view that will be used in the transfer 
process. 

If you are copying from a maga- 
zine or book, make certain that the 
artwork is perfectly flat. If not, you 
may have to cut the artwork out of 
the magazine or book to use it alone 
in the copier. Also, view the artwork 
head on to see if any of the printing 
on the other side of the page "bleeds" 
through. If it does, back the artwork 
with a sheet of matte -black construc- 
tion paper. 

When you have made a copy of the 
original artwork, place the transpar- 
ency obtained over it to determine 
how much, if any, distortion has oc- 
curred. If the distortion is excessive 
and there is no way to make the pins 
of a DIP or other IC line up with the 
copied pattern, you must try another 
copier with less distortion. 

(2) If you copied from x -ray -view 
artwork or your own originated ail - 
work from the component -side view, 
you now have a positive of your art- 
work. You must now make a mirror - 
image copy of this. To do this, place 
the film on which the copy was made 
in the copier, toner side up, and make 
another copy on another sheet of 
overhead projection film. You will 
know which side of the film has the 
toner image on it by lightly sweeping 
the tip of a finger across the image 
and noting if you feel any rough 
spots where the image is. The side of 
the film that has a rough feel is the 
one with the toner on it. 

When you copy the mirror image, 
treat it as you would an original art- 
work master. That is, place a sheet of 
clean white paper over the film to 
prevent any dirt or scratches on the 
copier's lid from copying as well. 
You do not have to worry about sha- 
dowing this time around, though. 

Since the overhead film is trans- 
parent, you will obtain a copy that is 

a mirror image of the original be - 
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cause the copier will be looking 
through the transparency as it scans 
to make the copy. You now have a re- 
versed image of the original artwork, 
which can now be used directly to ef- 
fect transfer of the copied pattern on- 
to the copper cladding on the pc 
blank. Store the first copy away in a 
safe place for future use should you 
ever decide to duplicate the pc board 
for another identical project. 

(3) Use scissors or a straight edge 
and sharp hobby knife to cut the My - 
lar film on which the copy has been 
made to about '/a inch larger all 
around than the pc blank onto which 
you will be copying the toner pattern. 
This helps you to accurately position 
the artwork and lessens shrinkage of 
the film during the transfer process. 

Place the clean pc blank copper - 
cladding side up on a sturdy, heat- 
proof surface. Then position the art- 
work, toner side against the copper 
cladding, on the pc blank. 

(4) Polyethylene melts (fuses) at a 
temperature of 350 degrees Fahren- 
heit. Therefore, if the film begins to 
shrink and crinkle, you know that 
your heat source (clothes iron or hot- 
plate) is too hot! Make a test run us- 
ing some scrap film that you trimmed 
from the artwork sheet. 

If you use a clothes iron as the heat 
source, set it to almost its hottest 
thermostat setting. This is usually the 
cotton/linen/wool temperature of 
about 340 degrees Fahrenheit. It is 

recommended that you cover the art- 
work film with a paper towel to pre- 
vent the film from sticking to the iron 
as you work. 

Place the heated iron on the paper 
towel and apply steady downward 
pressure to use its heat to transfer the 
copied image onto the copper clad- 
ding of the pc blank. Press hard for 5 

to 10 seconds, moving the iron in a 
circular motion to cover the entire 
surface of the board. If done proper- 
ly, the heat of the iron will fuse the 
toner to the copper cladding. When 
you are done, remove the iron and al- 
low the board with film and paper 

towel covering it to cool. 
If you use a hotplate as the heat 

source, set it to a temperature of 
about 340 degrees Fahrenheit. Posi- 
tion the film with the transfer image 
on it on the pc blank as detailed 
above and gently place both on the 
hotplate. Allow several minutes for 
the pc blank to heat up. Then use the 
wallpaper seam roller to keep the 
film flat and in intimate contact with 
the copper cladding on the pc blank 
(see Fig. 3). Do not place a paper tow- 
el over the film this time. As the 
fusing temperature of the toner is 

reached, you will be able to see the 
toner melt and fuse to the copper 
cladding (see Fig. 4). When this oc- 
curs, carefully remove the pc blank 
with film on it from the hotplate. 

(5) Allow the pc blank with film on 
it to thoroughly cool, which takes 
about 5 minutes. In Step 4, the hot 
toner fused to the copper cladding on 
the pc blank. To a lesser extent, it 
also fused the Mylar film to the 
blank. Once the blank has cooled, 
the toner preferentially adheres to 
the copper cladding on the pc blank 
as you slowly peel away the film. 

When the film has been peeled 

away from the pc blank, you should 
have a positive black toner image 
fused to the copper cladding on the 
pc blank and a nearly clear piece of 
Mylar film. The toner on the blank 
now makes an excellent etch resist. 

(6) Your pc blank is now ready to 
be turned into a printed -circuit 
board. Simply etch it in the solution 
of your choice. When this is done, 
thoroughly rinse it under cold run- 
ning water to stop the etching action 
and remove all etchant. Then drill 
component lead and pin holes in all 
appropriate locations. 

(7) The final step in the process is 

removal of the toner from the copper 
traces on the newly made printed -cir- 
cuit board. You can use just about 
any organic solvent to do this. Rub- 
bing alcohol works well here, as does 
water and a scouring pad. 

The method of fabricating print- 
ed -circuit boards described above, 
while simple, does have a few draw- 
backs. One is that the pads and lines 
may appear to be somewhat 
"squashed" as a result of the pres- 
sure that must be applied during the 
process. I created a test pattern using 
my personal computer and the line 

Fig. 4. Using the hotplate and wallpaper seam roller technique to transfer the im- 
age from the projection film to the copper cladding on the pc blank allows you to 

see when the toner on the film melts and adheres to the cladding. 
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drawing mode of my word processor 
that appears as follows: 

o -o -o -+ -x 
o -- o o 

+ x- 

o 
x 

o 

o 

o 

The small "x" in this pattern seems 
to contain the most structure for il- 

lustrative purposes. 
Figure 5(A) shows this "x" as it 

appears freshly printed on overhead 
projection film. Notice here the fine 
detail, especially the individual parti- 
cles of toner around the body of the 
character. Figure 5(B) shows how the 
"x" appears after a hotplate/roller 
treatment on copper -clad pc blank 
after it has cooled and the film has 
been peeled away. As you can readily 
see, the image is a bit flattened and 
spread out. 

Figure 5(C) shows the result of the 
process after etching is complete and 
the toner that served as the resist has 
been removed. The flattening of the 
image is pretty evident, though it is 

not too bad for prototype printed - 
circuit boards. 

With the foregoing in mind, if you 
are working on a board that has 
closely -spaced conductors and/or 
pads with the process described here, 
two or more may tend to run into 
each other when the process is com- 
plete. If you note this, you can at- 
tempt to clear the "bridges" by gent- 
ly scraping between the pads and 
conductors with the point of a scribe 
to expose copper that can be removed 
during the etching step. 

Some Observations 
As is with all processes in which you 
must contend with many variables, 
the method of producing printed -cir- 
cuit boards described above will re- 
quire experimentation for you to de- 

termine the optimum conditions for 
your particular equipment and ma- 
terials. You will have to experiment 
with copiers, temperatures, pres- 
sures and perhaps even type of etch - 

ant and etching time to use. 
To determine the optimum condi- 

tions for your particular set of cir- 
cumstances, it is best to make a 
bracketed exposure, as is commonly 
done in darkroom photography. For 
example, if you want to observe the 
effect of temperature on the process, 
you can cut several small strips of the 
Mylar overhead projection film and 
iron them individually onto the cop- 
per cladding on a pc blank, starting 
with a low temperature and steadily 
increasing the temperature for each 
strip used. This will help you to 
quickly discover the optimum heat - 
transfer temperature. 

Though the clothes iron method of 
applying heat during the transfer 
process does work, I have had some- 
what better results using a hotplate 

and wallpaper seam roller. With this 
combination, you can easily tell 
when the toner melts and fusion to 
the copper cladding on the pc blank 
occurs, thanks to the unobstructed 
view you have through the transpar- 
ent Mylar film. 

My best results have been obtained 
using DuPont's new Kapton film. 
This product melts at about 1,000 de- 
grees Fahrenheit and does not shrink. 
The rub here is that this particular 
film costs about $3 per sheet in small 
quantities. 

For those readers who wish to try 
the pc -board fabrication process de- 
scribed above but do not want to 
make a costly commitment in terms 
of materials until they are satisfied 
with the results obtained, I will sup- 
ply two blank sheets of Kapton, three 
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Fig. 5. Printed image on projection film has sharp outline and clearly defined 
structure; after being transferred to copper cladding on pc blank (B), image is 

slightly spread out and loses some of its structure; once board is etched and toner 
resist is removed (C), copper -trace image remains spread out but is adequate for 

prototype pc fabrication. 
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Put Professional Knowledge and a 

Detail of an etched board using a test pattern with some of the toner resist re- 
moved at the left. 

blank sheets of Mylar and a small 
sheet of Kapton film on which is cop- 
ied the artwork for a light -emitting 
diode flasher circuit built around a 
555 timer chip. Except for the last, all 
sheets measure 81/2 x 11 inches, and 
the cost for the package is $10 (see 

Names & Addresses 

3M Company 
Commercial Office Supply Div. 
3M Center 
St. Paul, MN 55144-1000 
612-733-3300 

DuPont Electronics 
Dupont Co. 
Barley Mill Plaza 
Kirk Mill Bldg., Ste. 1103 
Wilmington, DE 19880-0013 
302-922-3714 

Labelon Corp. 
10 Chapin St. 
Canandaigua, NY 14424-1589 
1-800-482-5566 
1-800-523-1009 in NY 

For a sample packet of overhead pro- 
jection film (see text) from the author, 
send $10 to: William R. Eubank, Jr., 
276 N. Ilwaco Rd., River Falls, WI 
54022 

box for address to which to write). 
Incidentally, the Kapton sheets are 
durable enough for repeated use if 
you clean them carefully to remove 
all residual toner with a good solvent. 

AE 

CABLE TV 
DESCRAMBLER 

1 Unit 10+ 
Jerrold S.B. $74 $55 
Jerrold SB w/Trimode $90 $70 
Oak N-12 (w/VS) $89 $65 
Scientific Atlanta $109....$75 
Pioneer $109....$75 
Panasonic converter .-$98 $79 
73 channel converter $79 $59 

We Beat Anyone's Price! 
30 Days Money Back Guaranty 

Free Catalog 
Visa, M/C, COD or send money order to: 

US Cable TV Inc. Dept. KB1 

4100 N.Powerline Rd., Suite F-4 
Pompano Beach, Fl 33073 

1-800-445-9285 
Please have make and model number of the 

equipment used in your area ready. 

No Florida Sales! 
It's not the intent of US Cable TV Inc. to 
defraud any pay TV operator and we will not 
assist any company or individual in doing so. 

COLLEGE DEGREE 
in your Technical Career through 

It iñ,rc,i elrat 
. 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important part of being pre- 
pared to move up is holding the 
right college degree, and the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
both ways-to learn more and to 
earn your degree in the process. 

Grantham offers two degree pro- 
grams-one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro- 
grams are available completely 
by correspondence. 

No commuting to class. Study at 
your own pace, while continuing 
on your present job. Learn from 
easy -to -understand lessons, with 
help from your Grantham instruc- 
tors when you need it. 

Write for our free catalog (see address 
below), or phone us at toll -free 1-800- 
955-2527 (for catalog requests only) 
and ask for our "degree catalog." 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 
10570 Humbolt Street 

Los Alamitos, CA 90720 
CIRCLE NO. 141 ON FREE INFORMATION CARD 
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Technology 

Three -Phase 
Motor Protector 

Low power semiconductor 
devices inexpensively prevent 
failure of multiple -horsepower 
ac motors 

By Fernando Garcia Viesca 

Because of its simplicity and 
ruggedness, the alternating - 
current electrical motor is 

commonly used to power appliances 
and other devices. Small ac motors- 
also known as fractional -horsepower 
(hp) motors-are always operated 
from a single phase of the ac line. 
However, motors rated at 1 hp or 
more, particularly greater than 3 hp, 
are generally three-phase devices. 
Typical of such motors is the one 
shown in the lead photo. 

Multiple -horsepower ac motors 
suffer from a major drawback. If 
one phase fails, due to a fuse opening 
or some other cause, the motor will 
continue to run, but the remaining 
two phases will draw excessive cur- 
rent. If this is not corrected, the mo- 
tor will burn out. Another cause of 
early failure is insufficient or too 
much line voltage. Either condition 
can cause the motor to draw exces- 
sive current and burn out. 

The three -Phase Motor Protector 
described here was designed to auto- 
matically shut down the motor it is 

protecting to save it from costly de- 
struction. Thus, one does not have to 
constantly monitor the motor to be 

ready to shut down power in the 
event of a potentially destructive 
condition. This relatively simple sol- 
id-state electronic circuit works 
along with existing fuse or circuit - 
breaker protection. 

Some Basics 
A number of reasons exist for three- 
phase operation of multiple -horse- 
power motors. In a single-phase cir- 
cuit, pulsating power is delivered to 
the motor. This is analogous to a sin- 
gle -cylinder gas engine. On the other 
hand, three-phase motor circuits are 
like an engine with multiple cylinders 
that deliver power more smoothly. 
The rating of a given size motor or 
generator is 48 percent greater when 
operating three phase as compared 
to operation on one phase. 

A single-phase motor has no start- 
ing torque. To get its rotor to begin 
rotating, an auxiliary starting wind- 
ing and other devices are employed. 
Three-phase motors have inherent 
substantial starting torque and do 
not require such starting devices. 

Finally, for a given amount of 
transmission power, all other param- 

eters being equal, three-phase power 
requires only 75 percent of the 
weight in copper wiring of its wind- 
ings as compared to the amount of 
wire used in single-phase motors. 
This results in substantial savings in 
both cost of materials and size/ 
weight of the motor. 

Motors are usually protected with 
fuses or thermal circuit breakers. 
Though effective in single-phase mo- 
tor systems, this type of protection 
has two major shortcomings when it 
comes to three-phase ac motors: 

(1) Temperature Dependency. 
Even though fuses and motors burn 
out for the same reason-excessive 
heat developed by excessive current 
drawn-this does not mean that both 
experience the same rise in tempera- 
ture. The motor may be subjected to 
an external source of heat and exper- 
ience a greater rise in temperature 
than is occurring at the location of 
the fuse or circuit breaker. 

The time lag experienced by the 
fuse or breaker leading up to opening 
of the element or contacts may result 
in burn -out of the motor's windings 
before the protective device can re- 
act. Likewise, fuses subjected to too 
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much heat will repeatedly burn open, 
causing annoying interruptions in 
motor service. Of course, thermo- 
magnetic circuit breakers have been 
designed to alleviate this effect. 

(2) Motor Size & Application De- 
pendency. Cost and complexity of 
protective devices spiral upward with 
increasing motor power. The protec- 
tive circuit to be discussed here has 
no such dependency. It can be used 
with any three-phase motor, regard- 
less of size or horsepower rating, 
without any changes in the circuitry. 
So cost of the protection it provides 
remains a constant. 

Our Motor Protector employs an 
electronic sensor that is used in con- 
junction with and complements ex- 
isting fuses and/or circuit breakers. 

About the Circuit 
The complete schematic diagram of 
the circuitry required for the Three - 
Phase Motor Protector is shown in 
Fig. 1. As you can see, the circuitry is 

fairly simple and actually consists of 
three identical circuits, one for each 
phase to be protected. This being the 
case, we will detail operation of just 
one of the circuits. 

Phase A of the ac power source, 
connected at the input end of fuse Fl 
supplies power to transformer TI. In 
parallel with the primary winding of 
TI is balancing resistor RI, which 
provides a floating neutral point in 
the circuit. The primaries of all three 
transformers in this project are wye 
connected to enable 117 -volt -rated 
transformers to be used across 208 - 
volt ac lines or 127 -volt transformers 
to be used across 220 -volt ac lines. 

The transformer in each leg of the 
circuit supplies power to two full - 
wave, center -tapped arrangements. 
In Phase A, the components involved 
in the first arrangement are Dl and 
D4, along with filtering capacitor 
C7. The resulting dc is regulated to 
12 volts dc by regulator IC2. The reg- 
ulated dc output from IC2 then pow- 
ers the ICI and QI /Q2 circuitry. 
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PARTS LIST 

Semiconductors 
D1 thru D12,D14-1N4002 silicon rec- 

tifier diode 
D 13 -6 -volt, 1/2 -watt zener diode 
IC 1-LM339 quad comparator 
IC2-LM7812 + 12 -volt regulator 
LED1-Red light -emitting diode 
Q1,Q2-2N3906 or similar silicon pnp 

transistor 

Capacitors 
C1,C3,C5-0.47-µF, 25 -volt disc 
C2,C4,C6-10-µF, 25 -volt electrolytic 
C7 -330-µF, 25 -volt electrolytic 
C8,C9-0.1-µF, 50 -volt ceramic disc 

Resistors (1/4 -watt, 5% tolerance) 
R2,R8,R14-5,600 ohms 
R4,R10,R16-2,200 ohms 
R5,R11,R17-47,000 ohms 
R6,R12,R18-4.7 megohms 

013 
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M o+12V 
R22 
1.2K 

R19,R21-22,000 ohms 
R20-680 ohms 
R22-1,200 ohms 
R1,R7,R13-27,000 ohms (1 -watt) 
R3,R9,R15-10,000-ohm pc -mount 

trimmer potentiometer 
Miscellaneous 
Fl,F2,F3-0.5-ampere fuse 
K1 -12 -volt dc relay (Digi-Key Cat. 

No. Z410 -ND or similar) 
T1,T2,T3-24-volt center -tapped, 120 - 

mA power transformer 
Printed -circuit board or perforated 
board with holes on 0.1 -inch centers 
and suitable Wire Wrap or soldering 
hardware (see text); suitable enclosure 
(optional-see text); socket for ICI; 
fuse holders; silicone or potting com- 
pound (see text); machine hardware; 
hookup wire; solder; etc. 

Fig. I. Complete schematic of Three -Phase Motor Controller circuitry. 
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Fig. 2. Project shown installed inside electrical box that contains control circuit- 
ry for a three-phase motor. Large contactor is shown at lower left in photo. 

Zener diode D13 provides stable bias 
voltage for the inverting (-) inputs 
of ICI. 

The other leg of the rectifier ar- 
rangement in Phase A consists of 
D2, D3 and Cl. This circuit provides 
a dc voltage that is proportional to 
the ac input voltage on the primary 
winding of Ti. This dc voltage is fed 
to the voltage divider made up of 
fixed resistors R4 and R2 and poten- 
tiometer R3. The potentiometer per- 
mits adjustment of the sample volt- 
age fed to the noninverting input of 
comparator IC1A. 

Whenever the sampled voltage is 
less than the bias voltage, the output 
of the comparator swings low (to 
near 0 volt). Resistors RS and R6 
provide a small amount of positive 
feedback to include hysteresis in the 
trip point to obviate chattering of the 
relay in the collector circuit of tran- 
sistor Q2. 

Phase B and Phase C circuits fol- 
low identical conditions of opera- 
tion. You can see that transformers 
T2 and T3 supply filter capacitor C7 
and voltage regulator IC2 via the 
D5/D8 and D9/D12 arrangements. 

Thus, any phase that is active can 
supply power to the circuit. 

The outputs of the comparator 
stages are open -collector in nature, 
allowing them to be wired in an AND 
configuration without having to use 
"glue" logic. Whenever any com- 
parator output swings low, as a re- 
sult of a fault in a phase circuit of the 
motor being monitored, pnp transis- 
tor Ql is driven into saturation and 
lights FAULT light -emitting diode 
LEDI. This condition sends transis- 
tor Q2 into cutoff and deenergizes 
relay Kl. When this occurs, power to 
the motor being protected is dis- 
abled. Thus, the contacts of the relay 
will be closed only when suitable 
conditions exist on all three phases of 
the line feeding the project. 

Construction 
You can assemble the circuitry 
shown in Fig. 1 using any traditional 
wiring technique. If you wish, you 
can design and fabricate a printed - 
circuit board for the project. Alter- 
natively, you can mount and wire to- 
gether the components on perforated 

board that has holes on 0.1 -inch cen- 
ters using suitable Wire Wrap or sol- 
dering hardware. In either case, it is a 
good idea to use a socket for quad 
comparator ICI. 

The only caution that must be ob- 
served when laying out and wiring 
your circuit is to exercise care with 
the high -voltage sections of the cir- 
cuitry. Make absolutely certain that 
the high- and low -voltage sections 
are adequately separated from each 
other and that adequate insulation is 

used throughout. After assembling 
and checking out the circuitry to 
make sure it is properly wired and 
operating as described, apply a thick 
coat of silicone caulking or potting 
compound to the high -voltage sec- 
tions to assure good insulation. 

Assemble the circuit, but do not 
plug the LM339 into the ICI socket 
until after you have performed pre- 
liminary voltage checks. Use the usu- 
al procedure in populating the circuit 
board. That is, begin by installing 
the IC socket; continue with installa- 
tion of the resistors and capacitors; 
and finish up with installation of the 
diodes and transistors. Make certain 
that the diodes and electrolytic capa- 
citors are properly polarized and that 
the transistors are properly based be- 
fore soldering their leads into place. 

You can mount fuse blocks for FI, 
F2 and F3 directly on the circuit - 
board assembly or off the board on 
one of the walls of the enclosure se- 
lected for the project. (An enclosure 
is not necessary if you plan on 
mounting the finished project inside 
an electrical panel box, as shown in 
Fig. 2.) Similarly, the transformers, 
light -emitting diode and relay can be 
mounted either on or off the board, 
depending on whether or not you are 
using an enclosure. 

Checkout & Installation 
With ICl still not installed in its 
socket, apply 117 -volt ac line power 
between the Phase A and Neutral (N) 
input points. Being extremely careful 

60 / MODERN ELECTRONICS / Apri11990 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


not to touch the ac input, use a do 
voltmeter or a multimeter set to the 
dc volts function to measure the volt- 
age between circuit ground and pin 3 

of the ICI socket. You should obtain 
a reading of + 12 volts. If you fail to 
obtain this reading, check the volt- 
age at the OUT pin of regulator 1C2. 
This should be about + 12 volts. 

If you fail to obtain the appropri- 
ate reading at either point in the cir- 
cuit, unplug the project from the ac 
line and rectify the problem before 
proceeding. Check to make sure all 
connections have been made and 
that all rectifier diodes are properly 
oriented. Also check to make sure 
that the electrolytic capacitors are 
properly polarized and that the regu- 
lator chip is properly based. Do not 
proceed until you are certain that the 
project is properly wired. 

Once you are certain that the proj- 
ect is properly wired, disconnect it 
from the ac line and install the 
LM339 in the ICI socket. Make sure 
the IC is properly oriented and that 
no pins overhang the socket or fold 
under between IC and socket. 

It is now time to power up the 
project once again and calibrate it. 
The first step in the calibration pro- 
cedure is fairly safe to perform-if 
you follow directions to the letter. 

Make sure that the fuses you use in 
the project are of the correct rating. 
Do not work on a metallic table! 
Work at a wood table or a standard 
electronics testbench or anywhere 
else that is fully insulated. 

Use the test setup shown in Fig. 3, 
starting with the variac (variable 
transformer) set to its lowest output 
setting. If you include the shown iso- 
lation transformer in the test setup, 
the calibration procedure is virtually 
foolproof. Note at this point that 
Neutral terminal N in Fig. 1 and Fig. 
3 is used only as the voltage reference 
during test and calibration. In actual 
three-phase service, the circuit does 
not make use of this terminal. 

In a balanced wye-connected three- 
phase circuit there are three identical 

117Vac 

1:1 isolation 
transformer 

11 

Fig. 3. Setup for calibrating project. Use of isolation transformer is strongly 
recommended. 

single-phase circuits that "see" an 
identical voltage, but each is dis- 
placed by 120 degrees in phase from 
the previous and following circuits. 
Since this ac voltage is being convert- 
ed to a dc voltage, the phase shift is 

meaningless during the test and cali- 
bration operation. Therefore, you 
can "fool" the circuit and connect 
its three branches in parallel with 
each other to obtain calibration with 
a single voltage. 

To calibrate the project, slowly 
adjust the variac from zero (its low- 
est output setting) for a potential of: 
V, = Vnom x 0.90/1.73, where V, is 
the voltage of the variac; Vnam is the 
nominal voltage imprinted on the 
specifications plate on the motor; 
0.90 is used to make the trip point of 
the circuit at 90 percent of nominal 
line voltage; and 1.73 is the square - 
root of 3. (You can change the 0.90 
value if you wish for a lower- or high- 
er -percentage trip point.) 

If any fuse in the project's circuit 
blows during the calibration proce- 
dure, immediately power down the 
project. Check for short circuits and 
rectify any located before proceed- 
ing. Under no circumstances should 
you omit the fuses from the project 
and wire the inputs directly to the 
transformers! 

Set potentiometers R3, R9 and 
R15 so that their wipers are fully to- 
ward R2, R8 and R14, respectively. 
Slowly adjust the setting of R3 to- 
ward its other end of travel until the 
relay deenergizes and the LED turns 

on. Then back up slowly until the 
LED just lights again. Repeat this 
procedure with the other two poten- 
tiometers. This is all there is to cali- 
bration. 

You can verify circuit action by 
disconnecting the input from any of 
the three phases and observing. 
When you do this, the relay should 
deenergize and the LED should light 
to indicate a fault condition. Repeat 

(Continued on page 82) 

Main switches 

Main fuses 

Thermal 
breaker 

Contactor 

30V 
B C 

) ; 

Control 
switch 

Fig. 4. Typical three-phase motor con- 
trol schematic diagram. In electrical 
schematics, auxiliary normally -closed 
contacts are drawn as a modified ca- 
pacitor symbol with a diagonal line 

through it. 
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111111/I ELECTRONICS NOTEBOOK I 

More About Superconductors 

By Forrest M. Mims, III 

Experimenting with superconductors 
was the subject of the March 1988 install- 
ment of this column. Recently Ernest 
Laird, a local high school physics and 
chemistry teacher, asked me to advise one 
of his students who was preparing a sci- 

ence -fair project on experimenting with a 
superconductor. The experiments the 
student conducted were so interesting 
that I will describe them in this column. 
I'll also propose some new superconduc- 
tor experiments you might wish to try. 
First, however, let's review a few super- 
conductor basics. 

Superconductor Basics 

In 1911, Heike Kamerlingh Onnes dis- 
covered that mercury cooled to the tem- 
perature of liquid helium lost all resis- 
tance to the flow of an electrical current. 
He later discovered that both tin and lead 
also become superconductors at the tem- 
perature of liquid helium. 

Because it is difficult to make and 
store, liquid helium is difficult to work 
with and expensive to buy. These draw- 
backs have greatly impeded research with 
superconductors and the development of 
practical applications. 

The most important breakthrough 
since the original discovery of supercon- 
ductivity by Onnes occurred in 1986 when 
K. Alex Muller and J. Georg Bednorz an- 
nounced the discovery of a non-metallic 
ceramic superconducting material made 
from an yttrium -barium -copper oxide 
mixture. As remarkable as its unusual 
composition was the fact the new ceramic 
became a superconductor at a tempera- 
ture of 90 degrees Kelvin, which is well 

above the 77 -degree Kelvin temperature 
of liquid nitrogen. 

Since liquid nitrogen is considerably 
cheaper and easier to work with that li- 

quid helium, there was a rush by scientists 
around the world to develop ceramics 
that would become superconductors at 
even higher temperatures. Ceramics that 
become superconductors at temperatures 
as high as 120 degrees Kelvin have since 
been developed, and research on addi- 

Fig. 1. A magnet floating above a super- 
conductor chilled to the temperature of 

liquid nitrogen in the author's shop. 

tional ceramic superconductors con- 
tinues at an active pace. 

A pulse of electrical current induced 
from one coil of wire into a nearby coil of 
copper wire is a close replica of the pulse 
in the first coil. The current flowing in the 
second coil ends almost immediately af- 
ter the level of the current pulse in the first 
coil falls to zero. The reason the current 
flowing in the second coil stops when it 
no longer receives an induced current is 

that the wire through which it flows ex- 
hibits a resistance to the flow of a current. 

Now consider a superconducting wire, 
one that has no electrical resistance what- 
soever. When a current is induced into a 
coil made from such a wire, current will 
continue to flow even after the inducing 
current is removed. This amazing ability 
permits electrical currents to be stored 
until needed. It also makes possible ex- 
ceedingly powerful electromagnets. 

In my previous column on supercon- 
ductors, I described in detail the Meissner 
effect. An amazing phenomenon that re- 
sults from this effect is the ability of a 
small but powerful magnet to float above 
a superconducting disk, as shown in Fig. 
1. Though I have since seen this demon- 

stration many times, sometimes in televi- 
sion commercials, it remains no less fasci- 
nating than the first time I saw it. 

The Meissner effect was first observed 
in 1933 by Walther Meissner, who found 
that magnetic fields do not penetrate a 
superconductor. For this reason, a mag- 
net placed near a superconductor is re- 
pelled. Of course, two magnets will repel 
each other when arranged with like poles 
facing. Unless the magnets are restrained, 
one will quickly spin around and slam 
against the other. 

The difference with a magnet placed 
near a superconductor is dramatic. No 
matter which pole of the magnet is placed 
against a superconductor, the magnet 
will immediately be repelled upward 
where it will simply float in space. The 
magnet can even be rotated or moved to 
different positions. 

How does the Meissner effect work? 
The most common explanation is that a 
magnet brought near a superconductor 
induces an equal but opposite magnetic 
field in the superconductor. The magnet 
is then repelled by the superconductor. 
The induction is not dependent on any 
motion of the magnet. As I reported in 
my previous column, the beam from a 
helium -neon laser reflected from a mag- 
net floating above a superconductor re- 
vealed absolutely no motion. 

While this explanation might be cor- 
rect, it does not fully explain what hap- 
pens. Why, for example, does the magnet 
float even above the edge of a supercon- 
ductor? Why can the magnet be placed in 
various positions? 

As you can see, a simple demonstration 
of the Meissner effect is alone worth the 
trouble of acquiring a superconducting 
disk and some liquid nitrogen. Be pre- 
pared, however, for lying awake at night 
reflecting on what you have seen and try- 
ing to understand it. 

Experiments 
While the floating magnet demonstration 
of the Meissner effect is fascinating, there 
are many more experiments that can be 
performed with a superconductor, as I re- 
cently learned when Ernest Laird asked 
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me to advise one of his students, Jenny 
Lehmann, about her science fair project. 
Ernest supplied a superconducting disk 
and a liter of liquid nitrogen. I brought a 

second superconducting disk, several 
kinds of magnets, some string and a sheet 
of plastic film that indicates the presence 
of a magnetic field by a change in color. 

After I reviewed with Jenny the basic 
precautions about working with liquid 
nitrogen, which are listed below, she con- 
ducted a series of simple but interesting 
experiments. For all these experiments, 
the superconducting disk was placed in 
an insulated receptacle cut from the bot- 
tom of a foam plastic cup. Liquid nitro- 
gen was transferred from a small dewar 
flask to the superconductor by means of a 

second foam plastic cup. 
The first experiment was to determine 

if a spinning magnet floating above a su- 
perconductor disk would remain station- 
ary when the superconductor below it 
was rotated. If so, a new kind of gyro- 
scope might be possible. A disk -shaped 
magnet floating above a superconductor 
will rapidly spin when given a gentle 
nudge by a pencil. The magnet I used, 
pictured in the pages of this magazine, 
had since broken in half when it was at- 
tracted with considerable force to a sec- 
ond magnet. Therefore, Jenny tried this 
experiment with a'/,6 -inch -diameter neo- 
dymium -iron -boron magnet from Ed- 
mund Scientific (stock number J38,428). 
According to the Edmund catalog, mag- 
nets made from this formulation have an 
energy density of from 27 to 35 million 
gauss oersteds, making them among the 
strongest commercially available magnets. 

The new magnet levitated nicely about 
2.5 to 3 millimeters above both supercon- 
ductor disks. However, it did not spin 
nearly as well as the larger samarium -co- 
balt magnet I used in my earlier experi- 
ments. Even though the magnet appeared 
circular, it slowed down fairly rapidly 
and then oscillated back and forth slight- 
ly for a few cycles, as if lopsided. 

During the second or two when the 
magnet was spinning rather rapidly, Jen- 
ny rotated the superconductor disk to see 
if the magnet remained in place or moved 
with the superconductor. It moved with 

MAGNET 
SuSPENJOED 

OVER 

EDGE 
OF DISK 

MAGNET 
SUSPENDED 

OVER 

CErJTER 
of DISK 

SuPERCONbuCTOR DISK 

Fig. 2. Suspending a magnet above a su- 
perconductor 

the superconductor. Indeed, when she 
lifted the superconductor with plastic 
tweezers, the magnet floated in place as if 
mounted atop an invisible pedestal. 

Next, Jenny suspended a small cylin- 
drical alnico magnet tied to a string held 
directly above the superconductor. While 
the superconductor does not possess a 
magnetic field, it apparently develops a 
magnetic field when a magnet is placed 
nearby. Since this field has the same po - 

Fig. 3. How a the field of a suspended 
magnet is repelled by a superconductor. 

larity as the closest pole of the magnet, 
the superconductor, naturally, tends to 
repel the magnet. 

When the magnet was suspended close 
to the center of the superconductor, it 
moved toward the center of the disk. 
When suspended near the edge of the 
disk, as shown in Fig. 2, the magnet 
swung slightly outward and away from 
the disk. 

It's interesting to note that the magnet 
Jenny used was too weak and definitely 
too large to float above the superconduc- 
tor. Nevertheless, it was definitely re- 
pelled by the superconductor. 

The superconductor itself apparently 
reflects or repels the magnet's field, as 
shown in Fig. 3. The circular shape of the 
superconductor explains why the magnet 
was attracted toward (or repelled away 
from) the center of the disk. 

That the superconductor appears to re- 
pel a magnetic field was confirmed with 
the help of a sheet of Magna View film 
purchased from Edmund Scientific (Cat. 
No. J33,447). This film is a sheet of plas- 
tic coated with encapsulated microbeads 
filled with ferrous oxide. A magnetic 
field realigns the particles in the micro - 
beads and transforms the color of the 
sheet from green to blue. 

While I held the Magna View film 
against the superconductor, Jenny 
grasped the neodymium -iron -boron 
magnet with plastic tweezers and pressed 
the magnet against the film over various 
points on the superconductor. She then 
pressed the magnet against several por- 
tions of the film some distance away from 
the superconductor. Hourglass -shaped 
patterns representative of the magnet's 
field were formed on the film where the 
magnet was touched to it away from the 
superconductor. No patterns were visible 
where the magnet was touched to the film 
over the superconductor. 

While this experiment seemed to pro- 
vide convincing proof that the magnet's 
field was repelled by the superconductor, 
we decided to see if the fact that the Mag- 
na View film was cooled to near the tem- 
perature of liquid nitrogen altered its sen- 
sitivity. Therefore, we dipped a corner of 
the film into liquid nitrogen and then 
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placed a magnet against it. After the film 
warmed up enough to evaporate the thin 
layer of frost, we could clearly see the 
pattern left behind by the field of the 
magnet. The pattern, however, was not 
as bright or as distinct as those formed on 
the film at room temperature. Neverthe- 
less, it did show a magnetic field pattern 
that was clearly absent when the same 
film was placed over a superconductor. 

Ernest suggested that this experiment 
be repeated with the film held over the 
magnet as it floated over the supercon- 
ductor. This time, the film clearly re- 
vealed the pattern of the magnetic film. 

One of the most interesting supercon- 
ductor developments of 1988 was the ser- 
endipitous discovery that a new kind of 
superconductor would suspend itself be- 
low a magnet. The discovery was made by 
Palmer Peters of the National Aeronau- 
tics and Space Administration while he 
was experimenting with a superconduct- 
ing compound laced with silver oxide. 
When he lifted a magnet from a dish of li- 
quid nitrogen, he noted that the piece of 
superconductor that was also in the dish 
had disappeared from the clear liquid. 

Peters eventually spotted the super- 
conductor hanging beneath the magnet, 
presumably by means of a stray piece of 
thread. Instead, Peters was startled to 
find that the superconducting material 
was actually floating below the magnet! 

Later, Alan Hermann of the Universi- 
ty of Arkansas found that some samples 
of another kind of superconductor would 
also float below a magnet. He also found 
that the material would remain in suspen- 
sion, even when the magnet was rotated 
through 90 degrees. Figure 4 is a drawing 
that shows both of these remarkable ef- 
fects. This drawing is adapted from a pair 
of photographs published in the October 
1988 issue of The Institute, a publication 
of the Institute of Electrical and Elec- 
tronics Engineers. 

Jenny attempted to determine if the 
tiny neodymium -iron -boron magnet 
would hang in suspension below either of 
the two superconducting disks. It did not. 
She also tried stacking the two disks atop 
one another to see if the height of the 
floating magnet would be increased. 

II 

i 

SuPERCoN3DucTOR 

1 

TWEEZERS 

MqGNET 

Fig. 4. A superconductor suspended below and at the sides of a magnet. 

There was no apparent change. 
Next, Jenny held a superconductor 

disk with plastic tweezers while a magnet 
was levitating above it. She then held a 
second magnet below the disk. In view of 
the superconductor's repulsion proper- 
ties, we were all surprised when the float- 
ing magnet was immediately pulled down 
to the superconductor. Indeed, both 
magnets remained fixed to opposite sides 
of the disk, even though the disk was still 
cold enough to be a superconductor. 
When she repeated this experiment with a 
small steel magnet keeper, nothing hap- 
pened. The floating magnet was not at- 
tracted to the steel below the supercon- 
ductor. Instead, the magnet simply con- 
tinued to float freely above the supercon- 
ducting disk. 

Finally, Jenny investigated the effect 
of a superconductor on a compass nee- 
dle. When a superconducting disk was 
placed atop the compass, the needle con- 
tinued to point north. However, the nee- 
dle would move away from the disk when 
it was placed near the side of the com- 
pass. This phenomena is reminiscent of 
the behavior of the magnet suspended by 
a string above one edge of a supercon- 
ducting disk. 

As Jenny Lehmann's experiments 
nicely demonstrate, there is much more 
to superconductor experimenting than 
simply levitating a magnet. Another pos- 

sibility would be to use a thermocouple to 
measure the temperature at which a su- 
perconductor disk crosses the supercon- 
ducting threshold. Is the threshold 
sharp? That is, does a magnet floating 
above the superconductor gradually lose 
altitude or suddenly fall as the disk begins 
to warm? 

The ability of a superconductor to re- 
pel a magnetic field provides several in- 
teresting areas to explore. One possibility 
is to examine the response of a supercon- 
ductor to fluctuating magnetic fields pro- 
duced by a small electromagnet. 

You can make a small electromagnet 
by wrapping 100 or more turns of fine 
magnet wire around a steel pin. Alterna- 
tively, you can use the coil salvaged from 
a small magnetic earphone. 

Figure 5 shows a 555 timer connected 
as a variable -rate pulse generator that ap- 
plies brief pulses to a small electromag- 
net. The pulses can be speeded up by re- 
ducing the resistance of R2 or the capaci- 
tance of CI. 

Figure 5 also includes a suitable induc- 
tion receiver that can be used to detect a 
fluctuating magnetic field by means of a 
similar small coil on the opposite side of a 
superconductor. Note that the 741 is 
powered by a dual -polarity supply. Be 
sure to keep the leads between the 741 and 
the batteries short. Also, keep the input 
portion separated from the output por - 
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tion to avoid unwanted feedback. Use 
shielded cable to connect the coil to the 
amplifier unless the coil leads are only a 
few inches long. 

If you prefer, the detection coil can be 
connected to a conventional audio ampli- 
fier through an impedance -matching 
transformer. Again, be sure to use a 
shielded cable. 

Depending on the size and efficiency of 
your homemade electromagnet and pick- 
up coil, you might be able to learn a great 
deal about the repulsion abilities of a su- 
perconductor. 

An interesting variation of this experi- 
ment is to wrap the respective coils 
around opposite sides or ends of a super- 
conductor bar or disk to see if the induc- 
tion from one coil to another is altered 
when the superconductor becomes super- 
conducting. If there is an effect, you 
should be able to measure a distinct 

change when the ceramic becomes super- 
conductive. With the help of an oscillo- 
scope or chart recorder, you should be 
able to determine the rate of the change. 

Another experiment you might want to 
try is the effect of a superconductor on a 
small magnetic earphone driven by a tone 
generator or other audio source. Remove 
the phone's plastic cap and place the 
phone's metal diaphragm as close as pos- 
sible to a superconducting disk cooled 
with liquid nitrogen. Does the repelling 
action of the superconductor reduce the 
movements of the diaphragm enough to 
reduce the volume of the sound generated 
by the phone? The magnet in the phone is 
much stronger than the phone's tiny elec- 
tromagnet. Does its field swamp out any 
effects of the electromagnet? 

I haven't yet tried any of these experi- 
ments, so I can't tell you what will hap- 
pen. I'll leave that up to those of you who 

are curious enough to find out. If you do 
try any of these experiments or if you 
come up with other unusual supercon- 
ductor experiments, please send me your 
findings. I'll describe the most interesting 
results in a future column. 

Suppliers 
You can purchase superconductors from 
several different suppliers. These mater- 
ials typically become superconductors at 
around 95 degrees Kelvin, which is well 
above the temperature of liquid nitrogen. 

Edmund Scientific (101 E. Gloucester 
Pike, Barrington, NJ 08007) sells a f- 
inch -diameter superconductor disk for 
$17.50 (Cat. No. J37,446). Edmund also 
sells a demonstration kit that includes a 
superconductor disk, cobalt magnet and 
instructions for $36 (Cat. No. J38,169). 

National Superconductor, Inc. (13968 

LEARN ELECTRONICS FROM VHS VIDEO TAPES! 

PREPARE FOR 
THE FUTURE... 

NOW! 
Video Tapes 

Designed Especially 
For The Electronic Enthusiast! 

ELECTRONICS AND YOU-PART 1-DC Price $32.95 
Series circuits, parallel circuits, combination of series-parallel circuits, OHMS law, voltage, current and resistance. 

ELECTRONICS AND YOU-PART 2-AC Price $32.95 
AC theory, coils, transformers, capacitors, filter circuits and how they are used in actual circuits. 

ELECTRONICS AND YOU-PART 3-SEMICONDUCTORS Price $32.95 
An introduction into the world of semiconductors. Starts with semiconductor theory then proceeds into 15 different 
semiconductor devices. Shows how an integrated circuit is designed and built. 

ELECTRONICS AND YOU-PART 4-POWER SUPPLIES Price $32.95 
Starting with the transformer then to various types of rectifier circuits. Filter circuits, voltage protection. Trouble- 
shooting different parts of the power supply. 

VCR MAINTENANCE AND REPAIR Price $32.95 
Designed for the average VCR user. Learn how to clean the tape path, replace belts plus more. A must for home 
maintenance. 

INTRODUCTION TO VCR REPAIR Price $59.95 
Shows how the VCR processes the luminance, chromance and audio signals in playback and record modes. Servo 
systems for controlling the capstan motor and video drum cylinder. Many more aspects of VCR repair. 

OWt Mail check or money order to: UCANDO _ORDER ly or call us at: (513) 548-6113 P.O. BOX 386 
VISA and MASTERCARD accepted GREENVILLE, OHIO 45331 

BE A SUCCESS WITH UCANDO VIDEOS! 
CIRCLE NO. 145 ON FREE INFORMATION CARD 
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Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Ea n up to 
530 an hour 
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I and more! , JI 
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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, RadioTV, 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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ELECTRONICS NOTEBOOK .. . 

+9V 

`¡Zy : RESISTANCE OF R4 + COIL ? 1 2o IL. 

Fig. 5. Schematic diagram of a circuit you can use to investigate magnetic fields induced 
in a superconductor. 

Van Ness Ave., Gardena, CA 90249; Tel. 
213-323-3923) sells several different 
kinds of superconductor kits. A kit con- 
taining a coated, water-resistant super- 
conductor disk and a cubical samarium - 
cobalt magnet sells for $29. A zero -resis- 
tance kit that comes with a thermocouple 
for measuring the zero -resistance point 
of a superconductive bar sells for $69. 

The company's most interesting kit is 

called a "Meissner Sandwich." It sells 
for $95 and includes nine miniature mag- 
nets and two superconductive disks. The 
sandwich is made by arranging the mag- 
nets into a rectangle, which is floated 
above one of the superconductor disks. 
The second superconductor disk is then 
lifted from liquid nitrogen and floated 
above the magnets! Orders for these kits 
should include $4.50 for shipping. 

Incidentally, a representative from Na- 
tional Superconductor recently informed 
me the company plans to offer supercon- 
ductors in various shapes and sizes. One 
experimental configuration is in the form 
of a ring. A current induced into the ring 
will flow even after the source of current 
is disconnected. Contact the company 
for additional information about these 
new products. 

Large magnets will not float above a 
superconductor. Probably the best 
source for small, powerful magnets is Ed- 
mund Scientific. High quality samarium - 
cobalt magnets are used in better -quality 
magnetic earphones. You might be able 
to save $5 or more over the cost of an in- 
dividual magnet by salvaging a pair of 
magnets from a pair of earphones. Be 

careful when salvaging them because sa- 
marium -cobalt magnets are brittle and 
may break in two. 

Advertisements for additional suppli- 
ers of superconductors and magnets suit- 
able for demonstrating the Meissner ef- 
fect can sometimes be found in publica- 
tions intended for secondary -school sci- 
ence teachers. 

Safety Precautions 
Certain ingredients of ceramic supercon- 
ductors are toxic. Therefore, it is impor- 
tant to carefully observe any safety warn- 
ings that accompany a superconductor. 
This is especially important if you at- 
tempt to make your own superconductor 
or if you cut or break a superconducting 
pellet. Some manufacturers recommend 
that gloves be worn while handling super- 

conductors. After handling a supercon- 
ductor, under no circumstances should 
you touch your fingers to your face or eat 
without first washing your hands. Super- 
conductors should be considered as toxic 
waste for disposal purposes. 

Nitrogen, the principle component of 
air, is a colorless, non-toxic gas. The li- 
quid form of nitrogen looks like ordinary 
water, but there the resemblance ends. At 
77 degrees Kelvin (-196 degrees Celsius), 
liquid nitrogen can quickly cause frost- 
bite on exposed skin. When it contacts 
anything warmer than itself, it vigorously 
boils, liberating large quantities of gase- 
ous nitrogen. Therefore, never store li- 

quid nitrogen in a sealed container. 
Here are some safety precautions you 

should follow whenever you work with li- 
quid nitrogen: 

(1) Never place liquid nitrogen in a 
tightly closed container! If you do, the 
container will explode! 

(2) Do not transport an open container 
of liquid nitrogen in a vehicle! Use a dew- 
ar specifically designed to hold cryogenic 
liquids. 

(3) Wear eye protection when pouring 
liquid nitrogen. 

(4) Liquid nitrogen boils violently 
when it is poured into a container at room 
temperature. Stand clear to avoid being 
splashed! 

(5) If liquid nitrogen splashes onto 
your clothing, quickly grasp a dry section 
of fabric and pull the wet area away from 
your skin. The liquid will soon evaporate 
harmlessly from your clothing. 

(6) Once again, never attempt to store 
liquid nitrogen in a tightly closed con- 
tainer! 

Going Further 
Many articles about ceramic supercon- 
ductors have appeared in the popular 
press, trade magazines and in scientific 
journals. An excellent article on possible 
applications for ceramic superconduc- 
tors appeared in the February 1989 issue 
of Scientific American. For additional 
information, visit a good library and 
check the periodicals section for publica- 
tions beginning around March 1987. AE 
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IIIiI/BOOKS/IIIII1 
Treasure Hunters Buyers Guide. Edited 
by Rosemary Anderson. (People's Pub- 
lishing Co., Inc., 5440 Ericson Way, 
P.O. Box 1095, Arcata, CA 95521. Soft 
cover. 160 pages. $7.95.) 

This "buyers guide" to metal detector/ 
locators and accessories includes many 
items just recently introduced. The ma- 
jority of its pages give extensive listings of 
land and underwater metal -detectors. 
Two sets of listings are provided for each 
category. One is an alphabetical listing 
that uses text and photos to describe the 
products; the other a series of tables, ar- 
ranged in ascending price order, that de- 
tail technical specifications and give in- 
stant comparisons for competing detec- 
tors in specific price ranges. 

This book is a virtual one-step refer- 
ence on currently available metal detec- 
tors ranging from a $20 beachcomber 
model to professional models selling for 
more than $1,000. Every major manu- 
facturer and supplier is represented, and 
most have their entire lines included in 
the listings. 

Several other chapters are included, 
one of which details how to choose the 
best metal detector, and another of which 
separates detectors by operating modes. 
Yet a third chapter, titled "Shop Talk," 
contains essays written by engineers who 
are designing the detectors of tomorrow. 
Following this is a list of manufacturers 
and almost 20 pages of ads from them. 

A "Treasure Locators" chapter lists 
"big guns" in the field like ultra -sensitive 
and long-range devices that can cost as 
much as $4,000 and more. No buyers 
guide would be complete without a listing 
of accessory items, and this has an exten- 
sive one that lists probes, trowels, knives, 
water and sand scoops, wet and dry suits, 
a whole range of underwater electronic 
devices, and just about anything else a 
land or underwater treasure hunter might 
consider to be essential to his pursuit, in- 
cluding guides and booklets. The glos- 
sary at the end of the book makes an ap- 
propriate finale to a well-rounded trea- 
ure hunter's book/buyers guide. 

NEW LITERATURE 
Remote Controls Catalog. Thomson 
Consumer Electronics has a new 1990 
edition of the RCA and GE Remote Con- 
trols Catalog, which lists all available di- 
rect -replacement remote -control hand 

units for RCA and GE TV receivers, 
VCRs, video -disc players, camcorders 
and audio components. Divided into 
three sections, the catalog devotes one 
part to photos (more than 220 in all) of 
each remote to aid in identifying the cor- 
rect unit. The two remaining sections 
contain cross-references in model num- 
ber and type number sequences. For a 
copy of the Stock No. 1F5790 catalog, 
write to: Service Dealer Merchandising, 
Thomson Consumer Electronics, Distri- 
butor & Special Products, 2000 Clements 
Bridge Rd., Deptford, NJ 08096-2088. 

Privacy Devices Catalog. People who are 
interested in protecting their privacy will 
be interested in a new catalog from Capri 
Electronics Corp. This 20 -page catalog 
describes a variety of transmitter "bug," 
video camera, carrier-current/subcarrier 
and wiretap detectors. A sophisticated 
countermeasures system designed to de- 
tect a variety of "bugging" devices rang- 
ing from r -f to infrared to audio is listed, 
as are a wiretap detector and an audio 
jammer. Write to: Capri Electronics 
Corp., 1238 Hwy. 160-B, P.O. Box 589, 
Dept. ME, Bayfield, CO 81122. 

Full Product -Line Catalog. The 1990 
JDR Microdevices catalog contains 100 
pages packed with thousands of listings 
for computers and computer kits and ac- 
cessories, software, discrete compo- 
nents, and test instruments and acces- 
sories. Highlighted are such items as a 
mini 386 motherboards, an 80386SX 
motherboard, high -density hard drives 
and controllers, laptop computers, and 
much more. Each item is fully described, 
including price, and many are accompa- 
nied by a color photo. For a free copy, 
write to: JDR Microdevices, 2233 Bran- 
ham Lane., San Jose, CA 95124. 

Electronics Courses Catalog. The Heath 
Company's new "HomeWorks by Heath - 
kit" catalog lists and fully describes the 
company's full line of learn -at-home 
electronics courses. It features courses on 
robotics theory, digital processing, basic 
and advanced electronics, amateur radio 
operation and much more. A variety of 
Heathkit trainers and accessories, avail- 
able in both kit and factory -wired ver- 
sions, used in performing course experi- 
ments are highlighted throughout the 
full -color, 36 -page catalog. For a free 
copy, write to: Heath Co., Dept. 350- 
048(ME), Benton Harbor, MI 49022. 

7 

NAM RADIO 

IS FUN! 
It's even more fun for begin- 
ners now that they can oper- 
ate voice and link computers 
just as soon as they obtain 
their Novice class license. You 
can talk to hams all over the 
world when conditions per- 
mit, then switch to a repeater 
for local coverage, perhaps 
using a transceiver in your car 
or handheld unit. 

Your passport to ham radio adventure is 
TUNE -IN THE WORLD WITH HAM 
RADIO. The book tells what you need to 
know in order to pass your Novice exam. 
Two cassettes teach the code quickly 
and easily. 
Enclosed is my check or money order for 
$19.00 plus $3.50 for shipping and handl- 
ing or charge my 
( ) VISA ( ) MasterCard ( ) Am. Express 

Signature 
Acct. No 

Good from Expires 

Name 

Address 

City State Zip 
ME 

THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON. CT 06111 

CIRCLE NO. 132 ON FREE INFORMATION CARD 

Say You Saw It In Modern Electronics April 1990 / MODERN ELECTRONICS / 67 

www.americanradiohistory.com

www.americanradiohistory.com


1111111/SOLID - STATE DEVICES/I/Il!IIMM 

By Joseph Desposito 

JFET-input operational amplifiers pro- 
vide an economical means of achieving 
high accuracy in applications that require 
wide bandwidths for large signals. They 
are ideal for pulse amplifiers, fast D/A 
converters, peak detectors, and logarith- 
mic amplifiers. 

These devices are an option for design- 
ers who require speeds greater than those 
provided by standard bipolar op amps. 
The high slew rates of JFET-input ampli- 
fiers make these devices attractive for 
pulse amplification and other applica- 
tions that require wide bandwidths and 
handle large signals. Their low bias cur- 
rents make them equally suitable for peak 
detectors and logarithmic amplifiers. 
Furthermore, their fast settling rates 
make them ideal for fast, high -precision 
digital -to -analog converters. 

The offset voltage of many older JFET 
amplifiers displayed large thermal drifts. 
However, newer state-of-the-art preci- 
sion JFET-input amplifiers exhibit rela- 
tively little drift with temperature, and 
the resulting output error is generally in- 
significant, unless you operate the ampli- 
fier at a high gain level. If your applica- 
tion requires minimum possible offset er- 
ror, however, you can use a servo loop 
that automatically corrects offset -volt- 
age and drift errors. 

PMI OP -249 

Precision Monolithics, Inc. (PMI) re- 

cently announced availability of its OP - 
249, a dual high-speed JFET precision op 
amp that features fast settling time, high 
slew rate and low distortion. Low offset 
voltage and extremely high open -loop 
gain make the OP -249 a true dc precision 
JFET op amp. 

Featuring an offset of only 300 µV 
maximum, and low offset drift perfor- 
mance (0.5 µV/°C), the OP -249 can en- 
hance the performance of CMOS D/A 
converters and dc precision circuits. 
Moreover, PMI guarantees a maximum 
offset voltage for the life of the device. 

JFET-Input Op Amps 

a) UNIPOLAR OPERATION 

von 

REFERENCE 
OR VAN 

DATA INPUT 

b) BIPOLAR OPERATION 
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Fig. 1. Fast settling and low offset error of the PMI OP -249 JFET-input operational am- 
plifier enhances CMOS DAC performance. 

With a settling time of 1.2 µs maxi- 
mum, a slew rate of 22 V/µs, and a gain - 
bandwidth product of 4.7 MHz typical, 
the OP -249 meets requirements for high- 
speed signal conditioning, servo control- 
lers, fast D/A and A/D converters, active 
filters and sample/holds. 

The device provides a large -signal re- 

sponse into a 600 -ohm load. Combined 
with its high slew rate and a low distor- 
tion of only 0.002% typical, the OP -249 
is a fine amplifier for audio applications 
such as preamplifiers, signal condition- 
ing and output amplifiers for dual D/A 
compact disk players. 

The OP -249 is available in eight -pin 
cerDIP, plastic DIP and TO -99 metal 
can. The 100 -piece price for the plastic 
OP -249 covering the extended industrial 
temperature range (- 40°C to + 85°C) is 

$1.25. Prices for the cerDIP and TO -99 
versions begin at $3.95 each, with the mil- 

itary grades (- 55°C to + 125°C) starting 
at $8.75 each. 

OP -249 Application 
Unity -gain stability, a low offset voltage 
of 300µV typical, and a fast settling time 
of 870 ns to 0.01%, makes the OP -249 an 
ideal amplifier for fast digital -to -analog 
converters. 

For CMOS DAC applications, the low 
offset voltage of the OP -249 results in ex- 
cellent linearity performance. CMOS 
DACs will typically have a code -depen- 
dent output resistance variation between 
11 kilohms and 33 kilohms. The change 
in output resistance, in conjunction with 
an 11-kilohm feedback resistor, will re- 
sult in a noise gain change. This causes 
variations in the offset error, increasing 
linearity errors. The OP -249 features low 
offset voltage error, minimizing this ef- 
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fect and maintaining 12 -bit linearity per- 
formance over the full-scale range of the 
converter. 

Since the DAC's output capacitance 
appears at the operational amplifier's in- 
puts, it is essential that the amplifier is 

adequately compensated. Compensation 
increases the phase margin and ensures 
an optimal overall settling response. Re- 
quired lead compensation is achieved 
with capacitor C in Fig. 1. 

Circuit Layout Guidelines 
To obtain the full performance that 
JFET-input amplifies are capable of, all 
the standard precautions in designing 
and laying out pc boards should be taken, 
along with a few extra precautions that 
are specific to JFET-input devices. The 
design principles that follow are critical 
for the performance of any high-speed 
amplifier. 

Always use separate supply traces and 
grounds for each amplifier. 

Bypass each supply, right at each am- 
plifier with a 1- to 10-µF tantalum or elec- 
trolytic capacitor connected in parallel 
with a glass or ceramic capacitor that has 
a value of 0.01 to 1 µF. 

Provide separate supply lines and 
ground lines for the digital and analog 
sections of the system. 

Switching power supplies can inject 
spikes of several hundred millivolts into 
the supply lines, and they can radiate emi. 
Therefore, the analog sections should be 
shielded and all supply lines should be by- 
passed at the point where they enter the 
shielded enclosure. 

Be careful not to exceed an amplifier's 
maximum input -voltage specification. If 
a signal could be applied before the am- 
plifier's supplies reach their full values, 
provide clamping diodes-but remember 
that these devices add leakage and capaci- 
tance to the circuit. 

Be careful not to exceed the maximum 
junction temperature or the maximum 
power dissipation ratings of an amplifier. 
If a capacitive load is connected to the 
output of an op amp, include the power 

dissipation caused by the rms ac currents 
delivered to the load in calculations. In- 
ternal power dissipation raises an IC 
junction temperature. The amount of in- 
crease can be found by multiplying power 
dissipation by the thermal resistance of 
the package. Junction temperature is the 
ambient temperature plus the increase in 
temperature. 

Remember that the slew rate of an op 
amp varies according to the voltage dif- 
ference between its two inputs. To 
achieve the maximum slew rate specified 
in the data sheet, ensure a difference of 
about 2 V between inputs of a JFET-in- 
put op amp so that one side of the op 
amp's differential -input circuit turns 
completely off. At unity gain, such volt- 
ages are normal, but in circuits that have 
a higher gain, the input -voltage levels- 
and, hence, the slew rate-decrease. A 
JFET-input op amp that yields a slew rate 
of 60 V/µs at unity gain might yield only 
20 V /µs if operated at a gain of 100 with a 
± 100 mV input signal. 

Keep in mind, too, that an amplifier 
that has a high slew rate or a wide band- 
width doesn't necessarily settle fast. 
Many amplifiers with high slew rates ob- 
tain their speed at the cost of inducing ex- 
cessive ringing in the output waveform. 
This ringing increases settling time. Also 
keep in mind that the ac characteristics of 
some amplifier types vary widely from 
part to part. Data sheets usually specify a 
typical settling time. Very few vendors 
guarantee a maximum value. 

Most JFET-input op amps have input 
capacitances from 4 to 8 pF. A small ca- 
pacitor placed across the feedback resis- 
tor compensates for the pole created by 
the input capacitance. The amount of 
compensation needed depends on the 
performance expected from the amplifi- 
er. Critical damping may give the fastest 
settling times to within very narrow error 
bands. In general, however, the settling 
time will improve, even to error bands as 
small as 0.01%, if compensation that 
yields slight under -damping is provided. 

Optimum compensation is a function 
of the circuit and its layout, and its value 

is usually determined by experiment. 
Proper compensation becomes critical 
when an op amp is used to convert the 
current output of a DAC to a voltage out- 
put. The output capacitance of the DAC, 
in parallel with stray capacitance and the 
input capacitance of the op amp, exacer- 
bates any ringing and instability prob- 
lems and the compensation should be op- 
timized for the desired combination of 
settling speed and accuracy. 

A Monolithic Elliptic 
Notch Filter 
National Semiconductor has announced 
a fourth -order elliptic -notch filter, de- 
signed for the rejection of power -line in- 
terference in electronic systems. It can 
also be used for communications systems 
and automotive test equipment. 

The LMF90 is a switched -capacitor 
notch filter that requires no external com- 
ponents when used with an external 
clock. Notch depth, notch width, and 
clock -to -center frequency ratio are all 
pin -selectable. 

The notch frequency range of the 
LMF90 is 0.1 Hz to 30 kHz. The device 
features a low offset voltage of 120 mV 
and high -center frequency accuracy of 
± 1.5% over temperature. 

The LMF90 includes a clock oscillator 
requiring an external crystal. With a low- 
cost color TV crystal and using the inter- 
nal clock -frequency divider, the LMF90 
can provide notch frequencies of 50, 60, 
100, 120, 150 and 180 Hz for line -inter- 
ference noise rejection. The ratio of clock 
frequency to notch frequency is pin -pro- 
grammable to 100:1, 50:1 or 33.33:1. 
Notch depth is selectable at - 30 dB mini- 
mum or - 36.5 dB minimum. 

The operating voltage range of an 
LMF90 ranges from +4 to + 15 V, or 
from ±2 to ±7.5 V. Required supply 
current is only 5 mA (maximum) at ± 5 V. 

The LMF90, offered in the commercial 
temperature range (0°C to 70°C), is avail- 
able in a 14 -pin plastic DIP as the LMF- 
90CCN. It is priced at $3.10 each in 100 - 
unit quantities. PIE 
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llIih/ELECTRONICS OMNIBUS II(IIl 

Citizens Band Radio Update 

By Curt Phillips 

Several friends of mine were extremely 
surprised recently when they discovered 
that I was installing a Citizens Band radio 
in my car. The way they saw it, by doing 
this I was rejecting ham radio (the hobby 
I have for so long touted) for its "arch- 
rival," CB radio. 

I don't feel that way at all. I don't have 
to reject ham radio to appreciate the 
areas where CB radio has an advantage. 
Anyway, the reputed "feud" between 
CB and ham radio is more fiction than 
fact, and most of the fact derives from 
the Citizen Band's previous allocation as 
the 11 -meter ham band. This reallocation 
took place in the late 1950s, however, and 
most of the hams who were really upset 
about it have long since departed to the 
great ham shack in the sky. 

For me, my introduction to amateur 
radio was a result of my introduction to 
Citizens Band radio. In 1964, during a 
mini -boom in the CB world that would be 
dwarfed about a decade later, my father 
purchased a couple of CB sets for use in 
his small business. This was the purpose 
for which CB was created, to provide 
short-range communications for home 
and business uses. Even back then, the 
people using CB for quasi -ham hobby - 
type communications made it only mar- 
ginally suitable for business, as we quick- 
ly discovered. 

Nevertheless, using CB radio as a hob- 
by was as attractive as using it for busi- 
ness, so a succession of rigs made by La- 
fayette Radio Electronics (the old Corn - 
sat series), E.F. Johnson and Hallicraft- 
ers passed through our operating posi- 
tion. As I approached my teen years, I 

learned of a radio service that allowed 
more power (legally), more frequencies 
and a broader range of activities; so I 

sought out some people who taught me 
what I needed to qualify, getting my ham 
license at 13 years old. 

Still, I remember my introduction to 
two-way radio fondly and certainly har- 
bor no ill towards the Citizens Band. In- 
deed, my recent acquisition of a CB rig is 

G -E Model 3-5909 40 -channel emergency/information two-way CB transceiver with 
magnetic -mount, collapsible antenna. 

due to an appreciation of one of its 
unique strengths. 

CB Strength 
The strength of CB radio lies in numbers. 
Although the number of CB operators is 

down from its heyday in the middle 
1970s, when First Lady Betty Ford was 
on the band with the handle "First 
Mama" and CB -oriented songs and mov- 
ies were being released by the dozen, 
there remains a large residual installed 
base of CB units. 

Of late, I have had to do a lot of travel- 
ing by automobile. While chatting on the 
vhf ham repeaters is nice, the chance of a 
ham operator sitting in front of me in a 
traffic jam is slim. In contrast, many nor- 
mally active CBers turn on their rigs when 
stopped in traffic and there is quite often 
one of them up ahead with whom I can 
commiserate and exchange information. 

Weather and traffic reports from up 
ahead are useful even when the traffic is 
moving, and again, at any given moment 
I'm more likely to contact a CBer who 

has traveled where I'm going than a simi- 
larly situated ham operator. CB's much - 
lamented shortcoming (low power) is of 
little hindrance in this task. Usually, I 

only need to talk to someone a few miles 
or so ahead of me. With my CB antenna 
on the back of my car (so I won't interfere 
with my 2 -meter antenna in the hallowed 
location in the middle of the car roof!), 
my radiation pattern is strongest in the 
front. Also, someone a short distance 
away going in the opposite direction can 
often supply the needed information. 

Ham radio has served me well for sum- 
moning help when I've had car trouble, 
but a CB radio works well for this also. 
Since there are no license requirements, I 

recommend purchase of a CB unit to 
non -technically -inclined family and 
friends as justified for this purpose alone. 
A cellular phone can serve this purpose as 
well, but a CB radio is much less expen- 
sive. Furthermore, cellular phone opera- 
tors must dial a specific phone number, 
rather than call for help shotgun style to 
whomever is listening within a few miles 
around. 
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Since some people can't appreciate the 
beauty of an antenna on the trunk and a 
radio hung under the dashboard, several 
manufacturers offer "emergency CB ra- 
dios." These units provide a protective 
case containing a CB radio with cigarette - 
lighter plug and a magnetic -mount anten- 
na. When trouble strikes, one needs 
merely retrieve the radio from the trunk, 
glove compartment or under the seat, 
plug it into the cigarette -lighter socket on 
the dashboard, and the set is ready to op- 
erate. Even the most rabid two-way radio 
hater will be glad to have one of these 
units on hand if his car breaks down on a 
rural road late at night. 

Score One for Smokey 
The much -heralded ability of a CB radio 
to keep you informed as to the locations 
of all the State Patrolmen has dropped 
dramatically. During a middle -70s road 
trip from Raleigh to St. Louis with some 
fraternity brothers, our CB radio faith- 

fully kept us apprised of all the speed 
traps en route, including a radar set-up in 
Indiana we were warned about that was 
located over 100 miles away. 

On a more recent Raleigh -to -Memphis 
excursion, the CB airwaves seldom re- 
ported speed traps before I could visually 
spot them, if at all. If you want protec- 
tion from speed traps, a radar detector is 
far superior to a CB (and, naturally, stick 
to the speed limit). 

Perhaps one reason for this phenome- 
non is the lower profile of truckers on CB 
today. Certainly, there are still truckers 
on the CB bands. On my Memphis trip, I 

learned a lot about truckers' preference 
in food and women and the panoramic 
vistas they view from their high-rise driv- 
ing perches, but there still aren't as many 
truckers to be found as in the "good old 
days." Some of this may be due to the 
truthfulness of a rumor that many truck- 
ers have begun to use marine -band vhf - 
FM rigs for their personal communica- 
tions (not an FCC -approved use!). 

Table I. CB Channel Frequencies 

Channel Frequency* Channel Frequency* 
1 26.965 21 27.215 
2 26.975 22 27.225 
3 26.985 23 27.255 
4 27.005 24 27.235 
5 27.015 25 27.245 
6 27.025 26 27.265 
7 27.035 27 27.275 
8 27.055 28 27.285 
9 27.065 29 27.295 

10 27.075 30 27.305 
11 27.085 31 27.315 
12 27.105 32 27.325 
13 27.115 33 27.335 
14 27.125 34 27.345 
15 27.135 35 27.355 
16 27.155 36 27.365 
17 27.165 37 27.375 
18 27.175 38 27.385 
19 27.185 39 27.395 
20 27.201 40 27.405 

*All frequencies are in MHz. 

CB Today 
The official Citizens Band consists of 40 
channels today, increased from the origi- 
nal 23 during the mid -70s boom. Channel 
9 is the emergency channel and is often 
monitored by police and volunteer assis- 
tance clubs. Maximum legal power is 4 

watts at 100 -percent modulation, but 
most radios you buy off the shelf don't go 
quite that high because the manufactur- 
ers give themselves a safety margin to stay 
out of trouble with the FCC. 

There are a lot of good CB transceivers 
available, if not as many brands as in the 
mid -Seventies. Back then, it seemed that 
everyone in the Orient with a garage and a 
soldering iron was cranking out CB sets. 
But evidently most of them have convert- 
ed to manufacturing PC clones now. The 
brands that dominate nowadays are Mid- 
land, Cobra, Uniden and, of course, Ra- 
dio Shack. Fordham Radio (260 Motor 
Parkway, Hauppauge, NY 11788) and 
Scanner World (10 New Scotland Ave., 
Albany, NY 12208) sell Midland and Co- 
bra brand radios with prices starting be- 
low $40 for a dc -powered unit. These are 
usually called "mobile" radios. but they 
work fine as base units if you have a good 
dc source to power them. 

In searching for a CB radio, don't for- 
get hamfests and yard sales. The General 
Electric Weather Alert CB rig I have in 
my car includes reception ability for the 
NOAA weather broadcasts (outside the 
CB band), both a noise blanker and auto- 
matic noise limiter, instant access to 
Channel 9, and was considered hot stuff 
at its retail price of about $100 a little over 
a year ago. I purchased mine used at a 
hamfest for $20. 

The best antenna for the money is the 
simple quarter -wave whip. The catch is 

that a quarter -wave whip for the CB fre- 
quencies is 9 feet long. Ideally, you'd like 
to mount it as high on your car as possi- 
ble, but such antennas usually end up 
mounted on the bumper. Radio Shack 
sells these whips on the page with the ac- 
cessories, not the antennas. 

If you must use a shorter antenna, go 
for one of the base -loaded units (the load - 
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FREE CATALOG 
TEST INSTRUMENTS & 
HARD -TO -FIND TOOLS 
Packed with over 10,000 quality products for test 
ing, repairing, and assembling electronic equip- 
ment. A full selection of test instruments, power 
protection equipment, precision hand tools, tool 
kits, soldering supplies, and much more. Products 
are shown in full color with detailed descriptions 
and pricing. All products come with a 100% satis- 
faction guarantee. SAME -DAY shipment program. 

In a hurry to receive your catalog? 

Call (800) 225-5370 
In Massachusetts call (508) 682-2000 

Contact East, Inc., Dept. R454 
335 Willow St., No. Andover, MA 01845 

CIRCLE NO. 125 ON FREE INFORMATION CARD 

AMAZING NEW 
Pocket Reference 

480 pages of tables, maps, 
formulas, and conversions 
and it fits in your shirt pocket 
( 3.2" x 5.4" x 0.6")! 

$9.95* 1!; 
* Plus $2.00 shipping & handling. 
Colorado residents add 588 tax. 

Small sample of contents 
Air Tool CFM vs PSI Radio Alphabet 
Battery Charging TEN Radio Codes 
The Manufacturer Codes Telephone Area Codes 
Lumber Sizes & Grades Lost Credit Card Phones 
Concrete & Mortar Sound Intensities 
Element Tables Wind Chill Factors 
Computer ASCII Codes Frequency Spectrum 
IBM* PC Error Codes Geology Mineral Tables 
IBM* Interrupts -I0 Map Glues and Solvents 
80288 Hard Disk Types Bolt Torque Tables 
Printer Control Codes Wood Screw/Nail Sizes 
Electric Wire Size vs Load Math Formulas & Tables 
NEMA Motor Frames Plane/Solid Geometry 
Wire & Sheet Guages Copper/Steel/PVC Pipe 
Resistor/Capacitor Colors Rope Cable and Chain 
Pilot Lamp Specs Tap -Die -Drill Sizes 
Fuse & Battery Specs Sand Paper & Abrasives 
RF Coil Winding Data Weld Electrode & Solder 
Wire Size vs Turns/Inch 3200 Conversion Factors 

Money Back Guarantee -If not completely satisfied, return 
book postage prepaid, in mint condition for a 100% refund! 

Sequoia Publishing Inc. 
Dept 850, P.O. Box 620820 

Littleton, CO 80162 
CIRCLE NO. 138 ON FREE INFORMATION CARD 
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ing coil is at the base); the antennas that 
are center loaded are the least efficient 
and are only slightly better than the legen- 
dary "wet noodle." Avoid magnet -mount 
antennas in a permanent installation if 
you can. In automobile configurations, 
you are depending on the car body to pro- 
vide the "ground plane," and a direct 
mount increases the efficiency of the 
ground plane. Remember, with only 4 

watts out (usually less), you need to retain 
all the efficiency you can. One good rule - 
of -thumb to keep in mind is that for CB, 
the shorter the antenna, the less efficient 
is its communication ability. 

Don't fall for the "twin trucker" an- 
tenna trap. This is a pair of antennas usu- 
ally seen mounted on truckers' mirrors. 
Two phased verticals can provide a gain 
(increase in effective radiated power), 
but they need to he one-half wavelength 
apart to work best. One-half wave at CB 
frequencies is 18 feet; your car isn't that 

CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

NO Special 
Tools or 

Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics) .... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn ... then we can 
teach YOU VCR maintenance and repair! 

FACT:up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO -MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and Illustrations) and AWARD -WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair-"real-world" Information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL -FREE 1.800.537.0589 

Or write to: 
Viejo Publications 

3540 Wilshire BL. STE 310 
Los Angeles, CA 90010 Dept ME 

CIRCLE NO. 123 ON FREE INFORMATION CARD 

wide. Under 9 feet apart, two antennas 
configured this way can actually begin to 
cancel each other out and decrease the ef- 
fective radiated power, as compared to 
one antenna alone. 

Single Sideband 
A subset of the CB world is single -side - 
band operation. Single sideband, or SSB, 
is a more -effective transmitting mode 
that can extend effective communica- 
tions range by 25 to 50 percent; it's in- 
compatible with standard AM, though. 
By tradition, SSB operations are general- 
ly restricted to Channels 32 through 40. 
Prices of CB transceivers with SSB cap- 
ability start at about $160 and range to 
well beyond $400. 

Those people who are willing to pay to 
join this exclusive part of the CB hobby 
will find operations that are more like 
that on the ham bands. Since I don't have 
a CB set that operates on SSB, I've moni- 
tored them on my shortwave receiver (see 
Frequency List, Table I) and found them 
to be quite different than the other CB 
channels. Conversations were at a more 
serious level, without the "Good Buddy" 
and "Negatory" type of good -ole -boy 
posturing that is commonly heard on the 
lower CB channels. 

With the recent sunspot activity en- 
hancing 11 -meter propagation, I heard 
stations from several western states 
booming in here on the east coast. With 
the sunspots, this is possible even if they 
are only running legal power, but it is ille- 
gal for CBers to make these types of con- 
tacts, even if they are achievable using le- 

gal equipment. Of course, these trans- 
continental contacts were being made 
anyway, because illegality has never put 
much of a damper on CB operations. In 
general, however, there seems to be more 
respect for proper and legal operations 
on the SSB channels than there is on the 
CB band at large. 

Since there are no officially assigned 
callsigns for CBers now, and the side- 
banders don't like to use "handles" as 
the AMers do, they tend to use identifica- 
tion numbers provided by sideband-ori- 
ented organizations. One of the more es- 
tablished of these groups is the SSB Net - 
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work (P.O. Box 908, Smithtown, NY 
11787), which issues numbers beginning 
with "SSB." 

The Dark Side 
Besides the coarse and intentionally corn - 
pone operating procedures that are com- 
mon on the CB channels, there is a dark 
side. With no FCC licensing procedure, 
anyone can become a CBer, and there is 
no license that can be revoked. This rela- 
tively unregulated atmosphere yields a 
forum for individuals to engage in what 
can best be described as verbal exhibi- 
tionism. This can manifest itself simply 
as profanity or worse. 

Promoting this activity is the fact that 
the CB band is sometimes used as an ave- 
nue for solicitation by "Pavement Prin- 
cesses," mobile practitioners of the 
world's oldest profession. When encoun- 
tering this type of activity, it is best to 
simply change the channel or turn off 
your rig and ignore it. 

Power to the People 
For some, the legal 4 -watt limit isn't 
enough transmitting power, and getting a 
ham license is too much work. Some of 
these people simply choose to operate on 
the CB bands with 100, 200 and even 
1,000 watts. As a result, ham amplifiers 
that included 10 meters were so easy to 
use on the CB bands that the FCC now 
prohibits sale of new amplifiers that op- 
erate on 10 meters. Ham operators may 
legally modify them to operate on 10 me- 
ters, but they can't come from the factory 
that way. Illegal high -power operation is 
one area where the FCC still pays atten- 
tion to the CB bands. 

Several Japanese ham transceivers used 
to be available that would operate on 11 

meters without modification at 100 to 200 
watts and were widely used by illegal 
CBers. These ham rigs weren't channel- 
ized and could operate over a range of 
frequencies beyond the official CB allo- 
cations. So a group of CB renegades 
started operating between the bands. 
Known as hfers, they operate both below 
and above the CB band, generally from 
26.515 to 27.855 MHz. Operation below 
the CB channels is generally in AM, and 

that above is usually SSB. All of this out - 
of -band operation is illegal. If the opera- 
tors are caught, they will never be able to 
obtain an FCC license of any type. The 
FCC has a long memory. 

REACT 
Many CBers want to improve the image 
of CB radio, hone their communications 
skills and use their radio equipment for 
public service. An organization catering 
to such people is REACT International, 
which is the largest and oldest organiza- 
tion of Citizens Band operators. 

Although REACT (an acronym for 
Radio Emergency Associated Communi- 
cations Teams) isn't exclusively limited 
to CBers (14 percent are ham operators), 
the vast majority of its membership and 
operations utilize CB radio. Most of the 
non -law -enforcement organizations that 
monitor Channel 9 are REACT affili- 
ates. If you drop them a card, REACT 
(242 Cleveland, Wichita, KS 67214) will 
send you a brochure and information on 
local REACT clubs (teams) in your area. 
If you send a self-addressed, stamped 
No. 10 envelope, REACT will send you 
even more information. 

If you are interested in regular infor- 
mation on CB radio, REACT Interna- 
tional publishes a bi -monthly magazine, 
The REACTer, and our sister publica- 
tion, Popular Communications (76 
North Broadway, Hicksville, NY 11801) 
carries a monthly column on CB radio. 

When its strengths and limitations are 
taken into consideration, CB radio can 
make a worthwhile contribution to the 
total communications capability of any- 
one, even a long-time hard-core ham like 
me. Should you decide to pursue two-way 
communications via the CB route, don't 
let its unlicensed nature cause you to be- 
come careless or lazy in your operating 
habits. Because of its unlicensed and 
loosely regulated nature, CB has all the 
more need for operators to practice and 
support disciplined procedures. 

Your comments and suggestions are wel- 
come. You can contact me through Del- 
phi (CURTPHIL), CompuServe (73167, 
2050) or at P.O. Box 678, Garner, NC 
27529. 
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CONSOLIDATED 

THE ULTIMATE 
ELECTRONICS 

CATALOG 
Order your 260 page catalog and price list with over 
14,000 money saving electronic parts and equipment! 
Send $9.00 in a check or money order, or call 
1-800-543-3668 today and use your Mastercard or Visa. 
Consolidated Electronics, Incorporated 
705 Watervliet Ave., Dayton, Ohio 45420-2699 

Name 

Address 

City State Zip 
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11111111/PC CAPERSHIIII 

Hands -On Look at the Hewlett-Packard LaserJet IIP 

By Ted Needleman 

Previous columns occasionally discussed 
some standards that evolved in the com- 
puter market. We've talked about oper- 
ating systems, bus standards and video 
resolution. The way that these standards 
are set is an interesting process. With 
most of the above standards, you don't 
have to be first, or even best, you just 
have to sell the greatest numbers of your 
product. If you do, then your product be- 
comes the de facto standard. 

The same process is true in the market 
for peripherals, such as printers. The vast 
numbers of Epson printers sold in the late 
Seventies and early Eighties made Ep- 
son's command set the standard for dot- 
matrix printers. Application software 
was written to expect an Epson printer, or 
one that could emulate Epson's com- 
mand set. If your printer did not offer 
this emulation, you may have had to fore- 
go many of the printing features your 
printer did offer. 

The same process took place in the las- 

er printer marketplace. When Hewlett- 
Packard introduced the LaserJet in 1983, 

it was not the first laser printer, just the 
first affordable one for many people. Big 

corporations had been using laser print- 
ers, made by vendors such as Xerox, 
IBM, and Kodak, for years. Printers such 
as the Xerox 2700, one of the least -expen- 
sive laser printers available before the 
LaserJet, churned out in excess of 20 

pages per minute, cost well in excess of 
$20,000 and were difficult to program 
and use (especially in comparison to to- 
day's laser printers). 

When H -P introduced its first LaserJet 
in 1983, and Apple its LaserWriter in 

1984, they were amazing products. For 
the first time, microcomputer users could 
get fast, quiet, and near -typeset -quality 
output for little more cost than a good 
reasonable -quality daisywheel printer. 
The LaserJet and LaserWriter were in- 
stant hits, and made instant standards of 
their respective command and control 
languages. For the H -P, this was PCL 
(Printer Control Language), which, 
while it has undergone updates, has re- 

mained essentially the same over the last 
seven years. 

Hewlett-Packard's LaserJet IIP personal laser printer. 

Much of the credit, though, for both 
Hewlett-Packard's and Apple's success 
must go to a third company-Canon- 
for producing the CX laser engine on 
which both of these pioneering printers 
are built. The CX engine was an evolu- 
tion of another popular Canon product, 
its PC line of personal copiers. Intro- 
duced several years earlier, the PC -10 and 
PC -20 copiers were inexpensive and com- 
pact and pioneered the use of a dispos- 
able cartridge that contained the drum, 
developer and toner. Given the similari- 
ties between photocopiers and laser 
printers, Canon took the basic PC copier 
mechanicals, eliminated the moving plat- 
en and most of the optics, enlarged the 
disposable cartridge to accommodate 
more toner, added a laser, scanning mir- 
ror and basic controller electronics, and 
the CX engine was born. 

Other manufacturers have gotten into 
the laser -engine business over the years. 
Companies such as Ricoh, TEC, Kyocera 
and others have supplied thousands of 
laser engines to the burgeoning laser - 
printer market. Hewlett-Packard, how- 
ever, has stuck with Canon, introducing a 
new printer with every refinement of the 

Canon engine. The 20 -page -per -minute 
LaserJet 2000 is based on a Canon en- 
gine, as is the current Series II (based on 
the SX laser engine). Canon recently in- 
troduced a 4-ppm engine (and its own 4- 

ppm printer) and, not surprisingly, so did 
H-P-the LaserJet IIP. 

The LaserJet IIP 
Nominally rated at half the output speed 
of its popular Series II, the Hewlett- 
Packard LaserJet IIP retains almost all 
of the features of the faster printer (other 
than speed), while costing about $1,000 
less (at list prices). With a list price of 
$1,495, and a street price of under 
$1,000, the IIP is one of the least -expen- 
sive laser printers you can buy. It is also 
one of the smallest and lightest laser 
printers you can buy, measuring a com- 
pact 14"W by 16"D by 8.25"H and 
weighing only 22 pounds. 

As small as it is, the IIP delivers perfor- 
mance and features far beyond what it's 
price tag might lead you to expect. In 
some cases, the printer delivers even more 
than the much more expensive Series II. 
For example, the IIP offers more built-in 
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fonts, 14 to the Series II's 6. These in- 
clude the same portrait and landscape 
Courier 10 -pitch 12 -point and Line 
Printer 16.6 condensed fonts, as well as 
an additional Courier font in 12 -pitch 10 - 

point. This last font is similar in size to 
the Elite font often found on typewriters. 

The IIP is able to use both cartridge 
and downloaded softfonts, just like the 
Series II and, in fact, can use standard 
H -P LaserJet font cartridges. It does not, 
however, need separate landscape fonts. 
The printer can rotate and scale a portrait 
font into landscape mode. This means 
that the IIP specific font cartridges that 
were made available by H -P when the 
printer was introduced contain extra por- 
trait fonts instead of those not -needed 
landscape fonts, giving you more for 
your money. 

Hewlett-Packard's newest printer is 
also no slouch in the paper -handling 
area, either. It can handle paper from 16 - 
to 28 -pound stock, laser labels and laser 
transparency material-anything other 
laser printers can use. Its built-in paper 
tray, which folds down from the from 
panel of the printer, can handle up to 50 
sheets of letter, legal, A4 or executive -size 
paper. This tray can also be used to feed 
envelopes. There is also an optional pa- 
per tray that holds 250 sheets of paper, or 
with an optional envelope tray, it can 
handle up to 20 envelopes. 

Paper handling is further enhanced by 
the IIP's ability to output face down (in 
correct order) to a 50 -sheet output tray on 
the top of the printer, or face up through 
the back of the printer to a tray with a 20 - 
sheet capacity. 

The LaserJet IIP comes with 512K of 
RAM, the same amount as the Series II. 
This is enough memory to print up to 'A 

page of 300 -dpi graphics or use several 
downloaded softfonts. If your applica- 
tion requires more memory, it's easy to 
add. The printer has optional 1MB and 
2MB memory expansion cards and will 
accept up to 4MB of memory, enough for 
just about any task. 

Hewlett-Packard's printer uses the 
same PCL language that the other Laser - 
Jets do; so it is compatible with any appli- 
cation that has a Series II printer driver. 
In addition, if you're doing CAD or cir- 

cuit -board layouts, third -party software, 
such as Insight Development's "Laser - 
Plot," give the IIP (and other H -P -com- 
patible printers) the ability to emulate an 
H -P plotter. 

LaserJets have always been easy to set 
up, and the IIP is no exception. It uses an 
EP -L cartridge that's slightly smaller 
than the CX and SX cartridges, but it still 
contains the toner, developer and photo- 
conductive drum. Costing a bit less at $95 
than those for the Series II and earlier las- 
ers, you just throw them away (or have 
them refilled) when you use them up, and 
pop in a new cartridge. This makes setup 
a snap-just remove the shipping re- 
straints, pop in the cartridge, plug in the 
power and interface cables and print. 

The IIP has both parallel and serial in- 
terfaces. I had the IIP printing within 
minutes after receiving the printer; in 
fact, it takes almost as long to write about 
as to do. Front -panel buttons let you 
choose fonts, orientations, interface, and 
when the optional Epson/IBM and Post- 
Script emulation cartridges become 
available later this year, you will also be 
able to choose an emulation from the 
front panel. 

Of course, for $1,000 less than the 
standard Series II, you have to expect to 
make some compromises. The IIP has 
only a single font cartridge slot (the Series 
II has two) and its rated speed is only half 
that of the bigger printer. Performing 
some informal tests, though, revealed 
that the IIP prints pretty close to its rated 
speed. This is unusual in the printer in- 
dustry, where it is common to find gross- 
ly inflated speed claims. 

Like the original LaserJet, Hewlett- 
Packard's LaserJet IIP is a landmark 
printer in several respects. Its street price 
of less than a thousand dollars puts it in 
the range of many 24 -pin dot-matrix 
printers, making it an affordable pur- 
chase for many serious computer users 
who have been just waiting for an excuse 
to run out and buy a laser printer. 

Given the history of the laser printer 
market, I'd expect to see this price fall 
even further given the pressures of com- 
petition. Epson has already lowered the 
price on its EPL-6000, a 6-ppm laser 
based on the TEC engine to match H -P's 

$1,499 list. By the end of the year, it 
wouldn't surprise me to see laser printers 
available for less than $900, which is 
about what my original Epson MX -80 
dot-matrix printer cost in 1978. It also 
goes a long way in defining what a per- 
sonal page printer will be like in the '90s 
(the "P" in IIP stands for "Personal"); a 
small, lightweight, quiet, fast, and af- 
fordable laser printer. I think H -P has an- 
other winner with this one. AE 

Manufacturer Mentioned 

LaserJet IIP 
Price: $1,495 
Hewlett-Packard Co. 
P.O. Box 10301 
Palo Alto, CA 94303-0890 
800-752-0900 
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Renaissance Software Library 
TOP 20 SOFTWARE HITS! 

$3.00/disk - $2.50/disk for 10+ 
1 - disks 190-192 - PC-File:dB a top notch database 
program - fully dBase3 compatible (3 disks) 
2 - disk 271 - The Draw - great ANSI drawing/animation 
3 - disks 185, 168 - OModem 4.1 - The standard in 
modem communications programs. (2 disks) 
4 - disk 1120 - Total Ham! - a great multi -function log- 
ging/operating aid for the radio amateur. 
5 - disk 1149 - GeoClock - a real time grayline map of 
the Earth. Like DX -Edge. (order disk 1150 for EGANGA) 
6 - disk 1089 - Mapper EGA - nice world map that 

shows grayline, beam headings, distance, MUF, WF and 
rel 

7 - disk 1249 - World 29! World map program that 
allows you to zoom In on any location. Includes built-in 
hurricane tracker. 
8 - disk 20 - SimCGA - allows you to run OCA programs 
on a monochrome monitor. 
9 - disk 51 - AutoMenu - THE industry standard in easy 
to use menuing programs. 
10 - disk 290 - Floe/Draw - a top shareware flowchart- 
ing/schematic diagramming system with WYSIWYG, 
11 - disk 211 - As Easy As version 4.0 of THE Lotus 
1-2-3 spreadsheet clone. 
12 - disk 726 - Personal C Compiler - a great share- 
ware C compiler. With editor, library, make and debugger. 
13 - disk 1099 - TS4-40 & TS940 Rig Control - control 
your Kenwood rig with your computer. 
14 - disk 735 - GTE's DOS Tutor - a top notch, easy to 
use graphically oriented interactive DOS tutor. 
15 - disk 1081 - Ham Radio 1 - Packet related YAPP 8 
PackTalk terminal programs. 
18 - disk 1110 - K1 EA's DX Contest Logger - ver 4.25 
of the standard contest logger 
17 - disk 1145 - PK232 Packet terminal program - 
dedicated term. prog. for the PK232 
18 - disk 1143 - KAM RTTY - dedicated RTTY/CW/ 
AMTOR/ASCII terminal program for the KAM TNC's. 
19 - disk 1250 - World Atlas - a top information atlas. 
20 - disks 200, 201 - WAMPUM - dBase 3 clone 

1-800-525-7235 to order (Visa/MC -9- 
5 CST) or send check/MO (add $3-00 s/h) - 
call (205)757-5928 or write for free catalog! 

Renaissance Software Library Ike Box 640 - Killen - AL - 35645 
CIRCLE NO. 149 ON FREE INFORMATION CARD 
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PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT -50 miniature FM tranmitter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 
battery and you can hear every sound in an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz 130mhz. Easy to assemble kit 
includes all parts and instructions. Only 29.98 tax incl. 

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 mile range. Tunes from 70mhz - 130mhz. Easy 
to assemble kit Includes all parts and instructions. On- 
ly $29.98 tax Incl. 
Call or send MO, VISA, MC for Immediate delivery. 
Single kit orders Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by U.S. Mail. 
COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914.232.3878 
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ELECTRON TUBES 
OVER 3000 TYPES IN STOCK! 

Also capacitors, transformers 
and parts for tube type equipment. 

Send S2 00 for 26 page catalog. 

ANTIQUE ELECTRONIC SUPPLY 

688 W. FIRST ST., TEMPE, AZ 85281 
PHONE: 602/894-9503 FAX: 602/894-0124 

CABLE T.V. CONVERTERS 

Jerrold9, Oak, Scientific Atlantic, Zenith, & 

many others. "New" MIS stereo add-on: mute 

& volume. Ideal for 400 & 450 owners! 

1-800-826-7623 
B & B INC. 

4030 Beau -D -Rue Drive, Eagan, MN 55122 
I 

6805 MICROCOMPUTER 
DEVELOPMENT SYSTEM 

Now Its easier than ever to incorporate single chip 
microcomputers in your new designs. The MCPM-1 

system allows the IBM PC and compatibles to be 

used as a complete development system for the 
Motorola MC68705P3, P5, U3, U5, R3 and R5 single 
chip microcomputers. The system includes a cross 
assembler program, a simulator/debugger program 
and a programming board that connects to a serial 
port. Price = $449.00 VISA and MASTERCARD 
accepted. 

ECITHE ENGINEERS 
COLLABORATIVE. INC. 

RR#3, BOX 8C Barton, Vermont 05822 
Phone (802) 525.3458 FAX (802) 525-3451 

MODERN ELECTROIVICS 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: 
Combo Jerrold 400 and SB3 $165. Complete 
cable descrambler kit $39. Complete satellite 
descrambler kit $45.00. Free catalog. MJO 
INDUSTRY, Box 531, Bronx, NY 10461-0531. 

VHS -VCR Repair Solutions Sets I, II, III, IV, 
V. Each contains 150 symptoms and cures, 
cross reference chart, free assistance, $11.95 
each all five $49.95. Eagle Electronics Box A, 

52053 Locks Lane, Granger, IN 46530. 

T.V. NOTCH FILTERS, SURVEILLANCE 
EQUIPMENT, BROCHURE $1.00. D. K. 

VIDEO, BOX 63/6025, MARGATE, FL 

33063 1-(305) 752-9202. 

ELECTRONICS 
TUBES, New, up to 90070 off, S.A.S.E., Ker- 

by, 298 West Carmel Drive, Carmel, IN 
46032. 

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. 

PROTECT YOUR HOME AND BUSINESS 
FROM ELECTRONIC EAVESDROPPING 
AND WIRE TAPPING! COMPLETE 
COUNTER MEASURES CATALOG, $3.00 
(REFUNDABLE.) DIVERSIFIED WHOLE- 
SALE PRODUCTS, BOX 1275 -ME, RE- 
DONDO BEACH, CA 90278. 

KINETIKITS from KINETICO: electronic 
kits outputting light or sound. Free catalog: 
KINETICO, P.O. Box 1634, NY, NY 

10114-0508. 

MINIATURE Electronics like James Bond. 
Catalog $3.00, refundable. F & P Enterprises, 
Box 51272, Palo Alto, Calif. 94303-H. 

DETECTION - Surveillance, Debugging. 
Plans, Kits, Assembled Devices. Latest High 
Tech Catalog, $5. DETECTION SYSTEMS, 
2515 E. Thomas, #16-864H, Phoenix, Ari- 
zona 85016. 

BUILD mini F.M. bugs, supersensitive, long 
range, step by step plans $4.95. Poobah Elec- 
tronics, Box 3816, Farmington, NM 87499. 

ELECTRONICS, COMPUTER Manuals, 
Software, Hardware, Services: "HIGH VOLT- 
AGE DEVICES," "SECRET/SURVIVAL 
RADIO," "PHONE COLOR BOXES," 
"ELECTROMAGNETIC BRAINBLASTER," 
"RADIONICS," "DISK SERVICE MAN- 
UAL," "COMPUTER PHREAKING," 
"ROBOFONE," "ULTIMATE SOFT- 
WARE PROTECTION," Many More! Cata- 
log $2. CONSUMERTRONICS, 2011 Cres- 
cent, Alamogordo, NM 88310. (505)-434-0234 
(descriptions, orders). 

PRINTED CIRCUIT BOARDS made to your 
concept. One or two layers. Engineering Ser- 
vices available to layout your design. Small 
run jobs, fast turnaround, quality work and 
low prices. 25 years in business. Call or write 
for more information and pricing guide. 
Shore Proto Circuits, 36 Fairview Avenue, 
Little Silver, NJ 07739-1594. Phone -800- 
752-1574. 

MINIATURE FM TRANSMITTERS! 
Tracking Transmitters! Voice Disguisers! Bug 

Detectors! Phone Devices! More! Available in 

kits or assembled and tested! Catalog $2.00: 
XANDI ELECTRONICS, Box 25647, 
"XX", Tempe AZ 85285-5647. 

COMPUTERS 
ENGINEERING Software, PC/MSDOS. 
Hobbyists -Students -Engineers, Circuit De- 

sign $59, FFT Analysis $69, Mathematics $49, 
Logic Simulation $49, Circuit Analysis $29. 
FREE Catalog, (614) 491-0832, BSOFT 
SOFTWARE, 444 Colton Rd., Columbus, 
OH 43207. 

FREE Software for IBM or compatibles! In- 
fo. $1.00. Blue Chip Engineering, P.O. Box 
1100, Walnut, CA 91789. 

ABSOLUTELY LOWEST PRICES on com- 
puters, software and accessories-guaran- 
teed. Write for free information: SEABIRD, 
4K Militia Drive, Lexington, MA 02173. 

SOFTWARE for engineers, hobbyists and 
students. LectroCalc performs thousands of 
essential calculations involving Wire Tables, 
Resistance. A.C. Motors. Voltage Drops and 
more. Requires PC/MS-DOS 2.11 or later. 
Only $29 + $3 P&H. Send check or M.O. to 
Quest Softare, 1111 Hillcrest, Highland Park, 
IL 60035. 
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Dii4Ég Ca 1-800-344-4539 
ORPORAT/ONAK, Puerto Rico - 218-681-6674 FAX - 218-681-3380 TWX - 9103508982 DIGI KEY CORP 

INTEGRATED CIRCUITS 

1400 TTL 
701525880 60 800952 55 
7415270 54 80096N 55 

PM Prie /41/290N 78 000900 55 
]4 

5 0 0 
35 74162902 90 8201911 398 

74019 05 74162931 40 
74RC00 7102: 35 /4053510 111 

74032 35 711936568 54 CMOS 
74010 35 141536622 54 PM Prie 
74050 43 7/1536/0 5. 7490602 28 
14060 48 74153600 60 

/4X000: 20 
74072 48 1410373! ,66 /492010 28 
74080 43 14163144 .66 21NC08N 24 
74090 43 74156700 1 44 /4X0100 
71100 4] 8106950 191 11X0110 IB 71142 50 81159620 189 Ion//ON 39 
24169 35 911597811 1.89 71H02/N 26 
/4170 35 1lASO 1.57A.89 /046440 28 
74202 13 74500 TEL 215300 28 

741811 

.35 Pn - Priu 24H532: 28 
13 )4H122 /2 

14302 .30 74S02M- 35 7440130 39 
74322 
1432N w 145034 .35 

7460211 05 7457482 36 

1438: 40 71SO4X 35 71X015N 39 

24S05N .35 
]4NL76N 50 

2442N 
.48 
55 145992 .35 

74HCBSN 85 

24452 .g6 71509N 36 
74586N 15 

J4464: 98 145102 38 
71HCIp/N 53 

1111AN I 20 705110 ]8 /I20II5 53 

1150N .42 7AS15N .50 
11NC113N SJ 
10HC17N .98 

]4510 48 705200 .]8 7491152 40 
11530 .34 142220 .54 /,X[1260 53 

I460N 
SO 

745]IX 4fi 
24 

51330 18 
HLIJBN .a5 

/4734 48 145408 .15 
74HCI39M 45 

/4144 .96 
J455111 .45 

MT: .13 

I4]SX .50 
14560N .15 

20NL15IN .55 
J4/611 48 

24S/42 .4i 
71X01532 .55 

148511 20 145868 45 74401542 113 14862 .48 50 744515/2 63 
11890 1.50 %451130 .50 

]3X31583 .63 
1190x .55 /43114x .02 

/3X[16111 83 
149342 55 7151JJ11 45 14ML161: .63 
74950 .63 7151340 ,7, 1051620 63 
141010 .53 

j691352 Í.1] 
74.1630.63 

]1109N .5] .135 1pHC160N 63 
/i121N .60 245139N .85 

Ì1NL165N 63 
141232 .58 765110N 58 14HCIJiN 58 
l4/15N 60 7455N .85 /4H01)5N 58 
711322 75 /3S153N .85 /49019]4 ./8 
741452 1.5 /451514 .85 /49019ÌX 
1411M /.8 14S158N - .85 14X[1952 .18 

74150N 1.58 j1,8ÁÍ0 3.3Á 
742[1212 110 

1415/6N .63 
215163N .38 /4202402 75 

711536 63 205171N 63 74952410 35 
711540 I.58 14S115N 60 /452420 74 
141550 60 14X02438 .18 

/11516 .60 %45182: 7.75 149024/9 75 
74161611 .75 15/840 1.10 7562450 .82 
/41690 _ .5 7451912 '.43 14X/2510 .00 

I<I6fiX 90 115195N ,] 14N153N 65 
741N I00 

/IS240N I.fi3 
]aH151N 63 

10111X 63 /,SNiX I 6] ]IH[259N I5 

/11)5N 63 14514]: 3.50 
74902665 .38 

/418/0 _90 14S1uX 163 74952802 .90 

711812 2.50 ]6HC299N /35 
141820 /.15 14S251N 1 05 jIHL35611 1.10 
/4/80N 345 ]/S253N .90 /3X23564 110 )IS251N 1.38,71 
14191AN ].3/ 21525M 14H0365N ./8 
141912 90 216285I.68 14NC366: .28 

141934 .90 10j112 .60 
145C361N .78 

74180N .5 7452872 200 14XC388N .18 
7119/N 106 14S148X 1.IO 

21NL3)3H ./5 _ - 
-" 14X03142 .15 

713650 165 
14537X '.25 

/4NC390N ./0 
1453)0N 15 14503939 J0 71365 70 558711 1 95 

243642 70 /454720 480 74205392 .98 

754509 .10 1451232 4.80 :98 
154512 .50 7454146 4.80 14905642 1.53 

154522 50. /424)59 Ifi0 /4455140 1.10 
/545311 .50 /4S57oN 3./5 49[6409 / )5 
/5454N 5 /4S511N 3./5 7400643N /.15 

/5491N 1.00 215512: 4.50 
;77:777;777712001;' 

4206080 ÁB 
254920 11:55125/ .12 1455/ON 5.00 74HC10UIN 28 
154930 1.38 7459400 3.50 74N5100/ .93 

754940 1.38 1459412 3.50 14H5404/N 93 

741500 TTL - 7aC00 7aHc4049N 10 

Pan Pria CMOS 
74H51050x 10 

I4H0I0609 1 10 
241200N 32 86,8 -Nie 711540150 30 
)4[7076 32 /40006, 45 14204169 30 
)417/301 -32 140020 45 74954306 180 

'7 N '3I 11045 28 749015149 I 50 
31 14COBN 45 14X15360 I. 

i40102 45 11HC45430 137 

Ín u /IC70N ñ5 
4000 CMOS 

.]7 /I0300 45 P. P/iu 
32 /40J2N .48 4001856 2/ 

]6 
14[421 105 400280: 40 

31 142464 1.33 0006608 63 
7407311 .65 400/CN 28 

31 14C14N 63 400BCN 65 
32 14016N .65 4009CN 35 
37 140439 I.60 40105 38 
32 /4[9511 I60 40BC3 .28 
33 74C96N 26 á01280N 29 
.33 710899 5.00 013802 30 
7! 140909 123 4014602 10 
.60 J4C95N 123 401585 .55 
45 74095/ 150 4168C9 5 

.38 7451010 .65 40118. ./0 
42 740155 3.98 4016809 .10 

, :AN 42 )ICISIN 260 4019802 35 
12 141S4N 098 402085x .60 
51 

;Nu 
260 4021202 .60 

66 745629 83 4022E9 .55 
66 7408812 83 4022041 28 
39 1401629 83 4024800 45 
51 1A163N 83 O258C: 

- 51 1/01610 1 23 0017864 
12 46 /451650 123 1029804 

15 745730 00 4039954 
09 65 74071N 55 10305 

68 1401150 55 403/B 
63 7461910 110 40318C11 

94 AB 2461930 110 4035869 
"42 60 241950 18 4040911 
/ 63 /4022/0 150 14209 

50 71014011 198 4011809 
-5 59 14014311 198 404500 

60 8403/70 2.23 4016800 . 

15 57 /41112 273 1046406 
51 /409011 55 1041B50 75 

160 /409010 55 901885 35 
60 7409034 55 10420 33 
51 11C900 55 005085 33 
54 7409091 825 805185 55 
54 /409091 55 1052819 55 

142 69 7109001 55 40538CN 55 
I/ 69 74690811 133 4060600 .58 

69 /4[9090 245 
123 7409/00 688 
5/ 1045 

5 5/ 74[9112 10 95 
7. 81 8409/4N 95 

8, 7409152 I.6] 
98 74091/9 1045 

114N 08 7109180 I 60 

90 /409224 9 23 
66 7409250 4 13 

66 2409250 6 38 

66 C926N 6.38 
.+5 fi6 

mm 6 38 
gq 74591914 fi 10 

4072600 50 
10/3600 28 
10/5800 28 
108850 28 
40826 28 
4089820 100 
409385 30 
1099800 18 

4503800 33 
80 

5,9401 80 
45118[0 80 

08 

INTEGRATED CIRCUITS 
4519800 48 
4520808 /3 
45228. s0 
4526802 103 
452785 .48 
452885 83 
1529808 83 
454185 19 
45438CN .90 

4723808 95 

4/2185 .83 

Linear 

r7;1711 

a Prim 
U]I7N 120 
113512 60 
1/3536 1.05 
1F355N 1.10 
LF356N 1.20 
1F35/N 1.50 

183980 3.35 

1F4115 1.05 
1/41202 1.74 
11964/14440400 .90 

1.80 
1/73/410 1 

51I52 12U 
10110111 2.55 

1034C2 6.00 
1.0352 6.00 
103015 51 
103014 15 
1.19082 9O 

1LM0M31/K //N 
4954 5 

1131112 92 
5131702 86 
1013173 .99 
LM3180 1.65 

100/90 1.50 
1032012.50 12 
1032012.12 60 

103201015 12 
1032019 5 225 
1M32006 12 190 
5132000 15 i.95 

8013220 2 40 
1103234 8.25 
103246 54 
1M325N 5.12 
53260 6.01 
513276 3.38 
11832903 81 
1033111 525 
103342 165 
103352 210 
1033622.5 1.20 
1033625.0 1.20 
103316 2.65 L033715 
10/37r'P Í95 
003386 10 20 

21343320 
33 51 

1M0408C 5 2 10 

5134040 12 2.10 
103406[/5 210 
1034035 .87 
103403 12 .(11 

8183407 15 .19 
51311P 5 SO 
10341912 /90 
1143412 15 90 
103469 /.65 
1.013932 00 
115199 7.35 
1043506 1.50 
103502 1 95 
115582 .5/ 
1.035911 240 
14N 1.5U 

1M3B3800N 4 1.50 
103810 2.61 
103820 1.86 
1038381 4.05 
103849 

, M3B6N 
/.65 

.8/ 
03820 

10389N i.38 

LM0N39 32 
i0391N 60 2 00 
103912 100 2 00 
10392: 75 
103932 51 
1103957 240 
143957 300 
L03950 10.50 
513960 21 00 
4855900 75 
105565N 90 

11565CN 1 95 

1.0156601 I 56 
1015675: il/ 
1M755x 75 
1M123CN ]5 
1M125CN 2.10 
104733211 84 
1014/CN 51 

1M74/CN 72 
10/4900 /2 

10Í458N 54 
51I4969 150 
1011800N 1.95 
1018012 1.35 

8018120 12.30 
1019300 2.55 
1018190 3.00 
1M1811N 
LMIB/2N 1.55 

198753 5.25 
101138911 2.16 
1029000 1.50 

M0901N 60 
1029024 60 
1029036 52 
1429010 .51 
5129050 39U 
1029019 1.83 
11291N8 2.13 
1129120 2.25 
1M2911N8 2.25 
1029240 36/ 
L0-29]12.50 66 
512931T58 95 
119015 1.65 
1030460 1 35 
1150809 126 
1M30860 .84 
10430896 255 
11;413,3,2 

.9999 

11N3401N 102 
1035149 375 
1039002 69 
1139050 180 
1039082 1.50 
1038112 2.15 
1039146 2.85 
1039152 2.85 
1039/60 2.85 
1.0/2I05A00 . 

1028112800 51 

LO/BlISA50 64 
lM/9USC1 .93 

14291207 96 
10/915L1 96 
1M13080N /60 
1013600 144 
1910500 420 
607805 /5 
57806 .J5 
4N1801 25 
pN7B08 /5 
571309 /5 
11117810 75 
4X]412 25 
5515 ./5 
4N/818 '/5 00513167518637.7"0327:.75 

08581144X1025 5I8101 43 86608006 IH25 
018105 43 

NSL80/ I 925 4N70106 43 
0M83344 225 4N18102 43 

42I8108 03 
4270119 03 gO B Ola 
55110 43578112 

Part Píu 
ANIB115 43 60005310N /38 
8X18110 03 

7776777000300437100,711 

0080/109 450 
AN78L20 4 ] 45080515 510 
5/0124 43 85080805 413 
40/80/5 63 40008/9000 415 
6216006 .63 420081600911 00 
6210007 .63 045081/5567 25 
AM]BMOB 63 40CU833CLN 500 
AN18M09 .63 

444451001Cf332-00 

8928010 .53 0063511054 825 
06180112 .63 A5321152 E25 
578015 .63 4053501000 E88 

'X18118 
63 A003101LCN 5184 

4X18020 63 oA508O01C: l85 
011/6194 23 0000907104 150 
401905 /5 01100808100 165 
6N/906 ./5 00008301C0 9.90 
42]901 /5 0850830109 388 

57908./5 01101020102 50 
4:709 25 0801020152 5/5 
pN1910 .15 M0536905 1_63 

027912 .15 1.0M5369E51 163 

497915 75 
5/918 15 In4aflaó 
52920 25 Pis 0:7921 5 
4NIR0i 3 614882 85 
ANÏ9105 I3 07146992 220 
4219106 43 OS1409N 

4N19101 43 /515oN ÁJ 
011/9108 43 751519 .10 
579109 43 754522 .70 

579110 .13 254530 10 

66790/2 43 154549 .10 

579115 43 75195 -00 
579118 43 754910 - 12 

0819120 43 754932 3) 
AN19L70 13 751949 31 

0279005 63 
5795106 63 
4X79M0/ 63 
4279008 63 
AN/9009 63 
4N/9M10 63 
579012 63 
40/9015 63 
6N19M18 63 

AN/9M20 63 
5791.124 63 

Memory 
Part Pau 
00214/6 1750 
MM5251N 240 
/4[200N 931 
/409109 697 
74511511 1 70 
157896 21/ 
/432870 200 
7458811 170 
1452890 2 10 
/153812 195 
71SI714: 180 
7454735 400 
]4541100 400 
1/547590 480 
165700 35 

7155710 375 75 
7455122 450 
1455/34 150 

Micro. 
Pan P.0 
0064022 175 
00P4/M 4I3 
009495 538 
0064998 536 
06821211 338 
0P821611 215 
0682242 375 
oP82291 225 
0642280 698 
0P8238N 668 
0683009 ®J 
06830340 2 13 
114830480 I 88 
06830799 335 
0683002 274 
/68310N 588 
068311N 588 
058035106 350 
:58035N-11 338 
NS8039N 6 125 
N500392 11 563 
X581540 1750 

SP435j 1500 

SILICON TRANSISTORS 
0100101 Pa0 225116 200 
Pan M. P. 29545/ 60 
293111 1 37 55550 30 

295679 1.55 293055 147 
53439 1.25 205680 250 
203400 1.40 245682_ /.60 
253100 7180 1:5681 160 
2N3)23 / 06 1X5769 32 

53903 73 2X5171 1 15 

2N3901 ll 295/32 3, 
1/3905 14 245630. -35 
5396 26 795631 10 
.1942 I/6 295913 /5 

:,030 11't /35961 51 
56715 35 

+II1I 7 84 0261/5 19 
2 35 

2N691 e 30 

.:.173 7]0 2114)IBq 

617] 

115 
940 

:1.1 23 0://370 204 
,.115 23 51613 91 

Sa116 23 
2x1198 

3 

195 
.54209 210 2022/60 95 
049234 710 522/9 /6 

229235 1.30 151199 16 

201236 230 297227 80 

224131 2.30 7212210 80 

224238 100 2N2221 60 
/64039 2 36 522220 60 
54400 23 20769 60 

194401 73 
1N1i05A 

20 
115 299901 

Ñ< w 2i 202964 84 

54410 36 292904 95 

24896 2 90 2929044 95 
225916 28 2929052115087 

28 2 

16 

295088 28 2X226460 60 
205089 28 529061 80 
225210 29 5290/ 60 
295224 2.0 5090/0 80 
225215 23 293013 90 
265226 23 203019 1 10 

5521/ 23 53019 104 
205320 2 30 53010 104 

145327 
2.60 2X3053 

323 7 32 22411/ 
i 0a 

PS3393 22 
3565 23 

23 
PS36i9A 30 
P5316 51 
953704 27 
P55/71 23 
P5551 65 

6565154 2< 
P56515 28 
666520- á4 

656560 1 

56561 45 
PS918 45 

65410 27 
6592 52 

1.2763 52 
414 30 

PS812 .45 
1543 

á5 PM. 45 
PSA33- 45 
9510, 36 
7227 24 

PSb51 36 
22220 13 
2369 25 

94 25 
218 30 
290] 23 

2290/0 23 
3251 29 

113545 28 
3566 31 

3567 28 

3569 21 
3639 30 

i5á9 i9 
3643 

113644 
á62S 

áÍ11 

248 
4759 

Ná50 

50n 

SILICON TRANSISTORS 
vx4356. .37 
P 488 56 

P 188 70 

P 491 36 
624917 6 

1 AMP SILICON RECTIFIERS 
Pan 
No. Description Pkg. 1 101000 1,000 

1014001 50PIV 0041 - 70 5.00 4200 
1144002 100 PM 0041 - .75 6.00 52.50 
154003 20P7V 00-41 - .80 6.40 56.00 
1144004 400 61V 00.41 85 6.80 59.50 
15400565611/ 0041 88 7.0061.25 
109006 800PIV DO -41 - .98 7.80 68.25 
15W07 100061V 00-41 -- 1.08 8.60 75.25 

56/7 CARBON FILM RESISTORS 
Available in 1 /8, 1.4 8 1 2 Wan 

Now To Order. Take any standard resistor value li.e. 
3.211nd add an 2E" for 1/8 wan or a"0"for 1/4 wan, 
or n "H" for 1/2 watt 11.e. 3.24for 324 1/4 want, 
this s the 101'977ey lawn number 
Pric4M 5 100 1055 
1/8 Watt 25 6.40 25.00 
1/4 Wan 25 3.40 13.00 
I/2 Watt 25 3.50 1600 

-- _. 170 Watt 
not 

Amrmters_b_ 
00112 Set ofSeacM1o115073 standard 5% 4.18 

1/8 wan carbon 7175 resistors 
s /0. 1.2, 5 1.8,2 5 , e 

through 1.0 meBohm 1365 /o/el 
pi 

83212 Set0/ h of me 72 standard 5% 0.80 
/8 watt carbon film resistors0m the 

series 1.1 1 1.6. 0.O 24. etc 
mrougn 9910 kibM1 135 total picas/. 

1/1 Watt ...Mot 00.15ón5. 
O 0126 Set of 5 each of the 73 standard 5% 0.00 

1/4 watt 
T 

carbon film reza1 ors 
5 

n the 
senes 0, 1.2. 1.5, 8, 2.2. et 
through 10 megohm 1365 total 
preces/. 

83225 Set of 5 each of the 72 standard 5% 88.00 
1/4 wan carbon film re 

res í.1. 13, 1.6, 2.0. 254. etc 
through 910 kaohm 135 total preces). 

1/2 Wett Resistor Assortments 
00150 Set of 5 each of the 73 standard 5% 15.80 

1/2 wan carbon NM resistors 
5 

n the 
series 1.0, 1.2 1.5, 1.8,2.2, el 
through 12 megohne 1365 total 

ces/. 
RS260 Set of 5 each of the 25 0andard 5% 88.80 

1/2 wan carbon Mtn resistors in the 
series 1. 1.3. 1.6. 2.0, 2.4, n 
tltrouh 910 MM. 1350 total .attes,. 

5% WIREWOUND REC. RESISTORS 
Available in 5 6 10 Wen 

How To 0.á.e Take any standard resistor value 18e. 
7.51 and add "75" for 5 watt, or add a "W111. for 10 

n l i.e.) 505 for 7.54 5 watt/. /+is is the 019. 5ey 
part number. 
Pricing 1 10_ 100 550 1,000 
5 Watt - - 

6 3.25 25.5 15.5 162.5 
10 Wan Al 3.78 31.90 118.5 21200 

6 Wan morel Resistor Assortments 
O 816 5 each of values 0.304 to 0.914 020.10 

135 totafpiecetl 
O 026 4 each of values 100 /09.14 031.30 

1384 total pieces) 
OS36 4 each of values 104 t0 914 031.38 

1380 total pieces/ 
8806 4 each 0f values 154 to 2.064 131.30 

1288 10/01 pieces/ 
10 Wen 008/.885 Assortments 

R110 2 each of all 10 wan standard resistor 108.6 
values listed in the Digi-Key cata o9 

5% METAL OXIDE FILM RESISTORS 
Available in 1 8 2 Wan 

How To Ortler: Take any standard resistor value h.e. 
1.561 and add a'"W 1" for 1 wan, or add a , for 2 

n Ii0 1.56 34 1 for 1.554 1 wan . this s the DM - 
Key pert number 
PrbNg 1 5 16 500 1,000 

1 Wan 
100/.0.9140 21 98 12.5 56.00 10150 

1 Watt 
11.01.0960 15 70 9.00 40.00 - 72,50 
2 Watt 
104)0.9147 23 1.116 1115 59.40 109.40 
2 Watt 
110.10941 18 25 10_50 47. 87.50 

1 Watt Metal Resistor A0.Mments 
OS101 5 each et values 2470 to 500 420.6 

1255 total pieces/ 
00261 5 each of values 624 ta 7 5.9 426.6 

1256 total pieces/ 
O 6.301 5 each 01 values 8 2K4 to i.OM 128.6 

1255 total pieces/ - 
2 WOW Resistor Aseortments 

0S1N2 5 each of values 0.474 re 564 020.6 
/255 mla+recesl 

RS202 5 each of values624 to 7260 029.6 
5255 total.precesl 

85.302 5 each of values 8.2K4 to TOM 433.6 
255 total resnes 

1°/n METAL OXIDE FILM RESISTORS 
Available in 14 Watt 

Now To Order Take any standard resistor value Me. 
1.69K/ and add an 28" Ir. e. 1.69101. this is the 09. - 

Key pan number. 
Pricing 5 200 1,000 
1/4 Watt 50 15 5.5 

1/4 Watt Metal Film Resistor Assortments 
RS1X 5 each of values 101 to 91.64.. 029.6 

1480 7oteces1 
RS2X 5 each of values.). to 9764. 429.6 

145í1t4/ pinces) 
11538 5 each of values 1.5Kß to 9.7664 425.6 

1480 total pieces) 
11544 Seach of values 100K4 m 97.664 429.96 

5480 total pieces,_ 
OSSA 5 each of values 1564 to 1.594 0X.6 

PANASONIC' SU SERIES 
Miniature Aluminum Electrolytic Capacitors 

Axial Lead 
WV/Cap. Oig1-Hay Price 
IVOCl/16H Part No. 

6 3/47 /6301 -25 
n 3 15 665 25 i 

35 
730 P634 47 
/0 66325 46 

656. 64 

95 

:13 

Radial Load 
Oige-Coy Rice 
Pen No. 1 

P6201 16 
P6102 2/ 
6663 22 
26204 
625 

6625 
66X/ 
P625 
P625 

47 

81 
101 

22 

33 
00 47 

100.15 
100.221 
100/330 
15/470 

100!1 
15/0.47 
160/1 0 
1532 
iá/33 
5/4 7 

160/10 
15/22 
iá/33 

163,100 
15[2210 
250/1 0 
250/2 2 
231/33 
250 4 7 

250 10 

250i 
47 25 

250150 

i5 
450 2.2 
45.0 3 3 
450 4 7 

450:10 
050.22 

PANASONIC' SU SERIES 
Miniature Aluminum Electrolytic Capacitors 

6.3/10,000 P6311 1.97 P6210 
6.3/15.000 P6312 267 P6211 
62/22900 763333. 3,82 

10/12 P6314 .21 
66315 23 66212 

10/. 66316 .28 P6213 
10100 P631/ 33 P6214 
10.221 26318 41 P6215 
10/35 66319 .09 65216 
10/470 P6320 53 26217 

10/1,000 P6321 .73 P6218 
102203 62322 P6219 
10/3,300 66313 1 6 P6221 
10/0,700 66124 1.49 P6221 
10/6,800 P6325 1.6 P6222 

10/10.000 P6326 265 66213 
10/15.000 66327 3.79 
0/22 000 P6328__51 
i6/22 P6329 27 26224 

16i33 66330 28 P6225 
47 P6331 33 66226 

16/100 66332 .29 66.227 
16/20 P6333 .47 26228 
16/330 P6334 53 P6229 
16/470 2636 .63 66230 

16/1 1300 26336 P62211 
16/2,200 26337 1.73 P6232 
18/3,300 66338 1.49 P6233 
16/2700 P63fl 1.75 P6234 
16/6.800 P6340 2.10 P6235 
16/10,000 116341 0.01 

15L15.+Ir 5.16 
25/10 P6343 21 
25/22 P6344 26 P6236 

É/á/ 6346 .354 P627 
25/15 P6341 42 P6239 
25/220 66318 .49 P6240 
25/35 P6349 57 P6201 

25/ 1a055 631515 . P62 
25/2.200 66152 1.35 P6244 
25/3,300 66353 121 P6245 
25/1.200 P6354 255 P6246 
25/6,800 26355 3.79 
2555199 66356 

35/4.7 26357 21 26247 
35/10 P6358 26 P6248 
35/22 P6359 .29 P6249 
35 66360 25 1.250 
35/47 P6361 42 P6251 
35/15 66361 .46 P6252 
35/221 P6363 .56 P6253 
35/330 P6364 .6 2654 
35/470 66366 .72 P62E5 

35/1,000 66366 103 P6256 
35/2,25 66367 1.71 6625) 
35/3.300 116168 2.24 P6258 
35/4,75 26369 307 
35/6800 P6170 488 
5/0.47 1.17259 

260 
50%22 - - P564 

50/3.3 66371 21 P6262 
50/07 P6372 26 P6263 
50/10 P6373 .X 5264 
50/22 26374 .35 66265 
50/33 66375 41 26266 
50/47 66376 45 26262 
50/103 26377 49 P6268 
5/220 P637 70 26269 
5/330 66379 .79 P6270 
5/470 P6180 .95 P6271 

5/I,000 P6391 118 P6272 
50/120 26382 2.52 P6273 
50/3,35 66383 3.63 
50/4.740 P6394 4.73- 
63/0.47 66385 21 P6274 
63/1.0 PGïBG .21 P6275 
63/2.2 6638/ .21 66276 
63/3.3 6636 .Z6 66277 
63/4.7 66389 29 9627 
63/10 66390 34 66279 
63/22 56391 42 P6280 
63/33 26392 .47 P6281 
63/47 26393 43 P6282 
63/75 P664 59 P6263 
63/220 P6395 .18 66284 
63/330 66396 .92 26285 
63/470 66397 1.12 2626 
63/1,000 P6398 1.75 P8287 1 

63'2200 P6399 3.53 
63'3.300 P64110L 4 
15 0 47 P6401 .21 66288 
1510 66402 .21 P6289 
15 2 2 P6403 26 P6290 
15. 3 3 P6404 29. P6291 5 P6405 34 P6292 
15 26406 42 P6293 
15 ]2 66407.48 P6294 

P6408 -54 P6295 
66409 .57 P6296 
68010 .82 P6297 
68011 1.21 P6298 
P6412 1.54 66299 
P6413 202 6690 
58.414 39 

2. 

2 

81 

231 

1 

1 

21 

31 

12 
1 
231 

12 

2 

2 

17 
2 

2 

2 

2515 
P6416 2 
P641) 2 
6418 
6419 
66178 
62179 
661 
P6/911 1 I 

P6182 1 

P§J83 2_1 
P616< - 

P616 
661% 
66187 
6616 61 

26189 8) 
1.6190 
66191 12 
P6192_ - 2 14. 

P6193 
P614 
P6195 
P6196 
66197 
P6198 15 

DISC CAPACITORS 
Pat Cep./Volt. Price 
No. Ip8/7/5/ 10 

4000 10/500 
4002 15/500 
4003 18200 
4004 21'500 
4005 2),55 
4006 33 500 
457 39 500 
4008 47 500 

4020 ,SÓo 
4911_ 82. 55 
0141 1000 25 
4142 1510 25 
0143 2200 15 
4144 350 25 
4145 4J5 25 
4146 69011 25 
4147 10000 5 
4148 15000 25 
4149 22000,25 
4150 33000.,25 

52 
1000 50 

41 

41w -r . 

sñ 

24 
E4 

24 

71 

71 
98 

09 
53 

13 
X 
20 
76 

5 '5 
1 24 

P4158 805.5 124 
P4159 1505/50 1 35 
6415 22000/50 1.45 
P4100 15 500 .68 
64102 1511500 .68 
64103 180.500 68 
6414 26/55 68 
64105 270/55 .68 
P415 330.500 .60 
64107 390 55 .68 

P4108 470 500 7 
P4/5 560 56 7 
P4110 680 55 7 
P4111 820,500 7 
24112 1000:500 94 
P4114 /56/55 94 
24116 100 1K X 
P1,1718 IX 1K X 

P4119 
150 IÑ .28 

180 28 
P4121 220 1K b 
60121 270/1K X 
P4122 330/1K 99 
114123 35.IK 99 
6á124 47 /K 99. 
P4125 560 1K 99 
P4126 61. 1K 71 
64127 820. I ]!/ 

64128 1001IK " 25 

DISC CAPACITORS 

PI129 1200/1K 2.25 
P4130 1500/IK 225 
P4131 1880/IK 2.25 
P4132 2200/1K 2.93 
P4133 27170/1K 2.93 
P4134 3300716 293 
1.4132 3915/1K 4.46 
P4136 4700/1K 5.36 
P4137 5600/110 5.36 
P4138 6800/16 8.44 
P4139 8200/1K 544 
P4100 1050/1K 844 
P4161 10000/50 .86 
64162 2X00/50 .94 
P4163 47000/50 1.01 
P4164 100000/50 1.13 
611582 685/54- .90 
P4200 1000/100 .68 
P422 500/100 .68 
P4263 2210/100 29 
P4205 30,300 .79 
P426 4700/100 109 
64299 654/_1(5_ 11 
P4300 010/25 56 
P4303 .022 0/25 .64 
643115 033 uf/25 64 

4.307 047 61/25 .79 
9371 

1/ 0O11722 

181 
8 1000/b .75 

4419 1500/25 .75 
4420 2200/25 .75 
4421 3300/25 .75 
4422 4700/25 .75 
4423 6800/25 83 
4424 10000/25 .83 
4425 15000/25 90 
4426 2200/25 .94 
4427 33000/25 .94 
4428 47000/25 1.55 5 68000/25 1-73 

64430 100000/25 1.91 
4431 1000/50 .86 

4432 1500/50 -86 
4431 225/50 .6 
4434 3300/50 .86 
4435 4700/50 .86 
4436 6830/50 .94 
4431 10000/50 1.01 
4139 15000/5 1.01 
4439 22000/5 1.09 
1040 31000/50 1.73 
4441 17100/50 1.73 

NPO NPO PIPO NPO NPO NPO PIPO NPO 

64400 10/500 .68 
P 4402 15/500 .79 
P4403 18/.500 79 
P4404 22/55 .79 
51405 21/500 .79 
P4406 33/500 98 
P4407 39/55 .98 
P4408 47/500 1.13 

P4409 56/500 1.13 
61010 68/500 1.28 
P4411 82/500 1.91 
P0412 100/500 1.91 
24413 120/534 1.91 
64414 150/500 203 
64415 180/500 2.70 
P9416__220/930__210 

TANTALUM CAPACITORS 

Part l.ap./Valt. Price 

P2011 12/63 .31 
P2012 6.8/63 .34 

22613 10/6.3 .42 
P2614 15/6.3 .5 
P2015 22/6.3 .5 
62116 33/6.3 22 
PX17 47/6.3 .85 
P2118 66/63 1.18 
P2019 15/23 182 
62120 15/6.3 3.5 
P294 227/6.3 /85 
U1295. 33026 3 11.65 
5022 2.2/10 .28 
P2103 3.3/10 31 

PÁ 5 6.8/10 342 

6X26 10/10 .50 
P2027 15/10 .5 
22028 22/105029 .72 

10 
22031247/10 1.18 
P2031 68/10 1.82 
P2032 100/10 3.5 
P263 150/10 6.98 
Me_ 220L10- -0201 
P2633 1.5/16 23 
P205 2.2/16 31 
22635 3.3/16 33 
62036 4.7/16 42 
P213/ 6.8/16P2032 

10/16 
.50 

21039 15/16 .e< 
P 200 22/16 .6 
6201 33/16 1.18 
P2042 47/16 1.82 
22043 68/16 3.5 
62096 150/16 9 O8 

53195_ 100/16 6.96 
22004 12/25 .31 

1.2045 2.2/25 .41 
22046 3.3/25 .62 
P247 4.7/25 .56 
P2048 68/5 .65 
62949 10/25 1 06 
P2150 15/25 1.19 
P2051 22/25 168 
P2452 33/25 236 
P2053 0.1/35 .27 
6254 0.15/35 .27 
P255 022/35 27 
6256 0.33/35 .27 
62067 0.47/35 .27 
62058 0.0/35 .X 
P 2059 1.0/35 31 
P 060 1.5/35 .34 
62161 2.2/36 ,42 
5061 3.3/35 .51 
62053 4.7/35 .65 
P 260 6,816 .90 
P2166 10/35 1.19 
P2066 15/35 1.6 

22369 .47/35 43 
6215 .068/35 .47 

62101 22/35 2.56 
P2102 33/35 006 
P2103 97/35 _1136 
P2067 0.1/5 .b 
22068 0.15/50 .30 
22089 0.22/5 .30 
P2070 0.33/50 ,5 
62071 0.67/50 .33 
5072 0.68/50 .37 
22073 1.0/5 .5 
62114 1.5/50 84 
22075 22/50 .90 
P 2076 33/50 1,08 
P2077 4.2/50 199 
62078 6.8/5 3.90 
5214 10/50 500 
U493 15/50 8.37 

PANASONIC" V SERIES 

PM 
I /At P /VAC 1G. 

Price 
No. 
1.4513 0.01/50 1 23 
P4514 0.012/50 126 
P4515 0.01515 1.22 
664516 501815 132 
P4517 00,2/50 135 
P4518 0 017/50 1.38 
64519 0 933/50 141 
P4521 0.039/50 1.10 
6a62] 

A'0.0591.-93-/ 
/.47 

P452] 50 1.54 

P4523 0.069/50 1.63 

P4525 O062/50 i/5 1,73 .69 
PO526 0-12[54.. 1.68 
64527 O.IS/50 1.95 
P4528 0,18/50 201 
P4529 0.72/50 210 
64530 
P45531 0. 

0.33/5 21/5 2 
3.1945 

P4532 0.39/50 3.10 
64533 0.17/5 3.05 
20534 0.56/5 4.10 

P4535 0.68/5 4.83 
64536 0.82/5 574 
P4,a517 1.0/50 _6A2 
P4713 0.01/15 1.81 
P4714 0.012/15 138 
P4715 0.015/15 1.81 
P4716 0.018/15 181 
194717 0022/100 
P4718 0.021/100 i.6 
P4729 0.033/15 123 
64120 0.039/100 1.96 
P4721 647/100 2.5 
5722_0.4542]00. 2 10 
21723 0.088/100 2.23 
24724 0011/15 2.35 
24725 0.1/15 2.5 
P4726 0.12/100 26 
P47"27 0.15/15 2.65 
P4729 0.18/15 2.7 
64729 0.22/15 294 
P475 0.27/15 380 

P4731 0.33/15 381 
P4/32 239/15 4.71 
114733__0.71f1ffi .411 

PANASONIC' a SERIES 
Polyester Capacitors 

Pan Cyr./Vol. P. 
No. 1611/VAC 10 
24551 .001/5 1.05 
P4552 512/50 126 
64553 -015/50 105 
24554 .0018/50 1.5 
P 4555 .0022/50 105 

P4556 0027.'50 1.05 
64557 0033/50 I.05 
64528 0039/50 1.5 
P4559 047/5 105 
P455 .0056/50 1.05 
20561 56/:50 I 05 
P4562 -9122153- 195 

QUARTZ CRYSTALS 

M Parti-Ney Cae 
Peking 

1 10 
1.05 045 HC -33 1008 84.5 
1.0000 X5ú 15-18 9.65 7.50 
1.8432 0046 HC -33 3.96 33.5 
1.8432 0067 HC 18 3 42 213.50 
2.05 551 HC 33 3 78 31 50 
2.10 112% HC -18 324 2700 
24536 947 1533 3.78 31.50 
24576 0069 11018 3.06 25.50 
2.50 /070 Ht 113 3.42 2.Sß 10_ X048_ H0-33 370 3150 
3.2768 0022 HC -18 1.73 14.40 
3.579546 1(06 C-33 2.34 19.50 
3.579545 9049 OC -78 1.62 13.50 
30064 6071 HC 18 1.62 13.5 
3.700 5032. NC 6 U 2.60 22.09 
4.06 5006 90 /9 1.62 135 

0320 X072 HC -18 /62 13.50 
4 19434 X57 HC 18 I.62 1350 
4.9150526 0050 HC 18 1.62. 33 5 
5 961 VC 18 1.62 13.50 

0052 VC 7/ 162 13.5 
5 185 6053 5-18 1.62 13.50 

5 951 6073 HC -18 1.62 13.50 
fi 000 X026 HC 18 1.62 13.50 

X054 01C.18 1.62 13.50 6 110 
73728 8074 0-18 1.62 13.501 
8 000 4056 15 18 1.62 13 4+ 
9 2100 05 HC -18 162 13 !va 

000 X057 1, 
11.0542 X07 HC -1818 1.98 

62 
1613 Sydr+ 

12.05 4058 HC 18 1 62 
13 

51 
15.000 X069 HC18 1.62 3" 
16010 9077 HC 18 1 62 13 4 
1805 0060 1-1C-18 15 
28432 X61 .0 18 1.5 
20.900 0062 HC )6_ 1.5 
22.1180 0063 He -18 106 
48.000 X066 HC -18 1.98 

The091N.Y.Mm.9......ds.rM.91 80.0009146k1o11p92..84.911. ..5.05,83.39.E.npn Nforavolumeais.......a ..^737......2.47eWen7fied47.""' HANDLING CHARGES VOLUME DISCOUNT NO I.II2wmg the pan number. Ahn ending Your ordo. total as of Me discountable arms». apply me apwoeriate t To mis subtotal. add non disc... aeon. Then add the service 
orge. We pay all shipping and insurance toaddresusm.4SC,., Canada a. Mesrco when check r money /mer accomfmnms order Dig. Key only ships orders within the i unhnenta105. Alaska. 05g6421.ó 0004300 4 0.06-499.99 NET 

Xawan. Canada and Mexico. 1®.ó.4.4U6 No Char 6 100.004249.99 Less 10"/v 

WREN 008000103 BY PHONE, CALL 1.8003044530 (AK WI 218.681.60741. BY MAIL SEND YOUR 00080 T0 0164099. P.O. Bet 677. Thal Rirai Fella, MN 56701. 
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ºe 
V 250.004499,99 Less 15'/ 
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Cable Converters And 
Descramblers 

Why Pay a High Monthly Fee? 
For FREE Catalog Call or Write 

CABLE CONNECTION 
1304 E. CHICAGO ST. -SUITE 301 

ALGONQUIN, IL 60102 
(708) 658.2365 

No Illinois Orders 

SATELLITE TV 
SYSTEMS -UPGRADES -PARTS 
PLUS BOOKS a TAPES 
INSTALLATION VIDEO 533.95 ADD $2. Sill 

(VIDEO FREE WITH SYSTEMS) 
CALL/WRITE TODAY 

800-334-6455 us 
218-739-5231 MN 
SYVISI2014 

COLLEGE 
N 

WAY, 
FERGUS FALLS, MN 56537 

LASTALL - UPDATE - REPAIR - YOURSELF 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 

800-442-9333 

SURVEILLANCE 
TELEPHONE 

This is a normal functioning telephone! 
EXCEPT it has a secret built in monitor. 
Only YOU can call and monitor all conversations, using a 
secret code, and never be detected! Range Unlimited 

$175.00 - 6 month Warranty - Phone Tap Catalog 53.00 
LISTEN ELECTRONICS. 663 Elgin, Muskogee, OK 74401 

1 -800 -633 -TAPS 

CABLE -TV BOXES 

Descramblers Converters 
Some Of The Best Prices In Town 

T.J. SERVICES 

313-979-8356 

DETAILED PLANS: $7.95 

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. 
No modifications to TV! 

Tiny, 9v battery powered. 
Goes anywhere! Order now! 

Ask for our FREE CATALOG 
of other plans and kits! 

REMOTE CONTROL KEYCHAIN 
Complete w/mini-transmitter 
and +5 vdc RF receiver 

Fully assembled including plans 
to build your own auto alarm 
Write for more information i1 L Quantity discounts available 

Check, Visa or M/C 
30 days refund ONLY $2^t .95 Add $ 3 shipping 

VISITECT INC. / Dept. M (415) 872-0128 
PO BOX 5442, SO. SAN FRAN. ,CA 94080 

COMMUNICATIONS 
LISTEN to the world! Huge catalog of short- 
wave receiving equipment including radio tele- 
type and facsimile. Universal Radio, 1280 
Aida Drive, #ME, Reynoldsburg, OH 43068. 

SHORTWAVE, ham, scanner radio books. 
Catalog $1. 'Tiare Publications, P.O. Box 
493ME, Lake Geneva, WI 53147. 

MORSE Code? , No Problem. You can in- 
crease your speed, no matter how many times 
you've failed béfore. Results guaranteed when 
you follow the instructions. PASS Publish- 
ing's CW Mental -Block Buster program helps 
you explode mental blocks that hold you back. 
Based on 40 years of research, the CW Mental - 
Block Buster uses guided meditation, dynamic 
visualizations, and powerful affirmations to 
blast through mental blocks. You can do 
code! That means new bands, more contacts, 
more fun! (This is not a CW practice tape.) 
The CW Mental -Block Buster audio cassette 
and practice booklet are only $24.95 ppd. in 
the US (NY residents add $1.87 sales tax). 
(Quantity discounts available for classes.) 
PASS Publishing, P.O. Box 570, Stony 
Brook, NY 11780. 

CABLE TV EQUIPMENT 

CABLE TV converters and descramblers dis- 
count center. Jerrold, Tocom, Hamlin, Scien- 
tific Atlanta, Oak, Zenith. Order yours today 
800-962-6836. 

CABLE -MATE, INC. 
Are You Tired of Paying 

Outrageous Fees? 

All makes and models of cable 
equipment shipped within 24 hrs. 

Quantity discounts. For free 
catalog send S.A.S.E. to: 

Cable -Mate, Inc., 214 N. Main St., 
Algonquin, IL 60102 

C.O.D. orders accepted 
CALL FOR PRICES TODAY!! 

800-422-0525 
1ns (708) 658-2121 

*No Illinois orders 
Hours -8:00 am -5:00 pm central time 

1 

CABLE EQUIPMENT 

CABLE TV SECRETS -the outlaw publica- 
tion the cable companies tried to ban. HBO, 
Movie Channel, Showtime, Descramblers, 
Converters, etc. Suppliers list included. $8.95. 
Cable Facts, Box 711 -ME, Pataskala, Ohio 
43062. 

PROJECT SUPPLIES 
PROJECT Supplies - Tools - Motors - Casting 
- Surplus - Materials. Catalog $1. Inventors 
Hardware, Box 8460-M, Anaheim, CA 92812. 

FREE MAGAZINES 

FREE Subscriptions to over 200 major com- 
puter and business magazines -guaranteed. 
Write for free information: SEABIRD, 4J 
Militia Drive, Lexington, MA 02173. 

ELECTRONIC DESIGN 

DESIGN and build your own computerized 
product! New manual makes it easy! Includes 
introduction to design, choosing the proper 
CPU, comparison between many CPUs & 
microcontrollers, component suppliers, sam- 
ple schematics, programming, debugging, 
hints, tips, and more! Simple step-by-step 
details from idea to finished product. $8.00 
complete, Satisfaction guaranteed, Details 
free, TRAVCO, 107 E. Vallette, Suite 1301C, 
Elmhurst, Illinois 60126. 

MISCF.LL.a.EO( -.S' 

STRESSED Out? Relaxation technique easily 
learned with the aid of a simple electronic de- 
vice. NOT hypnosis! Plans $9.95. Blue Chip 
Engineering, P.O. Box 1100, Walnut, CA 
91789. 

ATTRACTIVE ORIENTAL LADIES seek- 
ing correspondence, marriage. Professional 
introductions since 1984. Asian Experience, 
Box 1214TZ, Novato, CA 94948. (415) 897- 
2742. 

MAKE $50/hr working evenings or weekends 
in your own electronics business. Send for free 
facts. MJOI INDUSTRY, Box 531, Bronx, 
NY 10461. 

SURVEILLANCE - Pirvacy control - Debug- 
ging - Protection (kits - assembled). Large new 
catalog $5.00. Tri-Tron, 2209F Lapalco, Har- 
vey, LA 70058. 

RECHARGE toner cartridges used in laser 
printers and personal copiers. Earn $50 + per 
hour. 800-221-3516 62 N. Coleman Rd., Cen- 
tereach, NY 11720. 

INVENTION Ideas Booklet includes techni- 
cal approaches, 40 needed products. $40. 
IDEASINK, Rt. 2 Box 34B, Ferrum, VA 
24088. No refunds. 

ROBOTS, ALL TYPES, KITS, PLANS, 
PARTS, NEWSLETTER, CATALOG $2.00 
REFUNDABLE. ROBOTRONIX, BOX 7973, 
JACKSONVILLE, FLORIDA 32238. 

SURVEILLANCE COUNTERSURVEIL- 
LANCE! BUG DETECTORS, JAMMERS, 
TRANSMITTERS, SECRET DEVICES, 
PERSONAL PROTECTION, BOOKS, 
MORE! HUGE CATALOG $5.00 (RE- 
FUNDABLE) PROTECTOR, P.O. BOX 
520294, SALT LAKE CITY, UT 84152. 
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NEW . . . (from page 15) 
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OPTOELECTRONICS INC. 

MODEL UTC3000 
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The Model UTC3000 provides pe- 
riod, period -average and time -inter- 
val average (0.1 ns) and ratio func- 

tions. Both 50 -ohm and 1-megohm 
input amplifiers are provided as well. 

The extruded aluminum instru- 
ment enclosures are small enough 
(5.3 "H x 4 "W x 1.35 "D) to fit com- 
fortably in a hand. Internal recharge- 
able Ni -Cd battery packs are said to 
provide up to 2 hours of operation on 
full charge. A battery charger/ac 
adapter is provided with each model. 
The standard 10 -MHz TXCO time - 
base is rated at ± 1 ppm over a tem- 
perature range from 20 ° to 40 ° C. 

Options include four different an- 
tennas, three probes, a precision 0.2- 
ppm TXCO timebase, carrying case 
and a second parallel battery pack to 
extend battery operating time. $375, 
Model UTC3000; $325, Model 2600H. 

CIRCLE NO. 116 ON FREE INFORMATION CARD 

*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

RLL ELECTROAICS CORP. 
10 AMP SOLID 

STATE RELAYS 
ELECTROU S2161 

Rat 
CONTROL: 

10 Vdc 
(will operate on 332 Vdc) \ ;ir 
LOAD: 10 amp @ 240 Vac \ 
2 114- X 1 314- X 7/9- 
CATa SSRLY-70B $9.50 each 

QUANTITY DISCOIMr 
10 for $85.00 25 or $175.00 

50 for $300.00 100 for $500.00 

STROBE KIT \,I'/ 
U 

- / r i,r 
Variable rate strobe kit, Rashes be- 

tween 60 to 120 times per minute. Will 

°Penile On either 6 Of 12 Vdc depend- 
Ind upon how you wire the circuit. 

Comes omplWee w P.C. (ward and 
instructions for easy assembly. 
CATI STROBE -I $7.50 each 

CASSETTE MECHANISM 
Alpine cassette 
transport _- 
mechanism. - 

Includes stereo e 
tape head, iii 
Mitsubishi I MET-3RF2B 132 Vdc 
motor. belt. pulleys, capstan. fast- 
torward, rewind and eject actuator. 
Does VOL include amplifier sectl0n. 
6 1/2- X 5 1/4- X 1 3/4-. 

CATS!CMEC-5 $7.50 each 
101or 565.00 
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CALL OR MAIL ORDERS TO: 
ORDER TOLL FREE 
800 826-5432 WRITE 

FOR OUR 
FREE 

! 

_ ° 

! 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

INFO: 1818)604-0524 
FAX: (8 8)781-2653 . Rolur ORDER MGR "`"p 

CATALOG 
OVER 
4000 

PARTS! 

; 1' _ 

-wy, -' TWI-1í010t Otp (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!/ 

OUANTIT ES LIMITED 
CALIF. ADD SALES TAX 

USA: $3.00 SHIPPING 
FOREIGN ORDERS P'1 \ INCLUDE SUFFICIENT '_`i 

SHIPPING. NO C.O.D. 

CABLE TV 
CONVERTERS 

IN STOCK 

Stocking all types of converters: Panasonic, 
Jerrold, Tocom, Pioneer, Scientific Atlanta, 

Zenith, Oak, Hamlin, Eagle, and others. 
Call or write for FREE CATALOG 

Mon - Fri 10 to 6 Eastern Time 

VIDEO -LINK 
Enterprises, Inc. 

520 Glenbrook Rd. Suite 202 
Stamford, CT 06906 
Orders: 800.622.9022 

Catalog & Info: 203-975-7543 

CABLE TV DESCRAMBLERS! 

VIM ir 
gill a an 

BARGAIN HEADQUARTERS! 
JERROLD TOCOM HAMLIN 
SCIENTIFIC ATLANTA ZENITH 

Oak M35B ONLY $60 
6 month warranty! We ship C.O.D.! 

Lowest retail/wholesale prices! 
FREE CATALOG: 

Global Cable Network 
1032 Irving St. Suite 109 

S.F., CA 94122 

ORDER TODAY! 800-327-8544 

CIRCLE NO. 135 ON FREE INFORMATION CARD 
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PACKARD 

THE NEW HP-48SX 
SCIENTIFIC 
EXPANDABLE 
CALCULATOR 

Over 2,100 Functions 
Programmable 
2 Plug -In Ports 

Memory Expandable to 288K 
Serial and Infrared Interfacing 

EduCALC Price: $274.95 
27953 Cabot Road 
Laguna Niguel, CA 
(714)582-2637 

®I ea - 
AP sp. a.r14 LJ4n Ar.4,.4 4re 
kw Ole HP 4441. 

tAAL C.,a. r.. 4 HP OM 

SAVE $75.00! 
CIRCLE NO. 136 ON FREE INFORMATION CARD 
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ADVERTISERS' INDEX Three Phase Motor Protector (from page 61) 

RS# Page # 
147 AMC Sales 75 
132 ARRL 67 
136 All Electronics 81 

- Antique Electronic Supply 78 
131 B&B Inc 4, 78 
130 C&S Sales 15 

- Cable Connection 80 
- Cable -Mate Inc 80 
- Cleveland Institute of Elec Coy. Ill 
- Command Productions 25 

144 Communications Specialists 49 

146 Consolidated Electronics 75 
125 Contact East 72 
142 Cook's Institute 31 

- Damark International 45 
133 Deco Industries 78 
8 Digi-Key Corp 79 

137 EduCALC 81 

- Electronics Book Club 21 

135 Global Cable Network 81 

- Grantham 57 
150 Heath Co 25 
13 ICOM Cov. IV 
- Listen Electronics 80 
- NRI Schools 10, 13 

143 Nu -Tek Electronics 49 
- Pacific Cable Co., Inc 5 
- Penn Research 80 

129 Parts Express International 6 

128 Radio Shack Coy. Il 
149 Renaissance Software 77 
138 Sequoia Publishing 72 

- Skyvision, Inc 80 
127 Smith Design 9 
- T.J. Services 80 

134 TECI 78 
126 Tech Sery 7 

- Trans World Cable Co 80 
141 US Cable TV Inc 57 
145 Ucando 65 
- Video -Link Ent, Inc 81 

123 Viejo Publications 72 

- Visitect Inc 80 

We'd like to see your company listed here too. Contact 
Jonathan Kummer at 516-681-2922 to work out an 
advertising program tailored to suit your needs. 

Free Product Information 
Readers can obtain free information on 
products advertised by the above com- 
panies, as well as for some editorially 
mentioned products. Simply circle the 
appropriate number printed below an 

advertisement onto the Modern Elec- 
tronics "Free Information Service" 
card bound into this issue. After filling 
in your name and address, just mail the 
postpaid card. Your request will be for- 
warded directly to the advertiser with a 

mailing label prepared by our reader - 
service department to ensure speedy re- 
sponse. 

Three phase volts 
A a C 

Main switch ! j 
Main fuses 

Thermal 
breaker 

Contactor 

Fig. 5. Installation details for project in existing or new three-phase motor -con- 
trol circuit. 

this verification process with each 
phase of the circuit. 

You are now ready to connect the 
Three -Phase Motor Protector into 
the motor circuit with which it is to 
be used. Before starting, however, 
remember that when making the 
connections that you will be working 
with potentially lethal voltages. 
Therefore, follow local electrical 
codes for any wiring you make. In 
fact, if you are not certain of what 
you are doing, have a licensed electri- 
cian make the installation. Never at- 
tempt to touch live electrical circuits 
or otherwise come in contact with 
them! 

Prior to making any connection, 
review the schematic diagram of a 
typical three-phase motor -control 
circuit shown in Fig. 4. Power is fed 
to the fuse box via the main discon- 
nect switch. It passes through the 
thermal (actually, thermomagnetic) 
breakers. 

In the event of an overload, the 
breakers do not interrupt current 
flow; instead, they open an auxiliary 
contact (the symbol that looks like a 
capacitor with a diagonal line 
through it) that is wired in series with 

the coil of the power relay (also 
known as a contactor). This is where 
the interruption in current flow oc- 
curs. In series with the relay coil are 
also any control switches that turn 
on and off the motor. 

To include the Three -Phase Motor 
Protector in an existing or new mo- 
tor -control circuit, connect each 
Phase input to a different phase of 
the ac line feeding the motor after the 
motor's fuses, as shown in Fig. 5. Se- 
quence of phase connection is not 
important. 

Afterwards, cut the line that feeds 
the contactor's coil and wire the cut 
ends of the conductor to points X 
(the relay contacts) in the project. 
Close the Control Switch. After a 
few moments, the motor should start 
up. Open the switch and remove the 
fuse from any phase circuit in the 
project. Close the switch again and 
note that the FAULT LED lights and 
the motor fails to start. You now 
know that your Three -Phase Motor 
Protector project is working as it 
should and can have confidence that, 
should a problem arise, the motor 
will automatically shut down to pre- 
vent costly damage. 
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Discover Your Career Potential In The 
Fast -Growing Field Of High -Tech Electronics! 

CIE Gives You The Training You Need to Succeed... 
At Your Own Pace...& In Your Own Home! 

If you're anxious to get ahead ...and 
build a real career...you owe it to 

yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help you discover your 
career potential in the fast growing 
field of high-tech electronics. A career 
that will challenge and excite you 
every day...reward you with a powerful 
feeling of personal accomplishment... 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home -study 
electronics, CIE has helped over 
150,000 students in the U.S.A. and 

over 70 foreign countries get started in 

this exciting field. To find out how CIE 
could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 

Trained Professionals! 
The career opportunities shown here 

are only a few of the challenging, high - 
paying careers you could enjoy as an 

electronics technician. 
You could be the "brains" behind the 

scenes of an exciting TV broadcast... 
trouble -shoot life-saving medical equip- 
ment...design exotic new aeronautics 
systems...CIE's job -oriented programs 
offer you the quickest possible path to 
the career of your dreams! And CIE also features 
military and union re-training, to build on what 
you already know. 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 
you, CIE can get you started with core lessons 
applicable to all areas of electronics. As you 
advance, CIE makes job opportunities available 
to you through the bimonthly school paper, 
The Electron. 

Data Communications 

Avionics 

Consumer Electronics 

Automotive Electronics 

Computer -Assisted Manufacturing 

Military Electronics 

. rr? á ÿ ye .. - 
c`.. i 

e1 
iQ> 

OC' 

4e.9lTED 
SCe 

z NHSC , 
z z 

o 

* 

Personal Training From A 

Renowned Faculty. 
Unlike the impersonal approach of large class- 

room study, CIE offers you one-on-one instructional 
help 6 days a week, toll -free. Each CIE lesson is 

authored by an independent specialist, backed by 
CIE instructors who work directly with you to 
answer your questions and provide technical assis- 

tance when you need it. 

Practical Training... 
At Your Own Pace. 

Through CIE, you can train for your 
new career while you keep your pres- 

ent job. Each course allows a gener- 
ous completion time, and there are 

no limitations on how fast you can 
study. Should you already have some 

electronics experience, CIE offers 

several courses which start at the 
intermediate level. 

"State -Of -The -Art" 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec- 
tronics laboratory course, and in 1984, 
the first Microprocessor Laboratory. 
Today, no other home study school can 
match CIE's state-of-the-art equipment. 
And all your laboratory equipment is 

included in your tuition cost. There is 

no extra charge-it's yours to use while 
you study at home and on the job after 
you complete your course! 

Earn Your Degree To 

Become A Professional 
In Electronics! 

Every CIE course you take earns you 
credit towards the completion of your 
Associate in Applied Science Degree, so 
you can work towards your degree in 

stages. And CIE is the only school that awards you 
for fast study, which can save you thousands of 
dollars in obtaining the same electronics education 
found in four-year Bachelor's Degree programs! 
Write for details today! 

Send For Your 
Catalog Today! 

CIE World Headquarters 

Cleveland Institute of Electronics, Inc. 

I 1776 East 17th St., Cleveland, Ohio 44114 AMO -168 

YES! Please send me your independent study catalog (For your convenience, 

CIE will 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: a Veteran o Active Duty 

Mail This Coupon Today! 
J 
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YOU EXPECT THE WORLD 
FROM ICOM RECEIVERS 

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

2000MHz* and IC-R71A 0.1-30MHz 

commercial quality scanning receivers. 

Incomparable Frequency Control. 
Both the IC-R71A and IC -R7000 feature 
direct frequency access via their 
front keypad, main tuning dial, optional 
infrared remote control and/or computer 
interface adapter. Incredible Flexibility! 
Full Coverage, Maximum Performance. 
The superb IC-R71A is your key to world- 
wide SSB, CW, RTTY, AM and FM 
(optional) communications plus foreign 
broadcasts in the 100kHz to 30MHz range. 
It features IF Notch, low noise mixer 
circuits and a 100db dynamic range. The 
pacesetting IC -87000 receives today's 
hot areas of interest, including aircraft, 
marine, public services, amateur, and 
satellite transmissions in the 25MHz 

CIRCLE 13 ON READER SERVICE CARD 

to 2000MHz* range. It includes all mode 
operation low noise circuits plus out- 
standing sensitivity and selectivity. The 
IC-R71A/R7000 combination is your 
window to the world! 

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

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

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

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

DC adapter, MB -12 mobile bracket. 
IC-R71A: RC -11 remote control, EX -310 

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

See these quality ICOM receivers 
at your local authorized ICOM 
dealer today. 
'Specifications of the IC -87000 guaranteed from 25-1000MHz 
and 1260-1300MHz. No coverage from 1000.1025MHz. 

ICOM America, Inc., 2380 -116th Ave. N.E., Bellevue, WA 98004 
Customer Service Hotline (206) 454-7619 
3150 Premier Drive, Suite 126, Irving, TX 75063 / 

1777 Phoenix Parkway, Suite 201, Atlanta, GA 30349 
ICOM CANADA, A Division of ICOM America, Inc., 
3071 - *5 Road, Unit 9, Richmond, B.C. V6X 2T4 Canada 
All staid specmcalons are sublecl lo change wehoul ronce Or obbgalon All ICOM (ados l 

slgnmcanlry exceed FCC regulalwns bmmng spurious emssons Receners9.89 

M 
First in Communications 
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