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OPTOelectronics inc

neW _ FREQUENCY
| COUNTERS

SIZE:4"Hx3.5"Wx1'D
TO 1.3 GHZ

MADE IN USA
*Q9°>_*150% 8 LED DIGITS - 2 GATE TIMES
. ANODIZED ALUMINUM CABINET
saoosf| INTERNAL NI-CAD BATTERIES INCLUDED

AC ADAPTER/CHARGER INCLUDED

12 ez counTER EXCELLENT SENSITIVITY
T & ACCURACY
12000286 AC-DC - PORTABLE

OPERATION

1200 H

#AC-1200
AC ADAPTER
CHARGER

]

#2000 | HZ

Small enough to fit into a shirt pocket, our new 1.2 GHz and 1.3 GHz, 8 digit frequency counters are not toys!
They can actually out perform units many times their size and price! Included are rechargeable Ni-Cad batteries
installed inside the unit for hours of portable, cordless operation. The batteries are easily recharged using the AC
adapter/charger supplied with the unit.

The excellent sensitivity of the 1200H makes it ideal for use with the telescoping RF pick-up antenna;
accurately and easily measure transmit frequencies from handheld, fixed, or mobile radios such as: Police,
firefighters, Ham, taxi, car telephone, aircraft, marine, etc. May be used for counter surveillance, locating hidden
“bug” transmitters. Use with grid dip oscillator when designing and tuning antennas. May be used with a probe
for measuring clock frequencies in computers, various digital circuitry or oscillators. Can be built into transmit-
ters, signal generators and other devices to accurately monitor frequency.

The size, price and performance of these new instruments make them indispensible for technicians, engineers,
schools, Hams, CBers, electronic hobbyists, short wave listeners, law enforcement personnel and many others.

STOCK NO:

#1200HKC  Model 1200H in kit form, 1-1200 MHz counter complete including ]_3 GHZ
alt parts, cabinet, Ni-Cad batteries, AC adapter-battery charger and
SEUEAEAS o o oo | T g o P ek 7T T E $ 99.95 #1300H

#1200HC Model 1200H factory assembied 1-1200 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery
CRATGER T2 ol e 5 fo I i e ] e T - GOER M - on- - - - e s 3 $137.50

#1300HC Model 1300H factory assembled 1-1300 MHz counter, tested and
calibrated, complete including Ni-Cad batteries and AC adapter/battery

Charger iWos. .masa . .of hal bbb, nobio o a 048 fbe 8. e . .o fa oo $150.00
ACCESSORIES:
#TA-100S Telescoping RF pick-up antenna with BNC connector .............. $12.00
#P-100 Probe, direct connection 50 ohm, BNC connector .. ............... $18.00
#CC-70 Carrying case, black vinyl with zipper opening. Will hold a counter and
accessories T &~ ol (o d o P $10.00

ORDER FACTORY DIRECT

FLA(305) 771-2050 -200-297- MasterCard
1-800-327-5912 | - —

OPTOelectronics inc VB4 AVAILABLE NOw!

5821 N.E. 14th Avenue US and Canad
.. \ Orders to US and Canada add 5% of total ($2 min., $10 max
Ft. Lauderdale, Florida 33334 Florida residents add 5% sales tax. COD fee $2. }

CIRCLE 38 ON READER SERVICE CARD
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Where's Your ELECTRONICS Career Headed?

’"\

ur niove.

The Move You Make Today Can Shape Your Future

Yes it’s your move. Whether on a chess board
or in your career, you should plan each move
carefully. In electronics, you can move ahead
faster and further with a

B. S. DEGREE

Put professional knowledge and a COLLEGE
DEGREE in your electronics career. Earnyour
degree through independent study at home,
with Grantham College of Engineering. No
commuting to class. Study at your own pace,
while continuing your present job.

The accredited Grantham non-traditional
degree program is intended for mature, fully
employed workers who want to upgrade their
careers . . . and who can successfully study
electronics and supporting subjects through

INDEPENDENT STUDY, AT HOME

Free Details Available from:

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California 90720

Say You Saw It In Modern Electronics

Independent Home Study Can Prepare You

Study materials, carefully written by the Gran-
tham staff for independent study at home, are
supplied by the College, and your technical
questions related to those materials and the
lesson tests are promptly answered by the Gran-
tham teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited
by the Accrediting Commission of the National
Home Study Council.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries, about 809 of our students live in the
United States of America.

L 1
. . 11-87
} Grantham College of Engineering M- |
1 10570 Humbolt Street, Los Alamitos, CA 90720 }
| Please mail me your free catalog which explains your |
} B.S. Degree independent-study program. |
|
} Name Age |
i
= Address |
i
S e BTl
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FEATURES

Frequency-Counter Adapter for DMMs

Enables almost any waveform up to 1 MHz to be
read accurately on a DVM or DMM.
By Crady VonPawlak

Choosing Op Amps for Specific
Applications

Examines important specifications for intelligently
choosing op amps by application. By C.R. Fischer

An Off-Hook Phone Alert

Audibly warns when a telephone is off the hook.
By Peter A. Lovelock

A Battery Charger Controller

Ensures proper and safe charging of lead-acid bat-
teries. By Dennis Eichenberg

Process Control With Personal Com-
puters (Part 3, Conclusion)

Software needs and creating simple control systems.
By Dr. H. Edward Roberts

Airline Headphone Substitutes

Takes the discomfort out of listening to music and
in-flight movies. By Paul M. Danzer

An Electric Hand Dryer

Convert an inexpensive hair blow dryer into a fully
automatic or a semiautomatic hot-air hand dryer.
By Joseph O’Connell

COLUMNS

Electronics Notebook
Laser Eavesdropping. By Forrest M. Mims I11

Software Focus

An Artificial Intelligence Word Processor: Mind-
Reader By Art Salsberg

Communications

Sampling of Fall 1987 English-Language Interna-
tional Shortwave broadcasts. By Gerry Dexter

DEPARTMENTS

Editorial
By Art Salsberg

Letters

Modern Electronics News
New Products

Books & Literature

Advertisers Index
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NEW!
CB Radios &

Scanners

Communications Electronics;
the world's largest distributor of radio
scanners, introduces new models of
CB & marine radios and scanners.

NEW! Regency? TS2-RA

Allow 30-80 days for delivery after receipt of order
due to the high demand for this product.

List price $499.95/CE price $339.95

12-Band, 75 Channel ® Crystalless ® AC/DC
Frequencyrange: 29-54,118-175,406-512.806-950 MHz.
The Regency TS2 scanner lets you monitor
Military, Space Satellites, Government, Railroad,
Justice Department, State Department, Fish &
Game, Immigration, Marine, Police and Fire Depart-
ments, Aeronautical AM band, Paramedics, Am-
ateur Radio, plus thousands of other radio fre-
quencies most scanners can't pick up. The Regency
TS2 features new 40 channel per second Turbo
Scan™ so you wont miss any of the action. Model
TS1-RAisa 35 channel version of thisradio without
the 800 MHz. band and costs only $239.95.

Regency® Z60-RA

List price $299.95/CE price $148.95/SPECIAL
8-Band, 60 Channel ® No-crystal scanner
Bands: 30-50, 88-108, 118-136, 144-174,440-512 MHz.
The Regency Z60 covers all the public service
bands plus aircraft and FM music for a total of
eight bands. The Z60 also features an alarm
clock and priority control as well as AC/DC
operation. Order today.

Regency® Z45-RA

List price $259.95/CE price $139.95/SPECIAL
7-Band, 45 Channel ® No-crystal scanner
Bands: 30-50, 118-136, 144-174, 440-512 MHz

The Regency Z45 is very similar to the Z60 model
listed above however it does not have the commer-
cial FM broadcast band. The Z45, now at a
special price from Communications Electronics.

Regency® RH256B-RA

List price $799.95/CE price $329.95/SPECIAL
16 Channel ® 25 Watt Transceiver ® Priority
The Regency RH256B is a sixteen-channel VHF land
mobile transceiver designed to cover any frequency
between 150 to 162 MHz. Since this radio is
synthesized, no expensive crystals are needed to
store up to 16 frequencies without battery backup.
All radios come with CTCSS tone and scanning
capabilities. A monitor and night/day switch is also
standard. This transceiver even has a priority func-
tion. The RH256 makesanideal radioforanypolice
or fire department volunteer because of its low cost
and high performance. A 60 Watt VHF 150-162
MHz. version called the RH606 B-RA is available
tor $459.95. A UHF 15 watt, 10 channel version of
this radio called the RU150B-RA is also available
and covers 450-482 MHz. but the cost is $439.95.

Bearcat® 50XL-RA

List price $199.95/CE price $114.95/SPECIAL
10-Band, 10 Channel ® Handheld scanner
Bands: 29.7-54, 136-174, 406-512 MHz.

The Uniden Bearcat 50XL is an economical, hand-
held scanner with 10 channels covering ten fre-
quency bands. It features a keyboard lock switchto
prevent accidental entry and more. Also order the
new double-long life rechargeable battery pack
part # BP55 for $29.95, a plug-in wali charger, part
# AD100 for$14.95, acarrying case part # VCO0O1
tor $14.95 and also order optional cigarette ighter
cabte part # PS001 for $14.95.

NEW! ScannerFrequency Listings
The new Fox scanner frequency directories will help
you find all the action your scanner can listen to. These
new listings include police, fire, ambulances & rescue
squads, local government, private police agencies,
hospitals, emergency medical channels, news media,
forestry radio service, railroads, weather stations, radio
common carriers, AT&T mobile telephone, utility com-
panies, general mobiie radio service, marine radio
service, taxi cab companies, tow truck companies,
trucking companies, business repeaters, businessradio
(simplex) federal government, funeral directors, vet-
erinarians, buses, aircraft, space satellites, amateur
radio, broadcasters and more. Fox frequency listings
feature call letter cross reference as well as alphabetical
listing by licensee name, police codes and signals. All
Fox directories are $14.95 each plus $3.00 shipping.
State of Alaska-RLO19-1; Baltimore, MD/Washington,
DC-RLO24-1; Chicago, IL-RLO14-1; Cleveland, OH-
RLO17-1; Columbus, OH-RLO03-2; Dalias/Ft. Worth,
TX-RLO13-1; Denver/Colorado Springs, CO-RL0O27-1;
Detroit, MI/ Windsor, ON-RLOO8-2; Fort Wayne, IN
/Lima, OH- RLOO1-1; Houston, TX-RL0O23-1; Indian-
apolis, IN-RLO22-1; Kansas City, MO/ KS-RLO11-2;
Los Angeles, CA-RLO16-1; Louisville/Lexington, KY-
RLOO7-1; Milwaukee, WI/Waukegan, IL-RL0O21-1;
Minneapolis/St. Paul, MN-RLO10-2; Nevada/E. Central
CA-RLO28-1; Oklahoma City/Lawton, OK-RLOO5-2;
Pittsburgh, PA/Wheeling, WW-RL0O29-1; Rochester/
Syracuse, NY-RL0O20-1; Tampa/St. Petersburg, FL-
RLO04-2; Toledo, OH-RLOO2-3. A regional directory
which covers police, fire ambulance & rescue squads,
local government, forestry, marine radio, mobile phone,
aircraft and NOAA weather is available for$19.95 each.
RDOO1-1 covers AL, AR, FL, GA, LA, MS,NC,PR.SC, TN
& VI. For an area not shown above call Fox at 800-543-
7892 or in Ohio 800-621-2513.

Regency® Informant™ Scanners
Frequencycoverage: 35-54, 136-174406-512 MHz.
The new Regency Informant scanners cover virtu-
ally all the standard police, fire, emergency and
weather frequencies. These special scanners are
preprogrammed by state in the units memory. Just
pick a state and a category. The Informant does the
rest. All Informant radios have a feature calted
Turbo Scan™ toscan up to40 channels per second.
The INF1-RA is ideal for truckers and is only
$249.95. The new INF2-RA is a deluxe model and
has ham radio, a weather alert and other exciting
features built in for only $324.95. For base station
use, the INF5-RA is only $199.95 and for those
whocanaffordthebest, the INF3-RAat$249.95.is
a state-of-the-art, receiver that spells out what
service you're listining to such as Military, Airphone,
Paging, State Police, Coast Guard or Press.

Regency® HX1500-RA

List price $369.95/CE price $218.95

11-Band, 55 Channel ® Handheld/Portable
Search ® Lockout ® Priority ® Bank Select
Sidelit liquid crystal display ® EAROM Memory
DirectChannel Access Feature ® Scandelay
Bands: 29-54. 118-136. 144-174, 406-420, 440-512 MHz
The new handheld Regency HX1500 scanner is
tully keyboard programmable for the ultimate in
versatility. You can scan up to 55 channels at the
same time including the AM aircraft band. The LCD
display is even sidelit for night use. Includes belt
clip, flexible antenna and earphone. Operateson8
1.2 Volt rechargeable Ni-cad batteries (not included).
Be sure to order batteries and battery charger from
the accessory list in this ad.

Bearcat® 100XL-RA

List price $349.95/CE price $178.95/SPECIAL
9-Band, 16 Channel ® Priority ® Scan Delay
Search e Limit ® Hold ® Lockout ® AC/DC
Frequency range 30-50, 118-174, 406-512 MHz
Included in our low CE price 1s a sturdy carrying case,
earphone. battery charger/AC adapter, six AA ni-cad
batteries and flexible antenna. Orderyourscanner nOw.

* % % Uniden CB Radios %%

The Uniden line of Citizens Band Radio transceivers is
styled to compliment other mobile audio equipment.
Uniden CB radios are so reliable that they have a two
year limited warranty. From the feature packed PRO
540e to the 310e handheld, there is no better Citizens
Band radio of the market today.

PRO310E-RA Uniden 40 Ch. Portable/Mobite CB. .. $85.95
NINJA-RA PRO310E with rechargeable battery pack.$99 95

B-10-RA 1.2V AA Ni-cad batt. for Ninja(setof 10) ... $20.95
PRO520E-RA Uniden 40 channe! CB Mobile $59.95
PROS540E-RA Uniden 40 channel CB Mobile. $119.95
PRO710E-RA Unidend0 channel CB Base $119.95
PC22-RA Uniden remote mount CB Mobile $99.95
PC55-RA Unidenmobile mount CB transceiver. ... $59.95

* % *.Uniden Marine Radios % % *
Now the finest marine electronics are available through
CEi. The Ummetrics SH66-RA has 50 transmit and 60
receive frequencies with 25 or 1 watt power output.
Only $169.95. The Unimetrics SH 88-RA isadeluxe full
function marine radiotelephone featuring 55 transmt
and 90 receive channels and scanning capability for
only $259.95. The Unimetrics SH3000-RA is an excel-
lent digital depth sounder, good for 300 feet. It has an
LCD continuousty backlit with red light display and a 5
ft. or 10 ft. alarm Only $189.85. Order today.

CIRCLE NO. 151 ON FREE INFORMATION CARD
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Bearcat® 800XLT-RA

List price $499.95/CE price $289.95/SPECIAL
12-Band, 40 Channel ® No-crystal scanner
Priority control ® Search/Scan e AC/DC
Bands.: 29-54, 118-174, 406-512, 806-912 MH2
The Uniden 800XLT receives 40 channelsin twobanks.
Scans 15 channels per second. Size 9% x 4% x12%2.

OTHER RADIOS AND ACCESSORIES

Panasonic RF-2600-RA Shortwave receiver ... $179.95
RDS5-RA Uniden Visor mount Radar Detector.. ... $98.95
RD9-RA Uniden “Passport” size Radar Detector ... $169.95

NEW!BC 7TOXLT-RA Bearcat 20 channeiscanner ... $168.95

BC 140-RA Bearcat 10 channel scanner .. $92.95
BC 145XL-RA Bearcat 16 channel scanner .$98.95
BC 175XL-RA Bearcat 16 channel scanner ...... $156.95
BC 210XLT-RA Bearcat 40 channel scanner..... $196.95
BC-WA-RA Bearcat Weather Alert” ....... 83595
R1080-RA Regency 30 channel scanner.... ....$118.95
R1090-RA Regency 45 channel sCanner .. ..$148.95

UC102-RA Regency VHF 2 ch. 1 Watttransceiver ... $117.95

P1412-RA Regency 12 amp reg. power supply... $189.95
MAS49-RA Drop-in charger for HX12008 HX1500 . .. $84.95
MAS18-RA Wall charger for HX1500 scanner .....$14.95
MAS553-RA Carrying case for HX1500 scanner ... $19.95
MA257-RA Cigarette lightercordfor HX12/1500 . . $19.95
MA917-RA Ni-Cad battery pack for HX1000/1200 .. $34.95
SMMX7000-RA Svc man. for MX7000 & MX5000 ... $19.95
B-4-RA 1.2 V AAA Ni-Cad batteries (set of four) ... $9.95
B-8-RA 1.2 V AA Ni-Cad batteries (set of eight} .... $17.95
FB-E-RA Frequency DirectoryforEastern US A ... $14.95
FB-W-RA Frequency Directory forWesternU.S A .. $14.95
ASD-RA Air Scan Directory . $14.95
SRF-RA Survival Radio Frequency Directory. .. $14.95
TSG-RA“Top Secret” Registryof U.S. Govt. Freq. ... $14.95
TIC-RA Techniques for Intercepting Comm.. $14.95
RRF-RA Raifroad frequency directory. .. ..$14.95
EEC-RA Embassy& Espionage Communications ... $14.95
CIE-RA Covert Intelligenct, Elect. Eavesdropping ... $14.95
MFF-RA Midwest Federal Frequency directory . .$14.95
AB0-RA Magnet mount mobite scanner antenna. .. $35.95
A70-RA Base station scanner antenna. ..$3595
MA548-RA Mirror mount informant antenna $39.95
USAMM-RA Mag mount VHF ant. w/ 12" cable $39.95
USAK-RA %" hole mount VHF ant. w/ 17" cable... $35.95

Add $3 00 shipping for all accessortes ordered at the same time.
Add $12.00 shipping per shortwave receiver
Add $7.00 shipping per radio and $3.00 per antenna.

BUY WITH CONFIDENCE

To get the fastest delivery from CE of any scanner.
send or phone your order directly to our Scanner
Distribution Center™ Michigan residents please add 4%
sales tax or supply your tax .D. number. Written pur-
chase orders are accepted from approved government
agencies and most well rated firms at a 10% surcharge
for net 10 billing. All sales are subject to availability,
acceptance and verification. All sales on accessories
are final. Prices, terms and specitications are subject to
change without notice. All prices are in U.S. dollars. Out
of stock items will be placed on backorder automaticaily
unless CE is instructed differently. A $5.00 additional
handling fee will be charged for all orders with a
merchandise total under $50.00. Shipments are F.O.B
Ann Arbor, Michigan. No COD's. Most products that we
sell have a manufacturers warranty. Free copies of
warranties on these products are available prior to
purchase by writing to CE. Non-certified checksrequire
bank clearance. Not responsible for typographical errors.

Mail orders to: Communications Electron-
ics” Box 1045, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 per scanner for R.P.S./U.P.S.
ground shipping and handlinginthe continental
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPQO delivery, shipping Charges are
three times continental U.S. rates. if you have a
Discover, Visa or Master Card, you may calland
place a credit card order. Order toll-free in the
U.S. Dial800-USA-SCAN. In Canada, order toll-
free by calling 800-221-3475. FTCC Telex any-
time, dial 825333. If you are outside the U.S.
orin Michigan diai313-973-8888. Ordertoday.
Scanner Distribution Center” and CE logos are trade-
marks of Communications Electronics Inc.
t Bearcat is a registered trademark of Uniden Corporation
tRegency and Turbo Scan are registered trademarks of
Regency Electronics Inc AD #080187-RA
Copyrighte 1987 Communications Electronics Inc.

Forcredit card orders call

1-800-USA-SCAN

Al COMMUNICATIONS
ELECTRONICS INC.
Consumer Products Division

P.O. Box 1045 0 Ann Arbor, Michigan48106-1045 U.S.A.
CallB00-USA-SCAN oroutside U.S.A.313-973-8888
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IF YOU BUY, SELL OR COLLECT
OLD RADIOS, YOU NEED...

ANTIQUE RADIO CLASSIFIED

Antique Radio’s Largest-
Circulation Monthly Magazine

FREE SAMPLE COPY!

Classifieds — Ads for Parts & Services
Articles — Flea Market Info.
Early Radio, Wireless, TV, Ham Equip.,
Books, Nostalgia, Art-Deco, Novelties,
Telegraph, 40’s & 50’s Radios & more...
200 Classified Ads, 32 Pages Monthly
2000+ Subscribers

Free 20-Word Ad Each Month

6-Month Trial: $10.
1 Year: $18 (S24 by 1st Class).
Canada & Mexico: $24/yr. Other Foreign: $33/yr.

CIRCLE 59 ON FREE INFORMATION CARD

A.R.C., P.O. Box 2-L1, Carlisle, MA 01741 |

W/ EDITORIAL |/

Facts on Fax

Sales of facsimile machines are
burgeoning. You might think of
these fax machines as photocopiers
located at great distances away that
can replicate a paper document’s in-
formation over phone lines from one
to another. These digitally transmit-
ted signals, from compact fax ma-
chines that cost as little as $2,500 for
the better ones and less than $1,000
for “‘personal’’ models, are a boon
for enhancing work efficiency.

Firstly, they’re as simple to use as
a photocopy machine, so no special
training is required. Adding to this,
resolution is good; transmission
speed is fast; and prices have dropped
to about half of what they were in
1980. There are a host of fax boards
available for computers, too. Stand-
alones, however, appear to be a bet-
ter choice, it would seem, since com-
puters require special operator know-
how and most of us would rather
have a separate fax machine left on
24 hours a day to serve a single unat-
tended purpose than a computer do-
ing the same.

Fax machines have been around a
long, long time, of course. They were
developed in Great Britain in the
mid-1800s, in fact, though not used
commercially until Marconi Wire-
less, among others, transmitted news
photos with the system in the 1920s.
It wasn’t until Japanese manufactur-
ers developed a high-speed digital
transmission system that was ap-
proved as a standard by CCITT in
1981 that fax sales began to rise dra-
matically. Japan accounts for half
the fax ownership in the world, with
about one-million installed, so fax
makers, virtually all Japanese, have
a good base to build on for produc-
tion-quantity numbers. The U.S. is
catching up, with about 600,000 fax
units installed to date.

The motivating force behind the

Japan-developed fax machines was
the difficulty of typing and trans-
mitting Chinese ideograms, called
“‘kanji,”” which the Japanese lan-
guage is written in. Therefore, Telex
machines are not as useful in their
country as they are here. Moreover,
Telex cannot handle graphics.

There are four groups of fax stan-
dards approved by CCITT, with
Group III being the popular one used
by most fax owners. So this is the one
to get in order to communicate most
widely. If you’re planning to buy one
(and they’re already in department
store catalogs), you’ll likely want a
separate phone line for it, so figure
that into the cost. Also, you’ll be
faced with buying decisions between
brands (Sharp, Canon, NEC, etc.)
and various models in each line. Do
you want plain paper or thermal pa-
per capability? Higher speed? Great-
er resolution for transmitting half-
tone photos? Stack feeding? Legal-
size paper capacity? LCD readouts?
Automatic size reduction? And so
on. Just as with any product line,
you pay more for extras, naturally.

There are fax phone directories
available, and even a directory assis-
tance system with a 350,000 tele-
phone entry data base. Since one
pays for only standard phone time,
and 20 seconds/page transmission
time is not unusual, it can save a lot
of money compared to air express
.. .and a day’s wait. We haven’t got
a fax machine yet, but we’re giving it
some thought. By next year, we think
you will, too.

e ety
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Communications Feedback

® In reading over my ‘‘AM Broadcast-
Band Loop Antenna’’ (September 1987)
article, I noted a couple of errors. The
firstisin the fifth line of the third column
on page 56, which should read ‘‘maxi-
mize’’ instead of ‘‘minimize”’; on page
60, the second sentence should read
‘‘the ungrounded side,’’ instead of ‘‘the
grounded side.’’ The other is in the Fig. 9

14 1 14 W3
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nS = Conductor number Start
nF = Conductor number Finish

wiring guide, the corrected version shown
here. Note also that the etching-and-
drilling guide is shown from the compo-
nent side and must be flopped before us-
ing it to make a pc board. Also, it should
be understood that under ‘‘Checkout
and Use,”’ the antenna circuit (points W3
and W4) must be directly connected
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(temporarily) to the receiver’s external
antenna and ground terminals.
Brad Thompson

A Visual Difference

® [ am interested in building the ‘‘Audi-
ble Target’’ (September 1987), but am
confused by the differences between the
schematic diagram and wiring guide. In
one or the other, C1 appears to be in the
wrong place. Can you please tell me
which is incorrect and what must be done
to correct 1t?
Robert E. Merrick
Thornton, PA

| B
o §

==

The schematic is correct. In the wiring
guide, Cl should be installed in the two
holes shown to the left of Rl and there

should be a jumper wire installed in the
holes that are now labeled CI. Also,
there is a slight error in the etching-and-
drilling guide. The affected lower por-
tion of the guide is shown corrected
here.—Ed.

Two to Tango
* I am very interested in your article by
Walter Schopp on EPROMSs. The issue |
have is part 2. Do I need the previous is-
sue to make the programmer? A lot of
questions need to be answered. This was
my first time reading ME. [ think the
magazine is great and very helpful! The
articles are informative and very friend-
ly. I have already ordered my subscrip-
tion. Keep up the good work. If I need
the back issue to complete the program-
mer, do [ order it directly from you?
Brian Reid
Fort Washington, MD
Yes, you must have Part | (Feb. 1987),
which describes construction of the basic
EPROM programmer upon which Part 2
is based. Back issues are available at this
office for 32.50 each.—Ed.
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NEW INSTRUMENT BUS PROPOSED. The IEEE-488 bus has been around for

some ten years now, and has been the standard for interfacing elec-
tronic instruments to computers for almost as long. Now, however, with
the support of a handful of companies, including the developer of the
old bus, Hewlett-Packard, a proposed VXIbus (VMEbus Extensions for
Instruments) has been made. It's said that the new proposed standard
offers an open architecture design and is generally more capable

than the existing instrument interface standard.

A FACSMILE SCRAMBLER. Facsimile machines are the hot electronic prod-
ucts now, with "personal" ones for under $1,000 coming on to the mark-
et. Sharp, in fact, has a memo-size one (up to 5%" x 4%") that lists
for $899, and transmits documents via phone (built-in) in a reported

20 seconds. There are even a host of facsimile boards that plug into
personal computers. Now we've also got a facsmile scrambler being
marketed. The Model FSR 1000 from CCS Communication Control (Port
Chester, NY) uses a data encryption algorithm to secure documents, cor-
respondence or schematics before they're transmitted over the phone
networks. It installs between fax machine and phone line. The compact
interface has a clear/private mode switch.

HEATH/ZENITH SPREADS RETAIL WINGS. You normally buy Heath/Zenith pro-
ducts through its mail-order catalogs or at Heath/Zenith Computers &
Electronic Centers. Now you'll be seeing the brand--at least for its
home security product line--at hardware, home center and electronics
stores around the country, as the Heath Company broadens distribution.

COMPACT DISC VIDEO. CD-V is moving along, with Spinnaker Software
releasing its first compact Disc Video product: Agatha Christie: The
Scoop. A VHS tape version is also being readied. Playing the Scoop
on a CD-V player, viewers can switch tracks at specified points to un-
cover clues. There are more than 200 different paths through the game
to keep owners' crime-detection play going for a long time.

APPLE COMPUTER HAPPENINGS. Support for Macintosh computers continues
strongly. Apple Computer introduced new software to enhance its Macs,
including the HyperCard personal toolkit that lets users customize and
create information in new ways, including authoring and using English-
language commands and extending Mac power to music, voice and animation.
Also, a multitasking operating system called MultiFinder gives users
new performance flexibility, allowing document printing to be done

while continuing work on other tasks and integrating information be-
tween different operating systems (such as MS-DOS)....Letraset unveiled
its newest Ready Set Go!, Version 4.0, page layout program for Macs.

It adds more than 80 new features, such as arbitrary runarounds,
high-resolution graphic support, interactive facing pages and custom
page sizes up to 99" x 99", as well as an enhanced spelling dictionary,
specification sheets, and more....A new version of LogicWorks, Ver. 1.3,
a popular circuit-design package, adds logic-analyzer timing diagram
output, an unlimited number of circuit windows that can be opened, and

a host of other features. The $200 package includes basic 7400 libraries,
analog and LSI symbol libraries. Capilano Computing (Bellevue, WA) also
released a low-cost Programmable Logic Device compiler for designing
logic chips in a Pascal-like language and verifying circuit operation

on screen. Once the circuit logic is known to be correct, it can

be programmed into a real chip.
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DO YOU

REALLY

GET THE BEST BUY
FROM

" THEM?

tt’s faceit: There will always be some outfit
t

hat can undercut a published price. They
do it by having no overhead, and no

responsibility to you, the consumer.
“So, you want that Jerrold 450
combo? The one that Pacitic Gable
Co., Inc., is offering for $19900?
Well, that's a good price, but
here’s whatI'll do.. " What may
happen is that you may save a
couple of bucks at the time. But suppose
there's a problem (and it happens to the best
of them,) and you call that “Dealer”... This could be what you'll hear:
“No, Steve isn't here. He moved out, the bum! And he owes me $437% on the phone bill! No, | don't

know about any guarantees on your Gerald, who's that? Listen, if you see that creep...” etc.

At Pacific Gaie Co., you've got an established company who will be here for you, time after time. We may be tough competitors, but we've
got a soft spot for our clients! Try us, and be treated right—and we’'ll prove it by giving a one-year warranty on everything we sell.

Check our prices on Scientific Atianta Units!

ITEM 1 10 OR ITEM 1 10 OR

UNIT MORE UNIT MORE

RCA 36 Channei Converter (Ch.3 output onlyy. .. ... .. A 29.00 18.00 *Minicode (N-12) ............... - - . 89.00 58.00
Panasonic Wireless Converter (our bestbuy) ......... ... .. 8800 69.00 *Minicode (N-12) with Vari Sync .. ... .. S oo 99.00 62.00
400 or 450 Converter (manual finetune}. .. ............ . . 8800 69.00 *Minicode VariSync with Auto On-Off . 14500 105.00
*Jerrold 400 Combo .. ... .. .. Sel . - el 169.00 11900 Econocode (minicode substitute) . L 79.00 52 00
Jerrold 400 Hand Remote Control ... ... aum . wlilew. ... s 2900 18.00 Econocode with VariSync ... ... . e 89.00 5600
*Jerroid 450 Combo .. ... ...  raly . o . | 19900 139.00 *MLD-1200-3 (Ch3 output) . ... .. o 2 99.00 5800
*Jerrold 450 Hand Remote Control ... . .. L B 29.00 1800 *MLD-1200-2 (Ch2outputy .. ... . e 99.00 58.00
Jerrold SB-Add-On ... .. .. Spp— - B . 59.00 58.00 *Zenith SSAVI Cable Ready . . . . : 175.00 125.00
*Jerrold SB-Add-On with Trimode ... ... .. . e 39.00 70.00 Interference Filters (Ch.3only) .......... ... " " 24.00 14.00
*M-35 B Combo unit(Ch.3 outputonly) . ... ... ... .. .. g 9900 70.00 *Eagle PD-3 Descrambler (Ch.3 output only) . .. 1 e 118.00 65.00
*M-35 B Combo unit with VariSync. . 109.00 75.00 *Scientific Atlanta Add-on Replacement Descrambler .. .. 119.00 7500

IMPORTANT ¢ When ordering, please have
the make and model number of the equipment
used in your area—Thank you!

Signature__ - _

FOR OUR RECORDS
DECLARATION OF AUTHORIZED USE — |, 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 ali applicable federal and
state laws.

*Call for availability
Prices subject to change without notice

Jerrold is a registered trademark of General Instruments Corp. Dated: Signed. =

]
CHECK US OUT—WE'LL || Quamiy e Cramnel Eac FACE
MEET OR BEAT THE OTHER'S i
ADVERTISED WHOLESALE !
OR RETAIL PRICES! !
G —— |
sterCar
‘ & D— : California Penal Code #593-D forbids us from siii.T,?gT::d
1 shipping any cable descrambling unit to anyone $3.00 per unit
: residing in the state of Caiifornia. COD & Credit
= ] Prices subject to change without notice Cards—Add 5%
Pacific Gable Go., INnC. | reserm
1
7325Y% Reseda Blvd., Dept. 1-20 : Liamg ————a — — -
Reseda, CA 91335 P E - :
(818) 716-5914 ¢ (818) 716-5140 1 S ] g >
| : [ Cashier's Check [0 Money Order COD [ Visa Mastercard
o NO COLLECT CALLS! : AccLd - B B e ) B .
i
1
|
)
1
]
]
]
]
]
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Train with NRl for a
servicing

NEW!

- Sanyo 880
Train with g:“”‘””_'m fully

ible and runs almost
muh::ioc':g:'f ast 55 the IBM PC!

Get started now
by building this
fully IBMPC
compatible
computer

Now you get it all. . .training
for America’s fastest growing
career opportunity . . . train-
ing to service all computers
... training on the newest
total computer system, the
Sanyo 880. Only NRI can give
you the well-rounded training
you need, because only NRI
gives you a complete com-
puter system. . .computer,
monitor, disk drive, software,
even test instruments like a
digital multimeter and logic
probe to work with and keep.
It all adds up to training

that builds the knowledge,
competence, and ability you
need to succeed as a computer
service specialist.

Get inside the newest,
fully IBM PC compatible
Sanyo Microcomputer

As an NRI student, you’ll
get total hands-on training

ULTIME
essional test instrument for
quick and easy measurements.

LESSONS—Clear, well illustrated
texts build your understanding
of computers step-by-step.

DISK SOFTWARE—
including MS-DOS,
GW BASIC,
WordStar, and
CalcStar.

as you actually build your
own latest model Sanyo 880
Series computer from the
keyboard up. It’s fully IBM
PC-compatible and, best of
all, it runs programs almost
twice as fast as an IBM PC.
As you assemble the Sanyo
880, you'll perform

WWW americanradiohistory com
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Your NRI total systems training

includes:  NRI Discovery Lab® to design and
modify circuits » Your four-function digital multimeter
with walk-you-through instructions on audio tape  Digital logic probe
for visual examination of keyboard circuits ® The newest Sanyo 880 Series Computer with
“intelligent” keyboard and 360K double-density, double-sided disk drive ® High resolution monochrome
monitor » 8K ROM, 256K RAM e Bundled software including GW BASIC, MS-DOS, WordStar, CalcStar
* Reference manuals; schematics, and bite-size lessons.

demonstrations and
experiments that will give
you a total mastery of
computer operation and
servicing techniques. You'll
do programming in BASIC
language—even run and
interpret essential diagnostic
software,
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high paying career
puters

Understanding you get
only through experience
You need no previous
knowledge to succeed with
NRI. You start with the basics,
rapidly building on the
fundamentals of electronics
with bite-size lessons. You
perform hands-on experiments

TECHNICAL MANUALS-—with
complete specs on Sanyo computer
and professional programs.

DISCOVERY LAB—Using it,
you construct and test circuits
like those used with computers.

DIGITAL LOGIC
PROBE-Simplifies
analyzing digital
circuit operation.

with your NRI Discovery Lab
and then move on to master
advanced concepts like digital
logic, microprocessors, and
computer memories.

Learn at home in your
spare time

You train in your own home

wwwweamericanradiohistenscom

at your own convenience,
backed at all times by your
own NRI instructor and the
entire NRI staff of educators
and student service support
people. They're always ready
to give you guidance, follow
your progress, and help you
over the rough spots to keep
you moving toward your goal.

100 page free catalog
tells more. . . send today
Send the postage-paid reply
card today for NRI’s 100 page
catalog that gives all the facts
about computer training, plus
career training in robotics,
data communications, TV/
audio/video servicing, and
many other fields. If the card
is missing, write to NRI at
the address
below.

”ﬁ’SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue gy y -
Washington, DC 20016 tiﬁﬂ

We'll give you tomorrow CHill |
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W NEW PRODUCT S .///III—

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.

EPROM Programmer

Logical Devices (Ft. Lauderdale,
FL) “Shooter’’ is a low-cost stand-
alone EPROM programmer with
memory upgrade. The new Shooter
operates with a 256K-bit (32K X 8)
internal RAM buffer or an optional
512K-bit (64K X 8) buffer and pro-
grams EPROMs from 2716 through
27512, including CMOS and “‘A”’
version EPROMs. Among the pro-
grammer’s features are a number

N

that are typically found only in high-
er-priced programmers. The pro-
grammer interfaces with any com-
puter, dumb terminal or modem via
a standard RS-323 serial port. It
uploads/downloads Intel/Motorola/
Straight/ASCII/binary file formats,
uses fast, intelligent algorithms, and
has built-in debug firmware that per-
mits RAM editing and display on a
terminal. As a stand-alone program-
mer, the Shooter directly copies and
verifies EPROMs.

The programmer is powered by an
external wall-mount transformer. It
is packaged in a low-profile steel en-
closure. $395 with 256K RAM; $199
for 512K RAM option.

CIRCLE 61 ON FREE INFORMATION CARD

IBM PC Bus Slot Extender

Addcard from Merak Industries
(Warren, NJ) offers a cleverly de-

signed, low-cost way of adding ex-
pansion slots to the standard five in
true IBM PCs. When installed in the
computer, it makes available eight
total slots within the system unit.
Plugged into the slot nearest the
power supply, it uses a normally
wasted area in which to mount four
standard half-cards. (These cards re-
side in the same space that was used
in the XT for its short slots.)
Expansion cards plugged into the
Addcard operate as direct extensions
of the PC bus, ensuring full compati-
bility. No external cabinet is re-
quired, and no alterations have to be
made to the system. A variety of ca-
ble adapters are available for cards
that require D-shell connectors to
connect to external devices. $79.

CIRCLE 62 ON FREE INFORMATION CARD

Satellite-Locator Slide Rule

A slide rule that gives azimuth/eleva-
tion angles for geosynchronous sa-
tellites in space from almost any-
where on Earth is available from
WTS Products (Tulsa, OK). The all-
in-one slide rule includes: visual re-
presentation of the full satellite arc,
horizon to horizon, around the
world, even from the southern hemi-

sphere, with local azimuth and eleva-
tion angles; U.S. satellite longitude
positions; magnetic declination map
of the U.S.; true-to-magnetic azi-
muth conversion; and AZ/EL form-
ulas for greater precision.

With this slide rule, a user can
quickly determine azimuth/ eleva-
tion angles from anywhere on Earth
from which the satellite arc is visible.
A magnetic declination map and a
true/magnetic slide rule on the back
permits true azimuth to be converted
to local magnetic azimuth. The
AZ/EL formulas printed on the
back of the slide rule provide more
precise angle computation with an
electronic calculator. $10.

CIRCLE 63 ON FREE INFORMATION CARD

PC Board Tack Kit

Chemtronics’ (Hauppauge, NY) new
Micro Bond Tack Kit is designed for
printed-circuit board repair work.
The Kit consists of a S-ounce no-spill
squeeze bottle of Micro Bond No.
200 cyanoacrylate adhesive, a Teflon
applicator needle and a Micro Bond
activator pen. It provides fast, reli-
able wire tacking and component
bonding to pc boards to produce a

12 / MODERN ELECTRONICS / November 1987
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low PCB proflle that prevents dam-
age due to sagging wires or loose
components. Each Micro Bond Kit
contains enough adhesive for 800 to
1,000 drops or ‘‘tacks.”’

CIRCLE 64 ON FREE INFORMATION CARD

Compact Radar Detector

Regency Electronics’ new Informer
RD-2 compact dual-superhetero-
dyne X/K-band radar detector mea-
sures only 4'¥%,"D X 3%,"W X

Say You Saw It In Modern Electronics
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1% "H but offers a full range of fea-
tures and performance. It provides
drivers with three distinct warning
signals when a radar signal is de-
tected: an indicator that lights, an at-
tention-getting audio tone and a
LED field-strength meter that shows
the relative strength of the detected
radar signal. The detector is designed
for accurate, reliable long-range re-
ception on X-band signals on 10.525
GHz and K-band signals on 24.150
GHz. Discrete logic circuitry is said
to eliminate false triggering from in-
terfering signals from nearby micro-
wave relay stations, radar garage
door openers, aircraft radar, etc. A
single power switch/volume control
turns on the detector and adjusts the
volume of the warning tone.

A highway/city switch lets the
driver select unfiltered sensitivity for
highway travel or filtered sensitivity
for urban travel. In the ‘‘highway”’
position, a ‘‘highway’’ indicator
lights to alert the driver.

The radar detector comes with a
power cord that plugs into a dash-
board cigarette lighter receptacle and
a universal mounting bracket. The
easily installed detector can be
mounted on a sun visor or on a dash-
board. $159.95.

CIRCLE 65 ON FREE INFORMATION CARD

poser, a software package for musi-
cal composition and a Juke Box song
selection program. The half-size Mu-
sic Synthesizer Card allows the user
to create and play back up to six me-
lodic and five percussive instruments
simultaneously, allowing a computer
to perform as a single musical instru-
ment or a complete orchestra. A
headphone jack, an amplifier cap-
able of driving a small bookshelf
speaker and a built-in volume con-
trol are provided.

Visual Composer enables users
with no prior musical knowledge to

a1 =5 g
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[

Digital Power/VSWR Meter

The new Model DC1500A Coline
TPI digital power/VSWR meter
from Test Probes, Inc. (La Jolla,
CA) displays true rms power and
VSWR on a 0.5-inch digital numeric
LCD display. Frequency coverage is

PC Music System

New from Ad Lib Inc. (Boston, MA)
is the Ad Lib Personal Computer
System™ for the IBM PC/XT/AT
and compatibles that provides in-
strument-like sound for music train-
ing, composition and playback. It
consists of the Ad Lib Music Synthe-
sizer Card, the Ad Lib Visual Com-

create, play back and modify their
own musical compositions. Music is
composed by selecting an instrument
and drawing a line across the screen.
Volume, tempo, pitch and instru-
ment features on each track or for
any note within a track can be
changed. Visual Composer comes
with a variety of preprogrammed in-
strument sounds (drums, flutes, pia-
nos and horns) and accepts mono-
phonic MIDI input for voice-by-
voice editing.

Juke Box enables the user to hear
preprogrammed compositions or
compasitions created with Visual
Composer. It features a juke box
graphic interface with a turntable
that spins while music is being
played.

Included in the package is Compo-
sition Projects #1, a basic guide to
composing music. $245.

CIRCLE 66 ON FREE INFORMATION CARD

continuous from dc¢ to 1,500 MHz
(1.5 GHz) without the need for plug-
in elements. Power measurements
are possible up to 100 watts CW or
200 watts with 50-percent duty cycle,
with a resolution of 100 milliwatts.
VSWR differences of 0.1 are detect-
able and are displayed over a range
of 1:00 to 99:1. An internal 9-volt
battery powers the 2.5-pound meter
for up to a year. $785.
CIRCLE 67 ON FREE INFORMATION CARD

Digital Sound Converter

Covox’s “‘Speech Thing’’ is a full-
featured digital sound converter that
attaches to the parallel printer port
of an IBM PC or compatible com-
puter, where it is said to generate

high-quality speech, sound effects

and music. The computer’s system
unit need not be opened to install the
Speech Thing, and normal printer
operation is not affected. Supplied
with the product is an audio ampli-
fier with built-in speaker and head-
phone jack, software and manual.
Software consists of a resident
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NEW PRODUCTS ..

talking appointment calendar, Eng-
lish/Spanish talking calculator, talk-
ing game demonstration, music sam-
pler keyboard, graphics-based sound
editor, special-effects control panel,
and several prerecorded vocabular-
ies suitable for inclusion in user-writ-
ten programs. Also included is
““Smooth Talker,”’ a text-to-speech
synthesizer licensed from First Byte.
$69.95.

CIRCLE 68 ON FREE INFORMATION CARD

Portable 256K /64K
DRAM Tester

Ramcheck from Innoventions, Inc.
(Houston, TX) is said to be the first
low-cost device that tests and identi-
fies standard 256K and 64K dynamic
RAM memory chips. This portable
instrument uses a powerful proces-
sor to provide fast testing of an entire
256K DRAM within 2.35 seconds.

A

4

Designer VCRs

Panasonic’s new PV-2700 series is a
new line of ‘‘designer’> VHS video-
cassette recorders that are designed
to complement almost any decor.
Rounded contours are claimed to
soften the presence of the recorder,
while cabinets come in dusty rose,
ivory and black with gold and silver
accents. Complementing the VCRs
are the 14-function wireless remote
controllers that have rounded lines
for better ‘“feel”’ in the hand and
colors that match the VCR cabinets.

On a more technical plane, the se-
ries offers 100-channel cable-com-
patible tuners, high-speed search (at
17-times normal speed in SLP) and
automatic power functions. A search-
lock feature eliminates the need for
the user to continuously hold the
controller during scan. Automatic
power operations include: automatic
power-on when a cassette is inserted
into the front-loading bay; automat-
ic rewind; automatic eject; and auto-
matic power off.

CIRCLE 70 ON FREE INFORMATION CARD

Chips to be tested plug into a ZIF
(zero-insertion-force) socket to elim-
inate plug/unplug damage to the
chip. Only two switches are provid-
ed. One turns on and off power to
the instrument, while the other initi-
ates the testing sequence. A seven-
segment numeric LED display gives
fast go/no-go indications, as well as
automatic identification of the chip
under test. Automatic current limit-
ers prevent damage to a chip that is
accidentally plugged into the ZIF
socket the wrong way.

Ramcheck measures just 5.75" X
3.5” x 1.12” and weighs less than 1
pound, including its plug-in ac pow-
er supply. $199.

CIRCLE 69 ON FREE INFORMATION CARD

Logic Analyzer/Storage Scope
Analog Pod

New from Bitwise Designs, Inc.
(Troy, NY) is the Analog Pod that
enhances the company’s Logic-20
family of PC-based logic analyzers.
The pod enables simultaneous analy-
sis of both analog and digital signals
in the same circuit to provide a logic
analyzer and digital storage scope ca-
pability on one board inside an IBM
PC or compatible computer. Fea-
tures of the Analog Pod that widen
the variety of applications for the
Logic-20 Series include: analysis of
power supply, transmission line and
other noise phenomena in digital sys-
tems; debugging data-acquisition
and control systems; and monitoring
high-speed communication signals.
The Analog Pod replaces the stan-
dard eight-channel digital input pod
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to provide seven bits of resolution
for analog and one bit for digital
data. (The 16-channel logic analyz-
ers can use up to two pods to obtain
two analog and two digital inputs.)
Either synchronous or asynchronous
sampling can be performed at rates
up to 20 MHz. Input voltage ranges
are software selectable with a maxi-
mum resolution of 20 mV. $295.

CIRCLE 71 ON FREE INFORMATION CARD

(Continued on page 91)
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Project

Frequency-Counter Adapter
for Digital Multimeters

Adapter enables almost any waveform up to

I MHZ to be read accurately on a DVM or DMM

By Crady VonPawlak

irtually everyone involved in
electronics today owns a
digital voltmeter or multi-

meter. A significant portion of these
people would also like to, but do not
yet, have a frequency counter. This
project can change all this. 1 will
show you how to build an inexpen-
sive, handheld adapter that can pro-
vide accurate frequency measure-
ments when plugged into either a
DMM or DVM.

The basic adapter is actually a
voltage-to-frequency converter. It
enables the user to directly read fre-
quencies from 1 Hzto 100 kHz on a
DMM. In addition, if you want to
accurately measure frequencies up to
1 MHz, you can add an optional sub-
assembly that both conditions the in-
put signal as well as divides it by any
number from 2 to 10 to bring it with-
in the range of the converter.

Our F/V converter is a relatively
simple device built around a univer-
sal voltage-to-frequency/frequency-
to-voltage chip from Teledyne Semi-
conductor. It is about the size of a
hand-held DMM and is battery pow-
ered for portability. Best of all, you
can build it for a fraction of what
you would have to pay for a full-
blown frequency counter. To pro-
vide maximum reading accuracy, the
converter accessory should be used

with a DMM that has a display with
at least 3%z digits. Input sensitivity is
about +200 millivolts to =+ 15 volts
rms without modification.

About the Circuit

As Fig. 1 illustrates, the frequency
adapter circuit is really quite simple
in terms of component count. Al-
most all of the circuit’s complexity
is contained inside the Teledyne
9400C]J universal voltage-to-frequen-

16 / MODERN ELECTRONICS / November 1987

WWW.americanradiohistorv. com

¢y (V/F) converter chip, shown here
as Ul. This integrated circuit has a
guaranteed 0.05-percent linearity,
which makes it ideal for upgrading a
DVM (or DMM set to a low dc volt-
age range) to give the latter a fre-
quency-counting capability.

When used as shown in Fig. 1, the
9400C]J chip will accept virtually any
waveform shape throughout its 1-Hz
to 100-kHz counting range. The only
proviso is that a minimum 20-per-
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Fig. 1. Schematic diagram of frequency-to-voltage converter, including its split + 5-volt battery power supply.

cent duty cycle be maintained for the
input waveform. Because of this, the
9400C]J is well suited to measuring
the outputs from a wide variety of
oscillators and clock circuits.

Although the V/F converter can
function well with a single supply
voltage, use of a + 5-volt split supply
is much preferred because this ar-
rangement maintains tight accuracy
as delivery of the battery supply used
with the project drops to about 6.5
volts. Hence, a split supply increases
overall circuit stability and prolongs
battery life. Ideally, an 8-volt or so
nickel-cadmium battery supply could
be used with this circuit, along with a
simple charger circuit to restore the
charge on the battery as needed.

In the Fig. 1 circuit, the positive
rail of the power supply is main-
tained at +35 volts with fixed

Say You Saw It In Modern Electronics

+ 5-volt regulator U3. The negative
rail of the supply is obtained by feed-
ing the + 5-volt output from U3 into
voltage inverter U2. This arrange-
ment yields a well-regulated split
supply from one 9-volt battery.

The 9400CJ F/V converter is
unique in that it generates an input
voltage that is linearly proportional
to the input frequency. That is,
whatever numbers appear in the dis-
play of the dc voltmeter with which it
is used will be the absolute numeric
value of the waveform being count-
ed, though you will have to mentally
multiply the reading by some conve-
nient figure (xX1K on Range 1,
x 10K on Range 2 or x 100K on
Range 3 for the arrangement shown
in Fig. 1). Consequently, if switch S2
is set to range 1 and the meter dis-
plays 1.234 volts, the measured fre-

quency would be 1.234 x 1,000, or
1,234 Hz. If S2 is set to Range 2 or
Range 3 and the voltage displayed on
the meter remained the same, the ac-
tual frequency would be multiplied
by 10,000 (Range 2) or 100,000
(Range 3) to yield 12,340 or 123,400
Hz, respectively.

Shownin Fig. 2 are the internal de-
tails of the 9400CJ chip. In opera-
tion, each time the waveform applied
to the input of the chip passes
through zero at the comparator’s
noninverting (+) input, reference
capacitor Cref charges to the refer-
ence voltage. This charge is applied
to integrating resistor Rjpt to pro-
duce voltage pulses at the output of
the amplifier. Integrating capacitor
Cint across Rijpt averages these
pulses into a dc voltage that is linear-
ly proportional to the input frequen-

T T T T ———r} & e P R T T T e e T T S e e
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PARTS LIST (Converter)

Semiconductors

CR1—1N4148 or similar switching di-
ode

CR2—Light-emitting diode

U1—9400CJ F/V and V/F converter
(Teledyne)

U2—ICL7660CPA
(Intersil)

U3—78L05 + 5-volt regulator (Nation-
al Semiconductor or Motorola)

Capacitors

C1,C2—220-pF, 6-volt ceramic

C3—47-pF ceramic

C4—1,500-pF polypropylene or poly-
ester

voltage inverter

ester

C6—160-pF polypropylene or poly-
ester

C7,C8—100-uF, 16-volt electrolytic

C9—0.1-uF, 25-volt tantalum

C10—1.0-uF Mylar

Resistors (V4 -watt, 5% tolerance)

R4,R5,R8—100,000 ohms

R7—4,700 ohms

R9—1,000 ohms

R10—51,000 ohms

R1—2-megohm, 15-turn cermet poten-
tiometer

R2—200,000-ohm, 15-turn cermet po-
tentiometer

R3—100,000-ohm, 15-turn cermet po-
tentiometer

R6—25,000-ohm, 15-turn cermet po-
tentiometer

Miscellaneous

B1—9-volt transistor or 8-volt Ni-Cd
battery (see text)

S1—Spst slide, toggle or push-on/
push-off switch

S2—2-pole, 3-position nonshorting ro-
tary switch (Radio Shack Cat. No.
275-1386 or similar)
Printed-circuit board; panel-mount
female BNC socket for input (Radio
Shack Cat. No. 278-105 or similar);
red and black banana jacks for out-
puts; 14- and 8-pin IC sockets; 9-volt
battery snap; suitable enclosure
(Pactec No. HP-9VB-002 or similar
—see text); pointer-type control
knob for S2; small-diameter coaxial
cable; LED mounting hardware or
cement; lettering Kkit; clear acrylic
spray; machine hardware; hookup
wire; solder; etc.

C5—1,000-pF polypropylene or poly- |

FREQUENCY INPUT -

L = 3 wICRD-
SECOND
s | DELAY

= 7| vrer
f Vref «a—
3
\—1‘ 2
2| oFFser
&% 3— / %m L om
L BIAS
1
: - Vout+
—BVout-

L
l

Fig. 2. Internal details of 9400CJ uni
voltage chip that does

cy. This can be expressed as: Vout =
Rint X Cref X Vyef X Frequency.
For our application, the ranges are as
follows:

Frequency Dc Output

In (Hz) (Volts)

Range 1 1.0 0.001
( x 1000) 500 0.500
1k 1.000

Range 2 10.0 0.001
( x 10K) Sk 0.500
10k 1.000

Range 3 100 0.001
(x 100K) 50k 0.500
100k 1.000

The F/V converter accessory con-
nects to the meter with which it is to
be used via the OUTPUT jacks shown
at the top-right in Fig. 1, with vOUT +
going to the meter’s ‘‘hot’’ input and
VOUT — going to the meter’s com-
mon or ground input. The waveform
whose frequency is to be measured is
coupled into the converter via the IN-
PUT jack shown at top-left in Fig. 1.

Greater versatility can be achieved
by adding the Fig. 3 circuit to the ba-
sic Fig. 1 converter circuit. The Fig. 3
circuit conditions the input signal
and gives the basic converter a high
sensitivity to low-level signals.

versal voltage-to-frequency/frequency-to-
all the work in this project.

The Fig. 3 circuit precedes the Fig.
1 circuit. In this circuit, CA3130
high-speed comparator Ul, with
hysteresis and adjustable threshold,
gives the front end of the converter
accessory a high sensitivity. Added
insurance is provided by overvoltage
diodes CRI and CR2.

CMOS decade counter/divider
U3, a CD4017BC integrated circuit,
has selectable outputs. By setting S/
to the appropriate position, the input
frequency can be divided down by a
factorof2,3,4,5,6,7,8,9%0r 10 be-
fore being coupled into the converter
accessory. This feature greatly en-
hances the accessory, allowing it to
measure frequencies to 1 MHz.

Note that this circuit has two out-
puts. The lower (DIVIDED) output
couples the signal to be measured to
the converter accessory after it has
gone through the entire condition-
ing/dividing arrangement. How-
ever, should only the comparator’s
conditioning and overvoltage pro-
tection be required, the upper (UN-
DIVIDED) output can be used instead.

CMOS hex Schmitt-trigger invert-
er U2, a CD14106BC device, serves
three purposes in the Fig. 3 circuit.
Firstly, it cleans up the output from

po——__ - @ _ - —_ ]
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Fig. 3. An optional input signal-conditioner/frequency-divider circuit that can be used to increase the performance

Ul to provide a glitch-free square
wave to the clock input of U3. Sec-
ondly, three inverters are connected
in parallel to provide sufficient drive
current to drive ‘‘signal present’’
light-emitting diodes LEDI and
LED?2, which give a visual indication
of the triggering action of UI. (Prop-
er triggering is indicated when both
LEDs are flashing or appear to be
continuously on.) Finally, the last in-
verter changes the polarity of the low
duty-cycle pulses from U3 into the
higher duty-cycle waveform required
by the converter accessory.

Ideally, the Fig. 3 circuit shouid
also be powered from a 9-volt bat-
tery. The only consideration here is
that the final output must remain at a
constant TTL level (switch between 0
and 5 volts) to insure compatibility
with a wide array of test equipment.
This is most easily accomplished

of the basic F/V converter.

PARTS LIST (conditioner/divider)

Semiconductors

- CR1,CR2—1N4148 switching diode

CR3,CR4—4.7-volt, 1-watt zener diode
LED1,LED2—Light-emitting diode

 (one red, one green)

U1—CA3130 high-speed comparator

U2—CD4106 hex inverter/buffer

U3—CD4017 decade counter/divider
with selectable outputs

Capacitors

C1—0.01-yF disc

C2—1.0-pF Mylar

Resistors (4 -watt, S% tolerance)

R1—33,000 ohms

R2—22,000 ohms

R3,R4—1 megohm

R5—4,700 ohms

R6—470,000 ohms

R8,R9—1,000 ohms

R10,R11—100,000 ohms

R7—10,000-ohm linear-taper, panel-
mount potentiometer

Miscellaneous

S1—10-position, nonshorting rotary
switch
Printed-circuit board; suitable enclo-
sure (see text); sockets for ICs; three
chassis-mount female BNC connec-
tors; small-diameter coaxial cable;
machine hardware; hookup wire;
solder; etc.

with the zener diodes that immedi-
ately precede both outputs.

Construction

Though it is possible to assemble the

basic converter using just about any
traditional wiring technique, use of a
printed-circuit board is highly rec-
ommended to ensure operating sta-
bility and minimize noise. Fabricate

e
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Fig. 4. Actual-size etching-and-drilling guide for F/V

converter circuit.

a pc board using the actual-size etch-
ing-and-drilling guide shown in Fig. 4.

After etching, drilling and trim-
ming to size the board, wire it exactly
as shown in Fig. 5. Begin populating
the board by installing and soldering
into place the DIP sockets for Ul
and U2. If you wish, you can also use
a transistor socket for U3, though it
would probably be easier and better
to simply plug the leads of this IC in-
to the U3 holes in the board, solder
them to the copper pads and trim off
excess length.

Continue populating the board by
installing and soldering into place
first the resistors and 15-turn trim-
mer potentiometers. Then proceed
with the capacitors and diode. Make
sure C7, C8 and C9 are properly po-
larized and CR/! is properly oriented
before soldering their leads to the
copper pads.

Install U2 in its socket (make sure
no pins overhang the socket or fold
under between IC and socket) and ei-
ther install U3 directly on the board
or trim its leads to about 2" in
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length and plug them into the transis-
tor socket. Do not install Ul in its
socket at this time.

Install and solder into place a
short wire jumper in the location in-
dicated by JI in Fig. 5. Use either a
cut-off resistor or capacitor lead or a
bare solid hookup wire.

Now prepare 12 5" lengths of
stranded hookup wire by removing
about Y " of insulation from both
ends. Tightly twist together the fine
wires at both ends of all wires and
sparingly tin with solder. Plug one
end of these wires into the POS and
NEG OUTPUT and St holes (four
wires) and solder them to the pads on
the bottom of the board. Similarly,
plug the remaining eight wires into
the holes labeled A through H and
solder them into place.

Trim 3 ” of outer insulation from
both ends of a 5” length of small-di-
ameter shielded cable. Separate or
peel the shield back to the insulation
at both ends. Then trim % " of insu-
lation from the inner conductor at
both ends. Tightly twist together the

20 / MODERN ELECTRONICS / November 1987
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Fig. 5. Wiring guide for F/V converter pc board.

fine wires of the inner conductor and
lightly tin with solder. If your cable
has a wire-mesh shield, do the same
for the fine wires that make it up.
Plug the inner conductor and shield
at one end of the cable into the holes
labeled INPUT POS and NEG, respec-
tively, and solder them into place.
When you are finished, there should
be two holes, labeled PLUS9V and the
GND near it that are unoccupied.

If you decide to incorporate the
optional Fig. 3 conditioner/divider
circuit in your project, assemble it
now. As with the F/V converter as-
sembly, the recommended wiring
medium for the Fig. 3 circuit is a
printed-circuit board, the actual-size
etching-and-drilling guide (the same

'size as that for the basic converter as-

sembly) for which is shown in Fig. 6.
Once you have fabricated the board,
refer to Fig. 7 and mount the three
DIP IC sockets—not the ICs them-
selves—in the indicated locations.
Then install the two switching and
two zener diodes in their respective
locations, taking care to properly
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orient them before soldering their
leads to the copper pads. This done,
install and solder into place the capa-
citors and fixed resistors.

Trim to about 5 "length 17 hookup
wires and strip from both ends ¥4 " of
insulation. Install and solder into
place one end of each of these wires
in the holes labeled F/2 through F10,
S1ROTOR, R7 and LEDI1. Then prepare
three 5” lengths of small-diameter
coaxial cable as described above for
the converter assembly. Plug one end
of one of these cables into the board
holes labeled INPUT with the center
conductor in the + and shield in the
GND holes and solder into place. Re-
peat with the other two cables for the
UN-DIV and DIV and their nearby
GND holes.

Note that the Parts List that ac-
companies Fig. 1 calls for a PacTec
project box to serve as the enclosure
for the basic converter accessory.
This type of box was selected for the
prototype because it has a battery
compartment that is large enough to
accommodate a 9-volt battery. The

Say You Saw It In Modern Electronics

Fig. 7. Wiring

compartment has its own separate
slide-off cover that eliminates having
to remove screws to open the box
whenever the battery has to be re-
placed. If you prefer, you can substi-
tute any other box that is large
enough to accommodate the circuit-
boarc¢ assembly and battery in its
holder and has enough panel room
on which to mount the power and
range selector switches, BNC INPUT
jack and OUTPUT banana jacks with-
out interference.

If you are planning to build the op-
tional signal-conditioner/divider as-
sembly into the same enclosure with
the basic F/V converter, plan on us-
ing a larger box. Though the two cir-
cuit-board assemblies are the same
size and can be stacked to obtain a
compact project, the extra switches,
panel-mount potentiometer and two
LEDs, along with their legends, will
require much more layout area on
the panel.

When building just the basic F/V
converter, it is a good idea to mount
the BNC INPUT connector at the top

diagram for conditioner/divider board.

of the box, as shown in the lead pho-
to. You can then mount the rotary
RANGE switch on the front panel
with the OUTPUT banana jacks
spaced well away from it. Machine
the enclosure as necessary to facili-
tate circuit-board assembly and com-
ponent mounting.

Start final assembly by twisting to-
gether the fine wires of each of the
battery snap’s conductors and lightly
tin with solder. Now, assuming you
are using the specified PacTec box,
feed the free ends of the battery snap
connector’s conductors through the
slot in the battery compartment and
plug them into the two unoccupied
component holes in the converter
board, red to the PLUS 9V hole and
black to the GND hole. Solder both
connections securely into place.

If you choose a different type of
enclosure, one that does not have
a separate battery compartment,
mount the battery in a clip inside the
enclosure proper. (In this event, you
might want to substitute a nickel-
cadmium battery in place of the stan-

—
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Fig. 8. Switching arrangement permits internal selection of divided or un-divid-
ed signal to be fed from output of conditioner/divider into input of F/V con-

verter and eliminates three BNC connectors.

dard non-rechargeable 9-volt tran-
sistor battery and incorporate into
the project a simple recharging cir-
cuit. If you go this route, be sure to
include a jack into which the re-
charging source can plug.)

Once the circuit-board assembly is
mounted, mount the BNC connec-
tor, banana jacks and the rotary and
toggle or slide switches in their re-
spective holes. Make the nut on the
switch only finger tight. Place a knob
on the shaft of the rotary switch and
rotate it through each of its three po-
sitions and note where the knob’s
pointer is aimed for each position. If
necessary, readjust the orientation
of the switch so that the knob’s
pointer stops at locations as shown in
the lead photo. Securely tighten the
nut, without allowing the switch to
move as you do so.

Connect and solder the center con-
ductor at the free end of the coaxial
cable to the center contact of the
BNC connector. Then connect and
solder the shield to the connector’s
ground lug. Next, connect and solder
the free end of OUTPUT POS wire to
the red banana jack and the OUTPUT
NEG wire to the black banana jack.
Finally, connect and solder the free
ends of the remaining wires to the ro-
tary switch, referring back to Figs. 1
and 5 for details.

Snap a 9-volt battery into its con-
nector and set the POWER switch to
ON. Use a meter to measure the volt-
ages at the pins of UI’s socket. With
the meter’s common lead connected
to circuit ground (pin 6 of Ul), you

should obtain the following read-
ings: + 5 volts at pin 14 and — 5 volts
at pins 1, 4, 7 and 11. If everything
checks out this far, set the POWER
switch to off. Plug Ul into its socket
(observe orientation), making sure
that no pins overhang the socket or
fold under between IC and socket.

After assembling the project, label
its connectors, range switch and
power switch with appropriate leg-
ends. The lead photo gives one sug-
gested way of arranging the legends
for the basic F/V converter accessory.

Assuming you have decided to
build the optional signal-condition-
er/frequency-divider circuit shown
in Fig. 3 proceed as follows. First
prepare a printed-circuit board on
which to mount its components, us-
ing the actual-size etching-and-drill-
ing guide shown in Fig. 6. When the
board is ready, mount DIP sockets in
the U1, U2 and U3 locations shown in
the Fig. 7 wiring diagram. Do not in-
stall the ICs themselves in the sockets
at this time.

Plug into the appropriate holes
and solder into place the leads of the
fixed resistors and the two capaci-
tors. Then do the same for the switch-
ing and zener diodes, making sure to
properly orient them before solder-
ing their leads into place.

Now strip ¥ ” of insulation from
both ends of 17 5" lengths of hookup
wire. Plug one end of 10 of these
wires into the holes labeled S1 ROTOR
and F/2 through F/10 and solder into
place. Plug one end of three more
wires into the holes labeled R7 and

solder them into place. Do the same
with four more wires and the holes
labeled LED1 and LED2.

Prepare both ends of three §”
lengths of small-diameter coaxial ca-
bles by removing % ” of outer insula-
tion, peeling or separating the shields
back to the insulation cut-off points
and stripping % ” of insulation from
the inner conductors. Tightly twist
together the fine wires of the inner
conductors (and the shield wires if
they are mesh) and sparingly tin with
solder. Then plug one end of one of
these cables into the holes labeled IN-
PUT + (inner conductor) and nearby
GND (shield). Repeat with the re-
maining two cables and the UN-DI-
VIDED + and DIVIDED + OUTPUT
holes and their nearby ground holes.

Tightly twist together the fine
wires at the free ends of the battery
snap connector and sparingly tin
with solder. Plug the free ends of the
wires into the holes labeled B1+
(red-insulated wire) and B1 — (black-
insulated wire) and solder them into
place. This assumes you plan to pow-
er the optional conditioner/divider
from a separate 9-volt battery. If you
plan to use the same battery that
powers the basic F/V converter, use
hookup wires to bridge from the
Bl + and Bl — pads on the optional
board to the converter board.

Having wired the conditioner/di-
vider circuit board, you are ready to
mount it inside its enclosure. For the
stand-alone version, use an enclo-
sure that is large enough to accom-
modate the circuit-board assembly
and a 9-volt battery clip without
crowding and has enough panel
space for the POWER and DIVISION
SELECT switches, two LEDs, THRES-
HOLD control and whatever INPUT
and OUTPUT connectors you decide
to use. All connectors should be fe-
male BNC types, and all switches, if
possible, should be miniature types
to conserve space so that the project
can be made as compact as possible.

Machine the box as needed and
then mount the circuit board assem-
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bly. Mount the switches, LEDs and
connectors in their respective loca-
tions. When you plan your layout,
make sure the rotary switches in both
modules do not interfere with each
other. Also, if you are using a sepa-
rate 9-volt transistor (or recharge-
able Ni-Cd) battery for each circuit
board, it is more convenient to use a
dpdt slide or toggle switch to power
up and down both circuits simultane-
ously, rather than separate spst
switches for each.

Make the DIVISION SELECT switch
only finger tight. Place a knob onthe
shaft of this switch. Rotate the knob
and note where the pointer stops for
each position. If necessary, adjust
the orientation of the switch for bal-
anced positioning and then tighten
the mounting nut.

Referring to Figs. 3 and 8, wire the
free ends of the SI ROTOR and F/2
through F/10 wires to the appropriate
switch lugs. Next, connect and solder
the free ends of the S2 wires to the
POWER switch. Then, taking care to
observe proper polarity, wire the
LEDs into the circuit, using the free
ends of the appropriate wires on the
board to make the connections. Fi-
nally, connect and solder the free
ends of the three coaxial cables to the
INPUT and OUTPUT BNC connectors,
center conductors to center contacts
and shields to ground lugs.

You can simplify operation of the
combined instrument with an UN-DI-
VIDED/DIVIDED switch that replaces
the ouTPUT BNC connectors indi-
cated in Fig. 3 to let you select only
signal conditioning (UN-DIVIDED) or
both conditioning and division
(DIVIDED). Wire this switch as shown
in Fig. 8. The original INPUT BNC
connector now becomes the INPUT
connector for the conditioner/divid-
er module and, thus, the entire acces-
sory. Making this modification elim-
inates three BNC connectors. It also
saves your the task of having to plug
and unplug cables to bridge modules
and select different outputs.

Another modification you might
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Fig. 9. By adding yet another switch and separate switched battery supply, you
can choose between signal conditioning/frequency division and F/V conversion
or just conditioning/division for other instruments.

wish to incorporate, illustrated in
Fig. 9, makes it possible to use the
signal conditioner/frequency divider
as a stand-alone unit to condition
(and divide) waveforms that might
not otherwise reliably trigger a logic
probe or other digital instrument. In
this case, you should use separate
battery supplies and POWER switches
for each subassembly and install a fe-
male BNC connector after the UN-DI-
VIDED/DIVIDED switch just discussed
followed by a second switch that al-
lows you to route the output of the

Interior view of assembled basic converter project inside PacTec box that has

conditioner/divider to either the new
BNC connector or the input of the
F/V converter.

When you want to use only the
conditioner/divider, you set the just
installed CONDITION/COUNT switch
to CONDITION, select either the UN-
DIVIDED or UNDIVIDED function
with the previous switch, and flip on
only the conditioner/divider’s POW-
ER switch. Now you simply connect
the signal source to the INPUT con-

(Continued on page 87)

separate outside-access battery compartment.
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Technology

Choosing Op Amps
For Specific Applications

Examining the important specifications for making
intelligent choices of what operational amplifier to
use in a given application

By C.R. Fischer

T here can be little doubt that
the popular operational am-
plifier—or op amp, for short
—has become one of the most im-
portant integrated-circuit devices in
analog electronics over the past 15
years or more. The incredible versa-
tility of this device has greatly simpli-
fied the design and building tasks of
analog circuits for both hobbyists/
experimenters and professional
manufacturer alike. Even so, confu-
sion can reign when it comes time to
make a choice of a specific device

from among literally dozens of dif-
ferent types of op amps available to
suit the needs of a specific circuit de-
sign. Faced with a confusing variety
of op amp types, many experiment-
ers simply choose traditional favor-
ites and, in so doing, frequently lose
out on what newer IC op amps have
to offer.

While you don’t have to fully un-
derstand the technical details of what
goes on inside an op amp chip to
make use of this device in your proj-
ects, it’s helpful to have some idea of
why such a variety of op amps exist.
If you’d like to design circuits for fun
or profit, this knowledge can save
you a lot of time and trouble in the

long run. Toward this end, let’s look
at some of the parameters used in
specifying op amps and compare
some of the strong and weak points
of a dozen commonly used devices.
Then we’ll follow up with some tips
on choosing an op amp by specific
application.

A Matter of Versatility

The major reason why so many dif-
ferent types of op amps are available
is the tremendous versatility of this
device. In addition to providing am-
plification, the op amp can be used
as a buffer, a filter, a comparator
and a lot of other electronic ele-
ments. The op amp also does a lot

Typical Specifications For Popular Experimenter Op Amps

741 1458 LM324 LM301 LM308 LM318 TL071 LM351 AD712 NES5534 4136 OP.42E

current (mA)

low-noise devices.

(dual) (quad) (dual) (quad)
Input impedance/ 2M IM aM 2M 40M M 1012 1012 1012 100k M 1012
resistance (ohms)
Slew rate (V/us) 0.5 0.5 0.5 0.5 0.3 50 13 13 13 13 1 50
Unity-gain band- 1.5M IM M IM M 15M M 4M M 10M M 10M
width (Hz)
CMRR (dB) 90 90 70 90 100 100 86 100 66 100 90 98
PSR (dB) 96 96 100 96 96 80 86 100 86 10 30uV/V 9
Offset voltage (mV) 2 1 2 2 2 4 3 10 0.25 0.5 10 0.4
Noise voltage * * * * 60 15 18 16 18 4 10 13
(nV/Hz)
Average quiescent 1.7 3.0 1.5 18 0.3 5 1.4 1.8 5 4 7 5.1

* Accurate noise data is not available for some earlier op amps, but it is safe to assume that none of these ICs should be used in applications that require
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with very little, namely two differen-
tial inputs, an output and very high
gain. To control the amount of gain,
a portion of the op amp’s output can
be fed back to its inverting (—) in-
put. By shaping the frequency re-
sponse of the feedback signal, you
can control the frequency response
of the amplifier for active filtering
and other applications.

Originally, the op amp was created
to process dc voltages because early
amplifiers suffered from high levels
of noise and a limited bandwidth
that made them useless in ac circuit-
ry. As time passed, though, custom-
er demand and constant competition
forced improvements to the point
where, today, op amps can be found
in top-of-the-line audio and video
equipment where wide bandwidth
and low noise are of paramount im-
portance.

In spite of all of the upgrading that
has occurred in op-amp technology,
things are still far from perfect. Even
today, we must make compromises
in performance to achieve the near-
ideal in specific areas. For example,
you can get a higher input impedance
from an op-amp circuit in exchange
for increased offset voltage; or you
can reduce the offset by using expen-
sive laser-trimmed resistors inside
the chip; or put up with more noise to
obtain greater speed; and so on.
Needless to say, even though the cur-
rent state of tlie technology is much
greater than it was back in the days
when op amps first emerged, you still
have to choose the op-amp type that
best suits the needs of your circuit de-
sign. If you make the wrong choice,
the op amp will seriously degrade cir-
cuit performance.

If you know exactly what kind of
performance you want from a circuit
to be built around op amps, you'll
find it much easier to trade off unim-
portant parameters to enhance those
that are important. With careful
thought to judicious tradeoffs and a
bit of design experience, you'll find
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Fig. 1. These curvesshow how a train

of varying width 10-volt pulses ap-

plied to the input of an imaginary

ampilifier (upper) emerge distorted at

the amplifier’s output (lower) as a re-
sult of slew-rate effects.

using integrated-circuit operational
amplifiers a definite plus in solving
analog circuit design problems.

Some Important Parameters

A glance at a typical specifications
sheet will give you an idea of what
parameters are important in choos-
ing an 1C op amp for a given applica-
tion. A typical data sheet will list
more than 25 parameters. Some are
closely related to each other, while
others are important only to a small
minority of users of the device. The
table shown elsewhere in this article
charts the specifications you’ll find
important in your design work for a
dozen popular IC op amps. Let’s
look at the most common op-amp
specifications listed in this table and
discuss op amps in terms of their typ-
ical characteristics:

e Supply Current. This is the quies-
cent current required by an op amp
in a no-load condition. Op amp tech-
nology has been optimized to the
point that recent op amps can work
on minuscule amounts of current
(Precision Monolithics’ new OP-90
has a typical supply current rating of
only 20 microamperes). Low current
drain is most advantageous in bat-
tery-powered circuitry, but it can be

important in line-powered equip-
ment as well.

Most op amps have fixed current

demands. Others, like National
Semiconductor’s LM346, however,
include a biasing input that allows
the user to change the supply current
from some optimum to obtain more
optimal results in other parameter
areas.
o Offset Voltage. All op amps have
an offset—or error—voltage that
cannot be differentiated from an in-
put signal. An offset is usually im-
portant in dc circuitry, as capacitive
coupling will remove offsets in ac cir-
cuits. What can make offset voltages
especially troublesome is that they
can drift with variations in tempera-
ture and supply voltage.

Offsets in op amps can vary from
10 mV or more in early versions to a
more reasonable 2 mV in a garden-
variety 741 to 25 pV maximum in
Precision Monolithics’ OP-07. A
new family of op amps that use chop-
per-stabilization techniques reduces
the offsets even more. While almost
every manufacturer has premium-
grade op amps that are chosen for
minimal offset, these devices are dif-
ficult to find through the normal ex-
perimenter sale channels and even
when they are located are usually
prohibitively expensive. If minimal
offset and cost are both important,
remember that most single op-amp
ICs have pins that allow you to trim
out offsets when necessary.

Input Impedance. Many applica-
tions (like buffer, timer and sample/
hold circuits) require an ultra-higi,
impedance input to achieve optimal
performance. While an ideal op amp
has an infinitely high input impe-
dance, real-life devices fall far short
of the mark. The old standard 741 op
amp, for example, had an impedance
of roughly 106 ohms, which is con-
siderably less than the input impe-
dance of the typical FET or vacuum-
tube amplifier. JFET and CMOS op
amps fare much better in this depart-
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ment, with common IC op amps like
the LM351 and TLO81 weighing in in
the 1012-ohm range.

Using op amps with high input im-
pedances lets you shave your parts
cost and reduce real estate re-
quirements because they allow you
to use large-value resistors with
small-value capacitors (larger-value
capacitors cost a lot more and con-
sume a lot more circuit space than do
smaller-value ones) in time-constant
networks.

e Slew Rate. All amplifiers, includ-
ing op amps, have an upper frequen-
cy-response limit. Input signals ap-
proaching this limit will be attenuat-
ed and distorted by the op amp. The
time that it takes for an amplifier’s
output to respond to an input signal
is known as the ‘‘slew rate,’’ which is
usually specified in volts per micro-
second. In Fig. 1, a 10-volt pulse is
applied to the input of an imaginary
op amp. When the amplifier sees this
pulse, it begins creeping toward 10
volts. If the input signal lasts long
enough, the output eventually
reaches 10 volts—but the input and
output signals hardly resemble each
other! Shorter pulses can be com-
pletely swallowed up by a slow am-
plifier.

Slew rates of common IC op amps
range from a weak 0.5 V/us for the
741 op amp to 50 V/us and up for the
LM318. Slew rate is especially criti-
cal whenever high speed or/and low
distortion are needed.
¢ Unity-Gain Bandwidth. This pa-
rameter specifies the highest fre-
quency that an amplifier will pass at
a gain of 1 (unity) without suffering
attenuation in the amplification pro-
cess. Unity-gain bandwidth, related
to slew rate, can be confusing. For
example, the unity-gain bandwidth
of a common 741 is 1.5 MHz, which
on the surface appears to make this
op amp a great choice for audio and
other low-frequency applications.
But remember that most op amp ap-
plications require greater than unity

In>—o—u«1

Fig. 2. An op amp used in a buffer
arrangement.

gain. As the gain of an op amp is
raised, bandwidth drops according-
ly. A gain of 10 will reduce the 741’s
bandwidth to 150 kHz, a gain of 100
reduces the bandwidth to 15 kHz,
and so on. All of a sudden, the 741
isn’t quite as great a low-frequency
amplifier as you first thought. Con-
sequently, it’s a good idea to keep the
gains and frequency responses of
your circuits in mind when you select
op amps.

e Common-Mode Rejection Ratio
(CMRR). In an ideal op amp, a sig-
nal applied to both the noninverting
(+) and inverting (—) inputs simul-
taneously will be completely can-
celed out within the device as a result
of the differential action of the in-
puts. The inability of a real op amp
to do this is known as its ‘‘common-
mode rejection ratio.”” CMRR spells
out the amplifier’s performance in
canceling out a common-mode in-
put. It is usually expressed in decibels
(dB), with a higher figure considered
to be better.

v —1Dr
v, —

If V,>V,, outputis at V+
If V2 < V,, output is at V-

Out

Fig. 3. An op amp used in a typical
inverting amplifier arrangement is
shown in A. The arrangement shown
in B shows how, by adding a series of
input resistors to the original single
one, the same circuit can be used as a
summing amplifier.

® Supply-Voltage Rejection Ra-
tio.Though similar to CMRR, this
parameter differs from it in that it
expresses the ability of the op amp to
ignore fluctuations in supply volt-
ages (and keep them from showing
up in the output signal). While often
ignored in these days of regulated
power supplies, there are still a few
places where the supply-voltage re-
jection (or PSR for power-supply re-
jection) ratio can become a critical
factor, such as in circuits where off-
set voltages must be kept to a mini-
mum. In these situations, a change in
supply voltage can cause a shift in the
offset voltage. Another area is in
battery-powered circuits. Since a
battery’s output voltage drops over
its lifetime, changing supply voltages
can often affect operation in various
(and undesirable) ways. As with
CMRR, PSR is often specified in
decibels.

® Noise Level. Low noise is manda-
tory in professional audio and video
work. Hence, the choice of amplifi-
ers can have a large effect on the
noise levels in otherwise identical cir-
cuitry. Defining the various ways of
measuring noise in op amps is way
beyond the scope of this article.
However, acommon measurement is
noise voltage/«/Hz. A voltage/noise
figure of 10 nV/+/Hz is considered to
be excellent, and with a figure of 4
nV/+/Hz, the Signetics NE5334 is
considered to be the best among the
popularly used op amps.

Some Applications

Let us now see how the important
specifications we’ve detailed here af-
fect some of the most common uses
of the op amp itself. We’ll discuss ge-
neric uses here; so some of our
choices may not always be appropri-
ate for every situation. For example,
the buffer to be described could be
used to isolate a capacitor in a very
long-period timer, where an ultra-
high input impedance and low offset
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Choosing Op Amps ¢ee

voltages would be needed. In anoth-
er circuit, the same buffer might be
used as a high-fidelity audio pream-
plifier in which low noise and distor-
tion are of critical importance. In
each of our examples, the basic cir-
cuits may be the same, but the pa-
rameters of interest will change with
the end uses.

® Buffer (Fig. 2). Also known as a
voltage follower, the buffer is used
to isolate a high-impedance circuit
and drive other electronics from a
low-impedance source. In general, a
very high input impedance is a must
and low offsets and slew rate are de-
sirable. A couple of good op amp
choices here would be the CA3140
and LM308. The TL071 has a high
input impedance and good noise and
slew-rate figures that make it a good
candidate for audio electronics.

* Inverting Amplifier (Fig. 3A). This
circuit configuration has some very
different characteristics from those
of the common buffer. Due to feed-
back via Ry, input impedance, no
longer very high, is the same as R;,
which means that you will usually
not have to worry about the impe-
dance of your amplifier. Keep in
mind that slew rate can become im-
portant whenever high gains or/and
high frequencies are involved. It’s
also important to keep in mind that
noise and distortion are undesirable
in audio and video circuitry. Some
good op amp choices here include the
LM318, TLO70 and TLO8O series,
LM351 series and OP-7 series.

An inverting amplifier can be used
to mix multiple inputs in a special
configuration known as a ‘‘summing
amplifier”’ (Fig. 3B). Because the
output of the amplifier is the sum of
the input signals, slew rate becomes
more important with the op amp car-
rying a larger output signal.
® Active Filters. A very important
use for op amps is in active-filter cir-
cuits, where op amps are used to se-
lectively remove portions of an input
signal. This is a very broad range of
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N tb
R
L Gain = =
(A) = Ry

R
b

V2>—’WV—1R Out

2
v

1

L RF = Ry

(8) VOUT=V1 +V2--- +V

Fig. 4. The op amp is shown here
used as a comparator.

signal processing. Choice of the right
op amp for a given application de-
pends on the frequencies to be re-
moved as much as on the type of fil-
ter (low-pass, high-pass, bandpass,
etc.) being designed. As a general
rule, the selected op amp should not
degrade any signals you want to
come through the circuit. NE5334
and LM318 op amps work very well
for precision audio filtering, and the
reasonably priced and readily avail-
able TLO70 and LM350 series work
okay for general-purpose filtering.
® Comparators (Fig. 5). A large fam-
ily of ICs are designed to work spe-
cifically as comparators, though
many so-called ‘‘general-purpose’’
op amps will work just as well.
Sometimes a circuit will require sev-
eral amplifiers and comparators,
each of which can be made up of a
single-amplifier IC package. Fortu-
nately, there are a number of dual
and quad op-amp ICs on the market
that can be used to handle more am-
plifier functions in a much smaller
area (and at lower cost) than do the
single-amplifier devices.

In comparator applications, any

op amp with a good slew rate will
usually deliver good performance re-
sults. Even a slow op amp like the
popular 741 will work reasonably
well where speed isn’t a problem.
Sometimes, a high input impedance
can be desirable as well. Op amps
like the LM351 and TLO81 seem to
work fairly well as comparators.

With such a large variety of inte-
grated-circuit operational amplifiers
on the market, it’s virtually impossi-
ble to subjectively grade each one. It
would be hasty (and incorrect) to
rate one op amp as great and another
only passable or useless because
there are plenty of instances where a
mediocre op amp will do the job as
well as a super-hot performing op
amp. To use an expensive op amp in
an application that can just as easily
be fulfilled by a low-cost device is
economically foolish.

Integrated circuit technology, in-
cluding that of the operational am-
plifier, continues to improve by leaps
and bounds. It’s possible, therefore,
that today’s limits in op amps will be
forgotten in just a year or two as new
super-performing devices now on the
drawing boards become available in
the electronics parts marketplace.
The best advice, then, is to actually
use and experiment with the op amps
now available to become familiar
with their capabilities and deficien-
cies. With only a little experience in
experimenting with these devices,
you should have no trouble in select-
ing the one or more that suit any giv-
en application.

If you would like to learn more
about IC op amps, read Walter G.
Jung’s IC Op Amp Cookbook (How-
ard W. Sams, 1974); Robert A.
Witte’s ‘‘Using Op Amps’’ (Modern
Electronics, October 1985); and R.
Fleischman’s ‘‘Designing Active Fil-
ters’’ (Modern Electronics, June and
July 1986). The more you know
about op amps, the better prepared
you’ll be to match specific devices to
specific applications. ME
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Project

An Off-Hook Phone Alert

This device warns you when your telephone is off the
hook with an attention-getting external audible signal

By Peter A. Lovelock

n off-the-hook telephone
can cut you off from the
outside world. When the in-

strument is left off the hook for more
than 20 seconds, most telephone ex-
changes replace the normal dialtone
with a recorded message. If there is
still no response after an additional
20 seconds, an attention-getting sig-
nal composed of 1,400-, 2,026-,
2,450-, and 2,600-Hz frequencies,
pulsed at a 5-Hz rate, is placed on the
line for 50 seconds. This irritating
brew is known in the trade as ‘‘the
Howler.”” It’s delivered to the tele-

Say You Saw It In Modern Electronics

phone instrument’s earpiece at 0
dBm—the loudest signal that phone
company standards permit. If all this
fails to get your attention after a
minute or so, service on the line is
suspended! To restore service, you
must hang up the phone for about 10
seconds before dialing.

As most of us have experienced at
one time or another, the off-the-
hock phone message and subsequent
Howler often play to a person who’s
no longer within hearing range. By
the time one returns to the area
where the phone is located, the alert
signals have likely ceased. To avoid
being unaware of this problem, and
missing an important incoming

phone call, the Howler Alert project
to be described picks up where the
telephone left off. It plugs into the
telephone line and, when a Howler
signal is detected, waits until the
Howler signal from the tiny phone
earpiece ceases. At this point, it takes
over the Howler function by sound-
ing an attention-getting audible sig-
nal of its own.

About the Circuit

Figure 1 is a block diagram of the
Howler Alert. The telephone line is
coupled to two phase-locked-loop
(PLL) tone decoders, one of which is
tuned to 2,026 Hz and the other to
2,600 Hz. These frequencies were se-
lected because 1,400 Hz was just too
close to the 1,477-Hz dial tone the
telephone company puts on the line.
Using two frequencies was a com-
promise between circuit complexity/
cost and reliability. A single decoder
could have been used, of course, but
it is possible that some voice compo-
nent during normal conversation
might match the decoder frequency
and cause the alarm to activate. Twin
decoders reduce the possibility of
this ‘‘falsing’’ to a very small prob-
ability because the choice of the two

. frequencies occurring is very unlike-

ly in vocalization.

The telephone line is coupled to
the decoders through a balanced-to-
unbalanced RC network. This net-
work maintains a balanced interface
to the telephone line, provides a
high-pass characteristic that attenu-
ates by 40 dB the 20-Hz ring voltage
to prevent damage to the circuit, and
provides a means for varying the at-
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tenuation to set the project’s tones to
optimum input level.

Pulsed outputs from the decoders
are sent to a pulse gate that has a
pulsed output only when both decod-
ers simultaneously deliver pulses to
the inputs. The output pulses from
the pulse gate then trigger a 2-second
timer. The first pulse starts the tim-
ing cycle. Then each succeeding
pulse resets the timer so that it can-
not time out until the Howler input
from the telephone line ceases.

When input to the Howler Alert
ceases, the timer completes its time-
out sequence and sends a positive
pulse to the ““Alert’’ control. Upon
receipt of this pulse, the Alert con-
trol turns on the piezo buzzer and
keeps it on until the telephone is
hung up and the reset button on the
project is pressed and released. This
puts the Howler Alert in standby,
ready for the next occurrence of an
off-hook condition.

Shown in Fig. 2 is the complete
schematic diagram of the Howler
Alert, minus its plug-in dc power
supply. Notice that this arrangement
combines both analog and digital cir-
cuits to provide best performance
and minimum complexity.

Tone decoders ICI and IC2 are the
phase-locked loops that are tuned to
exact lock frequencies by 15-turn
trimmer potentiometers R5 and RS,

e = e ——— e

Fig. 1. Block diagram of Howler Alert.

respectively. When an appropriate
Howler frequency (2,026 or 2,600
Hz) is received the PLLs phase lock
so that the outputs at pin 8 drop from
the normal + 5 volts to near ground
potential. The pin 8 outputs of /C/
and IC2 separately go to the inputs
(at pin 8 for the IC1 output and pin 9
forthe IC2 output) of one of the four
NOR gates contained inside /C3.

Both inputs to the selected gate of
IC3 must be low (logic 0) to cause the
gate’s pin 10 output to go high (logic
1). Thus, both PLL filters must have
a tone-induced 0 output for the
gate’s output to go high.

A 555 timer (/C4) is used in this
circuit to produce a 2-second time
delay, which is set by the time con-
stant of R// and CI4. The capacitor
is normally in a fully charged condi-
tion, and the output of /C4 at pin 3 is
low. The first pulse at pin 10 of IC3
sends Q/ into conduction, causing
the transistor to discharge CI/4 and
sending pin 3 of IC4 high. Though
CI4 now starts to recharge through
R11, the next pulse from /C3 will dis-
charge the capacitor. Hence, while a
train of pulses is being received from
IC3, IC4 will be repeatedly reset,
preventing it from completing the 2-
second time-out cycle.

When the train of pulses stops (the
phone company removes the signal
from the telephone line), the timer
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circuit can and does complete its
charge cycle to cause pin 3 of IC4 to
be toggled low.

The logic drop at pin 3 of /C4 ap-
plies a short-duration negative-going
pulse to be coupled to one input of a
second gate in /C3 at pin 12, With the
other input (pin 13) of this gate tied
to ground, a positive pulse is generat-
ed at the gate’s output at pin 11. This
pulse toggles a flip-flop made up of
the remaining two gates in IC3 so
that the output of this arrangement
at pin 3 goes high. This turns on Q2.
With Q2 conducting, the power cir-
cuit to the piezoelectric buzzer in the
transistor’s collector circuit is com-
pleted and the buzzer sounds. The
buzzer will continue to sound until
the flip-flop is toggled off by a reset
signal that is applied to it by momen-
tarily closing pushbutton switch S1/.

It would have been convenient to
power the Howler Alert from the tel-
ephone line so that only one pair of
wires would have taken care of
everything. However, the 567 PLLs
used for ICI and IC2 and the 555
timer used for IC4 draw approxi-
mately 15 mA at § volts. This current
drain is great enough to cause inter-
ference with the phone loop-actuat-
ing current. Therefore, the project is
designed to draw its operating power
from the ac line. This is done with a
common plug-in d¢ power supply

Say You Saw It In Modern Electronics
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Fig. 2. Overall schematic diagram of project, minus its plug-in dc power supply.
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PARTS LIST

Semiconductors

IC1,IC2—LM567 tone decoder

1C3—4001 quad 2-input NOR gate

1C4—555 timer

1C5—7805 *5-volt regulator

Q1,Q2—2N2222 or similar npn silicon
transistor

Capacitors

C1,C2,C6,C11—0.1-yF, 50-volt disc

C3,C16—0.01-yF, 35-volt disc

C4,C9—2.2-yF, 35-volt tantalum

C5,C10—1-pF, 35-volt tantalum

C7,C12,C14—10-uF, 16-volt tantalum

C8,C13,C15,C17—0.1-uF, 35-volt tan-
alum

Resistors (Y4 -watt, 5% tolerance)

R1,R2—470 ohms

R4—4,700 ohms

R6,R9—22,000 ohms

R7—6,800 ohms

R10,R13,R14—3,300 ohms

R11—220,000 ohms

R12—470,000 ohms

R3—10,000-ohm trimmer potentiome-
ter (Radio Shack Cat. No. 271-333)

R5,R8—1,000-ohm, 15-turn trimmer

potentiometer (Radio Shack

Cat. No. 271-342 or similar)

Miscellaneous

S1—Spst normally open, momentary-
action pushbutton switch
Plug-in 9-volt dc, 25-mA transform-
er (Radio Shack Cat. No. 273-1435
or any other 9- to 30-volt dc plug in
power supply—optional; see text);
panel-mount power jack for plug-in
transformer; piezoelectric buzzer
Radio Shack Cat. No. 273-060);
printed-circuit board or perforated
board and suitable soldering or Wire
Wrap hardware; sockets for ICl1
through 1C4; suitable enclosure (Ra-
dio Shack Cat. No. 270-231 or simi-
lar4” x 2%" X %" project box); tele-
phone cord with modular connectors
at both ends (optional); spacers; ma-
chine hardware; hookup wire; solder;

etc.

Note: The following are available from
T.R. Associates, 3160 Glendon, Los An-
geles, CA 90034: Etched and drilled pc
board, $4.75; complete kit of parts ex-
cept power supply and optional items but
including pc board and project box,
$14.75. Add $1.50 P&H each order. Cali-
fornia residents, please add state sales tax.
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whose output goes to the input of
voltage regulator /C5. The power
supply used can have an output be-
tween 9 and 30 volts dc.

Construction

There is nothing critical about com-
ponent layout. Therefore, any tradi-
tional wiring method can be used to
assemble the circuit. Though a print-
ed-circuit board is recommended,
you can substitute for it perforated
board with holes on 0.1 " centers and
suitable soldering or Wire Wrap
hardware. Whichever wiring method
you choose, it is a good idea to use
sockets for ICI through IC4.

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

Wire the board exactly as shown in
Fig. 4, starting with the IC sockets—
not the ICs themselves. Install and
solder into place the resistors. Most
resistors mount on-end, rather than
flat against the board, to conserve
space. When installing the capaci-
tors, make sure to observe polarity
with the tantalums. Before soldering
their leads and pins to the copper
pads on the bottom of the board,
make sure that the transistors and
voltage regulator IC5 are properly
installed. Finish stuffing the board
by installing and soldering into place
the trimmer potentiometers. Note
that three jumper wires are required.
These must be insulated hookup
wire, since they go on the bottom
(copper side) of the board.

Strip ¥ " of insulation from both
ends of two 4” hookup wires. Plug
one end of each wire into the holes la-
beled si in Fig. 4. Then connect and
solder the other ends of these wires to
the lugs on the miniature pushbutton
switch.

Examine your piezoelectric buzz-
er. If it doesn’t come with wire leads

Fig. 3. Actual-size etching-and-drilling guide for pc board.

already attached, you must prepare
hookup wire leads for it. This time,
strip % " of insulation from both
ends of two 6 "-long wires, preferably
with different-color insulation. Plug
one end of these wires into the holes
labeled BUZZER( + ) and BUZZER( — ).
The other ends of these wires will be
connected after the buzzer and cir-
cuit-board assembly have been
mounted to the enclosure’s front
panel. If your buzzer comes with
leads already attached, do nor wire it
to the board just yet.

A standard 4” x 2%4" X 1% " plas-
tic project box with removable alu-
minum plate was used to house the
prototype of this project. You can

substitute any other type of box that
has adequate room to accommodate
the circuit-board assembly inside
and enough panel and/or wall space
on which to mount the RESET switch
(S1) and piezo buzzer.

Now prepare the aluminum panel
of the project box by drilling the
mounting holes for the circuit-board
assembly, pushbutton switch, power
jack and piezo buzzer, as illustrated
in Fig. 5. Locations of the #4 CLR
holes should be exactly as shown to
assure that the board will be centered
in the panel. Other hole locations
and sizes may have to be adjusted to
suit any components you substitute
for those called for in the Parts List

E
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Fig. 4. Wiring guide for pc board.
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Fig. 5. Machining details for project’s front panel.

(for example, a larger piezo buzzer)
to avoid interference with the other
components mounted on the panel.

A cutout to accommodate a mod-
ular phone jack with slotted sides is
shown (see ‘‘Options & Adjust-
ments’’ below for more details). If
you can’t locate this type of jack,
you can substitute any other type of
modular jack and adjust the mount-
ing hole arrangements as needed. Al-
ternatively, you can eliminate the
jack altogether by wiring the phone
cord directly to the appropriate pads
on the pc board. Doing this, all you
need is a single hole through which
the cord can enter the box.

If you drill the entry hole for the
phone cord in the aluminum panel,
line it with a rubber grommet to pre-
vent the cord from becoming frayed
against the sharp edges. Otherwise,
drill the entry hole in one of the box’s
plastic walls, in which case no grom-
met is needed. In either case, pass the
free end of the cord through the hole
and tie a strain-relieving knot about
4" from the free end inside the box.

You can also eliminate the power
jack/plug arrangement by wiring the
plug-in power supply’s cord directly
to the appropriate points on the pc
board. To do this, you need an entry

Say You Saw It In Modern Electronics

hole (grommet-lined if through the
aluminum panel or grommet-less if
through one of the box’s plastic
walls). Once again, tie a strain-reliev-
ing knot in the cord inside the box.

When it comes time to wire the
jack or cord into the circuit, use the
green- and red-insulated conductors.
Some modular phone jacks come
with leads attached. If you get one
with solder leads, connect the wires
to the two center pins. Also, make
sure you connect the plug-in power
supply’s cord or panel jack into the
circuit 1n the proper polarity.

If you are using the specified Ra-
dio Shack piezoelectric buzzer, pass
its leads through the hole in the cen-
ter of the panel and mount it in place
with machine hardware, including
lockwashers. Mount the pushbutton
switch, power jack (if used) and
modular phone jack (also if used) in
their respective locations on the pan-
el. Then, referring back to Fig. 4,
connect and solder the free ends of
the wires coming from the cir-
cuit-board assembly to the lugs of
the switch, jack and connector. Plug
into the appropriate holes (observe
polarity) the leads of the piezo buzz-
er and solder into place.

Mount the circuit board assembly

to the front panel with % ” or 4 " spac-
ers and machine hardware. The cop-
per-trace side of the board should be
facing toward the inside surface of
the aluminum panel. At this point,
IC1 through IC4 should still not be
installed in their sockets. Only regu-
lator IC5 should be in place.

Checkout and Use

Plug the dc power supply into an ac
outlet. Connect the negative or com-
mon lead of a multimeter, set to read
dc voltage, to circuit ground (nega-
tive side of power jack). Now touch
the meter’s positive probe to the pin
4 contact of the ICI and IC2 sockets,
pin 14 contact of the IC3 socket, pin
8 contact of the /C4 socket and out-
put pin of IC5. In all cases, the read-
ing obtained should be +5 volts. If
you do not obtain the proper read-
ings, check for a +9- to + 30-volt
reading at the input pin of ICS. (If
you’re using a 10-volt dc plug-in
power supply, your reading at the in-
put pin of IC5 should be roughly
+ 10 volts.) If you still don’t obtain
the proper readings, power down the
circuit and check your wiring and
component placement, identifica-
tion and orientation. Carefully
check for poor soldering and solder
bridges, especially between the close-
ly spaced pads for the ICs.

Once you’re sure that the circuit is
properly wired and soldered and that
the correct voltages are present at the
key points in the circuit, power down
the project by disconnecting the
plug-in power supply from the ac
outlet. Plug the ICs into their respec-
tive sockets, taking care to properly
orient each and to prevent any pins
from overhanging the sockets or
folding under between sockets and
IC bodies.

Before hooking up the Howler
Alert to the telephone line, you must
adjust PLL tuning and input level.
Connect an audio signal generator to
the telephone line input of the Howl-
er Alert and a dc voltmeter or logic
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probe to pin 8 of IC!. Plug the proj-
ect into an ac outlet and observe the
meter or logic probe. You should ob-
tain a reading of + 5 volts on the me-
ter or a logic 1 on the probe.

Set trimmer control RS to either of
its extremes (a faint ‘‘clicking”’

sound indicates when you have’

reached the end of the pot). Set R3
fully clockwise. Then set the audio
generator for an output frequency of
2,026 Hz and high level. Now slowly
adjust the setting of R5 until you
reach a point (hopefully at about
midrange) at which pin 8 of IC/
drops to zero on the meter or logic
probe. This is the point at which the
circuit has phase-locked onto the
2,026-Hz signal.

With a high-level input from the
signal generator, initial adjustment
might be quite broad. Therefore, it is
a good idea to reduce the signal level
entering the project until the poten-
tial at pin 8 of ICI once again goes to
+ S volts (or logic 1) and readjust the
setting of R5 until phase-lock occurs.
Repeat this procedure with lower lev-
els of 2,026-Hz input until the ad-
justment effect of R5 is quite sharp
to ensure accurate lock tuning.

Repeat the tuning procedure for
IC2. This time, however, connect the
meter or logic probe to pin 3 of IC2
and do your trimming with RS.

If you don’t have an audio signal
generator, you can inject the ‘““Howl-
er’’ tones from the telephone line at
the telephone line input to the proj-
ect and adjust R3 and R8 for a
logic-0 at pin 3 of both IC! and IC2.
This is a trial-and-error procedure,
but the values of the R4/R5 and
R7/R8 networks have been selected
so that they trim only a narrow range
of frequencies to simplify your task.

Now test the project with the
Howler tones that the telephone
company puts on the line. If possi-
ble, to avoid over-use of the phone
line for testing, it is a good idea to re-
cord the tones on tape and use their
playback instead of the actual tones
on the line during your tests.

“

Connect the Howler signal source
—whether from the phone line or a
tape recorder—to the Howler Alert
via the project’s telephone line in-
puts. Plug the project’s power sup-
ply into an ac outlet and turn on the
howler tones. Check the outputs of
the PLLs at pin 8 of ICI and IC2. If
this portion of the circuit is properly
tuned, you should observe on a logic
probe or oscilloscope screen activity
that indicates a series of rapid pulses
at both pins. You should also ob-
serve the same pulse activity at pin 11
of IC3.

With a dc voltmeter connected to
pin 3 of IC4, you should obtain a
reading of +5 volts. Within 2 sec-
onds of disconnecting or turning off
the Howler tones, the potential at
this pin should drop to 0 volt and the
buzzer should sound. If the buzzer
remains silent, check the potential at
pin 10 of IC3, which should be 0 volt.
Connecting and disconnecting or
switching on and off the Howler
tones should cause a short positive
pulse to occur at this pin. If the buzz-
er still Fails to sound, check pin 4 of
IC3, which should normally be at
ground potential, or 0 volt. Within 2
seconds of stopping the Howler in-
put signal, this pin should go to and
remain high (about + 5 volts) to turn
on Q2.

Once you’re satisfied that the
project is working as it should, con-
nect the Howler Alert to the tele-
phone line (if it is not already con-
nected to it). Then connect your volt-
meter to pin 10 of IC3. Now remove
the handset of your telephone from
on-hook and wait for the phone
company-generated Howler signal to
start. When this signal does come
through, adjust input attenuator
control R3 until the pulses at pin 10
of IC3 stop (input signal too low to
phase-lock the PLLs). Back off R3
until the pulses reappear; this is the
threshold input setting. Adjustments
of the project are now complete and
should not require changing.

Leave the Howler Alert perma-
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nently connected to the telephone
line via a modular jack used to con-
nect your telephone instrument(s) to
the telephone company. If your in-
stallation has only one modular re-
ceptacle, plug into it a duplex adapt-
er to provide separate receptacles for
the phone and the Howler Alert.

If no modular jacks are used in
your telephone installation, connect
one end of a green- and red-insulated
wire pair directly to the telephone
line inputs on the project’s circuit-
board assembly and the other end to
the terminals on the wall connector
block to which like-color wires are
connected. The connector block is
usually found directly behind the
wall plate to which the phone’s cord
goes. Simply remove the wall plate
by backing out on the single screw in
the center of it to get at the block.

Options & Adjustments

Modular telephone jacks that mount
into a metal panel may be difficult to
find through normal retail outlets.
Jacks sold by retail stores are usually
attached to plates that mount to wall
boxes. Some of these can be disas-
sembled, though it may take some in-
genuity to mount them into a panel
cutout.

Some electronic parts stores carry
pc-mount versions of these modular
jacks. If you get one of these, use the
center contacts in the upper and low-
er rows on them to make the connec-
tions for a single-line installation. If
all else fails, use any two-wire jack,
though this requires soldering two
end wires of the phone cord to the
matching plug.

Select the power jack to match the
plug at the end of the output cable
from the particular plug-in dc power
supply you are using. The Radio
Shack plug-in d¢ power supply speci-
fied in the Parts List, for example,
requires a %.” subminiature phone
jack. A supply from a different
source might require a different type
of jack or connector.
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You can use any of the plug-in d¢
power supplies sold through mail-or-
der houses and electronic parts stores

you’ll never again learn from frus-
trated callers that they’ve been trying
to reach you for hours but always got

local phone companies do not
employ any kind of Howler system.
Our Howler Alert can’t help you in

as long as the one selected has an out- this case, of course. ME
put in the range of from 9 to 30 volts
dc. Any supply in this range will yield
+ 5 volts at the output of the 7805
voltage regulator shown as IC3.

The piezoelectric buzzer specified
in the Parts List is typical of this type
of audible signaling device. The Ra-
dio Shack buzzer was selected for its
low current requirements. However,
you can substitute any other piezo
buzzer that emits a louder alert or
even a two-tone ‘‘warble’’ alert. You
can also substitute a light, with a
suitable amplifier circuit to drive it,
for elderly people whose hearing is
deficient for the buzzer.

The phone company ‘““Howler’’ is
astandard ‘‘Network Call Progress’’
tone signal used throughout the U.S,
If your local telephone company uses
a single tone, such as 1,600 Hz, in-
stead of the pulsed Howler signal de-
scribed earlier, simply omit /C2 from
the circuit and connect the output
from ICI to both pins 8 and 9 of IC3.
Whether the off-hook warning sig-
nal delivered over the telephone line
is pulsed or continuous. The time-
out function of IC4 will be inhibited
in either case. The value of R4 will
have to be changed for the frequency
of the single-tone Howler signal,
however. The formula for calculat-
ing the value is: R = (1/C1Fg) —
100, where Fj, is frequency. For ex-
ample, if Fo = 1,600 Hz, R =
(1/0.0000001 x 1,600) — 1,000 =
5,250. In this example, the ‘‘—
1,000 is the 1,000-ohm value of
trimmer potentiometer RS, which
makes up the trimming element of
the resistance in the RC network for
ICIinFig. 2. A 5,250-ohm resistor is
not exactly a ‘‘standard’’ value. In-

a busy signal. Note that a very few
Immediate
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With the Howler Alert feature
built and connected to your phone,
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Project

A Battery Charger

Controller

Ensures proper and safe charging of liqguid-electrolyte

lead-acid batteries

By Dennis Eichenberg

welve-volt lead-acid batteries
I are commonplace. They are
used in automobiles, snow-
mobiles, motorcycles, and similar
equipment. More and more people
have bought battery chargers to con-
veniently recharge such batteries
when they are run down, which
avoids having to call a service station
to make a ‘‘house call.”” Unfortu-
nately, many of these chargers are in-
expensive types that do not incorpo-
rate automatic control functions to
prevent damaging the lead-acid bat-
tery during the charge period. The
controller project presented here
corrects this problem.

This automatic controller, which
can be added to any non-automatic
12-volt battery charger, ensures
proper charging conditions. It auto-
matically switches on the charger
when the voltage at the battery’s ter-
minals falls below a preset minimum
and then switches it off again at a
preset maximum to prevent life-sap-
ping overcharging and the hazards
attendant to overcharging. Indica-
tors tell you when the battery is
charging and when the charging cy-
cle is complete.

The project can be built into its
own separate enclosure. Alternative-
ly, if space permits, it can be built in-
to your present battery charger.

Some Basics

The modern liquid-electrolyte lead-

o
§ SOLID STATE COMPONENTS
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acid battery is extremely reliable
when given proper attention. This in-
cludes cleaning the battery’s termin-
als and case, maintaining proper
electrolyte level, preventing physical
abuse and keeping the battery prop-
erly charged. Not maintaining a
proper charge can result in a perma-
nently damaged battery due to a pro-
cess termed ‘‘sulphation.’’ A battery
is discharged when lead-sulphate ac-
cumulates on its plates. Allowing a
lead-acid battery to become severely
discharged may cause sulphation to a
degree great enough to make charg-
ing impossible. In a case like this,
you have to junk the battery and re-
place it with a new one.

Sulphation can sometimes be elim-
inated by charging a battery for a
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long period of time or with a very
high current. However, a sulphated
battery is frequently beyond salvage.

Overcharging a battery can also
permanently damage it. If a battery
is fully charged, continuing to charge
it will permanently damage the plates
as well as raise battery temperature
to an unsafe level. Moreover, the
battery’s electrolyte will generate
dangerous, extremely explosive hy-
drogen. As long as overcharging is
maintained, the battery will continue
to give off hydrogen. This condition
will persist until the charging current
is removed or the electrolyte is com-
pletely boiled away. Should the latter
occur, the dry battery runs the risk of
plate oxidation, which will perma-
nently damage the battery.

Say You Saw It In Modern Electronics
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PARTS LIST

Semiconductors
D1,D2,D4,D5—1N4001 rectifier diode

R9—27,000 ohms
R2—100,000-ohm, pc-mount trimmer

Printed-circuit board or perforated
board with holes on 0.1 ” centers and

D3—1N4735 or similar 6.2-volt, 1-watt potentiometer suitable soldering or Wire Wrap

zener diode R6—1-megohm, pc-mount trimmer hardware (see text); 8-pin DIP socket
LED1—Green light-emitting diode potentiometer for IC1; suitable enclosure (see text);
IC1—CA3140E operational amplifier Miscellaneous large alligator clips (one red, one

Q1—2N2222 npn transistor
Resistors (V4-watt, 10% tolerance)
R1,R10—10,000 ohms
R3,R4—100,000 ohms

R5—2 megohms

R7,R8—1,000 ohms

I1—117-volt ac panel-mount neon-
lamp assembly with built-in current-
limiting resistor

K1—12-volt dc relay with spst contacts
rated at 3 amperes or more (see text)

SO1—Chassis-mount ac receptacle

black) for battery cable; ac line cord
with plug; 18-gauge two-conductor
zip cord for battery cable; small rub-
ber grommets (2); machine hardware;
hookup wire; solder; etc.

Fig. 1. Overall schematic diagram of battery-charger controller.

The task of keeping a battery
properly charged can be simplified if
you use an automatic battery charg-
er. If your charger is not fully auto-
matic, you can get the same (or bet-
ter) results by adding to it the con-
troller to be described.

Our controller can be used with
any 12-volt lead-acid battery charg-
er. It has been designed to be fail-
safe so that a component or connec-
tion failure will terminate charging.
It includes temperature compensa-
tion to provide accurate charging
control under varying ambient-tem-
perature conditions, and built-in in-

Say You Saw It In Modern Electronics

dicators to keep you informed of its
charging status.

About the Circuit

As shown in Fig. 1, the battery
charger controller is built around a
BiMOS operational amplifier (/CI),
shown here configured as a compar-
ator with hysteresis. This particular
IC op amp was selected because it
permits single-ended power-supply
operation and it has very low power
requirements.

The positive (+) terminal of the
battery to be charged is connected to

the anode of reverse-polarity protec-
tion diode DI. All positive circuit
voltage (V +) is available from the
cathode of D1.

The voltage divider composed of
R9 and R10 provides the input volt-
age for the ICI comparator, while
ICI’s reference voltage is derived
from SETPOINT trimmer potentiome-
ter R2. The voltage supply for R2 is
from zener diode D3, rectifier diode
D2 (which provides temperature
compensation for D3) and current-
limiting resistor RI. Resistors R3
and R4 provide current limiting for
IC1, while resistor R5 and trimmer
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potentiometer R6 provide hysteresis
for the comparator. For this applica-
tion, you want the battery charger to
turn on at 12 volts or less and turn off
at 14 volts or more. Thus, a hystere-
sis of 2 volts is required. The hystere-
sis curve is shown in Fig. 2.

A comparator input voltage at pin
2 of IC1 that is less than the compar-
ator reference voltage at pin 3 causes
the ICI output at pin 6 to go high.
This turns on transistor QI via cur-
rent-limiting resistor R8 and diode
D4. When QI conducts, relay KI’s
contacts close, turning on CHARG-
ING indicator lamp I/ to light and de-
livering 117-volt ac line power to ac
receptacle SO/ and to the battery
charger plugged into the receptacle.

Diode D5 in parallel with KI’s coil
provides protection for Q7 when the
relay is energized. It conducts away
the bucking voltage that results when
the deenergized relay coil’s electro-
magnetic field collapses and induces
a reverse voltage in the coil.

Resistors R5 and R6 feed the out-
put voltage from ICI’s pin 6 output
back to the noninverting (+) input
of the comparator at pin 3 to raise
the setpoint voltage from the original
12 volts to the desired shutdown
value of 14 volts. When the battery’s
potential reaches 14 volts, the output
of IC1 goes low. This turns off QI,
deenergizes K/ and extinguishes /7.
It also removes power from SOOI and

ON H - -
W
3
T
3 | )
Q
& Lower Upper
2 trip point trip point
(@]
OFF v —1 ) Lan
0 11 12 13 14 15

Battery terminal voltage

Fig. 2. Battery terminal voltage
hysteresis curve.

the battery charger. When this oc-
curs, FULL LEDI] turns on as a result
of the small current flowing via K/
and R7 to indicate that the battery is
fully charged. The setpoint again re-
verts to the original value of 12 volts
because the comparator’s output is
no longer holding it at 14 volts.

When the battery’s potential
drops to 12 volts, the entire sequence
just described will repeat, during
which time LED1 will be off, indicat-
ing that the battery is once again
charging.

Construction

Since there is nothing critical about
component layout for the battery-
charger controller, it can be assem-
bled using any traditional wiring
method, including a printed-circuit
board or a perforated board with

holes on 0.1” centers and suitable
soldering or Wire Wrap hardware.
Whichever wiring method you de-
cide upon, use a socket for IC.

You can fabricate your own pc
board using the actual-size etching-
and-drilling guide shown in Fig. 3.
Once the board is ready, install and
solder into place the IC socket, as
shown in Fig. 4. Note in Fig. 4 that
most but not all of the components
mount on the board. Those that
mount off the board include the re-
lay, LED and neon indicators and ac
receptacle.

Install the zener and rectifier di-
odes, taking care to properly orient
them before soldering their leads to
the copper pads on the board. Prop-
erly orient the transistor, plug its
leads into the appropriate board
holes and solder them to the copper
pads. Then install and solder into
place the fixed resistors and trimmer
potentiometers.

Prepare four 6 ” lengths of strand-
ed hookup wire by removing from
each end % ” of insulation. Tightly
twist together the fine wires at both
ends of all four wires and lightly tin
with solder. Plug one end of these
wires into the holes labeled K1 COIL
and LED1 and solder them into place.

Now, if you are using a separate
enclosure in which to house the con-
troller, machine it for mounting the
various components and to provide

1 . Kli_g

| To 12V battery coll
Rl1 Ro ,*. -—D1—é 1‘?—DS——
I R4 ¢ R7
o l B l
D3 Rea-Bi0.] A D4 18 | eht
L | |

| —RE

Fig. 3. Actual-size etching-and-drilling guide for home fa-

bricating a printed-circuit board.

Fig. 4. Wiring guide for printed-circuit board. Use this as a

guide for perforated board layout.
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New Turbo-Scan

Turbo-Scan
responds

When seconds
count...

You can depend on the TS-2
from Regency to get you all
the information you need...
When you need it. Scanning
at an amazing rate of up to

50 channels per second, the

TS-2 operates four times
faster than other scanners.
And it’s fully programmable.
You never have to miss a
broadcast again.

When information
matters...
You can't beat the range

of public service and
aircraft bands

wwaaLameticanradiohistornv.com

covered by the TS-2. Monitor
police, fire, emergency,
weather, aircraft and even
the 800 MH,, band. A total
of twelve bands and 75
channels! And you can group
consecutive channels into
any of six separate banks
for easier access.

When quality makes
the difference...

You can depend on the TS-2.
Nobody knows mobileand home
scanners like Regency. That's
why they’ve been in business
forty years. Speed. Informa-
tion. Quality. That's why the
TS-2 from Regency hasbecome
the choice of professionals.

The choice of professionals
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Interior view of project with circuit assembled on perforated board. Note how
relay is held in place on the board with a plastic cable strap.

entry for the project’s ac line cord
and battery cable. When you are fin-
ished drilling mounting holes and
making the cutout for the chassis-
mount ac receptacle, deburr all cut
and drilled edges.

Plan your layout so that the cir-
cuit-board assembly and relay
mount near each other. Mount the
two in their respective locations, us-
ing ¥» " spacers and 4-40 or 6-32 X
3% " machine screws, lockwashers
and nuts for the board. Then locate
the free ends of the K1 COIL wires and
connect and solder them to the re-
lay’s coil lugs.

Mount the CHARGING neon-lamp
assembly and FULL light-emitting di-
ode in their respective holes. Use the
mounting clip that comes with the
neon-lamp assembly to hold it in
place. Line the LED’s hole with a
small rubber grommet and force-fit
it into place. Alternatively, you can
mount the LED with a standard pan-
el-mount clip or grommet or use a
small daub of clear, fast-set epoxy to
hold it in place.

When wiring the circuit, take par-
ticular care with the sections that
carry the 117-volt ac line potential.
Make sure to provide adequate insu-
lation and make mechanically and
electrically secure connections. Dou-
ble check all wiring to make sure
everything is okay. Wire the neon-
lamp assembly directly across the
SOI lugs. Also, use No. 18 or larger
stranded wire to make the intercon-
nection between the relay’s contact
and SO1.

Use 18-gauge two-conductor zip
cord for the battery cable. Cut the
cord to about 36" in length and re-
move Y " of insulation from both
conductors at both ends. Tightly
twist together the fine wires in each
conductor and lightly tin with solder.
Terminate one end of this cable in
color-coded (red and black) alligator
clips that are large enough to provide
a secure electrical/mechanical con-
nection with the lead-acid battery’s
terminals.

Pass the free end of the battery ca-
ble through its grommet-lined entry
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hole and tie a knot in it inside the en-
closure far enough from the free end
to provide a bit of slack when it is
connected into the circuit. Plug the
conductor terminated in the black al-
ligator clip into the board hole la-
beled + 12V and solder into place.
Then plug the other conductor into
the nearby GND hole and solder it in-
to place.

Tightly twist together the fine
wires in each conductor of the line
cord and sparingly tin with solder.
Pass the free end of the cord through
its grommet-lined hole, tie a strain-
relieving knot in it as you did for the
battery cable, and connect and sol-
der the free ends to the other relay
contact and appropriate side of the
ac receptacle (see Fig. 1).

Calibration and Use

To calibrate the controller, you need
a dc power supply and a dc voltmeter
or amultimeter set to indicate at least
15 volts. The power supply’s output
must be adjustable from 5 to 15 volts
and be capable of delivering at least 1
ampere of current.

Connect the battery cable and
voltmeter to the power supply’s out-
put connectors. Do not plug the proj-
ect’s ac line cord into an ac recepta-
cle. Set R6 to maximum resistance,
R2 for maximum voltage and the
power supply for an output of 12
volts. Slowly decrease the setpoint
until the relay energizes.

Slowly increase the power supply’s
output voltage until the relay de-en-
ergizes. You should again hear a
click. If the shutdown potential is
less than 14 volts, decrease the power
supply voltage until the relay ener-
gizes, decrease the setting of R6
slightly and recheck the upper trip
point by slowly increasing the power
supply voltage until the relay de-en-
ergizes. Continue adjusting the hys-
teresis in this manner until the upper
trip point occurs at 14 volts.

When you finish calibrating the
controller, plug the line cord into an

Say You Saw It In Modern Electronics
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ac receptacle and check the indica-
tors. At this point, the CHARGING
neon lamp should be on when the re-
lay is energized and the FULL light-
emitting diode should be on when the
relay is energized. At no time should
both indicators be on at the same
time. These indications should be
observed with the battery cable con-
nected to the battery and the the
power supply set to 10 volts (/1 on)
and 14 volts (LEDI on).

Before putting the controller into
service, make certain that its relay
contacts can handle the current nor-
mally drawn by the charger plugged
into the SOI receptacle. If your
charger draws more that the 3-am-
pere rating of the contacts for the re-
lay specified in the Parts List, replace

that can safely handle the load.

First connect the battery charger’s
cable clamps to the battery. Then
clip the controller project’s battery
cable alligator clips to the battery ter-
minals. Observe proper polarity in
both cases. Plug the battery charg-
er’s line cord into the controller’s ac
receptacle and plug the controller’s
line cord into a wall ac receptacle.

During initial operation, monitor
controller operation to make certain
that the charger shuts down when
battery terminal potential reaches 14
volts and starts up again when the
potential drops to 12 volts. Also, pe-
riodically (about once a month)
check the controller for proper oper-
ation to ensure that normal charging
is occurring and that the battery is

the relay with one that has contacts  kept in good condition. ME
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Computer/Electronics

Process Control With
Personal Computers

(Part 3, Conclusion)

Software needs and creating simple control systems

By Dr. H. Edward Roberts

T his is the third and conclud-
ing article on Process Con-
trol with personal comput-
ers. In the first article, we laid the
groundwork for the series by discuss-
ing basic control principles, comput-
er-based process control with IBM-
type PCs, and examples of comput-
er-based controllers, focusing on
DataBlocks’s LINK system. Last is-
sue discussed building the LINK in-
terface to a standard IBM personal
computer or clone, which, along
with Altair-II control modules from
DataBlocks, Inc., form the Modern
Electronics Computer Controller.
Also covered were sensors such as
the thermistor, photoresistor, and
resolver, as well as actuators such as
the stepping motor. Finally, special
interfaces were examined.

In this article, we’ll explore soft-
ware needs and then create a simple
control system for the home and a
system to automate testing of an ana-
log-to-digital converter, designing
these systems around the Modern
Electronics Controller.

Software Control

The PC LINK, which adds more
than 2,000 addresses to the very few
available on a PC, is designed to op-
erate with any programming lan-
guage to address I/0 ports. This al-
lows a system designer to use the
LINK board and external A-II con-
trol blocks in a familiar program-

ming environment. In addition, driv-
ers written in C and BASIC exist for
many of the control blocks. These
drivers, collectively called the Per-
sonal Control Language, or PCL
(pronounced ‘‘pickle’’), were specif-

ically developed by DataBlocks for
computer control applications. They
give the user a simple way to control
the application blocks with a high-
level language, relieving him of the
need to understand hardware/soft-

INPUT

PORT 25080

OUTPUT

(N (Y

—> DERDBOLT

ON DOOR

\/
SOLENOID

q B
’L RELAY SPDT

PORT 2500

+12v

Fig. 12. Functional diagram of an electronic door lock.
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ware interface details of each mod-
ule. The PCL routines are contained
in libraries and are accessed with
simple, single line calls from the
main program.

Most languages that run on a PC
allow control of the input and output
ports directly. For our examples, we
will use standard IBM BASIC. To
control a stepping motor with a dc
driver block, for example, all the
programmer need do is include the
following line in his BASIC program:

10 STEP (port,steps,speed,nibble,stack)
where: port is the computer 1/0 port
used to address the dc driver block;
steps is the number of steps to rotate
a motor, positive for clockwise mo-
tion, negative for counterclockwise;
speed is the rate to turn the motor;
nibbleis an A or B, indicating wheth-
er the motor is connected to the up-
per or lower nibble of the dc driver
block; and stack is a number between
0 and 7, denoting which of the eight
possible stacks in which is contained

the dc driver block.
The same line could also be includ-

ed in a C program to control a step-
ping motor. Over 20 PCL commands
exist to enable single-statement con-
trol of blocks that allow the user to
control motors, read switches, moni-
tor temperature and perform other
control functions with the computer
as easily as he controls his printer
with the BASIC statement LPRINT.

All standard PC software is com-
patible with the PC LINK employed
in this system series. DataBlocks also
provides a real-time operating sys-
tem, ARTDOS (A-II Real-Time
Disk Operating System) for applica-
tions requiring real-time event pro-
cessing.

Toillustrate how we might control
a relay block, we will write a simple
BASIC program using IBM standard
BASIC. The command to control an
output port in BASIC is simply OUT
A,D, where A is the address of the
output port and D is the data to be
transmitted. The following illus-
trates how to use this command,

making the assumption that the relay

block has an address of 2500. The
program turns relays 0,2,4,6 on and
the other relays off (relays numbered
0 through 7).

10 OUT 2500,&B01010101

That’s it! The whole program is
simply line 10, which is read as: Out-
put to port 2500 the binary number
01010101. The right-most bit is O,
and it controls relay 0. The left-most
bit is 7, and it corresponds to relay 7.
Therefore, if bit 7 is set to a logic
““0,”’ relay 7 will be set to a logic “‘0”’
(off); similarly, a “‘1’” will turn the
relay on. For instance, the following
program will turn off all relays, ex-
cept relay 7:

10 OUT 2500,&B 10000000

Now let’s do something a little
more sophisticated: make an elec-
tronic lock that will energize a sole-
noid-operated dead bolt on the front
door of a house. For purposes of this
discussion, assume that we will use
toggle switches for the input. Figure
12 shows one way to wire such a cir-
cuit. A simple program to control the
door lock might be:

10 A =INP (2500)

20 IF A =&B11000101 THEN GO
TO 50

30 OUT 2500,&B00000000

40 GOTO 10

50 OUT 2500,&B00000001

60 GOTO 10

In this program, we assume that
both our input and output ports are
at the same address, that is, 2500.
Also note that the combination to
the lock is 11000101. This means that
switches 0,2,6,7 on the others are
off. The program operates as fol-
lows:

1. First, the computer will input
the setting of the switches in line
10; that is, read the switches.
2. The number read in line 10 is
compared with the combination
number, 11000101.
3. If the numbers match, the pro-
gram will jump to line 50 and turn
on relay 0. If the numbers don’t

match, the program turns off all

relays (line 30).

4. The program will continue to

cycle until stopped due to the

GOTO 10 statements.

A typical PC might be able to per-
form the above operations several
thousand times a second. This means
that this routine could be ‘‘buried”’
in some larger program and checked
occasionally, say, every 200 millisec-
onds. Since each check would take
less than 1 millisecond, the computer
will still have 99.5 percent of the sec-
ond left over to do other jobs. These
times are approximate, but they will
give you a feel for the capability of a
computer.

The lock example given above is
interesting from a number of stand-
points. It shows how multiple unre-
lated inputs (switch closures) affect
an outcome. Also, by changing the
number required for a match, you
could make the system ‘‘adapt’’ to
various situations.

Though number entries have been
shown as binary bits, such as
11000101, the computer is just as
happy to compare switch settings
with decimal numbers. We could
have entered 197 instead and the pro-
gram would have worked exactly the
same. The reason for this is that the
computer ultimately compares or
operates on all numbers as binary
numbers. I find that in some applica-
tions it is easier to think of switch set-
tings if I enter them in binary, but in
many other applications using deci-
mal numbers or sometimes even hex-
adecimal is useful. While it is not a
requirement to learn binary numbers
to work with control computers,
anyone who wants to be really liter-
ate in computer electronics should
have some familiarity with binary.

Designing Systems

Using a personal computer and con-
troller equipment makes it easy to
design and install systems to provide
comprehensive control of home or
office security, environment, and
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Fig. 13. Detectors for multiple windows (A) and an automated open-window

detector (B).

disaster prevention. Let’s discuss
some approaches to doing this.
Monitoring doors and windows to
detect when one is open, for exam-
ple, can be as simple as wiring a resis-
tor across a switch at each door or
window to be monitored by a com-
puter. An open-window detector’s
resistance can be monitored with an
ohmmeter. Closing the window
causes a contact switch to short out
the resistor, resulting in a zero read-
ing on the meter. Opening the win-
dow removes the short and the meter
then reads the resistor’s value. Let’s
expand this concept by wiring two
windows in series, as shown in Fig.
13A. Now the meter will not only

detect when one of the windows is
open, it can also reveal the window’s
location if the value of the two resis-
tors is different. Accordingly, if win-
dow 1 is open, the reading will be 1k,
and if window 2 is open, the resis-
tance is 2k. Of course, a 3k reading
will indicate both windows open.
Extending this one step further,
we can automate the system by re-
placing the meter with an analog-to-
digital converter circuit, as shown in
Fig. 13B. Here, the A/D converter
reads OV when both windows are
closed since all the resistors, except
R, are shorted. If window 1 is open,
the A/D reads 2.5 volts, while a 3.3-
volt reading is detected if window 2 is

open. If both windows are open, no
current will flow in the circuit, and 5
volts will be measured by the con-
verter. It is easy to see that this ap-
proach could be extended to include
all windows and doors in a home or
office.

The principles of environmental
control are also easy. You can con-
serve energy simply by reducing the
temperature in the house during the
time of day when no one is home.
This can be accomplished by placing
arelay in series with the furnace ther-
mostat control wire, as depicted in
Fig. 14. A computer can be pro-
grammed to open the relay during
the time of day when no one is home
to allow the temperature to decrease.

It would be advisable, especially in
very cold weather, to add some feed-
back to the system by monitoring the
temperature with a thermistor circuit
and an A/D converter. If the temper-
ature decreased below a desired lev-
el, the computer would reactivate the
relay and run the furnace until the
temperature was again at an accept-
able level. This system is also useful
in the summer to reduce electricity
used by an air conditioner. In addi-
tion, this simple conservation ap-
proach can be used to reduce energy
wasted by an electric water heater.

Recreation and relaxation offer
many opportunities for productive
automation. A good example is us-
ing energy from the sun to heat the
water in swimming pools and hot
tubs. To have an effective solar heat-
ing system, a process control system
must monitor several parameters
and control several actions. For in-
stance, the system must be able to de-
termine if the solar isolation is high
enough to increase the water temper-
ature rather than cool it. This can be
done by programming the controller
to compare the water’s temperature
as it leaves the heater with the water’s
temperature in the hot tub. If the wa-
ter leaving the heater is cooler than
upon entering, it’s time to abandon
the solar heater until a sunnier day.
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AND
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Fig. 14. Schematic details of a thermostat control system.

The water in a pool or hot tub
should also be monitored to ensure
that it does not become too hot. If it
does, the computer must activate
valves to stop the flow through the
heater or activate a motor that will
reorient the solar collector to reduce
the amount of energy transferred
from the sun to the water. The con-
troller should also open and close
valves to replenish the water lost due
to evaporation and spillage. In addi-
tion, it should run the filtering sys-
tems periodically when the pool or
hot tub is not in use and continuously
when it is being used. These func-
tions are easily implemented using
the Controller previously described.

Monitoring indicators of impend-
ing disaster is also a very useful func-
tion that is easily performed by our
controller system. For example, de-
tecting when a smoke alarm has been
triggered can be accomplished by
monitoring the alarm’s buzzer with
the circuit shown in Fig. 15. When
the alarm is activated, the voltage
across CI increases. This increase is
measured by an A/D converter,
which causes the controller to dial
the fire department through a com-
puter modem. The modem circuitry
informs the controller when the fire

department phone has been an-
swered, and the controller can acti-
vate a speech-synthesis block to give
the fire department dispatcher infor-
mation on the fire’s location.

To illustrate the rudiments of de-
signing with the controller, let’s now
design a system that brings together
some of the home-automation ideas
discussed. The first step is to define
the system requirements. Let’s put
together a simple system, illustrated
in Fig. 16, which does the following:

1. Provides security. (a) Monitor
windows. (b) Turn on a floodlight if
a window is opened (requires easy
override so window can be purposely
left open. (c) Make house look lived-
in when occupants are gone (requires
easy means to activate/deactivate).

2. Reduces heating and cooling
load during the day. (a) Should de-

feat the setback on Saturday and
Sunday (or any days desired). (b) Re-
quires feedback to prevent the house
from becoming too hot or cold dur-
ing the setback period.

3. Controls a solar water heating
system for a solar hot tub.

The control system we’ll use con-
sists of an IBM PC or clone, a Data-
Blocks LINK and a stack of the con-
trol blocks necessary to meet the con-
trol requirements. One block we
need on the stack is a DataBlocks
KAD-710, a 16-channel A/D con-
verter, t0 monitor some open-win-
dow detector circuits such as those
cited. We’ll also add a Powerhouse
X-10 universal interface to the con-
troller stack to turn on a floodlight if
the computer detects a window being
opened. The Powerhouse X-10 sys-
tem will also be used to control lights

FIRE l\l /0
|1
ALARM ] % N BLOCK
BUZZER :F

Fig. 15. A fire alarm monitor arrangement.
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in various parts of the house to make
it look lived-in when unoccupied.

A DataBlocks Master Control
Block will also be included in the
stack. This block will be used to send
and receive data between several
slave blocks needed to complete our
control system. One of these is a
slave relay to interrupt the thermo-
stat and shut off the air conditioner
or heater when no one is home. To
prevent the house from getting exces-
sively hot or cold when it is unoccu-
pied, we should add some feedback
to this part of the system. We’ll do
this by using a channel of the A/D
converter already on the stack to
monitor a thermistor circuit such as
the one shown in Fig. 17.

You’ll recall from Part 2 that a
thermistor exhibits a resistance that

Fig. 16. A typical home automation system.

varies with temperature. Therefore,
as the temperature in the house
changes, the thermistor’s resistance
also changes and causes the voltage
across RI to change. When voltage
across the resistor moves outside a
tolerance window that represents the
maximum and minimum allowable
temperature, the computer sends a
message through the master to the
slave relay, causing the relay to close.
This will allow an air conditioner or
furnace to run until the temperature
changes enough to cause the voltage
in the thermistor circuit to again in-
dicate that the temperature is within
acceptable limits.

The solar water heating for the hot
tub will also require slave blocks.
Let’s assume we will install a para-
bolic solar collector to transform the

energy from the sun into heat. This
type collector should always be
pointed toward the sun and, there-
fore, we need a control circuit to ro-
tate the collector as the sun’s orienta-
tion to the collector changes during
the day. As observed in last month’s
article, a stepping motor provides ex-
cellent rotational control without re-
quiring explicit feedback. This
makes the stepper a good choice to
drive the solar collector. The stepper
is driven with a dc driver block; since
the motor will be located several feet
away from the Controller, a slave dc
driver block is the best choice.

One of the most important things
to consider when using a solar water
heater for a hot tub is water tempera-
ture. As in the case of monitoring
temperature in a house, the thermis-
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Fig. 17. A thermistor-based thermometer.

tor circuit shown in Fig. 17, moni-
tored with an A/D converter, should
work well. Since the hot tub is likely
to be remotely located from the con-
troller, we will again select a slave
A/D converter. In this case, we’ll use
three channels of the A/D converter
to monitor inlet temperature, outlet
temperature and the temperature of
the water in the tub.

It would also be a good idea to use
a channel of the A/D converter to
monitor a switch on the solar collec-

tor hardware. This switch should be
mounted so that it is closed when the
collector is facing about 20 degrees
below the east horizon, providing a
starting point from which to orient
the collector. This will enable the
software to re-establish the correct
collector orientation if the system
loses power. This is the ‘“‘parked’’
position of the collector.

Several valves must be opened and
closed, too. Also, the hot tub recir-
culating motor and solar collector

water pump must be controlled to
complete our hot tub automation
project. This will best be handled
with a slave relay. Current required
for valves is low and, therefore, they
can be controlled directly with the re-
lay. However, depending upon the
size of the recirculating motor, the
current requirements, especially the
starting current, may exceed the 6-
ampere capacity of the relays on the
relay block. It would be better, there-
fore, if we used a motor starter,
which has lower current require-
ments, to switch this motor. The
pump for the solar collector may not
require more current than a relay can
switch. In this case, it can be con-
trolled directly by the relay. How-
ever, depending on the size of the
collector, the size of the pipe to the
collector, and the height to which the
water must be pumped, the pump
may indeed draw enough current to
also require use of a motor starter.
Now that the hardware portion of
the design process is done, we’ll de-
sign the software part of the system.
There are probably several ap-
proaches to designing software for
this automation project. The easiest

MAIN

PROGRAM

MODULE
1

MODULE MODULE
2 3

MODULE
4

Fig. 18. Typical Software Functional Flow diagram.
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to contemplate for our example is
onein which the software sequential-
ly branches to modules that perform
one of the functions previously de-
scribed in the system’s requirements.
Figure 18 depicts this as a main flow
diagram and four modules.

Such a modular approach is useful
for several reasons. First, it allows
very complicated software to be de-
composed into simple components
to facilitate development. Although
our example is not particularly com-
plicated, the modular approach
makes it even easier. Second, a mod-
ular approach allows additional
modules to be added without signifi-
cant software rewrite. Finally, it
makes the software much easier to
test and debug.

Once in a module, the software
compares the current time with pre-
set start and stop times for the vari-
ous functions. The preset times,
along with other fixed parameters,
are called the data base and should
bestored in a file on disk and read in-
to the program as necessary. This
makes it easy to change the parame-
ters as requirements change. It also
permits access to several sets of pa-
rameters to accommodate different
circumstances, such as seasons of the
year and vacation schedules. The
files could easily be made and stored
with a utility program written for
that purpose.

Figure 19 illustrates the software
control flow. The initialization rou-
tines are executed first. They estab-
lish the operating environment for
the program by reading a parameter
file from disk and storing the data in
data-base memory so that it can be
used by the rest of the program.

You may choose to store the data
in separate variables, or you can
group data functionally and store it
in arrays. Included in the parameter
file are such things as start and stop
times for each function, maximum
and minimum temperatures, and
X-10 addresses and control codes.
Depending upon your approach and

1

INITIALIZE [

ENERGY
SET—BACK

WINDOW MONITOR

SECURMTY

RETURN TO /\
sTop
SYSTEM YES N

SET FLAGS
e

N BN

T N0 |

GET
KEYBOARD DATA

e —

SET
STOP
FLAGS

Fig. 19. The Main Program Flow diagram for the system described in the text.

the system enhancements you wish to
include, you can add to or subtract
from this list when you develop your
software. In addition to data-base
initialization, the initialization rou-
tines may contain other software
pertinent to getting the system ready
to control your home or office. For
example, you might wish to devise a
test to ensure that each of the hard-
ware blocks is working when the sys-
tem is powered on. The software to
perform these tests will be included
in the initialization routines.

After initialization, the main pro-
gram sequentially transfers to each
of the service modules. The first ser-
vice module is the one that controls
the energy setback relay on the fur-
nace and air conditioner relay. Fig-
ure 20 shows the thermostat’s logical

program flow through this module.
Upon entry into this module, the
software checks a flag to determine if
the routine has been activated. That
is, whether the start-time criteria for
this activity, defined in the data base,
has been met on a previous pass
through the module. If not, it tests
the current time against the start cri-
teria to see if it is time to activate the
energy setback function. Until the
start time is reached, the software
simply returns to the main routine to
continue servicing the other modules.

When the start time is reached, the
active flag is set and the software exe-
cutes the rest of the code in the mod-
ule. The first step is to see if it is time
to stop. Of course, on the initial time
through the routine, it will not be
time to set the stop; but we do need to

h
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PRINT MESSAGE
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Fig. 20. A Thermostat Set Back Flow diagram.

make this check later. Moreover, the
programming logic is simpler if we
check each time through.

The next step in the flow diagram
is to check if a stop flag has been set.
This flag is the one that is set from
the keyboard to interrupt the normal
flow of events. For example, if you
come home from work early and the
energy setback routine is in opera-
tion, you need an easy way to deacti-
vate the module and make the house
more comfortable. Setting the stop
flag from the keyboard will initiate
an orderly shutdown and allow you
todo this. If the stop flag is set or it is
time to stop, the software deactivates
the relay controlling the setback, de-
activates the screen and returns to
the main program.

If neither of the two conditions

that cause the software to exit the
module are true, the program reads
the thermometer. The temperature is
compared with two data-base values,
MAXT, the maximum temperature
you are willing to let the house at-
tain, and MINT, the minimum tem-
perature you want.,

If the temperature in the house
is determined to be greater than
MAXT or less than MINT, the pro-
gram deactivates the setback relay,
allowing an air conditioner or fur-
nace to run until the temperature is
again between maximum and mini-
mum. If the thermometer reading in-
dicates that the temperature is be-
tween extremes, the software acti-
vates the setback relay to to conserve
energy and then returns to the main
routine. At this point, you might
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question turning on a relay that may
already be on. Since there is no me-
chanical reaction, it makes no differ-
ence. You could test to seeif the relay
had previously been turned on, but
this complicates the software unnec-
essarily.

The second module our software
will service is the hot tub. As illus-
trated in Fig. 21, the software in this
module reads the tub’s temperature
as soon as the start time has been
reached. The temperature is com-
pared with MAX, a data-base value
that you set to establish the hottest
temperature you want the hot tub to
reach. If the temperature is equal to
or greater than MAX, the recirculat-
ing pump is turned off, the solar col-
lector is pointed away from the sun,
the water pump is turned off, and
control returns to the main program.
If the temperature in the tub is less
than MAX, the recirculating motor
and water pump are started, and the
collector is pointed at the sun.

A word about controlling the col-
lector is in order here. Temperatures
in a parabolic solar collector on a
sunny day can become very hot.
Therefore, in our application it is im-
portant that the collector be pointed
away from the sun when water is not
circulating through it. This will pre-
vent water that is extremely hot from
entering the hot tub when the water
pump is first started. Recall that we
made provisions for a park position
for the solar collector by monitoring
a switch closure with the slave A/D
converter. Turning the collector to
the parked position when the water
pump is off will prevent the water
from becoming overheated.

Let’s also examine how we’ll keep
the controller pointed toward the sun
when we have the water pump on.
We could install a sensor that signals
the computer when the collector is
pointing toward the sun. Remember,
however, that the rotational position
of the stepping motor can be deter-
mined by keeping track of the num-
ber of steps sent to it. We also know
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that the location of the sun is very
No predictable if we know the day of the

year, time of day and our location. It
@ Ml ReruRw simplifies our design, therefore, if
we compute how much collector ro-

ACTIVE

b tation is needed to point toward the

YES
@ S sun and the number of steps we need
to send to the stepping motor to turn
@ the collector that amount.

Once the collector is oriented,
DEACTNVATE check the inlet temperature to make
ALL RELAYS . . .

sure the incoming water will not burn
anyone in the tub. If the water is

L equal to or greater than the data-base
Sty value MAX, weimmediately stop the
START
READ TEWP water pump, turn the collector away
] from the sun and return to the main
RETURN program. If the inlet temperature is

less than MAX, we check to make

vES J sure it is greater than the outlet tem-
—‘ perature. If it is, the system is heating

asit should and we return to the main

SN po— program. If it isn’t the software
e RECIRCUATING checks to make sure the system has
F ' been on.long enough (5 minutes) to

. get the cold water out of the pipes
COLLECTOR START and allow the collector to become

WATER PUMP .
heated. If enough time has passed,

the software starts a wait timer for,
say, 10 minutes to prevent the turn-
TURN. WATER oRIENT on sequence from being executed
PP o COLLECTOR every few seconds. Then the system
is shut down to wait for a sunnier
time. Otherwise, we return to the
main routine to service the next mod-
ule and give the heating system a
RETURN SToP chance to warm up.

PUMP
The next module scheduled for the

main routine is the window monitor
TURN routine. The software flow for this
SR module is shown in Fig. 22, the Win-
dow Monitor Software Flow Dia-
gram. Once it is time to activate this
routine, each of the four channels of
the A/D converter in the controller is
e read. If the voltage indicates any
' open windows, a flag is set to identi-

SHUT o TEM fy the circuit and window that is
open. The software then checks to

see if a security flag is set. This flag
RETURN indicates to the software whether
you wish to activate the flood lights
and sound the alarm when the win-

ON> SMIN RETURN

Fig. 21. A Hot Tub Software diagram. dow is open or whether you only
Ee s s = e e di= = — = ———— e ——————————|
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Fig. 22. The Window Monitor Software Flow diagram.

want to display a message on a video
monitor. You will probably want to
activate this flag based upon time of
day, with the capability to change it
from the keyboard. This will give
your system the flexibility to provide
protection during periods of non-
scheduled absence from a house.

If the flag is set, the floodlights
and alarm are turned on, a message
that the window is open is displayed,
and the software returns to the main
routine. If the flag is not set, the soft-
ware turns off the floodlights and
alarm, displays an open window
message and returns. The alarm for
this circuit can be selected from a va-
riety of devices. You might choose to
turn on a radio or a stereo system,
flash lights off and on, or install a
loud buzzer.

The last software module serviced
by our home control system is the

one that makes the home looked
lived-in when it is unoccupied. The
key to successful implementation of
this portion of the system is how na-
tural the pattern of lights, TV,
stereo, etc., is to an external observ-
er. For example, if a bed room light
flashes on and off too rapidly or al-
ways comes on at exactly 2:37 a.m.,
it will be obvious to an observer that
the lights are not operating accord-
ing to normal living patterns. Estab-
lishing appropriate timing patterns,
then, will require some planning and
testing to accomplish successfully.
Making the start and stop times
available to the software is probably
best done by forming an array con-
taining a table of start times, stop
times and the appropriate address of
the device or devices to control.
Referring to Fig. 23, the Occupant
Activity Software Flow Diagram,
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each time software enters this rou-
tine it checks to see if it’s active. If it
isn’t, it checks to seeif it is time to ac-
tivate it. If not, the software returns
to the main program. Otherwise, the
software searches the table of start
and stop times to determine which
devices need to be turned on and
which need to be turned off. It then
outputs the appropriate X-10 com-
mands for each device in the table
and returns to the main program.
The main program has now ser-
viced all the modules instantly, as far
as humans are concerned, and is
ready to begin over again. Before it
does, however, it determines wheth-
er the stop flag was set on the previ-
ous pass, If it was, this control pro-
gram stops executing and control
passes to the Controller’s operating
system. If the stop flag has not been
set, the program determines if there
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has been keyboard activity during
the previous pass.

Our software discussion has been
generic in that we have not made any
assumptions that favor or preclude
any programming language. One of
the attractive features of the Con-
troller being used here is that it is
based upon familiar computer hard-
ware running familiar software. As a
result, you can use the programming
language that is most comfortable to
you. The only thing you might want
to consider when you choose your
programming language is the ease
with which the language supports
manipulation of the 1/0 ports. Obvi-
ous good candidates are BASIC, C
and Pascal.

Testing Environment

So far, we’ve confined our discus-
sion to control systems around the
home or office. The Control sys-
tem’s versatility, however, makes it
equally capable of control work in a
laboratory or test environment, as

follows.
Assume we need to perform a

functional check of A/D converter
blocks as they come off a production
line. The requirements of the test
are:

1. Test the conversion accuracy

over a 0- to + S-volt range.

2. Verify operation of all 16 input

channels.

3. Test operation and accuracy of

the programmable gain amplifier.

4. Test that conversion time is

within specification.

Further, we need to store the data
acquired during the test and produce
a hard-copy report when the test is
concluded. Figure 24, an A/D Test
Configuration, shows the hardware
used to perform the tests. In addition
to the PC and the LINK, the Con-
troller is configured with a line-print-
er block, an IEEE-488 block, timer/
counter block and a dual D/A con-
verter. A digital multimeter with an
IEEE-488 interface, a line printer
and a magnetic tape recorder are also
part of the test configuration. The
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Fig. 23. The Occupant Activity Software Flow diagram.

A/D block under test is included on
the Controller stack.

The dual D/A block is used to pro-
duce a programmable voltage that is
fed to the A/D input channels. This
voltage will be changed by the Con-
troller during the test to determine if

the A/D converter under examina-
tion can digitize across the range of 0
to + S volts. This range is important
because it generally repeats mini-
mum and maximum signal strengths
sent to and from I/O ports.

Input signals to a computer are as-

[}
o A/D
488
UNE PRINTER
BLOCK
| l _—
DUAL D/A
PC—UNK

|

1 l
TAPE
MULTIMETER I LINE_PRINTER l l RECORDER

Fig. 24. An A/D converter test configuration.
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“1”

sumed to be a if they are greater
than approximately 3 volts and as-
sumed to be a ‘0’ if they are less
than 1 volt. If you remember this
rule, it is relatively easy to interface
to a computer from a signal stand-
point. But there is one more detail
since all the devices in the system use
the same eight lines to transmit and
receive data. We simply cannot con-
nect our input signal directly to the
data bus. If we did, we would lock up
the bus. What must happen is that
the input controller places a switch
between the incoming signals and the
bus. This switch is kept open until
the correct conditions are met; that
is, right address or IOR. Simple!

If input signals to the computer
are greater than the allowed amount,
you may have to use a voltage divider
to lower them to acceptable levels.
Also, if there is a chance of a high-
voltage spike occurring on the line,
an opto-isolator is probably a good
device to use. In some cases where
the polarity is wrong or the signal is
noisy, more complex signal condi-
tioning may be required. Another
good point to remember is that input
signals should be off prior to turning
on the computer. Unfortunately, it is
not always possible to ensure that the
inputs will be off prior to power-up.
In those cases, serial resistors and
clamping diodes should be used.

The IEEE-488 block controls the
digital multimeter functions and ac-
quires data from the multimeter.
This data serves as a control on the
test results by providing a redundant
measurement of the input tothe A/D
converters. In addition, this block
controls the tape recorder, providing
a permanent archive of test results.

The timer counter block is used to
determine the conversion time of the
test A/D converter. One of the
counters in this block is present to
start a count whenthe A/Dis givena
convert command. The accumulated
count is then read at the end of the
conversion process to determine con-
version time.

START

—b}

—— 3

INITALIZE

START
COUNTER

1

READ AND STORE

MULTIMETER
DATA

NUM.

OF SAMPLES
= 10

ANALYZE DATA

CHANGE
CHANNEL ADDRESS

SET D/A TO
NEXT VALUE

SAVE DATA
TO TAPE

PRINT REPORT

STOP

START
INTERRUPT

STOP COUNTER

READ AND STORE
COUNTER VALUE

I

READ AND STORE

A/D DATA

I

RETURN

PRINT REPORT

SToP

Fig. 25. The Test Set Software Flow diagram.

Software for this control example
has to be designed somewhat differ-
ently from that of the house-control
example by taking advantage of the
Controller’s interrupt capability.
This means that instead of continu-
ously sequencing through software
to determine if certain events have

happened, we will let the device in-
form us when they are happening by
signaling the controller through the
interrupt system.

The flow diagram for the test soft-
ware is shown in Fig. 25. The soft-
ware begins by performing the neces-
sary system initialization. This will

!
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include running any desired self-test
routines, sending initialization se-
quences to the IEEE-488 and line-
printer blocks, setting up the inter-
rupt system and establishing a data
base of constants to be used by other
parts of the software as needed.
Once initialization is completed, the
software proceeds to the A/D con-
verter test.

The D/A output is set to the first
test value in the data base. The timer
in the clock circuit is started and the
A/D is commanded to digitize the
voltage on the first input channel.
When it has completed the conver-
sion, the A/D block signals the com-
puter through the interrupt system.
This causes the Controller to stop the
counter, input the data from the
A/D, and store it in memory. When
it has finished, the Controller sends a
command to the digital multimeter,
causing it to measure the A/D input
voltage. The voltmeter measurement
and the time from the counter are
placed in the Controller’s memory.
This sequence is repeated 10 times
for the first input channel. At the end
of the tenth sample, the analog input
channel address is incremented to the
second channel: the 10 measure-
ments from the A/D converter,
counter and digital multimeter are
then repeated. This process con-
tinues until all 16 channels are tested
at the current input voltage.

The Controller now sets a new
value into the D/A converter and the
16 input channels are commanded to
measure the new input voltages 10
times each. This process continues
until all the data-base values between
0 and + 5 volts have been measured
by all 16 channels on the A/D 20
times. This completes requirements
1, 2 and 4 of our test program.

The last requirement to be tested is
the programmable input amplifier.
There are three values of gain for this
amplifier: 1, 10 and 100. Since the
gain was set at 1 for the previous set
of tests, this part of the gain test is al-
ready complete. The software now

Say You Saw It In Modern Electronics

programs the amplifier for a gain of
10 and sets the voltage from the D/A
converter to 0.4 volt. A sequence of
10 measurements from the A/D con-
verter and from the DMM are taken
and stored in memory. After the
measurement sequence is completed,
the data in each sequence is aver-
aged, and the average of the A/D
converter is divided by the average
from the meter. The result should be
10. If it is (within some tolerably ac-
cepted error), the A/D converter
gain is programmed to 100 and the
input from the D/A converter is set
to 0.04 volt. The average of 10 sam-
ples from the D/ A converter is divid-
ed by the average of 10 samples from
the meter, and the result is compared
with 100. If it is 100 (again with an
acceptable error), the A/D converter
passes the amplifier gain test.

During each sequence in the test,
data acquired from the A/D convert-
er, the digital multimeter and the
counter are analyzed as desired to en-
sure that the A/D converter is func-
tional. At the end of each sequence,
the analyzed data is transmitted over
the IEEE-488 interface and stored on
disk or tape. In addition, a short
pass/fail report for the unit is print-
ed on the line printer, concluding the
A/D test.

Conclusion

This series illustrated how computers
can be used for a variety of control
applications. Whether you want to
generate a control signal based on in-
put signals or collect real-time data
for process control, quality control,
research, etc., computer technology
makes it easier and speedier.

Using an IBM PC or compatible
computer, DataBlocks’ LINK sys-
tem of interface and application-spe-
cific, encased modules, a host of
tasks can be simplified, as we’ve
shown. This methodology invites
you to push a PC’s performance and
utility far beyond its typical uses at
moderate cost. For more LINK sys-
tem info, call toll-free: 800-652-1336.

NEW rrom EEB

NOW buy that test equipment
you've wanted and save!

DIPMETER 1.5 To 250 MHz
AM Modulation 6 Plug-In Coils

Xtal-osc 1-15 MHz
9V battery /\
DMA4061
PR ;
$109.95 Value

onLy 5799
+$4UPS

e Measure resonance of antennas and
tank circuits.

e Check for Harmonic radiation.

e Use as OSC for Rec. alignment.

® More uses detailed in the RSGB Hand-
book, pages 18.15 to 18.21.

RF SIGNAL GENERATOR

SG4160 ® 100 KHz - 150 MHz to
450 MHz on harmonics.
. Smem=__.* e RF Output 100 mVs.
2:° Modulation: Int. - 1 KHz
fa. !ﬂ X & Ext. - 50 Hz to 20 KHz.

e Crystal OSC 1 - 15 MHz.
$219.95 vaiue ONLY 314995 + 54 ups

RF POWER METER/LOAD
PM3§30‘ s 18 to 500 MHz.

o ® 50 OHM-N-J Connector.
Cle

e 5W, 20w, 120 Watts.
$100.95 vaiue ONLY 7995 + s4 UPS

® Accurate to +/- 10%.
FREQUENCY COUNTER

FC5250 ® 10 Hz to 150 MHz.
e 7 Digit readout.
ST e Gate 1s & 6 sec.
au 2 g Accurate to +/- 1 count.
SENSITIVITY: 25 - 100 mV to 30 MHz:

100 - 300 mV to 150 MHz

$169.95 Vafue ONLY 12995+ 54 Ups
AC Adapter is included with unit.

RF ATTENUATOR DC—500 MHz
RFA8000 e 0-81dBin

s 1 dB steps.

= e Accurate to +/- 3 dB
® Steps 1,2, 3,5, 10 and 20 dB
e 50 OHm - ', Watt Insertion Loss .5 dB.

$299.00 Vaiue ONLY 14995+ 54 ups

SWR/RF ANTENNA METER
SWR3P

e Read SWR, RF power and
field strength.
. ©® 1.7to 150 MHz.
¢ 10 or 100 watt range.
® SWR +/- 5%;
POWER +/-10% accuracy.

$29.95 Value ONLY 31995+ 54 ups

Prices and Specs Subject to Change

] Electronic Equipment Bank
£Ees| 516 Mill S_tre_et_, N.E.
. Vienna, Virginia 22180
Virginia orders. technical questions
703-938-3350
VISA MASTERCARD. CHOICE. and DISCOVER

800-368-3270
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Project

Airline Headphone Substitutes

This device takes the discomfort out of listening to
music or in-flight movies by substituting electrically
operated headphones for the air-driven ones you rent

By Paul M. Danzer

nyone who has ever worn
the earphones that airlines
rent to passengers to listen

to canned music or in-flight movies
knows how uncomfortable they are.
The earpieces of these rental phones
dig into your ears. Moreover, if you
try to shift them, even slightly, for
greater comfort, the audio volume
tends to vary. Fortunately, it’s rela-
tively easy to convert the conductive
air from the rental headphone’s plas-
tic tubes into electrical signals, am-
plify the signals and listen to them in
comfort with ‘‘real’”’ phones. All you
need is the simple conversion system
described here.

In use, you plug one end of a pair
of hollow tubes into the jack at your
passenger seat and the other end into
your converter. Inside the converter,
a pair of miniature microphones
translate the air-conducted sounds
into electrical signals that are fed to a
pair of single-chip integrated-circuit
audio amplifiers. The amplifiers, in
turn, drive standard lightweight ear-
phones like those used with Walk-
man-type personal stereos that not
only give excellent sound but are very
comfortable to wear. You also have
a dual control that allows you to vary
the level of the sound in both ears
simultaneously.

About the Circuit

Shown in Fig. 1 is a simplified block
diagram of the converter system.
The complete schematic diagram of
the circuitry is shown in Fig. 2. As

5 Ly

{1z S Left amplifier
Connecting Miniature \- I-/
; Dual
tubes microphones
\ \ volume Headphones
control

I ¥

Right amplifier

Fig. 1. Simplified block diagram of converter system.

you can see, the circuit consists of
two identical audio channels built
around separate left- and right-chan-
nel miniature electret microphone el-
ements MICI and MIC2, integrated-
circuit audio amplifiers/CI and IC2
and earphones. A ganged dual vol-
ume control, RI provides the means

for varying the level of the sound
heard from the miniature phones.
Air-conducted sound from the air-
plane seat’s earphones jack are cou-
pled through short lengths of plastic
tubes to MICI and MIC2. In turn,
the microphone elements convert the
sounds into electrical signals that are

/0; .Jl'l‘ 1
Ct St BT =
+
MlCC)ouT U 2l
1 -
6 J1
GND R1A 3 5 it M
100K 1C1 R2 3 —— o A l
386 10 220uF [
2
g A C2
0.1uF
C4
- 10uF Cé
T o
M'g LA T 200pF
) R1B s s %
100K IC2 R3 —nout B |
386 10 i 3 [
2 +input V+
. 1C5 Ground | g Output
0.1uF
} 386
=i TOP VIEW

Fig. 2. Complete schematic diagram of the converter.
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PARTSLIST -
Semiconductors
ICIIC2—LM3B6 IC audio amplifier
{Radio Shack Cat. No. 276-1731 or
similar) 3
Caparitors
C1,C4—10-4F tantalum .
£2,C5—=0.1-pF, 50-volt disc g
C3,06—220-uF; 35-voll electrolylic ;
Hesistnrs :
R1—100,000-0hm dual potentiometer
{Radip Shack Cat, Ne, 271-1732B or
* similar) %
R2,R3—I10-chm, Y-watt; 10% tolerance
~Miscellaneous 2|
Bl1—%-volt transistor battery
MIC1, MIC2—Flectret microphone ele:
ment {Radio Shack Cat. No. 270-082
or sirnilar) H
J1—Mliniature stereo phone jack
S1—Miniature spst toggle switch 1
Circuil board (see text); suitable enclo-
sure (see text); B-pin DIP 1C sockets
~(2); plastic electrical tape; plastic tub-
ing (see text); heat-shrinkable tubing -
hopkup wire; solder; ete.

@

then coupled through capacitors CI
and C4 and the R/ volume control
into the inputs of /CI and IC2. The
integrated-circuit audio amplifiers
boost the electrical input signals to
levels sufficient to separately drive
the left and right electrical earphones
plugged into miniature stereo phone
jack JI to listenable levels.

Greater gain from the system can
be obtained by connecting the posi-
tive and negative leads of a 10-micro-
farad capacitor between pins 1 and 8,
respectively, of the IC amplifiers in
each channel. This gain normally
isn’t needed; the circuit as shown will
provide plenty of gain to drive the
earphones.

Amplified signals from the pin §
outputs of IC! and IC2 are capaci-
tively coupled via C3 and C6 to the
output jack. The capacitors readily
pass audio signals but block any dc.

Power for the converter circuit is
provided by a conventional 9-volt
transistor battery (BI). Switch S/

Say You Saw It In Modern Electronics
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Fig. 3. Actual-size etching-and-drilling guide for home fabrication of printed-
circuit board.

provides the means for switching on
and off the circuit as needed.

Construction

There is nothing critical about circuit
layout, as long as you keep the inputs
and outputs physically separated
from each other. Therefore, you can
use any traditional means for wiring
the board. I built the prototype of
the project on one-half of a Radio
Shack Cat. No. 276-159 dual IC
board. If you wish, you can use
a home-fabricated printed-circuit

board, made with the actual-size
etching-and-drilling guide shown in
Fig. 3 instead. A third alternative
would be to wire the circuit on a per-
forated board with holes on 0.1-inch
centers, using suitable Wire Wrap or
soldering hardware. Whichever way
you wire the circuit, use separate
8-pin DIP sockets for ICI and IC2.
If you use a pc board or perforated
board, refer to Fig. 4 for component
locations and orientations. For the
pc board, wire the circuit exactly as
shown, installing first the IC sockets,

&
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aamss &

O - s
=7 anam’

a4, vid

g Qe T
IUHM ’“lezé“»zi’

+

Q1IIHG w4t

|

&
N
i
H
P

Fig. 4. The wiring guide for the pc board. Use this arrangement for perforated-
board layout as well.
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then the resistors and finally the ca-
pacitors. Make sure you properly or-
ient the polarized capacitors before
soldering their leads to the copper
pads on the bottom of the board. Do
not wire the microphone elements to
the board just yet, nor install the ICs
in their sockets.

This project was designed to easily
fit inside a standard audio cassette
case to make a very compact assem-
bly that easily fits into a jacket pock-
et along with the earphones with
which it will be used. You can use
whatever other type of box (even a
defunct personal stereo tape player
or radio case) you prefer as an enclo-
sure for the project, of course. If you
use the cassette case, the power
switch, volume control and output
jack should be mounted in holes
drilled through the large flat side of
the case. The short plastic tubes used
for the input microphones enter the
case through holes drilled through
one end wall of the cassette case. Cut
the top of the cassette case to allow
the 9-volt battery to protrude so that
it can be replaced without having to
open the case.

For the tubes that join the micro-
phones to the airline seat jacks, you
should ideally use the bottom 6 inch-

es cut from an old set of airline ear-
phones. If these aren’t available, you
can use any plastic tubing that has an
outer diameter of approximately /% ".
As shown in Fig. 5, butt-join the
tubes and microphones, building up
the diameter of either to match the
other’s diameter with as many layers
of plastic electrical tape as are needed.
Use an additional layer or two of
tape to hold the joints together as
you gently shrink heat-shrinkable
tubing over the joints to hold the
assemblies together. Make the heat-
shrinkable tubing long enough to
cover the entire microphone ele-
ments and extend about 1” up the
tubes and shrink into place.

Checkout and Use

Before plugging the ICs into the
sockets or connecting the micro-
phones and battery into the circuit,
use an ohmmeter to check that all
points shown going to ground and to
the positive bus are properly con-
nected. If everything appears to be
okay, wire the microphone elements
into the circuit as detailed in Fig 4.
Make sure you observe the wiring ar-
rangement shown.

Snap a 9-volt transistor battery in-
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Heat-shrinkable
=13 tubing

RED

Microphone [wHiTe = e
. element  ISNE Output
— - - = a Ground

EPL A

Connecting tube

Fig. 5. Details of plastic tube-to-
microphone element assembly.

to its connector and flip the power
switch to on. Measure the voltage
from the negative side of the battery
to pin 6 of both IC sockets. You
should obtain a reading of approxi-
mately + 9 volts dc if you wired the
board properly. Similarly, take a
voltage reading at pins 5 and 7 of
both sockets. If the reading this time
is not 0 volt in all cases, recheck your
wiring and especially your soldering
for short-circuiting solder bridges.

When you’re sure your wiring is
correct, flip the power switch to off
and carefully install the ICs in the
sockets. Make sure the ICs are prop-
erly oriented and that no pins over-
hang the sockets or fold under be-
tween IC body and socket as you
push each home.

Plug into the output jack a pair of
lightweight earphones. Turn on the
power to the project, set the volume
control to the middle of its range and
alternately cover one air tube and
then the other as you talk into the
open ends of the tubes. You should
hear your voice in first one and then
the other earphone. Speaking into
both tubes, you should hear your
voice in both earphones.

When you use the converter in an
airplane, set both volume controls in
the seat arm to the middles of their
ranges. Plug your two air tubes into
the sockets provided and turn on the
project’s power. Set the project’s
volume control for a comfortable lis-
tening level. Then sit back and, fora
change, enjoy the movie.
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=" I Beckman Model 9020
Oscilloscope

The built-in component tester

makes the Madel 9020 both

an oscilioscope and @ component

curve tracer. This function

will give the user o quick
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capacitors, inductors, diodes,
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InfraRed Printer Module
for the HP-41CV or

the HP-41CX is »
Due Out in 2

Simpson Model 461-2 ............ Kelvin No. 169K13 ........ $198.95
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Digital Circuits by Kenneith Muchow,
Anthony Zeppa & Bill Deem. (Prentice-
Hall. Hard cover. 390 pages. $34.95.)

With digital techniques dominating
modern technology, even in areas hereto-
fore considered to be strictly analog, it is
of vital importance that anyone involved
in electronics be familiar with digital cir-
cuitry and practices. This book offers a
practical avenue to in-depth learning of
digital circuits and techniques. Leading
off with a short chapter that surveys digi-
tal computers, it gets down to cases with
number systems and codes, binary arith-
metic, and logic functions and Boolean
algebra, which set the foundation for the
remaining chapters that deal with the di-
gital “‘hardware.”” A chapter titled
““Gates,”’ for example, discusses the ma-
jor logic families commonly used in digi-
tal circuitry and their characteristics. Af-
ter this comes a chapter on implementa-
tion of logic functions. Most subsequent
chapters deal with specific logic elements
and their related function blocks (flip-
flops, registers, encoders/decoders/ con-

verters and counters). Timing, the arith-
metic logic unit and memory (both solid-
state and magnetic media) are each cov-
ered in separate chapters. The final chap-
ter deals with interfacing.

Traditional ‘‘textbook’’ style presen-
tation—including end-of-chapter review
questions with answers to odd-numbered
ones at the back of the book—make this
a formal classroom book. Its unusually
lucid text and lavish use of tables, sche-
matics and other illustrations make it
suitable for self-study as well.

NEW LITERATURE

Flectronic Components Catalog. Amer-
ican Design Components’ illustrated 16-
page 1987 Christmas Catalog of electron-
ic, electromechanical and computer-re-
lated parts and components lists items
specially selected for the hobbyist, tink-
erer, teacher, scientist and design engi-
neer. [t lists thousands of items, includ-
ing: ICs, other semiconductors, fans,
blowers, ac, dc and fractional-horsepow-
er motors, and a full range of other com-

ponents ready for immediate off-the-
shelf delivery. For a free copy, write to:
American Design Components, 62 Jo-
seph St., Dept. ME, Moonachie, NJ
07074.

Software Catalog For Scientists & Engi-
neers. ‘“The Scientific & Engineering
Software Guide’’ from Lifeboat is said to
be the first reference catalog to include
more than 100 application and develop-
ment software packages designed espe-
cially for the science and engineering
community. The software listed covers
statistical data analysis, circuit design,
data acquisition and signal analysis, solv-
ing complex equations, three-dimension-
al CAD/CAM design, graphics, techni-
cal word processing and more. Complete
descriptions include a run-down of fea-
tures and benefits of each listed software
package, compatibility and system re-
quirements, and indicates where a demo
disk is available. For a copy, write to:
Lifeboat Associates, Inc., 55 S. Broad-
way, Tarrytown, NY 10591.
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Project

An Electric
Hand Dryer

Convert an inexpensive hair blow
dryer into a sanitary, automatic
or semiautomatic hot-air

hand dryer

By Joseph O’Connell

hot-air hand dryer like
those used in public rest-
rooms can be a very practi-

cal appliance in your home bath
room. It saves on wear and tear of
towels and can be a lot more sanitary
than towels. Hot-air hand dryers
used in public restrooms are quite ex-
pensive, though. However, you can
build a home version of this appli-
ance from an inexpensive ‘‘pistol’’
type hair blow dryer, which you can
pick up in many department and dis-
count stores for as little as $5, a sim-
ple controller circuit and a home-
fabricated housing.

In this article, we’ll tell you how to
convert a common hair blow dryer
into either of two different activa-
tion versions of a hand dryer. The
simpler and less expensive version is
a semiautomatic pushbutton-start,
timed-off dryer that works much like
the great majority of those found in
public restrooms. You push the but-
ton and the hot air flows for a prede-
termined amount of time and then

automatically shuts off. The other
version uses a motion Sensor to
achieve fully automatic operation.
When you place your hands near the
dryer’s hot-air nozzle, the system
turns on and remains on as long as
your hands are in sensing range. Pull
your hands away, and the dryer shuts
off immediately.

Controller Choices

It’s quite easy to activate a hand dry-
er with a pushbutton switch and
time-delay circuit, as is done in most
commercial hot-air hand dryers.
This delay circuit keeps the dryer on
for a predetermined number of sec-
onds after a start button is pressed.
Activation by a proximity detector
is more high-tech and offers better
operating convenience, not to men-
tion more sanitary. In this type of ar-
rangement, the dryer stays on for on-
ly as long as you heed hot air to dry
your hands.
® Time-Delay Version. In this ver-
sion controller, the basic timing ele-
ment is a popular 555 timer, shown
as ICI in Fig. 1. Power transformer

T1, rectifier diodes DI through D4
and filter capacitor C4 make up a
common full-wave bridge-rectified
power supply that converts ac line
power to dc to power the controller
circuit. (The 555 timer can operate
over a 9-to-16-volt range; so the val-
ues of the power-supply components
aren’t critical.)

Together with potentiometer R3
and capacitor CI, ICI makes up an
adjustable time-delay circuit. When
this circuit is triggered by momentar-
ily pressing and releasing START
pushbutton switch S/, the output of
IC1 at pin 3 goes high for a period of
time that can be varied from about 5
seconds to more than 60 seconds,
depending on the setting of R3.

Current-limiting resistor R/ cou-
ples ICI’s pin 3 output into optical
triac driver /C2 to turn on the inter-
nal light-emitting diode. When this
internal LED comes on, it triggers
the internal triac into conduction to
bias on external triac Q1. When Q1
conducts, it delivers ac line power to
the fan and heating elements of the
blow dryer.

e
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When IC!’s timing cycle has run
its course, the output at pin 3 drops
to near 0 volt (ground) and turns off
IC2’s internal LED. This causes
IC2’s internal triac to shut down
and, in turn, shut down the external
triac to shut off the dryer.

For safety, the timing elements of
the controller circuit are fully iso-
lated from the ac line. Hence, you
could use a remote pushbutton
switch—located perhaps near your
bath room sink—to turn on the hand
dryer so that by the time you get to it
the air will already be warm.

Electrical noise is kept from Q/ by
bypass capacitors C2 and C3.
® Motion-Detector Version. De-
spite the fact that most commercial
hot-air hand-drying machines use
them, a pushbutton-start controlled

isn’t the best way to let your hand
dryer know when you want it to turn
on. For one thing, your hands are us-
ually wet and clean after you’ve
washed them, while the pushbutton
on the switch probably carries
germs. For another, the timing inter-
val of the time-delay controller is
rarely correct. It usually turns off the
dryer before your hands are dry or
keeps it on after you’re done. This
wastes energy.

Perhaps the best way to activate a
hand dryer is to just put your hands
in the vicinity of the nozzle to turn on
the hot air flow and keep it on only
for as long as you need it. This is ac-
complished with a controller that
senses when hands are placed near it
and pulled away to turn on and off
the hot air flow. Achieving this

method of control would be a com-
plicated and costly task were it not
for a fairly new IC designed for use
in intruder alarms. The motion de-
tector IC used in this version of the
project is a 14-pin DIP IC, shown as
ICI in Fig. 2. Only a few external
components are needed to adapt the
motion-detector IC to our purpose
and to interface it with the blow dry-
er’s heating elements and fan.

Use of a motion-detector chip isn’t
without its disadvantages, however.
Because the chip is very sensitive (it
must be to assure positive, reliable
detection in an intruder-alert system
for which it was designed), turning
on a nearby light or walking past the
chip’s field of view can trigger on the
dryer for a few seconds even when
it’s not being called upon to dry
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Fig. 1. Schematic diagram of semiautomatic pushbutton-operated, timed-on

hand dryer.
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PARTS LIST (Timed Version)

Semiconductors

D1 thru D4—200-volt, 1-ampere or
greater bridge rectifier or individual
rectifier diodes

IC1—555 timer

1C2—MOC3010 or similar triac-driver
optical isolator

Q1—200-volt, 16-ampere or greater
triac

Capacitors

C1—10-uF, 16-volt electrolytic

C2,C3—0.01-uF, 200-volt disc

C4—220-uF, 16-volt electrolytic

Resistors (%-watt, 10% tolerance)

R1—470 ohms

R2—390 ohms

R3—7-megohm linear-taper poten-
tiometer (see text)

Miscellaneous

S1—Normally open, momentary-ac-
tion pushbutton switch

T1—9-volt ac transformer
Printed-circuit board or perforated
board and suitable soldering or Wire
Wrap hardware (see text); low-cost
hair blow dryer (see text); suitable
cover for project (see text); TO-220
heat sink and mounting hardware;
cap for pushbutton switch; lumber
for base and dryer support; machine
hardware; ac line cord with plug and
hookup wire; solder; etc.
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Fig. 2. Schematic diagram of fully automatic motion-sensing hand dryer.

hands. So, depending on the number
of false starts you’re willing to put
up with and how annoying you think
they’ll be, the time-delay controller
described above might be your better
choice.

Figure 2 shows the complete sche-
matic diagram of the motion-sensing
controller circuit. A 2.5-to-4.5-volt
dc power supply is required to oper-
ate motion detector /CI. Though an
ordinary 7805 + 5-volt regulator
(IC3) is used in the power supply, si-
licon diode DI provides a 0.7-volt
drop to bring the supply potential
down to an almost ideal 4.3 volts. (If
the regulator you buy outputs slight-
ly greater than 5 volts, you may have
to add a second silicon diode in series
with DI to maintain a supply voltage
that is within the safe operating
range for IC1.)

Capacitors connected to ICI set
the motion sensor’s operating para-
meters. The interval /CI waits after
sensing motion before resampling

light is set by C8. You might have to

experiment with the value of this ca-
pacitor to fine-tune the dryer to a
particular installation. Capacitor C6
lowers the IC’s sensitivity to high-
frequency light changes, as would
occur under fluorescent lighting con-
ditions. Capacitor C5 determines the
pitch of the ‘‘alarm’’ output at pin 1
of ICI and isn’t very important in
this application. Capacitors C2 and
C7 have uses that are internal to
the IC and, thus, need no explana-
tion here.

When IC1 senses motion, the out-
put signal at pin 1 turns on transistor
QI through resistor R3. This turns
on the LED inside optical triac driver
IC2. From here on, operation of the
controller circuit is identical to the
same section of circuitry in Fig. 1.
(Indeed, from /C2 onward, the cir-
cuit itself is identical.)

Turn-off of the dryer is virtually
instantaneous when hands are re-
moved from detection range of ICI,
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PARTS LIST

{Motion-Detector Version)

Semiconductors

D1—1N4001 or similar silicon diode

D2 thru D5—200-volt, 1-ampere bridge
rectifier

IC1—Motion detector (see Note below)

IC2—MOC3010 or similar triac-driver
optical isolator

1C3—7805 or equivalent + 5-volt
regulator

Q1—2N3906 or similar general-pur-
pose pnp transistor

Q2—200-volt, 16-ampere or greater
triac i

Capacitors %

C1,C6—20-uF, 6-volt electrolytic

C2,C7T—A47-uF, 6-volt electrolytic

C3,C4—0.01-uF, 200-volt disc

C5—0.47-uF, 6-volt tantalum

C8—1-uF, 6-volt tantalum

C9—220-¢F, 6-volt electrolytic

Resistors (Y%-watt, 10% tolerance)

R1—150 ohms

R2-—390 ohms

R3—2,200 ohms

Miscellaneous

T1—4- to 12-volt power transformer
Printed-circuit board or perforated
board and suitable soldering or Wire
Wrap hardware (see text); low-cost
hair blow dryer (see text); suitable
cover for project (see text); TO-220
heat sink and mounting hardware;
cap for pushbutton switch; lumber
for base and dryer support; machine
hardware; ac line cord with plug and
hookup wire; solder; etc.

Note: The motion detector IC used in this
project is salvaged from circuit board as-
sembly Part No. SMD-01 ($7.95 includ-

ing P&H) from 1.P.C. Sales, P.O. Box
1540, Haverhill, MA 01830.

though the fan will continue to blow
out hot air until it winds down to a
stop. As soon as ICI senses that no
hands are in its vicinity, its output at
pin 1 ceases and cuts off base drive to
the transistor. In turn, the cutoff
condition of the transistor turns off
the LED inside /C2 and shuts down
the dryer.

Construction

For this project, you need the com-
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mon pistol-type hair blow dryer that
has a centrifugal, rather than axial,
type of fan (blower). The number of
speed settings doesn’t matter, since
you’ll be wiring the heating elements
and fan into the project’s controller
in the highest-power setting.

Decide on the enclosure in which
to house the dryer before cutting
away any of the blow dryer’s hous-
ing. A good way to go is to build the
dryer and its control circuit on a
wood base and equip it with a de-
tachable plastic cover, as was done
for the prototype of this project
shown in the photos. The removable
plastic cover could be the bottom of
a wastepaper basket (seelead photo),
or it could be a large food storage
container. Use at least % "-thick lum-
ber for the wood base. After cutting
the wood base to size and shape,
smooth its edges with a file and/or
sandpaper and check to make sure it
makes a snug fit with the cover.

Open the blow dryer and study the
switch arrangement prior to remov-
ing the switches to determine how to
wire the heating elements and fan for
maximum heat/speed. Make a note
of the required wiring on a sheet of
paper. While you’re at it, examine
the baffle that encloses the fan and
make a note of which parts can be
removed without cutting into the air-
tight section of the blow dryer’s
housing. When you remove them,
save the ac line cord for use in this
project and discard the switches or
save them for another project.

Now carefully cut away the handle
and excess plastic from the blow dry-
er. Remove all the plastic housing ex-
cept the part that encloses the heat-
ing elements and fan. This will be
easier to do if you trim with a saw the
excess from each half of the dryer’s
housing separately.

As you trim away plastic from the
blow dryer’s housing, keep in mind
how the assembly you want to use
will fit into the project’s housing.
Mounting will be easier to accom-
plish if you cut so that there’s a flat
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Fig. 3. Mounting details for blow dryer’s heating-element/fan assembly. Note
upward angle of nozzle and controller board mounted below nozzle.

surface on the dryer assembly that
can rest on the wood base. Also, it’s
a good idea to arrange things so that
the nozzle, when mounted, will angle
slightly away from the wall on which
the project is to be mounted.

When you’ve reduced the blow
dryer’s plastic housing to a mini-
mum, what’s left should look like
that shown in Fig. 3. That is, only the
fan and tube with the heating ele-
ments inside should remain. Wrap
duct tape around the fan baffle to
seal out any leaks, but avoid taping
over the air inlets.

Whichever controller you decide
to use can be built on perforated
board with holes on 0.1 ” centers. Use
suitable soldering or Wire Wrap
hardware, including sockets for the
DIP ICs. If you prefer, you can de-
sign and fabricate a printed-circuit
board instead of using perforated
board on which to mount the compo-
nents for the circuit of your choice,
using sockets for the ICs here as well.

In both cases, mount the power
transformer and heating-element/
fan assembly off the board on the

wood base with woodscrews. In Fig.
1 the pushbutton switch and poten-
tiometer also mount off the board,
the switch on the cover of the proj-
ect and the pot on an aluminum L
bracket secured to the wood base.
(You can, if you wish, mount the po-
tentiometer in a hole drilled in the
circuit board, as shown in the last
photo in this article.)

Wire your choice of circuits exact-
ly as shown in Fig. 1 for the pushbut-
ton-start/time-delay version and
Fig. 2 for the motion-sensing ver-
sion. Be sure when wiring the electro-
lytic capacitors and diodes into the
circuit that they’re properly polar-
ized. Similarly, when wiring the tran-
sistor, triac and voltage regulator, be
sure their basings are correct before
soldering any leads into place.

Because the triac must handle a lot
of current and, thus, must dissipate a
lot of heat, it’s a good idea to mount
the power triac on a separate piece of
perforated board and run heavy-
duty stranded wires to it from the
main circuitry. This way, the triac
can be mounted where its heat will be
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Fig. 4. Triac requires bolt-on heat sink. Mount triac/capacitor subas-
sembly so that drawn-in cool air will carry off heat generated by triac.

drawn off by the cool air drawn into
the enclosure by the fan.

To connect the ac line cord into the
circuit, you can provide terminals on
the circuit-board assembly for it. Al-
ternatively, you can use a two-lug
(neither lug connected to the mount-
ing tab) terminal strip mounted via
one of the screws that hold down the
transformer to which to wire the
cord and transformer’s primary.

Cut a bracket out of lumber to
hold the blow dryer assembly secure-
ly in place as shown in Fig. 3. A fric-
tion fit around the heating-element
tube should be sufficient, but secure
the rear end of the dryer housing to
the wood base with a small L bracket
and screws.

Use small L brackets to mount the
controller circuit board on the wood
base just ahead and under the dryer’s
nozzle. For the timed version, con-
nect and solder wires into the circuit
at the appropriate points for the po-
tentiometer and switch. The lengths
of the wires for the switch should be
adequate to allow the plastic cover

on which the switch is mounted to be
removed without straining. Use a
switch that has very little behind the
panel depth. A good choice here is a
computer keyboard or calculator
keypad switch.

With the motion-detecting con-
troller, mount IC! so that it can
““look’’ down through a hole in the
project’s cover to ‘‘see’’ the area
under the dryer’s nozzle. The lead
photo shows a small peephole in the
cover through which this IC looks.

Cut a hole in one end of the proj-
ect’s plastic cover through which the
dryer’s nozzle can protrude slightly.
Then cut or drill a pattern of holes to
allow outside air to be drawn by the
fan into and through the dryer as-
sembly to exit heated through the
nozzle. Leaving about 1” of clear-
ance above the dryer, trim the plastic
cover to a uniform height and test for
fit over the base with the nozzle pro-
truding through its hole.

Drill or punch a pattern of holes
through the walls on both sides of the
plastic cover to provide the means
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through which cool air can be drawn
in by the fan. Also drill or punch the
viewing hole for the motion-detect-
ing IC for the Fig. 2 version of the
controller. Mount a small heat sink
on the triac (see Fig. 4) and then
mount the triac assembly on the
wood base where it will be directly
in the stream of air drawn through
the holes.

Checkout and Use

Before plugging the triac driver into
its socket (or if you’ve already in-
stalled it, remove it from the socket),
check out your hand dryer for proper
operation with an ordinary visible-
light light-emitting diode. Plug the
anode and cathode leads of this LED
into the triac driver’s socket at pins 1
and 2, respectively. Make sure the
LED is positioned so that none of its
light can fall on the sensitive surface
of the motion-detecting IC in the
Fig. 2 circuit.

Plug the project’s line cord into an
ac receptacle and press and release
the pushbutton switch on the timed
version. The LED should now light
and remain on for a period of time
determined by the setting of the po-
tentiometer. It should automatically
extinguish when the timing cycle
runs out. For the motion-detector
version, bring your hands into detec-
tion range and note that the LED
lights and remains on for as long as
you keep your hands under the noz-
zle. It should immediately extinguish
when you pull your hands away. Per-
form this test several times to make
sure whichever controller you’ve
built is working properly and reliably.

If you obtained the proper results
from this test, pull the project’s line
cord from the ac receptacle, remove
the LED from the socket and replace
it with the triac driver IC. If you
didn’t obtain the proper results, re-
check all wiring for wrong connec-
tions, poor soldering and short-cir-
cuiting solder bridges. Also check
the orientations of the electrolytic
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Nozzle-end view of assembled timed-on project. Time-setting potentiometer
can be mounted with its shaft protruding from top of controller board as shown
or on a separate aluminum L bracket.

capacitors and diodes and the bas-
ings of the transistors, triacs and
ICs. Rectify any problems before at-
tempting to put the electric hand-
dryer project into service.

Mount your hot-air hand dryer in
a convenient location in your bath
room where it will be conveniently
accessible but won’t interfere with
other items in the room. If you built
the timed version, set the potentio-
meter to about the middle of its
range. Wet your hands and shake off
excess water. Then press and release
the start switch on the cover and
place your hands in the air flow com-
ing from the nozzle. Rub and turn
your hands in the air flow. If the dry-
er shuts off before your hands are
dry or keeps going after they are dry,
adjust the setting of the potentiome-
ter for a longer or a shorter on peri-
od. Wet your hands again and dry

Say You Saw It In Modern Electronics

them with the dryer. Repeat as neces-
sary until the time-on period has
been optimized.

Punch or drill a number of small
holes through the cover about %"
from the cut edge all around the peri-
meter. Mount the cover to the wood
base with small woodscrews.

Always keep foremost in mind
that your hot-air hand dryer is an in-
termittent-duty appliance. It should
never be run continuously for longer
than a couple of minutes at a time
and should be allowed to cool off be-
tween uses.

Use this project to dry hands only
—not wet or damp washcloths or
towels or any other item that requires
along drying time. When you do use
the dryer, always shake off excess
water before turning it on and rub
and turn your hands in the air flow to
speed drying time. ”E

HAM RADIO
IS FUN!

It's even more fun for begin-
ners now that they can oper-
ate voice and link computers
just as soon as they obtain
their Novice class license. You
can talk to hams all over the
world when conditions per-
mit, then switch to a repeater
for local coverage, perhaps
using atransceiverinyour car
or handheld unit.
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W/ ELECTRONICS NOTEBOOK |/

By Forrest M. Mims III

Intercepting conversations inside a closed
room by detecting and demodulating a
laser beam reflected from a window pane
is not just a spy novel gimmick or a mo-
tion-picture special effect. Under certain
conditions, this technique can be made to
work.

Whenever the press rediscovers laser
eavesdropping every few years, it often
describes it as a “‘new”’ tool of the high-
tech spy. In fact, the technique has been
reported on in the open literature since
about 1970. And though a laser is claimed
to be necessary, the technique can be im-
plemented with reflected sunlight or an
infrared spotlight. Indeed, the basic prin-
ciples of optoelectronic eavesdropping
were invented by Alexander Graham Bell
and Sumner Tainter in 1880, when they
built the first photophone lightwave
communicator.

One rumor has it that nearly a century
after Professor Bell demonstrated his
photophone in Washington, D.C., KGB
agents from the Soviet Union attempted
to use a laser on the roof of the Depart-
ment of Commerce building to intercept
conversations inside the oval office of the
White House.

In 1974, Victor Marchetti and John
Marks wrote in The CIA and the Cult of
Intelligence (Alfred A. Knopf) that the
CIA had developed “‘. . . a laser beam
which could be aimed at a closed window
outside and used to pick up the vibrations
of the sound waves caused by the conver-
sation inside. This system was successful-
ly tested in the field—in West Africa—
but it never seemed to function properly
elsewhere, except in the United States.”’

In 1976, laser eavesdropping was men-
tioned in a study of state-of-the-art elec-
tronic surveillance methods prepared by
the National Wiretap Commission. The
report concluded that ‘. . . the laser is
not a cost-effective device and no evi-
dence or verification of the existence of a
laser eavesdropping system was found.”’
Apparently, the Commission was denied
access to the classified work in this field
performed by government intelligence
agencies and their contractors. Nor was it
aware that an electronic writer in New

Laser Eavesdropping
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Fig. 1. Laser eavesdropping arrangement in whic!! positional modulation is used.

Mexico was then building inexpensive
laser bugs that used both visible light and
near-infrared lasers.

During the past few years, numerous
revelations about espionage have re-
ceived widespread media coverage. A
spinoff of this media attention has been
the publication of several articles that
give detailed construction plans for laser
eavesdropping devices. These articles
may encourage students and adults who
should know better to build and attempt
to use a laser bug. This is unfortunate,
since the articles I have seen fail to ad-

dress either the legal or the safety aspects
of laser eavesdropping.

It’s only natural for electronics experi-
menters and engineers to be curious
about the latest electronic eavesdropping
devices and techniques. Learning about
the design and operation of such devices,
however, is quite different from actually
building and using them.

Before going further, I must confess to
not having had a spotless record in this
field. I'm the electronics writer men-
tioned above, and I was building laser
bugs back in the ’70s. 1 have written
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Fig. 2. Laser eavesdropping using the interferometric approach.
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about some of this work in books and ar-
ticles and have spoken about counter-
measures for laser eavesdropping at an
annual meeting of the Laser Institute of
America. I’ve also prepared a report for
the Senate Select Committee on Intelli-
gence on the potential threat to national
security posed by laser eavesdropping.

Nevertheless, I’ve heretofore purpose-
ly not written about the subject for an ex-
perimenter magazine. In view of the arti-
cles that have recently appeared, how-
ever, there is a need for an article that dis-
cusses the technical, legal and safety as-
pects of the subject.

There is yet another reason for a com-
plete discussion of this topic. Recently,
the media has reported that the new Sovi-
et embassy in Washington has a clear line
of sight to many important government
offices in the nation’s capital. William
Safire and other journalists have report-
ed that Soviet agents have attempted to
use laser eavesdropping gear installed in
their new embassy or the nearby housing
quarters against some of these govern-

ment facilities. -
Buzzers, speakers and other vibration-

inducing devices have been installed on
or near the exterior windows of some
government offices in an effort to jam
would-be laser eavesdroppers. From my
own experiments in developing counter-
measures for laser eavesdropping, I
know that these techniques can be very
effective. Unfortunately, they do not
necessarily solve the problem, since it
might be possible to aim a laser bug at a
glass or plastic picture frame, clock face
and similar reflective surfaces inside to
room being targeted. Therefore, while
laser eavesdropping can be very difficult
to implement in the real world, govern-
ment officials should remain concerned
about the possible threat.

Laser Eavesdropping Basics

A normal conversation has a sound level
intensity of only around 60 dB, or a mi-
crowatt per square meter. While this fig-
ure is quite small, it is often enough to
force a window pane into synchronous
vibration with the impinging sound
waves. A light beam reflected from such
a window will be positionally or ampli-
tude modulated by movement of the win-
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Fig. 3. A block diagram of a typical laser eavesdropping receiver.

dow. A suitable receiver can detect and
demodulate the reflected beam.

Several methods can be used to surrep-
titiously monitor conversations by re-
flecting a laser beam from a window
pane. The most straightforward method
is to project a highly collimated laser
beam at a window and detect the reflect-
ed laser beam with a sensitive receiver, as
shown in Fig. 1. In this method, the laser
and receiver can be widely separated, as
long as the reflected beam is accessible.

Another method is to place the laser
normal to the plane of the window pane
so that the reflected beam returns along
the path of the transmitted beam. As
shown in Fig. 2, this forms a Fabry Perot
interferometer. A beam splitter is used to
reflect a portion of the interfering beams
to a detector. Though this method is ex-
ceptionally sensitive, in practice, it’s ex-
tremely difficult to implement.

While the basic principles of laser
eavesdropping are quite simple, success-
fully intercepting a conversation is not.
For best results, the light beam must be
highly collimated and have a very low
noise level. If covert operation is desired,
a near-infrared laser must be used to
avoid detection. But this greatly compli-
cates aligning the system without attract-
ing attention.

The laser eavesdropping construction
projects described in various magazines
and journals use helium-neon (He-Ne)
lasers. While this type of laser can be
used with reasonably good results, it’s in-
herently not a low-noise source. Contin-
uous-wave (CW) laser-diode collimators

can provide a lower noise source, but
they, too, aren’t noise-free.

Undesirable effects of noise from the
illuminator can be reduced by incorpo-
rating a filter stage in the receiver. An-
other significant noise source is light
from the sun, as is artificial light, partic-
ularly when inside the room being moni-
tored. A 60- or 120-Hz notch filter canre-
duce the effect of artificial lighting. An
optical bandpass filter tuned to the wave-
length of the laser source can reduce the
adverse effects of both sunlight and arti-
ficial light. An audio equalizer is helpful
in this respect, since it can both subdue
unwanted noise and help compensate for
the poor frequency response of most win-
dow panes. A block diagram for a receiv-
er that incorporates these noise-reduc-
tion principles is shown in Fig. 3.

Placement of the receiver’s detector in
the reflected laser beam is crucial to the
performance of the system. In a straight-
forward application against a glass pane,
the reflected beam will probably be posi-
tionally modulated. In other words, the
reflected beam will sweep across a very
small angle in direct proportion to the in-
cident wound waves. The reflected beam
will generally consist of an interference
pattern caused by the reflections from
the front and rear surfaces of the glass..
For best results, the sensitive surface of*
the detector should be placed at the edge
of one of the bars of light in the reflected
pattern. If a lens is used to achieve great-
er detection range, other techniques can
be used to enhance the sensitivity of the
receiver.
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Even when noise and interference re-
duction techniques are employed, the
voice quality of conversations intercept-
ed by a laser is generally less than good.
Often, the amplitude of the voice is not
much above the noise level, and the voice
sounds as if the person speaking is inside
a box. External interference from tem-
perature fluctuations in the atmosphere,
blowing dust and flying insects can add
to the problem.

“‘Siliconnections’’

Earlier, I confessed to having experi-
mented with laser eavesdropping gear.
Later, the legal implications of some of
that work and electronics eavesdropping
in general were discussed. First, here is
the background.

Siliconnections: Coming of Age in the
Electronic Era (McGraw-Hill, 1986) is a
memoir about my experiences as an elec-
tronics writer and tinkerer. This book in-
cludes several chapters about the devel-
opment of the Altair 8800, the micro-
computer generally credited with having
initiated the personal computer industry.
Since I was a co-founder of MITS, the
publisher and I assumed the Altair story
would be the book’s main selling point.

Fig. 4. A television demonstration of laser eavesdropping.

Siliconnections also includes chapters
about the annual Consumer Electronics
Show, the electronics press and an Air
Force laser laboratory. There’s also a
chapter about the time the National En-
quirer hired me to monitor the conversa-
tions of Howard Hughes by reflecting a
laser beam against the window of his ho-
tel in the Bahamas.

Most print reviewers of Siliconnec-
tions emphasized the Altair connection.
But when I toured the country to pro-
mote the book on radio and television,
the emphasis was almost entirely on the
laser eavesdropping chapter. During
every interview, I was asked to explain
and, if the interview was televised, dis-
play laser bugging devices. TV stations in
Los Angeles and Houston were so in-
trigued by the technology that they spent
considerable time taping demonstrations
I conducted for them. A production
company even flew me to New York to
demonstrate the technique for a docu-
mentary that was later telecast on HBO
(“‘Surveillance: No Place to Hide’).

Figure 4is a screen photograph of Cliff
Morrison of KCBS in Los Angeles partic-
ipating in one of the demonstrations.
Morrison is inside a soundproof booth
fronted by two thick panes of glass, and

the laser eavesdropping system is pointed
toward a glass picture frame inside the
booth. Superimposed on the screen are
Morrison’s words as intercepted by the
laser receiver.

I agreed to conduct these televised de-
monstrations only after first contacting
the Senate Select Committee on Intelli-
gence, the FBI and two other government
intelligence agencies. I had learned that
my equipment, which could be used for
laser eavesdropping, was considerably
cheaper and apparently much smaller
than equipment developed by the govern-
ment. Also, I learned that the new devel-
opments in inexpensive, pocket-size
semiconductor laser transmitters had
been overlooked by some government of-
ficials.

A staffer for the Senate committee
suggested several officials to contact, in-
cluding an Oliver North on the staff of
the National Security Agency. Lt. Col.
North was not in when I called, but I did
manage to reach several other officials.
Eventually, my offer to conduct a confi-
dential demonstration of laser eaves-
dropping for the FBI and two other agen-
cies was accepted by representatives of
each organization. Later, however, an
FBI official warned me that he couldn’t
guarantee that I wouldn’t be arrested if I
transported the equipment to Washing-
ton. That’s when I decided that the only
way to inform the government about the
potential threat of miniaturized laser
eavesdropping devices was to accept the
invitations to demonstrate the equipment
on television.

These demonstrations resulted in some
strange telephone calls. A man claiming
torepresent a middle eastern government
called and asked to buy six laser bugs.
Several private detectives called to ask
me to sell them laser bugs. And then there
was the elegant woman who saw a tele-
vised demonstration of my equipment in
Los Angeles. She then visited the com-
puter show where I was exhibiting an Al-
tair computer to ask how she could prove
to the police that her former boyfriend
was bugging her house with a laser.

In view of the laws that govern elec-
tronic eavesdropping devices, it’s impor-
tant to note here that the apparatus I de-
monstrated on television was originally

e T T e e e e e N B ———

76 / MODERN ELECTRONICS / November 1987

wynany amgaricanradinhictan: com

Say You Saw It In Modern Electronics



www.americanradiohistory.com

SOURCE

850nm
LASER DIODE

N\
AUDIO OURUT
(HEADPHONES
OR RECORDER)

HEAT SINK

COLLIMATING
LENS

DETECTOR
DETECTOR
WITH
COLLECTION
LENS

Fig. 5. A laser eavesdropping system built by the author in 1976.

built for other purposes. It was a highly
sensitive optical fiber vibration sensing
device. When the fiber was removed and
some optics were added, the system
formed a pocket-size laser eavesdropping
device. Had I built this system specifical-
ly for laser eavesdropping purposes or
maintained it as such a system, it might
well have violated some of the laws that
are discussed below.

On the other hand, the systems I built
for the Howard Hughes project in 1976
were intended specifically for surveil-
lance and, as I later learned, would have
violated the law had they been used with-
out the knowledge of the person whose
conversation was being intercepted. The
legal aspects of laser eavesdropping will
be covered later. First, here’s a highly
condensed account of the National En-

Say You Saw It In Modern Electronics

quirer’s Howard Hughes project de-
scribed in Siliconnections.

Confessions of a Laser Spy

In 1975, an editor at the National Enquir-
er called to assign a series of articles on
advances in laser technology. During our
discussion, he asked me if I was familiar
with press reports about laser bugging
technology. When I mentioned that a las-
er bugging system could be assembled
from parts in my workshop, the editor
suddenly lost interest in the laser articles.
Instead, he informed me about the pa-
per’s interest in intercepting the conver-
sations of Howard Hughes at the Xana-
du Princess Hotel in the Bahamas. The
objective of this plan, he claimed, was to
uncover questionable dealings of signifi-
cance. Hethen asked if I would be willing

L 07 ol tpplowent
Technicel Supphies for “Electrooics’ o
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58 Ve e Benl £.0 M TN, M M. U
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Same day shipment!
. on 4000 roduts s eyt hpmct
D T e s Comi b 3

Yo Order, Coll 81 7-682-2000

TESTINSTRUMENTS &
HARD-TO-FIND TOOLS

Packed with over 5,000 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 (617)-682-2000

Contact East, Inc., Dept. R413

P.O. Box 786, No. Andover, Ma 01845
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A Career Start in
21st Century Electronics

Since 1905, National Technical Schools
has helped over 300,000 people just like
you learn at their own pace and build
successful careers. Enter the boom in
electronics through home study courses
in Microcomputer Technology & Ser-
vicing, TV & Radio Servicing, Video
Technology, Industrial Controls (Micro-
processing), Robotics or Basic Electronics.

To begin a new career or to sharpen
your current skills, call 1-800-B-BETTER
or write us today for complete details:
NTS, Dept. ME-410, 456 West M.L.
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State of the Art Kits by Hal-Tronix, Inc.

TOUCH-TONE DECODER AND ENCODER KITS
HAL-S67-42. .. . ... .. e e s . 53995
TOUCH-TONE DECODER, SINGLE LINE IN 12 LINES
OUT. COMES COMPLETE WITH P.C. BOARD AND ALL
PARTS. NO SOCKETS, CASE OR POWER SUPPLY
T AT A —— $69.95
TOUCH-TONE DECODER, SINGLE LINE IN 16 LINES
OUT_COMES COMPLETE WiTH P.C. BOARD AND ALL
PARTS PLUS SOCKETS. NO CASE OR POWER SUPPLY
HAL-ECD-42. . ... ... i
TOUCH-TONE ENCODER, 3 x 4 12 CHARACTER. USE
FOR DIALING. COMPLETE WiTH ALL ELECTRONIC
PARTS. INCLUDES SPEAKERS FOR AUDIO COUPLING
AND LE.D_FOR VISUAL INDICATION. CRYSTAL CON-
TROLLED SINGLE iC CHIP & ALUM CASE
HAL-ECD16. .o . $39.95
TOUCH-TONE ENCODER. 4x4 16 CHARACTER. USE
FOR DIALING. COMPLETE WITH ALL ELECTRONIC
PARTS. INCLUDES SPEAKER FOR AUDIO COUPLING
AND L E.D. FOR VISUAL INDICATION CRYSTAL CON-

TROLLED. SINGLE IC CHIP. & ALUM CASE
PRE-AMPLIFIERS

HALPA 19 . oieeeia i eeee s $9.95
WIDE BAND - 2-200 MHZ - 19 DB - BUILT AND TESTE

KEYERS AND OPTIONAL MEMORY KITS
ACCUKEYERKIT ... ... .. . ... .. ... $1695
THIS ACCUKEYER KIT IS A REVISED VERSION OF THE
FAMOUS WB4vVF ACCUKEYER, BUT WITH SIDE TONE
ONBOARD, COMES COMPLETE WITHALL ELECTRONIC
PARTS, LESS SOCKETS. POWER SUPPLY AND CASE
ACCU-MEMORY 1901 .. ... ... ... ... ... $16.95
LOW COST METHOD OF ADDING MEMORY TO THE
ACCUKEYER. COMES WITHTWO 1101 MEMORIES. GIV-
ING YOU CHANNELS CAPABLE OF 30 CHARACTERS
PER CHANNEL. COMES COMPLETE WITH ALL ELEC-
TRONIC PARTS INCLUDING SOCKETS, LESS CASE
AND POWER SUPPLY
ACCU-MEMORY 2102 . ... ... $21.95
LOW COST METHOD OF ADDING LARGER MEMORY
TO THE ACCUKEYER. PROVISIONS FOR 4 2102°S (ONLY
12102 COMES WITH THE KIT) HAS THE CAPABILITY OF
4 CHANNELS WITH 120 CHARACTERS EACH. COMES
COMPLETE WITH SOCKETS. LESS 3 OF THE 21028
LESS POWER SUPPLY AND CASE

SPECIAL OFFER

#1B8UY THEACCUKEYERAND 1101 OPTIONTOGETHER
. ... {ONLY) $32.00

#2 BUY THE ACCUKEYERAND2102 OPTION TOGETHER
e e o e e ok 8 o ) S A (ONLY) $37.00
43 BUY THE ACCUKEYER AND 2102 OPTION ALONG
WITH THREE EXTRA 2102'S AND SOCKETS .. ... ...
................ ~...... {ONLY) $40.00

L. $1995

PROXIMITY KEYER .. ... .. .. 5000 o
KEYER PADDLE ENABLES ONE TO GENERATE DOTS
AND DASHES WITH THE TOUCH OF A FINGER (NO
MOVING PARTS) COME COMPLETE WITH ALL ELEC-
TRONIC PARTS LESS CASE AND POWER SUPPLY

“HAL" HAROLD C. NOWLAND W8ZXH

HAL-TRONIX, INC. "(,;/
12671 Dix-Toledo Hwy. \
P.O. Box 1101, Dept C. ~
Southgate, M1 48195 ___ooai

(313) 281-7773 \ e

Hours: 12:00 - 6:00 EST Mon.-Sal

YOU NAME IT.
WE’VE GOT IT!

At Consolidated Electronics Inc. we carry over 10,000
parts and products such as: fuses. semiconductors,
ba%eries, capacitors, resistors, wire. cables, connectors,
anennas, chemicals, speakers, test equipment, solder-
ing equipment, styli and cartridges, video heads,
telephone accessories, and more. Consolidated
Electronics is an authorized distributor for:

O Action® 0 O.C. White®
O Amperex® O O.K. Tools®
O Amphenol® O Panavise®
0O Argos® O Pedro®

[0 Beckman T™ O Philips®

O B&K Precision TM O Piumb®

O Bogan® [0 SAMS ™

O Burgess® O Simpson®

a cTs® O Tech Spray TM
O Electro-Voice® O Thordarson®
O Fluke® O Ungar®

0 GE® O Vaco®

g Lps® OVIZ ™

0 Loctite® O waber®

O Kester® 0 Wahi®

[J Mercer ™ O Weller®

O Nicholson® O Xcelite®

All part orders shipped in 24 hours.
2 Year warranty on all parts.
Call 1ol free today.

1-800-543-3568
CONSOLIDATE,

E L ECTRONIC'S
705 Watervliet Ave.. Dayton, Ohio 45420-2599
Tel. (513)252-5662  Telex 288-229  FAX 513-252-4066

to build a suitable laser eavesdropping
system.

Intrigued by the possibility of helping
to develop a major news story and being
unaware of the legal aspects of electronic
eavesdropping, I agreed to the assign-
ment. Over a six month period, I de-
signed and tested two basic kinds of laser
eavesdropping systems. The first used a
3-milliwatt He-Ne laser with a collimat-
ing telescope to provide a beam diverg-
ence of only 0.1 milliradian. The second,
shown in Fig. §, used a then state-of-the-
art CW semiconductor laser fitted with a
collimating lens.

After tests revealed that both these sys-
tems could surreptitiously intercept con-
versations inside my house from some
distance outdoors, I became concerned
about the legality of the project. The edi-
tor from the Enquirer assured me that the
project was entirely legal. (More about
that later.) And since I had once worked
with highly classified military programs,
I became concerned that the U.S. govern-
ment should be made aware of the tech-
nology. Therefore, 1 suggested that the
Enquirer exchange the Howard Hughes
project for a demonstration before gov-
ernment officials in Washington, D.C.
One of the editors liked the idea and said
it might be possible to enlist the help of
former Senator Barry Goldwater.

After the two test systems were per-
fected, the Enquirer flew me to their
headquarters in Lantana, Florida to de-
monstrate the devices. The project was
considered so secret that only two editors
and the paper’s owner knew why I was
there. Therefore, our tests outside the
building raised a good deal of curiosity
on the part of the Enquirer’s staff.

The hurricane-proof windows installed
in the paper’s modern offices were much
too thick to vibrate in response to sound.
Therefore, I reflected the laser beams off
the glass panels atop some of the office
dividers, with moderate success. I also
used, with excellent results, a passive op-
tical bug I had previously installed in an
Enquirer office. Though the two editors
searched the room, they were unable to
find the bug.

During the tests, the Enquirer’s editors
showed much more interest in the How-
ard Hughes project than in my alterna-

Miniature semiconductor laser eaves-
dropping equipment.

tive proposal for a demonstration before
government officials. They even pro-
duced ground and aerial photos of
Hughes’s hotel and asked if 1 was pre-
pared to fly to the Bahamas. Fortunate-
ly, Hughes himself intervened when he
was flown to Acupulco while I was still in
Lantana.

Two weeks later, one of the Enquirer’s
editors called me to ask how soon I could
be in Acupulco with my equipment. With
better judgment than I had theretofore
exercised, 1 declined the assignment.
Hughes died a few days later while being
flown to Houston.

Laser Eavesdropping
and the Law

Shortly before the Enquirer asked me to
follow Hughes to Mexico, I saw Art Sals-
berg, then Editor of Popular Electronics
and now Editor-in-Chief of Modern
Electronics, at an electronic convention.
Art, who had once edited a magazine for
attorneys, thought the entire project was
potentially illegal and completely insane.
Following his advice, | visited a law libra-
ry to research the relevant laws and soon
learned that Art was correct.
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Recent laser eavesdropping projects
published in the American Journal of
Physics and an electronics magazine
omitted any mention whatsoever of the
severe legal sanctions that can be im-
posed for unauthorized use of laser
eavesdropping gear in all 50 states. What
follows is a very brief summary of legisla-
tion governing electronics eavesdropping.

It’s important to observe that laser
eavesdropping is governed by the same
laws that control any other form of elec-
tronic eavesdropping. These laws also
regulate manufacture, sale, possession
and advertising of devices whose primary
purpose is the unauthorized interception

of wire or oral communications.
The federal statute is given in Title 18,

Chapter 119 of the U.S. Code. This sta-
tute prohibits the manufacture, assem-
bly, possession, sale and transport across
state lines of oral interception devices.
Also prohibited is advertisement of such
devices in publications sent through the
mail or across state lines. Individuals
who willfully violate this statute can be
fined up to $10,000 and imprisoned for
up to five years.
Excluded from the federal statute is
. an officer, agent, or employee of a
person under contract to the United
States, a state or a political subdivision
thereof . . .”” in the normal course of ac-
tivities of these governmental bodies.
Also excluded is the interception of
wire or oral communication where the in-
terceptor ‘‘...is a party to the communi-
cation or where one of the parties to the
communication has given prior consent
to such interception....”” Incidentally,
this exclusion poses an interesting con-
tradiction, in that the law that prohibits
possession of a device permits the same

device to be sometimes used.
In addition to these restrictions, vari-

ous local, state and federal regulations
and statutes govern the use of lasers.
Moreover, persons whose conversations
are intercepted might have grounds for
civil action against the eavesdropper. In
short, a would-be laser eavesdropper
might find himself charged with a list of
criminal acts including use, possession
and transportation of electronic
eavesdropping equipment and unsafe use
of lasers.

These legal sanctions bring us back to

Say You Saw It In Modern Electronics

the magazines that have published con-
struction details for laser bugs without
warning their readers of the potential
consequences resulting from their use.,
One can only wonder if these publica-
tions are prepared to provide legal de-
fense for any of their readers who build
and use such devices.

Going Further

Eavesdropping with a laser is a highly
specialized surveillance technique. It’s
difficult to implement in the field, and
the quality of the intercepted communi-
cation is often poor. Its only legitimate
use is in government intelligence-gather-
ing operations in which direct access to a
room to be monitored is not possible.

Experimenters interested in intercept-
ing conversations with lasers would be
well advised to build lightwave commu-
nication systems. So long as any relevant
regulations concerning the use of lasers
are followed, lightwave communications
are legal and do not require a license
from the Federal Communications Com-
mission. Moreover, they can provide ex-
cellent voice quality.

Experimenters interested in building
one of the recently published laser eaves-
dropping systems should first carefully
review the relevant laws. If they still plan
to proceed, they might then inquire of the
magazine that published the plans if it
will guarantee any legal expenses that
might be incurred. ME

_

Order Back Issues of

W/ Et22oncs
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W SOFTWARE FOCUS |/

An Artificial Intelligence Word Processor: “MindReader”

By Art Salsberg

If you’re not a reasonably proficient typ-
ist, MindReader from Businesssoft, Inc.
(Annapolis, MD) may be just the word
processing software you’ve been looking
for. It requires an IBM PC, XT, AT or
true compatible, 256K system memory
and DOS 2.0 or higher. Price is only $65,
which is easy enough to take. The pro-
gram is copy protected, but allows two
backup copies to be made.

MindReader is certainly an unusual
sort of program. It uses artificial intelli-
gence (AI) to guess what word you intend
to write upon typing the first few letters.
Up to five ‘“choices’’ are listed in a win-
dow that opens up, with each possible
word preceded by a number. (The pro-
gram’s choice of the most likely word in
the pop-up window is preceded by a semi-
colon instead of a number.) Pressing the
semicolon or number key of the correct
word causes the word you partially typed
to be completed for you before your eyes.

The window can be turned completely
off by the user, too. Or it can be put into
a standby mode for call-up when you
press a semicolon key. Furthermore, Al
doesn’t stop at a static list. It’s a “‘living”’
list that moves word choices toward the
head of the group (actually the bottom of
the list since the list scheme starts there
with the most likely one and works its
way up with less likely choices) as the
program continually analyzes the word
you use most frequently.

Function keys are used to add ‘‘ing,”’
to a word, make a word plural, create the
past tense or add a suffix to a word.
When the computer finishes typing a
word or punctuation mark, it automatic-
ally spaces correctly. Text is word
wrapped so that sentences automatically
continue to the next line without pressing
the Enter key. Using Alt and a function
key simultaneously sets boldface, under-
line, centering and page break.

MindReader’s dictionary consists of
about 2,500 of the most commonly used
words for business and memo writing.
Even with this limited number of words,
you’ll be pleasantly surprised at the high
number of hits it makes. Further, words
and whole phrases can be easily added to

MindReader with on-screen function-key aids and pop-up menu.

the dictionary. You can also delete a
word or phrase.

A host of functions expected with any
word processor worth its salt is here for
the using, such as erasing a character, a
word, and an entire line. There’s also an
““oops’’ key to restore a last word or line
mistakenly erased. You can also search
and replace a word, with a pop-up win-
dow aiding you with option choices such
as global and wildcard choices. Moving
text blocks, too, is in the province of
MindReader, as is flush-right text selec-
tion, paragraph indentation, tabs, and
word, phrase or line insertion, etc.

In addition to the foregoing, macros
can be created for use with a function key
and the control key; there’s a built in
spelling checker; a four-banger calcula-
tor with a percent function; a password
code word choice for security; a conver-
sion function to ASCII format; and a
name and address file that hold up to 150
records. With the latter, you can have an
address block automatically typed in a
document. Additionally, MindReader
has a monthly calendar and a 60-day dia-
ry for scheduling appointments.

The word processor comes installed
for a monochrome video monitor, but it

can be changed to limited color with a
blue or black background and writing in
white, yellow, blue or green.

Hands-On Performance

MindReader loads kind of slowly on
floppy drives (it can be used with a hard
disk drive, too, which is considerably
faster). As with any program, one has to
learn what each function key does and
how to use the shift and alt keys to be
used for a specific action. The icon boxes
(ten across the top and two rows of ten
along the bottom of the screen) simplify
this learning process. Pop-up menus
complement it all.

The unusual word processor is easy to
use and, though it doesn’t have some of
the bells and whistles of professional
packages, it offers some that they don’t
have, such as desktop management. One
of the files here, the Rolodex, even has a
chart of state abbreviations, as well as be-
ing able to sort entries by zip code or al-
phabetically. Files are saved automatic-
ally every 20 minutes, which is nice. Ad-
ditionally, your typing speed and current
file size are noted.

You don’t get footnoting provisions, a
fat synonym finder, line spacing selec-

#
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tion beyond double space, and some oth-
er features. But you do enjoy pressing a
key for printing and away you go, a split
screen option (horizontal), and all the ba-
sics such as cut and paste. Search and re-
place operation was surprisingly fast,
too, while spelling check moved along at
a fair pace.

This program would not be a personal
choice for me for two reasons: I’m a pro-
ficient typist and I often work with long
manuscripts. However, for someone who
cannot type well and works mostly with
letters and reports, it will probably be a
Godsend. Having a machine automatic-
ally type out most of a word for you has
got to be a great relief for someone who
struggles to find the correct key. And if
you ever need a work break, MR has a
word game, Word Jumble, to entertain
you. I like the remarkably low price as
well. In all, MindReader is a fine pro-
gram for nontypists; better than any oth-

er I’ve ever come across.
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100MHz test probes, switchable 1x, 10x, Ref. (Complete W/ 5 accessorles) Flts must scopes $22

Includes all current, ob-
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DIGITAL TRIPLE POWER SUPPLY

Model
XP-765

$239

0-20V @ 1A
0-20V @ 1A
5V @ S5A

Fully Regulated, Short Circuit Protected with 2
Limit Cont. 3 Separate Supplies
XP-660 with Analog Meters $169.50

DIGITAL LCR METER

$148

Model
LC-1800
Measures:
Inductors
ry Capacitors,
Resistors

- LJ

50MHz LOGIC PROBE
20 nsec with memory
LP-700 N

' $23

Logle Pulser
LP-800 $23

DIGITAL 3 AMP POWER SUPPLY

- Model

XP-750

@ B B g | $175
~me TS 0-40V @ 1.5A

- @9 020V @ 3A

Fully regulated, short circuit protected current
limit control
XP-850 with Analog Meters $129.50

MULTI-FUNCTION COUNTERS

= -ﬂ--.-ﬂa--——-—-l—-q
B —— ‘-__.

Bl %

Frequency, Period, Totalize,

an $259
omn $179

Self Check with High-

Stabilized Crystal Oven Oscillator, 8 Digit LED Display

C4&S SALES INC., 1245 Rosewood Dr_, Deerfield, IL 60015
ASK FOR CATALOG =wmm

800-292-7711 (312) 459-9040

[@ 15 DAY MONEY
B

ACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
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W) COMMUNICATIONS /i

A Sampling of Fall 1987 English-Language
International Shortwave Broadcasts

Time Country/Station

0000 Radio Canada Int’l.
HCJB Ecuador (30)
Kol Israel
WCSN, USA
VOA, USA

REE, Spain
Vatican Radio (50)
Radio Norway (Mon)
R. Sofia, Bulgaria
R. Beijing, China
RBIE. Germany
Air India

R. Korea

R. Luxembourg
Voice of Nicaragua
R. Havana Cuba
R. Thailand

R. Portugal (30)
BBC England

R. Moscow

0100 DW, W. Germany

V. of Israel

RAI ltaly

V. of Greece (30)

R. Prague, Czech.

RFI France

R. Budapest, Hungary

R. Austria Int’l. (30)
R. Baghdad, Iraq
RBI East Germany (15)

0200 HCJB, Ecuador
R. Havana, Cuba
R. Polonia, Poland

WCSN, USA
Radiobras, Brazil

RAE Argentina

R. Cairo, Egypt
TGNA Guatemala

R. Budapest, Hungary

R. Netherlands (30)

By Gerry L. Dexter

Frequencies

5960, 9755

11910

7410, 7480, 9435

7365

5995, 9650, 9775, 9815,
11580, 11695, 11740,
15205

6125, 9630, 11880
9605,11780

9580, 9605

6070, 11720

15445

6080, 9730

9912, 11715, 15110
15575

6090

6015

6090, 9740

9655, 11905

9680

5975, 6120, 6175, 7325,
9590

6000, 7150, 7185, 7290,
9600, 9640, 9685, 9765

6040, 6085, 6145, 9545,
9565, 11785

7420, 7465, 7480

9575, 11800

7430

5930, 7345, 9740, 11990
5950, 9715

6025, 6110, 9520, 9585,
9835, 11910

9550

11705

6080, 9730

6230

6090, 6120, 6140, 9740
6095, 7145, 9525, 11815,
15120

9745

11745

9690, 11710

9475, 9675

3300

6025, 6110, 9520, 9585,
9835, 11910

6020, 6165, 9590, 9895

Times are in UTC. Numbers in parenthe-
ses are starting times for English that

many minutes past the hour.

Time Country/Station

SRI Switzerland

R. Korea

R. Sweden Int’l. (30)
R. RSA, So. Africa
R. Kiev, Ukraine SSR

R. Bucharest, Romania

0300 DW,W. Germany

MBC, Malawi

V. of Turkey

V. of Greece (40)
R. Prague, Czech.
RFI, France (30)
HRVC Honduras
R. Japan

R. New Zealand (45)
TWR Bonaire
R. Beijing, China

RBI (30)
UAE Radio, U.AE. (30)

P. Polonia, Poland

0400 WCSN, USA
R. Botswana
R. Norway (Mon)
SRI Switzerland
R. Austria Int’].
R. Beijing, China
R. Bucharest, Romania

RAE Argentina
R. Havana Cuba

BBC England
R. Moscow

0500 HCJB Ecuador
DW, W. Germany
Kol Israel

VOA, USA
Vatican Radio
V. of Nigeria
R. Japan

R. Netherlands (30)
R. Dublin Int’], Ireland
R. Doluala, Cameroon

Frequencies

6135, 9725, 9885, 12035
15575

9695

6010, 9615, 9695

7260, 9640, 9800, 11790,
11875, 13645

5990, 6155, 9510, 9570,
11810, 11940

5965, 6010, 6045, 9545,
9565

3380

9560

7430

5930, 7345, 9740, 11990
6055, 9800

4820

5960, 15280, 17810,
17825

9630, 11780

9535

11970, 15180, 15280,
15445

9560, 9620

9640, 11940, 15435,
17890

6095, 6135, 7145, 7270,
9525, 11815, 15120

9465

4820, 7255

9650, 11735

6135, 9725, 9885, 12035
9550, 11805

15180, 15280

5990, 6155, 9510, 9570
11810, 11940

9690, 11710

5965, 6035, 6090, 6120
6140, 9740

5975, 9510, 9640

7175, 7270, 7315, 7345,
9580, 9685, 9755

6230, 11910

5960, 6120, 6130, 9635
7465, 9435, 9815, 9855
11585, 11960

6035, 7280, 9540, 9670
6185

7255

11705, 15235, 15280,
17810

6165, 9715

6910

4770
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Time
0600

0700

0800

0900

1000

1100

Country/Station

WCSN, USA

R. Korea

R. Cook Islands

R. Austria Int’l (30)
SRI Switzerland (30)
GBC Ghana

R. Havana Cuba
TWR Monaco (25)

HCJB Ecuador
R. Japan

SIBC Solomon [slands
R. Korea {15)

BRT Belgium

KNLS Alaska

WCSN, USA

R. Australia

NBC Papua New Guinea
R. Austria Int’l (30)
AFRTS

R. Moscow

KTWR (30)

R. Beijing, China

R. Ulan Bator,
Mongolia (15)

R. Afghanistan

R. Australia

WCSN, USA
R. Australia
V. of Vietham

R. New Zealand (30)
R. Norway (Sun)
SLBC Sri Lanka

Kol Israel

VOA
RFI France (15)

VOIRI Iran (15)

R. Japan

TWR Bonaire (10)

R. Beijing, China

R. Singapore

R. Finland

R. Pyongyang, N. Korea

Frequencies

9465

6060, 9570
11760

5945, 6155, 9635
12030, 15430
3366, 4915

9525

7105

6130, 9745, 9860, 11975
11705, 11875, 15195,
15230, 15280, 17810
5020, 9545

9570

9880, 15515

5960

9465

9580

4890

6155, 9620, 11915
6030, 9530, 15265,
15430

9600, 11850, 11950,
13755, 15225
11840

9700, 11755

9615, 12015
4450, 15255
6060, 9580, 11720

17640

9580, 11720

9755, 9840, 12020,
12035

6100, 9630

11870, 15175, 15230
11835, 15120

11665, 11700, 12080,
13725, 15640, 15650,
17630, 17685

7230, 9760, 15160,
15425

9790, 11670, 11690,
11700, 15365

11790

5990, 6120, 17810
11815

15606, 17660

5052, 11940

11945, 15400

7300, 9977

1300

1400

1500

1600

Time Country/Station
1200 HCJB Ecuador

R. Australia

R. Bangladesh (30)

R. Austria Int’l. (30)

R. Beijing, China

R. Pyongyang, N. Korea
R. Tashkent, Uzbeck SSR

VOPK Kampuchea
R. Finland

TWR Bonaire

RCI Canada

AIR India

R. Beijing, China
BRT Belgium (30)
V. of Vietnam (30)

R. Norway (Sun)
AIR India (30)
AFRTS

BBC England

R. Finland

R. Korea

FEBC Philippines

R. Japan

KTWR Guam (30)
R. Norway (Sun)
R. Korea

R. Sweden Int'l.
R. Finland

HCJB

VORE Ethiopia
HKBS Jordan (30}
WRNO

V. of Nigeria

R. Japan

V. of Indonesia
Vatican Radio (10)
V. of Greece (40)

RFI France

KNLS Alaska (30)
WCSN, USA
VOA, USA

V. of Vietnam

R. Norway (Sun)
BSKSA Saudi Arabia

Frequencies

6075, 11740, 15115,
17890

9580, 11720

12030, 15525
15320

9535, 11650

9600, 9715

7325, 9600, 9715, 11785,
15460

9693, 11938

11945, 15400
11815

9625, 11955, 17820
11620, 15120

9550, 9730

15515, 15595
9755, 9840, 12020,
12035

6040, 9590, 15310
9545, 11810, 15335
15265, 15330, 15430
6195, 9510, 11775
11945, 15400
9750, 15575

11850

5950, 9695, 11870
9840

15250, 15300, 15310
15575

11785, 15345
15185, 15400

6075, 11740, 15115,
17890

9560

9560

11965

11770

5950

11790, 15150

9645, 11740

11645, 15630, 17565

11705, 15300, 15315
17620, 17795

7355

15270

11920, 15410, 15445
15580, 15600, 17855
17800, 17870

9755, 9840, 12020,
12035

11925, 15180, 17840
9705, 9720
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COMMUNICATIONS

Time Country/Station Frequencies Time Country/Station Frequencies
R. Pakistan 9465, 11615, 11625, 1900 HCJB Ecuador 11740, 15270, 17890
15605 VOIRI Iran (30) 9022
UAER. UAE 9640, 11730, 11955, R. Norway (Sun) 11925, 15310
15320 R. Afghanistan 9635, 9665, 11755
V. of Nigeria 15120 Kol Israel 11610, 11655, 13725,
15585
1700  R. Japan 5990, 9695 R. Algiers, Algeria 9509, 9640, 15215,
R. Norway (Sun) 9655, 11925, 15310 17745
WRNO 15420
RAE Argentina (30) 15345 2000 Kol Israel 9020, 9435, 9815, 9885,
AFRTS 9700, 15330, 15430 11700, 11960
BBC England 11775, 15260 WSCN, USA 15265
R. Moscow 9600, 9765, 11840, R. Damascus, Syria (05) 9950, 12085
11860, 12050, 13605 R. Norway, (Sun) 9590, 11865, 15310
R. Africa, Eq. Guinea 9553 R. Kuwait 11675
V. of Nigeria 11770 RCI Canada 5995, 9555, 11945,
1800 WCSN, USA 15230 Feean W20, T8ils
R. Jargahairya, Libya 15z2150 X_‘ ggg}‘]%e;gf Iraq éé%o
Radiobras, Brazil 15265
R. Discovery. Dom. Rep. 15045 RBI East Germany (45) 5965, 6125
R. Kuwait 11675 .
2100 BRT Belgium 5910, 9675
PO Canete 15260, 17820 R. Sofia, Bulgaria (30) 6070, 7115, 9700
V. of Nigeria 15120 WRNO 11705

ALL SALES SUBJECT TO THE TERMS OF OUR S0 DAY LIMITED WARRANTY.FREE COPY UPON REQUEST.

CALL FOR FREE CATALOG

TEXT TO SPEECH BOARD!

PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!
A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE NEW GENERAL
INSTRUMENTS SP0256-AL2 SPEECH CHIP AND THE CTS256A-AL2 TEXT TO SPEECH
CONVERTER.

THIS BOARD USES ONE SLOT ON THE
MOTHERBOARD AND REQUIRES A COM
SERIAL PORT. BOARD MAY ALSO BE USED IN A

STAND ALONE ENVIRONMENT WITH ALMOST - = T
ANY COMPUTER THAT HAS A RS232 SERIAL S% w_
PORT. FEATURES ON BOARD AUDIO AMP OR 4P !

MAY BE USED WITH EXTERNAL AMPS. é { 3
DEMONSTRATION SOFTWARE AND A LIBRARY : U .

BUILDING PROGRAM ARE INCLUDED ON A 5%
INCH PC/XT DISKETTE. FULL DOCUMENTA-
TION AND SCHEMATICS ARE ALSO INCLUDED. s

\ 95
NEW! ace® H

ASSEMBLED
& TESTED

CANON 80 COLUMN PRINTER - $39.95

ORIGINALLY MANUFACTURED FOR THE PC JR. BUT WITH OPTIONAL CONNECTOR
WILL WORK WITH PC, XT, OR AT. REQUIRES SERIAL I/0. THIS THERMAL PRINTER IS
QUIET AND USES EASY TO GET 8'% IN. ROLLS OF PAPER. 50 C.P.S., UPPER AND
LOWER CASE, PLUS GRAPHICS. ORIGINAL LIST PRICE $199.00. ADD $3.00 FOR
PC/XT CONNECTOR. ADD $5.00 UPS.

PC/XT EPROM
PROGRAMMER
$169

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME * FEATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS. » USES AN
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM
BURNING. » THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL Z.F. SOCKETS. » NO PERSONALITY MODULES
REQUIRED » AUTOMATIC VPP SELECTION: 12,5V, 21V, OR 25V. * EPROM DATA CAN
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND
g‘gﬁl\. * ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH
FTWARE.

JUST RECEIVED SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 10 UNITS AT
ONE TIME - $299.

Digital Research Computers

P.O. BOX 381450 « DUNCANVILLE, TX 75138 » (214) 225-2309

TERMS: Add $3.00 poslage. We pay balance. Orders under $15 add 75¢ handling. No
C.0.D. We accept Visa and MasterCard. Texas Res. add 6-1/4% Tax. Foreign orders

(except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.

CIRCLE 7 ON FREE INFORMATION CARD

2200

2300

Kol Israel (30)

RCI Canada
R. Yugoslavia (15)

BRT Belgium
Kol Israel (30)

WCSN, USA
VOA

Vatican Radio

R. Jamahiriya, Libya (50)
R. Norway (Sun)

R. Sofia, Bulgaria

V. of Turkey

RBI East Germany

R. Vilnius, Latvian SSR

RCI Canada
RAE Argentina

RBI East Germany

R. New Zealand (45)

R. Sweden Int'l.

R. Kiev, Ukraine SSR (30)

R. Baghdad, Iraq

Kol Israel

R. Pyongyang, N. Korea
R. Japan

R. Korea

R. Sofia, Bulgaria

RCI Canada

9010, 9435, 11610,
11700, 13725, 15485,
15585

11945, 15150, 17820
6100, 7240, 9620

9925

7410, 7465, 9020, 9815,
11960, 12025
15300

6130, 15290, 17740,
17820

11830

11815

9605, 11930, 15165
6070, 11720

9560

6125,6175, 11750
7260, 9640, 11790,
11875, 13645

5960, 9755

9690, 11710

6080, 9730

11780, 15150

9695, 11705

7260, 9640, 9800, 11790,
11875, 13645, 13775
11705

9435, 9885, 11610
11735, 13650

15300

15575

9700, 11720

5960, 9755 ME
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Frequency-Counter Adapter (frompage23)

nector and whatever instrument you
are using it with to the newly installed
CONDITIONED BNC connector. If
you selected DIVIDED, you also have
to set the DIVISION SELECT switch to
the appropriate position.

With the ICs still not plugged into
the sockets on the conditioner/divid-
er board, set the POWER switch to on
(if you are using a separate battery to
power this board, snap one into its
connector before turning on the
power.) Connect a dc¢ voltmeter’s
common lead to the ground lug of
one of the BNC connectors. Then
measure the voltage at pin 7 of Ul,
pin 14 of U2 and pin 16 of U3. The
measured potential in all three cases
should be + 9 volts.

Calibration

Due to the 9400CJ’s linear/propor-
tional operation, its output voltage

can be read directly without post-
scaling. This means that an input fre-

quency of 1,345 Hz will be displayed
on a voltmeter as 1.345 volts, provid-

ing that the F/V converter is set to
the appropriate range. To perform
calibration, you need an accurate
frequency source of 500 Hz, S kHz
and 50 kHz—the center points for

the basic converter’s three ranges.
Before calibrating the F/V con-

verter, you must adjust the offset
null. To do this, power up the instru-
ment with your DMM (set to read
low dc volts) across the OUTPUT ter-
minals in the proper polarity and
measure the output voltage with
nothing connected to the INPUT.
Slowly adjust R6 until the output
voltage reads as near to zero as possi-
ble. This done, connect a function
generator to the INPUT jack and be-
gin calibrating each of the three

ranges as follows:
To calibrate RANGE 1 (1 Hz to 1

kHz full-scale), you can use a 6-volt
rms power transformer directly at
the converter’s INPUT BNC connec-
tor. Adjust RI for an indicated out-
put of 0.6 volt, which, in this case,
corresponds directly to 60 Hz.
Calibration of RANGE 2 (10 Hz to

10 kHz full-scale) and RANGE 3
(100 Hz to 100 kHz full-scale) is iden-
tical except for a change in input sig-
nal frequency. Set the switch to
RANGE 2 and inject a 5-kHz signal in-
to the INPUT connector and adjust
R2 for an indicated 0.5 volt. This
done, switch to RANGE 3, inject a
50-kHz signal into the INPUT and ad-
just R3 for an indicated 0.5 volt. This
completes calibration of the F/V

Now! In America

For the first time, the AR2002 is
available in the U.S.A.! Acclaimed
worldwide for its full spectrum
coverage, its superior sensitivity, and
excellent selectivity; it has all the
features a sophisticated and discerning
public service band radio user desires.
Experts in Europe report excellent
performance in independent lab tests.
For example: sensitivity across all
bands will typically exceed .3 microvolts
in NFM. And now the AR2002 is
available to you exclusively through
this offer.

Performance Above
and Beyond

You'll hear signals from 25 through
550 MHz, plus 800 MHz through 1.3
GHz. In any mode: narrow band FM,
wide band FM, or AM. Search through
entire bands, or enter selected
frequencies into any of 20 memory
channels. The sidelighted LCD gives
full information on status and
programming. Profession quality
hinged keys and a digitized front panel
control knob make tuning easier than
ever before. There’s even a real time
clock with backup, a signal strength
meter and a front panel head phone
jack. Plus, programmable search
increments, a laboratory quality BNC
antenna connector with switchable

module. The conditioner/divider
module needs no calibration.

Your DMM can now double as an
accurate portable frequency counter
that can be used in audio through ul-
trasonic work and, with the optional
conditioner/divider, can even be used
in low-frequency r-f work. Though
the converter/DMM combination is
not truly a ‘‘counter,’’ its accuracy

and linearity rivals the real thing. ME

attenuator, full memory backup, and
power cords for AC or DC operation. A
professional swivel mount telescoping
antenna is also supplied.

Yet Convenient to Own

The AR2002 is available exclusivel
through us — so call us direct, TOLL
FREE. If you're like thousands of other
monitor users the world over, we'll be
shipping you an AR2002 within 48
hours by surface UPS for only $455.
Plus we pay all freight and handling
charges. Remember to ask about our
custom test and triple extended buyer
protection warranty plans, our express
shipping option, plus our Computer
Interface accessory. If you're not
satisfied within 25 days, return your
AR2002. We'll refund your purchase
and return shipping costs. There are
no catches, no hidden charges.

1

|

COMMUNICATIONS
Monitor Division
10707 East 106th Street, Indianapolis, IN 46256
Call Toll Free 800-445-7717
wems \/isa and MasterCard ==
VISA . .
wam  COD slightly higher
In IN 317-842-7115 Collect
Warehouse: 22511 Aspan Street, Lake Forest, CA 92630
(774"D x 5%6'W x 3%"H Wt. 2 Ibs., 10 0z.)
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SATELLITE and cable equipment schemat-
ics, service manuals, booklets, diagrams, in

formation packages, construction material,

Classified Commercial Rates: 90¢ per word, 15-word minimum ($13.50) prepaid. (Word . . coverters, receivers, decoders. Catalog
count includes name and address, ZIP code and abbreviation each count as one word; $3.00. Ponderosa Company, 3624 Citadel
P.O. Box number and telephone number count as two words each.) Indicate free cate-  Drive North #289M, Colorado Springs, Colo-
gory heading. A special heading is available for a $6 surcharge. First word only is set rado 80909.

boldface caps at no charge. Add 20% for additional boldface words. CABLE TV CONVERTERS. ““NEW’’ Zenith
Mart Display Rates: 1” x 1 col.,$120; 2" x 1col., $230; 3" x 1 col., $330. Prepayment  Flash, Scientific Atlanta, Jerrold,“ Oalf:
discount 5'{- for 6. issues; 10% for 12 issues prepaid at once. %/:n[)l;;h() H"&;‘;}‘é‘k ‘}\sz:yCog‘yhl"(riil'er,,.N\fi‘:a’
(Al advertisers with PO Box addresses must supply permanent address and telephone 1/ & AMEX. 1-800-826-7623. B&B Inc..
number. Copy is subject to publisher approval.) 10517 Upton Circle, Bloomington, MN
Mailing Information: Copy mmnst be received by the publisher by the 20th of the third 55431

month preceding the cover date. Send Advertising material with check or money order
to: Modern Electronics, Classified Department, 76 N. Broadway, Hicksville, NY 11801. ELECTRONICS
$388$ SUPER SAVINGS $$$$$

e ——

VIDEQ

Pay TV and Satellite Descrambling. 120
pages. Schematics, bypasses. $14.95. Fxperi-
ments With Videocipher. Cloning, musketeer-
ing. $12.95. Cable TV System design, security
$14.95. MDS Handbook. Terrestrial micro-
wave hacking. $9.95. Z-Trap. Eliminates line
20 flashing $14.95. Build Satellite Systems Un-
der $600. $12.95. Any 3/$28. Scrambling
News. $24.95/yr. Monthly. News, articles, re-
views, history, patents. Shojiki Electronics
Corp., 1327P Niagara St., Niagara Falls, NY,
14303. COD’s 716-284-2163. Catalog $1.

STRANGE Stuff. Plans, kits, items. Build
Satellite Dish $69. Descramblers, bugs, adult
toys. Informational photo package $3. Re-
fundable. Dirijo Corporation, Box 212-M,
Lowell, NC 28098.

CABLE TV Secrets - the outlaw publication
the Cable Companies tried to Ban. HBO,
Movie Channel, Showtime, Descramblers,
Converters, etc. Suppliers list included. $8.95.
Cable Facts, Box 711-ME, Pataskala, OH
43062.

PROJECTION TV . . . Convert your TV to
project 7 Foot picture . . . Results comparable
to $2,500 projectors . . . Total cost less than
$30.00... PLANS AND 8" LENS $21.95 . ..
Illustrated information FREE. Macrocoma-
MC, Washington Crossing, Pennsylvania
18977. Credit card orders 24 HRS. (215)
736-3979.

DESCRAMBLER get all pay channels. Scien-
tific Atlanta 8500-8550 and TV cable users.
Easy simple instructions. $10.00 No Checks!
Trasan, Box 342, Beachwood, NJ 08722.

on electronic parts, components, supplies and
computer accessories. Free 40-page catalog
for SASE. Get on our mailing list. BCD
ELECTRO, P.O. Box 830119, Richardson,
TX 75083 or call (214) 343-1770.

TEST EQUIPMENT WANTED! Don’t wait
—we’ll pay cash for LATE MODEL HP, Tek,
etc. Call Glenn, N7EPK, at Skagitronics Co.,
1-800-356-TRON.

SECRET CB PUBLICATIONS (modifica-
tions, schematics, etc.). KITS, FM, PARTS,
ACCESSORIES, BOOKS. Catalog $1.00
(refundable). Selman Enterprises, P.O. Box
8189, Corpus Christi, Texas 78412.
512/853-2935.

SURVEILLANCE Electronics, debugging
gear Latest High Teck Equipment Catalog
Send $2. TECHNOLOGY SERVICES, 829
Ginette Street, Gretna, LA 70056.

ANNOUNCING

NEW battery-backed
clock/calendar cartridge
for Commodore 64 & 128

“The Right Time”™ loads time, date, year on
power-up with one simple command

Keep current day, date, day of month, year and time from being lost
when computer is off with “The Right Time" from Ardelt Engineering.
Features auto leap year, 12 hour format. Can display minutes or
seconds.

- Cartndge plugs into user port, yet port can still be used for modems,

printers when cartridge is in place.

Does not interfere with RAM expansion modules.

Software uses no basic RAM. Can be

incorporated in user written programs.

» No programming experience
required.

+ Use for routine or special applications

like home control, burglar alarm

systems, time management, etc.

Loads with standard disk drive.

All connectors gold plated for

dependability.

- 30-day money back guarantee.

To order call:

1-800-237-2943

Visa or Mastercard accepted

“The Right Time'™ /ot

COMPANY

Just

$59.9%

includes battery, case,
software, instructions
and shipping

CONNECTION
PROTECTION

4 SOCKETS e

LR AT
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“MORE THAN A CONTACT CLEANER"'

CRAMOLIN® s a tast-acting, antl-oxidizing lubrican that cleans and
presarvas all matal surfaces, ingheding gold.

Whaen applied to metal contacts and sonneciors, CRAMOLIN® removes
resistive oxides as 1 farme & protactive molecular ayer that adheres 1o the matal
surtaces and maimains maximum elecincal conductivity.

CRAMOUN® - LISED BY THOSE WHD DEMAND THE BEST!

Hall & Howal Haletd Packaic WSSOy Pighirtreh |

Soaing Jafe Fliiks Mig Wiotcmin RC&

Copitol Pscrie Mcimosh Laks HASA Hefichorah
SINCE *058

[N {JLABORATORIES ..

1175.0 Industral Ay | [P.0 Box ) « Escondido, A SG250051 LLEA . (LARTRREk Bra Ec]

88 / MODERN ELECTRONICS / November 1987

L VLN N e PN A Pt o La Ve [P e o ey e W —————

CIRCLE 57 ON FREE INFORMATION CARD
Say You Saw It In Modern Electronics



www.americanradiohistory.com

|iesi-sv= 7/ /1-800-344-4539

O R P OR AT 1/ AK, Puerto Rico — 218-681-6674  Telax — 62827914 FAX — 218-681-3380 TWX — 9103508982 DIGI KEY CORP
=
NATIONAL SEMICONDUCTOR » PANASON 256K (262.144 x 1) DRAM 150NS $5.70 “ -$39.9 519 JIODES * DIAMOND TOOL * UNGAR *
OK MACHINE « EWC, INC. s INTERSIL » AD K ( A x1) . ' - ES » CW INDUSTRIES » AMDEK * G.E.
EAC, INC. * J. W. MILLER * AAVID ENGINES Fact First: JGAR ® YAGEQ » ). W. MILLER » LUXO 3
€. F. JOHNSON *ATLANTIC SEMICONDUC _ actory Firsts _ 3C CHEMICALS » ARIES » PLESSEY ——
RATED CIR RATED CIR 0 o Caraon B S DISC CAPACITORS
L o 2 e R e L 7 o !
Par Ponfrasieon 1 eofacey sl o BliMsiaace 5 S Mo cw ver o o T
I alrsion aplucmEy ) i iowmiiac: %] DIP SOCKETS ™" ||| g m— v o e oum OOl G ¢
fei br] 2] (Y] iz snfmmsct 1380 g e = — Pads2  15pt B0 78 649w b a3
Ja Bl e |ucen oo feze sofivoanz CasfiMsizr 1l o Seele e | pios  t0p w0 75 6@ a7 LR ] %
7404 SOf7405190N 113 Lacain 2130 PE i) STBftMMISCT 138 * YOUR OHOICE: TIN OR GOLD*" 24 o £ag Pa0D4 27 pf 500 7S 643 “@n 2 315 52 2
asn 1 fecer 2 g0 jac07 Ounsinz 1650 nr9i0sacz) B[l * e e e s —M— v vew vew fRaos 2o sm 7 649 ap7 B oIn® ]
705 Shation (afreeN sobes  vesfivus  vsofiMsiizacs: 3 ——— L Lo mw w2 ee  mn L =
-y TEloaisiosan ssfricain 205 A g|imi6z25 138 iM3acz 481 ] TIN PLATED SOLDER TAIL  aem 200 Micromenaa 1w || 2% Working Voltege [Srospg prod b 649 @n 8 115 7 % w06
o Bl 1sfrcmy  smfaos ] AT | IR oo e Rsted Amblant Tomp. e Paus 47 w0 s 64 swn 1 315 227 1% WE 14250
74Caz31 szsfane sofunaark PartNe  Dexcopian i . o Ciom [t A Heon a2 6 3z w50 22
7409N @asion % lacon w7 fa so|tuasme 165 L Memory | o8 8 coider el 1 G0r0%em Cor <580 oo T wh o om m Enltmn s s @ 32 ma o
7at08 ag] 741522 5 7acaz6N Blian ivarr ey, 14 pin sokder tai, un Dimension L 3% 6% 950 jovirgirid = 15 Spfro3 w0 & 50 a2 W&l mzd
[ wfrasion 1 sliacan ol Ji=] (v I 15 st v 1 Dimenton ' D 12 2% 30 [ o s @ se  wpfPERE B 6w 48 ommoamn
7413 ) gacazsn 875 Qaorse Taofmsen sefumzian 181nm sodowr 120 10 ez a0 & sa @nf|PRE 2 6 B Se a2 455
7o1an liusaan  1asfiucson 8 Lv3sokC 5 303 Dimension 045 080 080 o
LS ¢330t 40168 68| MM2114¥ 3L 3 26 pin scidet tai, un 2016 23 L] 8 3875 43875
e SB)racsoan 150 J7acoaiN 250 Rapi7n 125 LMSA0KC 12 303 wargzy1an L 350 22 g sotdan tai v 5% Carbon Fim Reastor Vaiwes in Onens - 1010 ¢ 7o [|P4103  180pf 500 63 54 WRBuoy o 8 621 517 4875
ai7n s raiszeen  1sofacseen 11 25| vsaonc 15 303l wmzian 1750 f casae 2 P 2o B0 @ s ORReow e 8 1 172 73
Bl br{ e [t I ] s 2onsclder o iny standard resiator e 11 Top w0 Se wmfimE
7o wlasmn 7 1l Bl 2 efwmmeo 7 | com wn solder tal b [ n Beaos  3opr s om0 sa  wn Qi (% 0 2% 2@ Ee enm
40208 170] 4 7 8940 mmnsnmmn o oran K" for 1,2 watt e 320 for3 22 /6 watt) s 16 CoM 0N 2% 0 B F.35)
725N B (LIS SV L1 i 1 Bfvaar s sef Mmzice s 5oe uti e pier moor w0 & sa ezl D00 0 S T UL
7426 5] Press v Py whione 1oafimaarrs  10sfe16N200 195 | GOLD INKAY SOLDER TAIL the Dig Key part umt PAIB 470 of 0 B 631 5186 A
74278 safeiseen 6| N 100 —fimsaie 1 osf5290N 20 195 € s Pricing 5 0 oo B seopt S0 &0 69 st P2 22 W03 20 25 250
Toon sl ofmcn  ssfeme (Bl R v s a3 e e v wf awan » o4 mao |Ps10 ewa 0 80 6y sesfe2m 33 0 3 20 2o mw
742N 10 @8c2on coff4a2er LM3geN 32 M 3w 00 P4l BN KO 80 B9 sioe | P02 47 10 M 204 2% 0%
50 7ac0on 1388 . swan » 30 B0 P25 BB 0 W 336 AW 2200
72378 | YN el d 1) w am @ Paniz 10000 %0 100 85 el P
7438t ¥ [ i B 50 470 4s00f 1/2wWan ® 3% 1600 feaia 1%0pt 00 100 sz w200 g BB
~ Lvasa 7 70l comi old 5 S 2000 o e coviom it e 10w 5 11 M o8 Oy ey PAS  1B0p 80 131 w3y 2
asian TBllwmor 5| TSEN 3T Womsokdenal gold 63 590 57 00| “V78 wats Cacbon Fiim Avsortments PaZ2 5005t 100 58 gye- from 2 & Eoe o
TN sl VRN B msan 263 0B Zpnsoeri gald 70 680 66000 pgyry Senen ot 7 s wiuos v w0 [0 O Tl w10 1@ s 9217 @9y
TaEN VBN 220 Comu 2 w7 5
i TSN 238 oin solger i 5 1™ M0 10,12 15,18,22. wte. throwgh 1 OM Paos  Iwopt 100 5 v lexg & 6 227 195 6280 a2
EN o) S M8 Tikoicon  a7s JCOB8 28 pmscidar o B 7m nw e o P08 a00pt 00 58 5 W 0 27 237 18750 177780
447! LMITIN 3300 7453878 9840 ACpw soldertal gold 112 990 97 00 P 800 pt 100 45.00
oy (] [t [Svociiid RSH12 S oach of the 72 siandard values n sors 990 | ey ool o 2 x)oom 0 am mw wsw mmw
i 1 BAST ] GV | AIERE ] b T 18 20, 24, atc hrough 10X O 82§ e W 5B £m wsm Im0e
raBaN B sy 1 75| ECTIN i 1@l useman 750§ WIRE WRAP 260 (o101 pcs 1 = ] B0k 05 6 @ 20 mw m
i 55 haissron 2 ag] 72HCIN % 20 acaent 254 DIP SOCKETS oyt B (00| ol & TR CTR Ot ST
N 2 13] 7aHCzO0n . = 73] Msersan 825 AWt € oI seortnenty o P23 3318 294 w0 2050
b FstervE ] Py 2026 18] S7ifusson a3 - RS1ZS 5 acn f 0273 sendard s i sers u L2 1S3 Y e 17 16 3% 00 25200
B RH Pty 208 2750ass7in aps | ¢ Standert protie 10.12.15 18,22, et though 1 OM NPO NPO NPO NPO NFO NPO NPO NPO PXG7 68 16 45 33 2 2250
i Bl i & 1 + Univers.d mounting and T v e P30 16 61 53) 425 M@
7aH 1ol pes. 4
b ] £ H 20| rssan v | peckagmg ol ¢m onlikm s 6 @ ose s Awn
aneTan 63| 755738 7as § - Cont RSZZ 5 rach of the 72 standard valuos i senas 150t 687 w3 | P28 o 2 B el
58] HETAN e e O15” theough 021" rec. 19,13 16, 24 eic through 910K 18 pt 897 23 R pones 33 18 154 1370 1000 9000
g Eibioi 16 i or rounc dust in-tine leads ) 1360 toral pes 1 220! co A eIt | S P
2l 74s00 TrL |rancen 133 151 Micro el il IO 2 1/2 Watt Carbon Fiim Awsortments 20 889 @71 fpaoaz ba 16 2% 230 WK 177
- 1< & victing ® true position of 020 on honrds for attr | B pt s &7 lexes 10 6 Swi 49m asp0 100
375 Fan Poce] /3 1§ Part » <ot mwomatic wire wrapping RST80 5 unch of tne standard values i saves 7ot e ®
&0 725008 sof rancioon oo R a t copaon 72|+ YOUR CHOICE: TIA OR o’ 10121518 22 mc through ) OM 6 ot 180 sy | eoos 1 2 3 20 #@N WH
B o) ST b S 20 Comasitn 700l L TERAS mesTROMENTS GUATY 2 opes ) ot pE welie R R % Be e
] B @ e sfans 5 sl Cone A R§250 5 sach of the stendard vatues inseros 11 w0 JPasti  m@ ENIRETY oo I 1L
I B o] 7ancizn g 2oms & 96 Copsogn 533 TIN PLATED WIRE WRAP s 50 mccsuicnse rin 13.16.2.0.24, etc throagh 910K (380 for Complea 5 hysical Sizw and Blectcan | P20 68 25 59 500 ae e
:: 745088 | ;;: :gi: §::54 b i 2 g COPagIN 538§ Pert No. Duscreptian. 1 i L] Lo -1 haractaristica, :.m-url youvﬂ!f[ OIGHKEY Catalog. § P2049. 0 2% & 7 875 5275
Shasoen  mpanciz 2o = b R B RGN JISL ] [ 1% Metal Film Fixed Resistors s o 13 0 5 B 1B 00 @8 s
TH2IN 83 725108 0] o ey 50 24| opazieN 3 P e 9 s et POPULARIALUES] CAT NO
oy slasey Shecie slomm % slformen  SDdGle lenmwmwan ¥ S@ o PARESING DAL TY I e B 2% n% wwn %
S Ton o HciIN 173 CBT13 1B pin ware wrap, 1 6 670 6500 ) 2083 0 35 w2 191
b TGCIIN a0 kel 19a) orazzen 3% « omy s o = o
3] 7as200 o] 7anc s 1130 ugney Al | orezzan T2 SBIR 2 pm e wiap. % 1w 700 ! 310 DISC DY e 2 2
sfrsaon e e 1l Y9 o N2 ZZpnwre wiap @ sx @ 3 CAPACITDR 24 7
] [ Gl Ao =l JBlormon  sofcaae Fonwmwep i 91 E® o0 et S e oz AL 2o
resun el TSN TORGER 16 1o orexoisn  cealcaizs  pmwnrwepin 108 1030 10200 ol = D) PANASO S SEMES Cone e = 5
18 busaon bt P3R! pri-i -1 s 0PN 500 0Ca10  Mipnwrewesp i 14z 1330 13900 [) | Werwse Reveg o wan P25 10 3 27 20250
03¢ JANCIBN 1 6] ) 5o oPsacen 500 Max Working Voitage 150V ture Aksmanum Electralytic Capaciors F2060 15 35 w38 76
1 o ofcn elame 1w Df N 2] GOLD INLAY WIRE WRAP e s s o P21 27 B 47 i 03
7 i~ SHE 1811 w8 13 Omcopten 1 10 oo fl | Reted Ambiant Tomp o 7+
18| 1 - Axinl P20E? 33 3% 52 450 50 137 50
rofusan alecen alems 1 16 orsain 8lnwrcws.god % 58 5700 | | Operstng Temp Range o 1o 150 Valun Wy P61 47 ®m % am 0 %00
i Fcey mjoee 200 ] INSaISLE 70 tom e wrep gold 73 780 el = UTec 1w w1 w wfroe g3 m % osm ®w mw
= - INSB03SH 16pin ware wrap gold 85  Bd40 22 63 18 o4 1283 P2085 a ! 00 S
7 ® EEH PC T (¢ 155F msaorons o o wio gis W 950 Oimension 0" 23 B 63 2 1% 140s 14 oy froes 15 3 2. 2 Mo 10
& g £ 4:5.'335 .2 3 28} ws8091. 1110 50] 2iginwire wiap, gold 119 1180 Er 08 AN R M 14 e et frwer o g0 z 2
£ B 3 34 2zpin wire wraj 129 1280 K la 15 133 1105 2068 202
Py ol 233 Pt it a% ‘zsm;x |;: e l W'ﬂ bl 5 o 3 M‘;ul m“m»w J;:;n umow 20 63 28 234 135 21 178 1480 | roes 02 %0 2 2 702
% ) Fre e © Ordet: Take any atandad resstor valo 63 2 2% 28 2 132 5% from ox o @ 22
5 1 764 74 e o 5% ISP 8F/382 25,00 55& . aw: ;i ;5: 16700 169K and acd a0 ¥ TSRX L e h n-g. Knv 0 63 33 278 2315 23 197 18% JPWON 047 B0 s s 28 254
113 [ 3090 415 Jes 2 emane  328 mwirelagp ok 2 22700 § part numbsc 00 63 4 420 3B % 308 xez fran 06 50 M 378 3 F
263 1508 7. ERL bt b o 3 59 MmsaiE7AN15 00 Pricing » w100 2200 63 60 513 a2/5 bt :5 379 [P073 10 45 384 32 88
138 s’ P2 pe o MNISB17iAN 13 75 awam 9 3w wo NP 63 10w nap o3 o ceso e 23 @ s i 5
E] o LvgsoN 4 13} E For large. quinities and prices as low a5 % 5/M cab | 6B00 63 127 1087 %088 113 e e Pk 13 B @ s 7
B Boachan 3o ssze 17okovzooN 205 125 ] iGkKey DigeKoy 1000 163 156 1317 10877 1541313 08w frA7 47 & 32 95300
R Vel raricomn 3 as] 25 2zfuazson 2 11 1z Pan Mo L R I 1/4 Watt Metai Film Assortmants 5 oA T alet s o | oo % W mm 260
o “ vsolrcsn olEnR 2ol Vien 13| ovese  swf o 1z om im0l RSK1 Soachotvates 1021097 60 LY A R S F Y e gl G 26 Sy
s EsiN b eI 5 480 1ot pos B o B 9 y
e s F-TEN e : B8 s o a2 8 B2E k2 2SS & 1 b
FAHCZGN 2 Z5ff 4529 24SJLNBRIEN pd i3] Prca 5 | : : o 2 2008 A2} ASSORTMENT OF 15 POPULAR L] 95
74184N 3 3 75 * 18811 M2SOTN 3 4afPant - 2 .5 1480 toual pea = 1 B 2 arn 24 2 0a] g1 VALULS — FARASONIC QUALITY
741868 383 1750 racoeen el asasp 30o)ivzorn s 330 aocosoaceny 75 = i 5 K2 10§ 76K % an 3 372 ey B 297 8
R P 1750 varcomon < 5o 8pan ssliwasian 33l Apcoaosi o 0o z 13 nex2 SohoivmetoKAeTRE e | g % 16 s
7as 7
15 EreiviE S e TR S 1) vBIING 3 | Accmmeccn 2 10%] rsxa seschotvauesooke s7exe  w2ees | To0 EP I E R L P | Meatallized Polyester C d
1oa|rastesn 2 7ircaeN o N 143 ] ABCIORCCNS on Laoiotallpey B0 10 18 133 108 184 5% e [ower woe Vol e P ot
toafrasimn 375k ancasen 1 2sf 135] ADCOBIECCN 18 85 12000 000 O 3128 Sl B Rl E AR 1 0100
74510eN 225k 7ancasen 1 25 Par Petce, & | oomient 2 a 330 00 99 1700 1e163 ftage
N alasiess 2] m 12601F3N 234 2 g | ADCIRRICCN 5 4 3000 10 16 18 154 1283 13 108 ese [E200 2 a1 18 16 138
it ialrasion 2 mf7encasn 1 sfLFmiN 83| 3 10| ADCI0ICENTZ 50 4z @g 2 21 173 148 5 B2 Ez;ﬂ 250 z 1 B 1368
7ar89N 7 Zaa74HCIIN ISR LEBN 27 6] Anciaicenz o bE: 00 ) T2 17 a7 ot il sw BB % o5 & 1368
3 LF355N 16| 3 07| A " i 7 1626 200 1665 16 13 fE283 20 0B ¥ B4 1368 1
TA25IN b3 2ms) ancann aeoff [N i KOCHIICINT i 522 50| 0 1§ 2 234 19 14 80 %0 02 v & e 13
F WON 1 75 B 4 13 ADCIH ILINTS 11500 2 6 3 27 2315 170 | EZI3 %0 0z 64 1368 12
743658 3 190 75| LF3s?N 165§ 1o ADDBOICCNZ 75 05 62250 3 Hig & %0 on 1 4 1368 1D
Ja3en B 3% £ 0 6 w3 o7 248
3 6ol LFsen 56 65| ADDIMICN 15,63 05 63250 & i 0 mD B 2658 %0 6@ m1368 123
a5 I sof ey %) 38 DACOROLEN i 10w _| o drosuw 0 ® 56 B % Sulem m oo 1w s one @
i 1 ~l48105uW
sar - 1 3 e 165 1643 1
[ ] o B snfirien o ior g;‘&“’_,{-“’“ 1 e VW 5205 2w e R sl % e 8 s 3
09 a |7 150 oo tamacn 2 mfe 2 06] Dacogu. ENG n nx facl 12w M0 16 157 1340 11168 1% e |2 18 164 13
g0z L 1 &5l Jagf LR 77 34 nncrxmcmm h 173% I}V 350, 680 /15 159 1700 14163 218 B0 10 1% 1613 136
BTN 8 413 233 tmiocin 413 3 2] DAC IO 17325) Rated Ambient T e T 2z B 154 1283 2124 250 212 U8 1986
s0saN & 283 IMIICIN 745 343 GACIGZ2LCR 7 00. 17328 vont Temg, g Bl e b poe | E215 1% 228 1895 17068
833N 150 Fal” K 2 43 MMBIBIEST 2 50 z 13251 | Ovening Toms SB°C 1o - 200°C ;7 E 8 %4 n8 Hel 18 mm mss
i 3 z B 18 Bm o Slem = 268 a5
K 55 RV P T MMESAAN 7 50 ) 347 50 | Broonson 1 Bo 1o : B OE 8 A vy lEm % oz % 29 uxm ez
741500 TTL 379 WIRE [PV 75 2l Intertace 4 Q0 3By Dmeson D a5 5y HooB 2w e I = oDy oiw oay m
Fart L2 & 2y PO e Prce @ 5@ o] | Dimenvan o ® e R O§i% 3% % 5 E 38 %6 2758
4 a5 750) 5 af marme 1B 15 2 SR 5% Metal 006 Film Valuos n Ohms - 047 10 1.0M 2 a4 0375 328 &0 s | E2se4 20 % 1@ 14 W0
4LS0IN 50 LE0) =] .. ] RSy o0l How To Oraer. 19ke oy stangard wae 2 ¢ 8 2 2 ERE e PRl ™ = pQ Pem fym
205020 s sz, T 19 13 Jriros 7 a7 09| watt, or edd « "W2' for 2 wart 118 | 1ago 2% 88 8 Shfe = om 2% a1 30
asoN a5 R 2o Moy 18 H R 300 T TR T el s e B o o | 190 s [ A pelaz = 1o 83 4z W
Soan a5 i o RECIEIT] (o T o) rumnr 3500 511377 1P so3 | e 20 18 P% w0 e
rarsen @ 9k (3200217 1 3B, K g 7 ool Prcny 18 100 so0 tooe [ 40 '“g e, E218 280 13 1 864 7700 B4BOD
L M 310 7 23 47500 W 1 g €2225 20 22 685 7168 66308
oy @ 7 88| Waz0LZ 15 N & 1 want 5 70 900 0w 280 | 3 B 51 I ™ 22 0 8.6y 73
BER Gy 12| Swneves fivingd zs| ) e % D2l zwen a8 1050 50 s1s0 || 4 B 18 15 3 a2 | assontment cm N:J
e sERN o] LMa200 R pien % 2w I B 55 i1 3@ | s orvian $5495
u:zuwuzsv o Mg 0 e e 31w D ko 2 B 4 200 3 160 1330 VALUES
s B weane ool UG 10351 7 reof e 8 e Wt Rowistor Ausortaimnts 2 X k% 7% b
sy 1 A6z 16 g LM2Z AM7A15C el TiPala £ 576 00] RS101 5 each of values 0 472 10569 e |4, % B m 1R nm
ASEN f2q74C00 CMOS foaconcn 2 34 TiPiE 84 500 00 1285 total p o o B S 2 s e
LIOE] [ VITEE | 4116 200 nsec 16,384x1 D Ram | HiESH % e 7R Bm% [0 ol N ¢z 2]
g TP 16 53 ®  em] B2 s escnof vaues 620107 SKQ e | 3 5 ik W w2 i S0
= aaMC1a0B N 167 T i1hTe) ! B L (258 1ol pe 7 I B 551 4588 & 543 513
a8 BInesoisn 7 90f v o, 8 7 stz ol 1 0 725 0 00 3 8 BB 6980 9 784 6537
- ! ! 725 300 RS301 5 0ch of values 8 2K 10 2 OM@. oz0.96 | 200 35 181 1377 11471 186 1417 1180
e i BNEGN 14 e ] woss v s | 10 e i B OB IBIR e
4 4| NESATE S B3R co0m vD 8712 TiPgC 7 550 90, R 261 2.3 ile
15 ] [Nt T : %020 2 Wan Rasistor Axsortments T B o s @
s gfnesery ze) oo I $ 550 00 | RS102 5 moch of vaiues 0 472 10560 996 X im e 1 53¢ | insutation Hasstance (26°C)- 1000MS
5 P o A DR AM 150N 525 00 1256 totw! pos | W8 o1s 2E 13 108 A%
2 agfnesaon 1375 H A3 &Ho 1A ) R % 25| votess Coaticiant (BCI: Negigibie
aCazhy sgfnessan 313 Tt XY sm somrotvm@aie s E2Y N EEEE S ERE R o) 15 952 | Aguw Rate: Nogugible
,, hucen  1msineseizn 124 NEC Memory Chips 2 N 2 1255 to T0® 21 177 1in i 118 878 | Eecironws Maralid 1
s L nese1an  16of Oigrk 50 24 200 1665 16 135 112 e T
shi  1f[reson ) eanAY  deenpuon Prce 1 AMP SILICON RECTIFIERS BN cech ol e 22107 v ] 232 pu 2@ own | SIS
pr i 3
74Ca0n B8] 25} 04184C 20 Dynamic RAM 16Dp 5270 2 4
Slecen NN 12 prec s WBDp 270 1400 205 1100 Wmewnund Rec. Resistors i 2 g oo kx noe ol wessy
Blmoey  2mleay o BDp 1843 ul 1 watt 6 51 4318 b2 145 30 v SERIES
racesn 2 as| oAty 380 Somo 2 LD %0 76 650 41 &% 706 7w - p—l
= 74%»« 2710 i " i i 23— 90— ORI - 55 92 784 5532 QDIGIKEY Cap Price
& € i i BN 827 13 1076 9280 eano. oo w100
4 e 3 P @ ot 1
EL = <RI oveae e S| e =Y - 3 N B
] presy 18 ToA15200 5 ozf DUAECE & AR 034 107 0 [EEE BRI 12 00047 noo. 574
o 5 % D . o I B & 18 8 1 - 00056 e
1 7 Jecoss [ (et Rt 731 fean [ P 0w 2 o e t ey
} 527640 No|  Dewcnpuon Phg. 10 100 1000 10.000 < 38 2 in oun o 183 oot B 7 40
L4 s Sfvesmen 3 won 523 | o mr Dos 8 e e e ] [opeatas Teme Aang: HC 10 - BT 38 koow H i o o o
i 313 ooy 5 el D280 2 mop  1es M2 00V DO @ 700 sow saoogf | Teme: Costhcun 300 PPM/ 3 2 tha e WE s 2 016 ) 6180
= T [t . 0 Neids ey DO& @ /% 8100 e on 20 wo i 3% Ba boin 8 o i am mn
298| nesoson 2 aa] 12 49 [ INS003 gy DO41 B 730 600 58800 3 451 67 3B 118 2645 22 106 6 50|
58 Veof nesson 221 o4 405 SO0V 0031100 900 /<00 62600 | 5% Wiewnund Roctangular Resistors 6 Watt Val. 0 Bl 5 476 3964 50 128 327 = Lo L) U
% 18 ooy 2oz s soe IV DG 11100 500 000 66100 0302 102.0K2. 10 wan Vawes 102 10 30K M & 7 50 Bn 7 681 B a7 12 ss 0|
= 15 S— S T Vil INago7 1008 0N '8 2% % MR sew e omer ok smvcmasane 0e Tians | X0 8218 2 78 & 0003 1 wnm 7
= VB nesosen g e DZED  EPROM (Ui Vier oo [PV Yuken D041 & 500 s 212 Lo odd WIO" for 10w tre | 420 8 108 Ao 4w @ sa o @ PIRETI 7 %)
s vl NN 2450 ooz ERROM (Wi viser R Do WS T 750 5 emn, o e Doy Ko oo | 18 8 194 1 NG B PRI 0.007 ERREIRTE "I T
u [ (e L7 3 AMP SILICON RECTIFIERS Pricny v w0 se 1000 v % w Y] 005 ® 12 2w BN
h = . i =l B4k
‘83 b [EEE R NEC Microprocessor & wart 32 250 2000 90.00 16000 22 00 2 18 % wun 068 17183 1319 gsen
ped 1360uinaooe 125 DiylKey 10 Wans EREELCICCRETEN FERE B [E It s % 16 @ D
o3 2o0f 1082808 2 70] P Dascription o . 5 low 3+ 522 00 o 2 BN EES S 1 1 449 105 40)
) 200jros10zs  268) ograa B Murocompuim 5 Wart Aesintor Assortments : w83z o e 2 % 1562 11360
5| Al roaies  Saficsann) [Ser e ;c', AS108 Saachoivates0 09100919 LI R Mmook 15 2 1500 1m0
; 2 50) uter E L ¥ :; 57 487 4022 . 2 2 Js00 138 20
2o 1081089 330 caoaa mpuwcm,,,,,, chovvu\unVW(.B‘Q 2w | 20 00 108 32 B 96 BZ eB4r 27 247 2083 15150
o Efioaima ot %0 96 10 S0 W 1%l @& 1% 0n mn = % 21 BN oo
ge ! coeee ] g =5 As0s A;;:n.«vams‘mﬂms‘c Gl (S R ) B 30 /M 18760
& g Total ocs. @ ® ® 30 me w820
088 mance 6.6
o o
! 8 | RS406 3 cach of values 100R 10 2 OKK 2196 ACITORS
N p P 05 o ez 150 CAPACH Cat. No 0.7 M 3% nn M%)
ggNEssen el oo - PE200 Kit 056 46 <20 324 2360
o nessen 120 ey 10 Wart Rowistor Assortment ASSORTMENT OF 15 ) & SR o Eeo
4 NESSEN “ Lcropteerssn 110 2 each of ai st mass | DO s 33995 &2 8 512 57 Q00
2 UAT2Y 4} TO00BC. B 81 CMOS M cap 168 1012l pcs. i 66 7] 51 75 nnml

The Digi-Key volume discount and service charges are simple to apply. Most items sold by Digr-Key may be zombined for a volume discount. lrems that are not discountable are idantified by the su"lx

ND following the part number. Atter witing your order, total ali of the discountable items and apply the app-opriate tal, add the non-discountable items. Than add the se
charge. We pay ll shipping and imsurance to addresses in the LS., Canada and Mexico when check of money arder sccompanies order. Digi-Key only ships orders within the continental U.S.. Arashe,
Hawa, Canada and Mexico.

WHEN ORDERING BY PHONE. CALL 1-800-344-4539 (AK. call 218-681-6674). BY MAIL SEND YOUR ORDER TO: OIGI-KEY, P.0. Box 677, Thist River Falls. MN 56701,
You may pay by check, maney order, Master Charge. VISA or £.0.D. DIGIKEY GUARANTEE: Any pans or products prchssed from Digi-Key that prove to bs defective will be replaced or refund-
ed d returned within 90 days from receipt with a copy of your invaice. “PRICES SUBJECT TO CHANGE WITHOUT NOTICE."
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EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Our New and Highly Effective Advanced-Place

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

COOK'’S INSTITUTE

OF ELECTRONICS ENGINEERING
; 347 RAYMOND ROAD

@I E P.O.BOX 20345

JACKSON, MISSISSIPPI 382089

CIRCLE 54 ON FREE INFORMATION CARD

An interesting and worth-
while project. This EASY
TO-BUILD circuit lets you
use any regular TV set as

a simple  OSCILLOSCOPE
$4.95 Build for less than $10
NO MDDIFICATIONS TO Tv!

DETAILED PLANS:

TV-SCOPE

Single or dual trace
PENN RESEARCH, Box 3543 Send for FREE CATALOG of
Williamsport, PA 17701 other plans and kits.

Use the
free
info card.

How do | get
more data?

Y 3 B»

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 8V
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.

o e P

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 assembile kit includes ali parts and instructions. On-
ly $29.98 tax incl.

Cali or send MO, VISA, MC for immediate deiivery.
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 ailow 21 days.

DECO INDUSTRIES
BOX 607, BEDFORD HILLS, NY 10507

914.232-3878

CIRCLE 5 ON FREE INFORMATION CARD

LINEAR PARTS—Transistors;: MRF454 $15.
MRF455 $12, MRF477 $11, MRF492 $16.75,
MRF421 $22.50, SRF2072 $13, SRF3662 $25,
3800 $18.75, 25C2290 $19.75, 2SC2879 $25.
Tubes: 6KD6 $10.50, 6LQ6 $9.75, 6LF6
$9.75, 8950 $16.75. Best Prices on Palomar
Road Noise Mics, Ranger AR3300. New 16
page Catalog listing radio/amplifier tricks—
Channel Modification, PLL-Sliders, Peaking
for Range, Hard-to-Find Linear Parts—Mail
$1.00 to: RFPC, Box 700, San Marcos, CA
92069. For Same Day Parts Shipment, Call
(619) 744-0728.

VOICE DISGUISERS! FM Bugs! Telephone
Transmitters! Phone Snoops! More! Catalog
$1.00 (Refundable): XANDI ELECTRON-
ICS, Box 25647, “N’’, Tempe, AZ 85282.

COUNTER-SURVEILLANCE, SECURI-
TY. 52 products—Bulletproof to Wireless!
Catalog $2.00: SPYPRO-043EM, POB
45521, Seattle, Washington 98145-0521.

COMPUTERS

BASIC Computers, 10 lesson correspondence
course, $39.50. Certificate. Details free.
AMERICAN TECHNICAL INSTITUTE,
Box 201, Cedar Mountain, NC 28718.

COMPUTER Troubleshooter: plain wrapper
industrial strength PC repair manual. Send
$9.99. ACC 149 Thatcher Hill, Flemington,
NJ 08822.

PERSONAL COMPUTER OWNERS CAN
EARN $1000 to $5000 monthly offering sim-
ple services part time. Free list of 100 services.
Write: A.ILM.L.B., P.O. Box 60369, San
Diego, CA 92106.

COMMODORE Chips, Distributor, Factory
Fresh, Low prices. For ex., #6526-$9.95,
#6581-$12.85, 901227-$10.95 and many
others. New C128 ROMS $39.95 . . . Fast low
cost repair of Commodore computers (72 hr.)
eg. C64-339.95 ... P.S. for C64-$27.95. Send
for complete catalog. Kasara Microsystems,
Inc., 33 Murray Hill Dr., Spring Valley, N.Y.
10977 (1-800-642-7634) or 800-248-2983 (out-
side NY) or 914-356-3131.

TI-99/4A  Software/Hardware bargains.
Hard to find items. Huge selection. Fast Ser-
vice. Free Catalog. TYNAMIC, Box 690,
Hicksville, NY 11801.

COMMUNICATIONS

TRANSISTORS-TUBES: MRF421 $24.00,
MRF454 $15.00, MRF455-MRF477 $12.00,
MRF492 $16.95, SRF2072 $13.50, 3800
$18.95, 2SC2879 $25.00, 6LF6-6LQ6-6JS6
$10.95, 8950 $15.95. New RANGER AR3500
All Mode 10 Meter Transceiver $319. Quanti-
ty Discounts! Best Prices on Hard-to-Find
Parts, Antennas, Mics, Power Supplies, &
Equipment! Catalog $1.00 (refundable), or
free with order. RFPC, Box 700, San Marcos,
CA 92069. For information or Same Day
Shipment—Call (619) 744-0728. VISA/MC/
C.0.D.

——
B e e e o
ICOM, KENWOOD, & YAESU, separate
newsletters! A worldwide information ex-
change. Seven years back issues. SASE 39¢ for
catalog. 305-879-6868. International Radio
Inc., 751 South Macedo Blvd., Port St. Lucie,
FL 34983.

POLICE, Fire Scanning Radios. Bearcat Re-
gency Fanon. Harvey Park Radio, Box
19224ME, Denver, CO 80219.

COMMUNICATIONS PLANS, BOOKS,
KITS! AM/FM broadcasting (licensed/unli-
censed), 1750 Meter transceivers, ham/CB
amplifiers, surveillance bugs, more! FREE
catalog, PAN-COM, Box 130-MEll,
Paradise, CA 95967.

SECRET CB PUBLICATIONS (modifica-
tions, schematics, etc.). KITS, FM, PARTS,
ACCESSORIES, BOOKS. Catalog $1.00 (re-
fundable). Selman Enterprises, P.O. Box
8189, Corpus Christi, Texas 78412, 512/853-
2935.

INVENTORS
INVENTORS! Have idea for product or in-
vention, don’t know what to do? Call AIM we
present ideas to manufacturers - Toll Free
1-800-225-5800.

INVENTORS

INVENTORS! Can you profit from your
idea? Call AMERICAN INVENTORS COR-
PORATION for free information. Over a de-
cade of service, 1-800-338-5656. In Massachu-
setts or Canada call (413) 568-3753.

O IT YOURSELY
REPAIR YOUR OWN TV . . . ITS EASY.
Write Research, Rt. 3, Box 601B, Colville, WA
99114.

PRO SOUND AND AUDIO

Pro Sound, PA and High End Audio equipment
at cost or below. New, Used and Demo equip-
ment available. Lowest prices. Call or write for
list. Sound Equipment Company, 4132 Kincaid
Drive, Raleigh, NC 27604. 919-876-8432.

MGREAT CHRISTMAS GIFT!!

SUPER High Grade Blank Video Cassette, VHS
6 hrs., satisfaction guaranteed. 5/3$14.95, $2.95
P&H, 10/$29.95, $3.95. Tape Deal-C, 410 W.
Center St., Springville, UT 84663.

HOME Assembly. Assemble PC boards for
video accessories. We supply materials. No ex-
perience needed. $7.50 per hour. Send self-ad-
dressed, stamped envelope, to: Micron-Elec-
tronics, Box 4716, Akron, OH 44310.

MISCELLANEOQUS

ASIAN LADIES want correspondence for
friendship, marriage, SUNSHINE INTER-
NATIONAL, Dept. TW, Box 260, North
Hollywood, CA 91603.

CUSTOM front panel nameplates for your
projects. Information write: J & E Enter-
prises, 2457 N. Marmora, Chicago, Illinois
60639.

DETECTIVES, Experimenters. Exciting New
Plans. Hard to find MICRO and RESTRICT-
ED Devices. Large Catalog $5.00 Refundable
on Ist Order. WILSON, P.O. BOX 5264, Au-
gusta, Georgia 30906.

VACUUM Tubes: Over 1000, all kinds, Sell
lot. Call 805-687-6070 for list. Make offer.

e e - = e e e e e e
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LINEAR HESSE 5o TRANSISTORS
7415164 45 4012 25 UAzar 2 & DICOES
TIL SERIES 7a067 60 70cles w0 s 25 Lhgoge 30 Ua7eg) 50 MAFG01 25
70025 A B qalsia 45 405 w0 LMO7H 40 mC130 50 Pazozon 10
7401 25 LM308H 60 MC1350 140 > .
e mom moasnowome om QUG WS ‘D pme
7403 25 TMEZ % 7uSie2 60 022 &0 Laalisl 50 [T 25 asoray W
7404 25 4 a1 60 023 20 MCIITT 75 ULN2283 150
7406 30 NeT22 5 LM31BH 90 M2903 5 2N3055 55
LS195 60 4024 a5 e 2 PNI§43 1071
7407 25 MNBT24 50 CA324 35 LM2904 50
e %em moammosomm s fGnoe R 2 e o
7408 30 745241 60 4080 60 LI Mcissl [ Some 250
7410 25 7TALS SERIES 70 2000 6o 404t 7 LM3BON 75 MC7812 45 gsn":zﬂ e
7AV 25 74LS00 20 7415244 65 4042 50 LM3seN 80 MC7824 45 Louseszie.
7416 25 74150 20 7aiSa4s 70 4046 8O LMINON I8 Mesos  as T0.92 NPN
7420 25 74502 20 7a5p47 190 a0a7 65 NESSS 25 MCrsiz a5 ; e
7425 25 74LS03 20 7415251 40 4049 25 ::ﬁ::g o
7426 30 74LS04 25 7318253 40 1050 25 N4sO o
L322 25 741805 74L§257 35 4D&1 35 :mooa 32;:
;ﬁg 25 Z:tzgg 23 ;4\225! ;g 4052 60 INAGOT 151
25 4 2060 o
7432 7 7S 20 aiSese 0 e % i
7437 25 74811 25 yi(gp6z 40 4068 60
7438 25 74LS'2 25 7a(g2e6 40 4069
743 3 aS13 25 jeeny 45 soey oo DIP IiC SOCKETS
0 X TS 35 qasme 5 4o 20 8 PIN/ 09, 14 PINL13, 16 PIN/15, 18 PIN/17, 20
744; & ;:tg;; ;g 7415293 72 4072 20 PIN/.19, 22 PIN/ 21, 24 PIN/.23, 28 PIN/.26. 40 PIN/.28
7T 75 74821 20 reeses 4 soe o Zera Insertion Test Socket 28 PIN 5.00
7450 74822 20 745209 135 077 25
pst W sl 2 asws 75 0w 3 TOKO COILS FOR FEB 1984
74LS365 35 081
7474 30 7aLs28 25 7418366 35 4082 gg Tv PHOJECT
;:;2 :g 74829 50 7415367 40 4085 35 Toko #s BKAN-K5552AXX(2), #E520HN-3000023
e TS 20 gaiSks B s 3 (071uH) & L-2(12uH) Fixed. 1 Set of 4 pes $6.00, 3 Sets
85 741532 20 74,5373 65 4093 a5 $1 0S
7483 50 74833 25 7415374 75 4160 45 P00 RI0LSetsISAS 00 L, -
7485 55 74837 25 Opto Isolator HY1AX(Transistor Type). ‘65
7418375 85 4183 a5 yp
;:as :g 7ALS38 25 745377 70 4416 48 Oplo Isolator HXXCX(SCR Type) .85
":? ;ﬁ:g gg ;:Lgm ‘;g g= LS Hewlett Packard Clock (Mo Specs) 250
703 45 70547 B pesem 160 sey ot Line Cord 6 feet UL Listed SPT 2 60
7493 35 74851 20 7ai5670 85 4507 65 Scope Probe Set w/Everything x1/x10 24.95
::gg ;: ;ALSS! 2 4511 70 Wire Stand Offs 10/81
i B 7:@3; 52 745C SERIES [ Zener Ass'l — 65 pos Tctal — Includes Minimum 3
74106 40 TalSra a5 7i5C137 so 817 B Ditterent 1W Devices . $1.95
74116 100 74LS75 30 ;:gg:gg g: boi b+ Resistor Ass't — 1,000 pcs 35 Values Minimum
;::g; 35 7ALST6 35 Lol o 4528 7% Popular Values (1K,10K,130K) Included. Mostly 1/4 &
m 42 ;:t:;g :g 745C239 60 4532 75 1/2W. Some 1 & 2W. Lots of Precisions. Carbon Film
pngel 40 Sl @ ;458240 50 :?3_’ ;: Taped and Reeled for Easy Sorting $9.95
74128 55 741886 25 7:§c§:: Zg b 35 Jumper Plugs (Cambion) — Male to Male tor Bread-
74145 45 TS0 40 Lol oo 4873 25 board & Connectors 10/8$1.25
@ 10 zasm 3 LSl g s s 9VDC Wall Transtormer, 200ma $2.95
7153 30 ralSwiz 25 45037 60 4581 ;g 9VDC Wail Transformer, 500ma $395
7ose 70 asnd 3o aScosd S0 ol g 12VDC Wall Transformer, 400ma $695
74157 50 7alS194 30 ol oo 40107 45 6.3V 1.2A Transtormer $1 60
74161 60 7418123 45 3 45155 45 12.6 VCT 1A $3
74189 60 748125 35 eoco83 150
74164 80 7ais12e 3o [45CS84 60 7 (Seven) Amp Tapped Tiansformer — 7 IIZIISVAC
77 70 7asize 35 aSCS73 200 EPROM/MISC or 9V/18VAC 389
74174 50 74513 30 DATA 2716 295 Muffin/Sprite Style Fan #SU2C7 (EG & G Hutron)
;“;i 50 ru:waﬂ ao PATABOOK 5735 395 31/2” Sq, 115V $5.
41 7415139 40 =
Tash %0 jatmie o ABOVEXs zso 276445 3% Jumbo Red LED's 15/$1.00, 100/$6 00
7at8r 120 7asisy 35 CMOS SERIES 1207% 700 & Jumbo Green LED's 10/$1 30, 100/$10 00
;41:? ;g 748157 30 74C00 25 8035 25 Jumbo Yellow LED's 10/$1.40, 100/$11.00
4193 7aLS158 30 4000 20 8085 £ g
ot % S = Fo R e o Jumbo Yellow Hi Intensity with Rt Angle & Btack Case
71195 75 74Sier 45 4002 20 UenenIon Fealures 10/$1.20, 100/$10
74298 55 74LS162 45 4006 60 UDNBI28BA 55 Jumbo Amber LED’s 10/$1 40, 100/$11 00
74365 B0 74LS163 45 011 UDN6184A Mini Yellow Hi Intensity with Discreet, Pale Blue
UDN7180A 65 Lens/Case Feature 10/1.20. 100/10 LED Clips/Rings
tor Jumbo 15/81. 100/$6
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MANB310 — Double Digit 7 Segment Dlsplay. H|
Efficiency Red .56" Comm Ann

MM5481 — 14 Segment Driver Chip 75
Hewlett Packard 7 Seg 4" Red Ann#7651 95

7 Seg .3" Bent Lead (Hobby Grade) a8
7 Seg .6” Bert Lead (Hobby Grade) s
1.5A 50V Bridge (TO-5) 50
4A 50V Bridge (KBU0S) 75
6A 600V Bridge 5/8” Square 1.00
10A 500V Bridge 5/8" Square 1.15
25A 200 Bridge (Solder Lug Type) 2.00
12VDC SPST Reed Relay PC Mount .60
SPST PB Switch (Keyboard Type) 381
Mini Toggle DPDT (tock Latch Feature) .75
DPDT "Snap In"' Rocker with Bulb Socket .95

Push-Lighted Switch (No Bulb) Off — Mom — .45
Pushbution DPST Off — Mom PC Mount
DPDT Push Button 6A 125V .65
TPDT “Bat" Handle Toggte (On Oft On)
DPDT Rt Angle PC Toggle (On Off On)
11 LED Bar Graph Display. 2-3/4“. Rectangular LED s
(Specity Red, Green, Amber)

Giant Alpha Numeric Display 1-1/2” x 2" 7 x 5(35 Tolal)
Red LED Matrix

22yt 35V Solid Tantalum (Kemet) 3/1 .00
Radial Lytics — 1uF 50V .13, 2.2uF 50V .13, 3.3uF 50V
14,4 7uF 40V .12, 10uF S0V .14 22uF 35V .15, 33uF
35V .15, 47uF 50V .15, 100uF 35V .20, 220uf 35V .22,
330uF 35V .33 470uF 35V .39, 1,000uf 16V .45
1,000uF 75V Axial 75
3,200uF 50V Twist Lock . 65
3,300uF 50V Axial Lytic

5.000uF 40V Computaer Grade {Mallory)
Ceramic Monolithics — All 50V or Higher:
330pF, 470pF. 001uF, .0018uF, 0022uF. 0027uF,
.0033uF, .0033uF ({All 30/$1). .01uF — 20/$1, .022uF
15/$1, .1uF 10/$1 .22uF 10/$1

Crystal Clock Oscillator 14,9760 MHZ. .50
UCN41168 — OSC/Freq Div Clock IC 5/1.00
AM/FM Radio IC w/Data Sheel (#2204) . . 15/$1.00
Slide Pots — 1 Each 50K, 100K, 1.2M.2M,5M — $1
74165 (Shift Register) House#8095 10/81
ULN2231 (Delco DM50) Dual Preamp IC n
Switching Power Supply — Plus & Minus 5 & 12 Volts
200W. by Conver 9.95
MRF901 (Hobby — You Test) 10/51
Piher PT10V &/8" Horizontal Mount Trimpots 100 OHM.
1K, 5K, 10K, 20K, 50K, 100K, 200K, 500K, 1M
Single Turn 4%
Mult: Turn Precision Trimpots, 50 OHM, 100 OHM, 200
OHM, 250 OHM, 500 OHM, 1K, 2K, 5K, 10K, 20K, 25K,
50K, 100K, 200K, 250K, 500K, tMeg .75 Each, 100/$66
Zenith TV Replacement IC Special $1 Each 221-42,
221-43, 22148, 221-69, 221-79, 221-87, 221-96,
221-104, 221-105, 221-106, 221-140.

Motion Detector Module (Includes ULN2232 iC & Caps).
$2 Each, 7/$10, 25/$25

Motton Detect, ULN2232 IC Only 3/$2, 20/$10 Black
Plastic Case for Detector $2.2
Miniature Speaker for Detactor 5
Model SG-105 Signal Generator — 20Hz to 150 kHz
Low Distortion, 46 STEP $45.95
22/44 PIN Edgacard Conneclor 65
40 PIN IDC Ribbon Cabte Cornector 40

-85
1.50

50 PIN IDC Ribbon Cable Connector .50
36 PIN Rt Angle '‘Snap Off”" Header 50
14 PIN Header for Ribbon Cable 3781
7 PIN Maie Header 2031
IC Storage "‘Bug” Box $2.45
Heavy Duty Alligator Clips (10 Sets) $2.30
Regular Alligator Clips (10 Sets) $1.80
Wire Strippers (Spring Loaded, Adjust.) $2 50
5" Needle Nose Pliers (Spring Loaded) $3.95
4 1/2" Diagonal Cutters (Spring Loaded) $3.95
Nut Driver set for 3/16", 1/4", 5/16” 3i%2
Jeweler's Screwdrivers (4 pcs) $2.65
Desoldering Pump {Solder Sucker) $4.00
Replacement Tips for Solder Sucker 2/$3.00
25W Precision Soldering Iron $5 00
Safety Goggles $2.95

De-Soidering Brad (5 Foot Roll) .99

Solder Aid Tool Kit {4 pcs) $3.00
Model 6108 Logic Probe (Pencil Type) $18.95
Model 6208 Logic Pulser (Pencii Type) $18.95
.01uF 100V Mylar Cap 20/$1
1uF 200V Mytar Cap 15/%1
?Mystery? Bag #1 The "OHM" Bag $
?Mystary? Bag #2 The "'Volt" Bag $1
?Mystery? Bag #3 The “Circult’” Bag $1
?Mystery? Bag #4 The “‘Frequency’ Bag $1
?Mystery? Bag #5 The “'Tolerance’ Bag $1
No Returns or Exchanges with Myslery Bags

9V Battery Snaps 31

Selt Adhesive Rubber Stripping — Cut to Any Lengths.
You Cheose {3M-Bumpon), 3 Fest/$2, 10 Feet/$5 00,
50 Feet/$20 00.

Hi Reliability TO-3 Socket {Augut) .85
Low Fluid Level Detector Kit — Parts, PC Board &
Instructions. 4.95
Soldering lron Convenience Stands 5/$1.00
Voltage Mate Switching Regulator Kit $18.95

COMMODORE COMPUTER KEYBOARD & MOTHER-
BOARD COMBO, INCLUDES ARTICLE FOR COM-
PATIBILITY (INTERFACE) $12.95

wopeL 705 Digital Multimeter
OPERATING FEATURES

0C Voltage 100V to 1000V
AC Voltage 1004V to 750V g 95
OC Current 0.14A 10 104 51

AC Current 0.1HA 10 10A

HI-LO Resistance 0.1 to 20MQ

Capacitance 1pF 10 204F

Diode Test torward voltage testing

HeE tost transistor tesiing

%

UHF-

{As featured in Radio Electronics March/
May articles, 1982}

This inexpensive antenna mounted pre-
amp can add more than 25 dB of gain to
your system. Lots of satisfied customers
and repeat orders for this high quality kit,
which includes all component parts, PC
BD, Case, Power Supply and Balun $34.50

Assembled Version $57.50

Terms: MICRO-MART accepts Visa. MC and telephone COD's. Minimum order $10.00 Shipping
U.S. orders, $2.50. Canada and other countries. $3.50. Shipping rate adjusted where applicable

N.J. residents add 6% sales tax

MICRO-MART 508 CENTRAL AVE.. WESTFIELD. NJ 07090 © {201] 654-6008

NEW PRODWT S ® @ @ (from page 14)

(’

5000 RESISTORS!

\

Computer Printer Stand

The Vertistack Printer Stand from
Vector (San Jose, CA) supports an
80-column printer and its paper

Say You Saw It In Modern Electronics

without taking up any desk space of
its own. It can be mounted to a wall,
much as wall-bracket shelves are, on
the side of a desk, or hanging from a
wall partition. The stand accommo-
dates all popular types of 80-column
printers and has slots in the shelves
and base for routing fan-fold printer
paper, power cords and data cables.
$75.

CIRCLE 72 ON FREE INFORMATION CARD

Computer Breadboarding Lab

A bus extender and breadboarding
lab, the Model PC-601, for use with
IBM PC/XT and compatible com-
puters, has been announced by Che-
nesko Products, Inc. (Centereach,
NY). The bus extender is a Y2-size
buffer expansion card that plugsinto
any slot in the computer, where it
picks up the bus signals, buffers
them and sends them via a 24" rib-
bon cable to the external bread-
boarding lab portion of the system.

RESISTOR KIT

Great for electronic
hobbyists, R&D labs.

5000 quality 1/4w 5% carbon
film resistors in a durable 50
drawer cabinet, 50 popular values
(100 each) from 102 to 1 MC2.

VISA
=

ORDER LINE

1-800-444-KENT
(24 hrs)
OR

Send check or money order to:

Kentex

[ndustr

P.O. Box 26094

80936

es

(sorry no C.0.Ds) J

postage & handling

Colorado Springs, CO
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November 1987 / MODERN ELECTRONICS / 91

wwww.americanradiohistorv. com


www.americanradiohistory.com

ADVERTISERS’ INDEX

NEW PRODUCTS « ..

RS#

= made with standard 22-gauge solid
51 ACE Communications. . . X

9 ALLElectronics. ......... ) hookup wIre.

T erR:d..gc.'..:s” —" Included on the front panel are in-
S e N dependent 117- and 220-volt ac pow-
g g:;:*l}:::‘b“"’ e er supplies that output + 5 volts at 3
74 ChasMicro.............. ERS amperes, —5 volts at 0.5 ampere,
il -+ + 12 volts at 1 ampere and — 12 volts
T at 0.5 ampere. All supply lines are

83 ContactEast...........
54 Cook’s Institute
11 Datablocks. ........
5 Deco Industries.
76 Digi-Key Corp.. .
7 Digital Research . N B
58 EduCaic........... ... 1

short-circuit protected and are pro-
vided in addition to the computer-
bus-supplied supply lines. A 4:1 TTL

T multiplexer enables viewing of four
el e logic signals simultaneously on a sin-

i o I ey gle-channel oscilloscope. Each chan-
91 altronix - - ..o hd.

9  Jan Crystals...... . 45 The bus signals are readily available  nel’s signal is alternately dc-level dis-
7 R - on the breadboarding assembly’s  placed or chopped by front-panel
e tayla i front panel. These signals are clearly ~ switch selection. A ‘‘sync’’ output is
C R S H =St I labeled and shown on the lower-right  available for oscilloscope triggering,
12 Micromart ... : S0 side of the board. and a 60-pin bus output connector
T e e ] : A large size standard solderless located on the front end of the lab

84 National Technical Schools. .
38 OptoElectronics. .. .. .....

breadboarding socket work area  permits daisy chaining of more than

"R:;:“ff;":ﬁl};:"‘-- ----- i with 3,060 tie points make up the one PC-601 for more complex cir-
- ne;

z [Pl soriamenizdy prototyping area. Connectionstothe  cuits. $369.95.

- nity Electronics. . . . - .

= West Radio Schools. ... ..ooo--. ... s solderless socket points and bus are CIRCLE 73 ON FREE INFORMATION CARD

INNOVATIVE PROJECTS AT

ALL ELECTRONICS CORP. |
I GLESTIROICS COIRIR

SWITCHING POWER SUPPLY
Compact, well regulated switching
power supply designed to power Texas
— Instruments computer equipment.

T 2 INPUT: 14-25 vac @ 1 amp
:f). : S

Complete, e OUTPUT: +12 vdc @ 350 ma.
functioning assembly +5 vdc € 1.2 amp
includes ballast, on-off -5 vdc € 200 ma. NEW!! 110 VAC Powered Amp
switch, power cord, SIZE: 4 3/4" square. Compact Size 10"x10"x3" SPEED UP YOUR PC BY 30%
sockets and F4T5-BL black- Includes 18 vac € 1 amp wall 320 WATTS PEAK POWER MAKES ANY WITH THE PC ACCELERATOR!
light. Mounted on a 7 1/8" transformer designed to power MUSIC COME ALIVE BUT IT TAKES A R!
X 3 1/8" metal plate. Use this supply =" DIGITAL AMPLIFIER TO DELIVER THE
£ S R e plY- POWER FROM TODAY'S NEW DIGITAL JWORKS wITH 16M PC & P
for special e E;rtus) 519 CAT# PS-TX $5.00 / set RECORDINGS.  THE NRG 320 1S JCLONES
ing or erasing MS. 10 for $45.00 COMPL "DIGITAL WITH DUAL XTAL DESIGN \
CATH BLTA $10.00 EACH e powER

MOSFETS SWITCHING AT OVER 250
KILOHERTZ. SPEAKERS ARE DRIVEN WITH JFLEXIBLE INSTALLATION -
A CONSTANT FREQUENCY SQUARE WAVE i

VIC 20 MOTHERBOARD THIRD TAIL LIGHT L.E.D.s

HARDWARE RESET PUSH
slesk sumge 7 1370 | | LR AR IATAG e .
ig ec (5 mm) 320 AC lifi K'. ATTRACTIVE CONTROL
lamp - 2 Amplifier Kit $150.00 §sox

assembly. H RED CAT# LED 1 WORKS WITH NEC v20
Souid kS “4\,’*1) 10 for $1.50 320 WATTS PEAK POWER I .\ oc soso

used as a Lo GREEN FOR YOUR CAR STEREO [reriaces 8284 cHIp

third auto CATH LED-2

26 ICs including 6502A

tail light, emergency % for 32.0
and 6560. 2 ea. 6522, 2 ea warning light, or 10 for $2.00

Jcomes with SSE (seeED
EVALUATION SOF TWARE )

8128, 2 ea. 901486, 3 ea. S YELLOW
2114. NOT GUARNTEED but special-effects lamp.| cary LED-3 ‘ MOST ECONGMICAL
Red reflective lens ———a5 5, SPEED AGCELERATOR
great for replacement Parts |, "s 3 4u y 5 1/2" 10 for $2.00 ON THE MARKET
or experimentation. 3 o TWO PIECE
CATH# VIC-20 §15.00 each dispnounteduonmam HOLDERS
e —— high pedestal with FOR ABOVE PCA KIT
XEON FLASH TUBE Pgdoni swivel) ady L.E.D.s D
e justment. Includes CAT# HLED PCA ASSEMBLED....
3/4" X 1/8" dia. 12 v replaceable bulb{ Y5 for 65c
CAT# FLT-1 2 for $1.00 CAT# TLB $3.95 each

100 for $5.00
1 mA METER E_%;q NI-CAD CHARGER/TESTER|

Modutec 0-1 mA signal % ‘l Will charge most I =
!

strength meter with KLM every size Ni (t:’id ot
logo. l/4" X 1 3/4" X battery available. v i w
7/3" deep. CA"# MET-2 $2.00 CAT# UNCC-N $15.00 FODERN ELECTRONICS® ARTICLE

SSTHAN 1% THD
COQLED

JUMBO 6 DIGIT LED GLOCK

e 2 ISPAL’ -
TOLL FHEE OHDEHS T e T ED RECHARGEABLE E%TTPALEIEE‘BEEPSBGV STEP ASSEMBLY INSTRUCTIONS. 1{:}“)“);70\101 ma:; C_RYE:YF“‘
|"VrSA | mimimuM OROERS 51000 NHCAD BATTERIES COMPACT SIZE 6"X6"X4” §ZERCH PO LEDDOTS RADIO STATION
800-826-5432 CAUF ADD SALES TAX AMPLIFIER KiT.oooooo.., $150 STYUsH PLEXIGLAS ¢ HAm SHACK, RADIG STATION
usa poosweenGc | AAA SIZE 1.25V 180mAH  $2.25 FHER BADK 0P 1104 2y DC OPERATION " ConmmaEATI s CENTER

INFO «(818) 904-0524 Fmr%s 83"“5 AA SIZE 1.25V 500mAh $2.00 ASSEMBLED AND TESTED........ $200 $69.95 KIT $99 ASSEMBLED

= MasterCard] A
FaX - (818) 781-2653 o B gsLﬁan‘\\:s §2~2° ORDER BY MAIL PREPAID OR COD FROM NRG ELECTRONICS, PO BOX 24138
: H 4.25 FT LAUDERDALE, FL 33307 OR BY PHONE (306) 971-3823
OUR NEW MAIL ORDER ADDRESS IS gugl-z% 51%5 S?LZ%%?“;:BS ::%g INCLUDE $3 SHIPPING, FL RESIDENTS ADD SALES TAX
P.0. BOX 567 VAN NUYS, CA 81408 - cl REE INFORMATION CARD
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DOLES YOUR PULSE QUICKEN

At The Thought Of. . .

* ROBOTICS * MACHINE CONTROL
* COMMUNICATIONS * DATA COLLECTION
* REMOTE CONTROL * FACTORY AUTOMATION
* INSTRUMENTATION * EDUCATION
* HOME AUTOMATION

If you answered YES, then KEEP READING! DataBlocks
now makes it easy to configure low-cost, powerful control
systems for a host of PERSONAL or PROCESS CONTROL
applications.

It's EASY! Choose one or more of our 30 control blocks
and plug-together your own custom control computer. Works
with your IBM, Apple, or DataBlocks’ Computer.

If you want to do more, just plug in more blocks. They’re
cheap! Prices start at under $100. And our wide variety of
software languages is supported by your favorite operating
system.

Use our toll-FREE number 800-652-1336 to find out more
about DataBlocks. Mention this ad and receive FREE soft-
ware with your order.

DataBlocks

449 Snowhill Road
Alamo, GA 30411
912-568-7101

M
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' Simpson Electric Company Introduces

The Ultimate in Low-Cost Test Equment e

At last! Here is your opportunity to take your pick from a new test equipment line that has all
the features you need and more. . . and at a price that is unbelievably low. - p
Here are six dlgltal_and two analog instruments

MODEL 9670
Digital capacitance
tester covering
0.1 pF to

MODEL 9340 e
Pocket size, 3'2-digit 105
DMM with 20 megohm

range and 10 megohm
input resistance .

54800

MODEL 9301 *
3'2-digit, hand-held

f DMM with 0.25%

~ - basic accuracy and

S 2,000-hour battery life

WY ’ 69"

MODEL 9370 -
3'2-digit autoranging - i

DMM with a m y
mode and/o./s“/%u:)zsic

DC acetracy
}5900

MODEL 9401
4'-digit, full function
hand-held DMM with
.05% accuracy and

data hold
129"

MODEL 9101
Compact VOM
with 27 ranges,

MODEL 9702
digi-clamp™ compact
AC clamp-on volt-ohm- . )

’ including a 100
ammeter with data hold megohm range

$79% ~ s9gu

Mercer Electronics products reflect the design and quality standards
established by Simpson Electric Company, an industry leader for over 50
years and known worldwide for its integrity and product excellence.
E l— E C T R O N | C S In Stock. . . Available Now! Stop in at your nearest distributor and see
Division of Simpson Electric Company this new, complete line of Mercer test instruments. For the name of the
859 Dundee Avenue, Elgin, IL 60120-3090 MERCER distributor in your area, call (312) 697-2265. or send for our

(312) 697-2265 o Telex 72-2416 new line catalog. CIRCLE 55 ON FREE INFORMATION CARD
FAX (312) 697-2272
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