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POCKET SIZE 
SIZE:4 "Hx3.5 "Wx1 "D 

MADE IN USA 

OPTOelectronics inc 

'FREQUENCY 
COUNTERS 

TO1.3GHZ 
8 LED DIGITS 2 GATE TIMES 

ANODIZED ALUMINUM CABINET 
INTERNAL NI -CAD BATTERIES INCLUDED 

AC ADAPTER /CHARGER INCLUDED 

EXCELLENT SENSITIVITY 
& ACCURACY 

!20130286 AC -DC PORTABLE 
OPERATION 

#1200H 1.2 GHZ 
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. 

#AC -1200 
AC ADAPTER 

CHARGER 

STOCK NO: 
#1200HKC Model 1200H in kit form, 1 -1200 MHz counter complete including 

all parts, cabinet, Ni -Cad batteries, AC adapter- battery charger and 
instructions s 99.95 

#1200HC Model 1200H factory assembled 1 -1200 MHz counter, tested and 
calibrated, complete including Ni -Cad batteries and AC adapter /battery 
charger 5137.50 

#1300HC Model 1300H factory assembled 1 -1300 MHz counter, tested and 
calibrated, complete including Ni -Cad batteries and AC adapter /battery 
charger $150.00 

ACCESSORIES: 
#TA -1005 

#P -100 

#CC -70 

Telescoping RF pick -up antenna with BNC connector $12.00 

Probe, direct connection 50 ohm, BNC connector $18.00 

Carrying case, black vinyl with zipper opening. Will hold a counter and 
accessories S10.00 

FLA (305) 771-2050 

ORDER FACTORY DIRECT 

1 -800 -327 -5912 

OPTOelectronics inc 
5821 N.E. 14th Avenue 

Ft. Lauderdale, Florida 33334 

1.3GHZ 
#1300H 

MasterCard 

V/SS4® AVAILABLE NOW! 
Orders to US and Canada add 5% of total ( S2 min., SIO max) 

Florida residents add 5% sales tax. COD fee S2. 

CIRCLE 8 0N READER SERVICE CARD 
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Your Career in ELECTRONICS or COMPUTERS 
Add prestige and earning power to your technical career 
by earning your Associate or Bachelor's Degree in electronics 
or computers- through independent home study. 

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

Grantham College of Engineering is a specialized institution 
catering to adults who are employed in electronics and allied 
fields such as computers. These fields are so enormous that 
opportunity for advancement is always present. Promotions 
and natural turn -over make desirable positions available to 
those who are prepared to move up! 

An important part of being prepared to move up is hold- 
ing the proper college degree, but the absolutely essential 
part is really knowing your field. In electronics or 
computers, Grantham can prepare you in both ways. But 
don't expect to really know your field or earn that college 
degree without hard work. Any degree that's worth your 
while can't be had without giving effort to the task. Of course it's 
what you learn in the process, as much or more than the degree itself, 
that makes you stand out above the crowd that places you and 
and your career in an enviable position, prestige -wise and financially. 

Why not "go for it "? Go for the knowledge, and the degree will follow 

naturally. Be a "can do" person, with the right credential to put your 
best "moving -up" foot forward! 

Put Professional Knowledge and a 

COLLEGE DEGREE 
in your Technical Career through 

NHSC A ccredited 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California 90720 

Put Professional 
KNOWLEDGE 

and a 

COLLEGE DEGREE 

in your 
Technical Career 

through 
HOME STUDY 

Which 
Road 

Will 
You 

TAKE 

Write for our free catalog 
(see coupon below) or phone 

(213) 493 -4421 (no collect calls) 
and ask for our "degree catalog." 

Grantham offers two B.S. degree 
programs one with major em- 
phasis in ELECTRONICS and the 
other with major emphasis in 
COMPUTERS. Either program 
can be completed by correspond- 
ence (also known as "distance edu- 
cation.") An A.S. degree is awarded 
along the way in each B.S. program, 
but the B.S. program is not com- 
plete without the A.S. part. Our 
catalog gives complete details. 

Now in Our 38th Year 

r - -- 
Grantham College of Engineering 
P.O. Box 539, Los Alamitos, CA 90720 

Please mail me your free catalog which ex- 
plains your distance -education (home study) 
degree programs. 

M1AME. 

ADDRESS 

crrv 

L 

STATE ZIP 

M-I 2-87 

www.americanradiohistory.com

www.americanradiohistory.com


THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS 

DECEMBER 1987 

42 

56 

SK 

000 0 0 0 

)00 000 
1T1T1T 1T1?1T 

) 74LSO4 74LSO4 

60 

18 

VOLUME 4, NUMBER 12 

FEATURES 
18 A $149 Digital Stereo Amplifier 

Stereo power amplifier features pulse- width- 
modulation design to produce distortionless high - 
power output. By C. Barry Ward 

34 The State of Op Amps 
What designers have devised in the past year or so to 
improve the operational amplifier. By Dan Becker 

39 A Homebrew Analog Computer 
The author's reflections on his early -60's computer 
experiments. By Forrest M. Mims III 

42 A Transistor /Diode /SCR Tester 
This simple project can be one of the most valuable 
instruments on your test bench. 
By Adolph A. Mangieri 

48 The Phone Miser 
A lock -out circuit prevents unauthorized long - 
distance telephone calls. By R.F. Sharp 

56 An Automatic Printer Power Controller 
Switches on a printer (and buffer) automatically 
when you power up any computer connected to it. 
By Ralph Tenny 

60 A 16- Channel Digital IC Tester 
Easy -to -build project simplifies troubleshooting 
digital circuits. By David Leithauser 

66 R/C Aircraft Crash Saver 
An accurate battery status indicator for model 
airplane radio -controlled gear. By Harold Wright 

COLUMNS 
70 Electronics Notebook 

Experimenting With Shape- Memory Alloy Wire. 
By Forrest M. Mims III 

76 Product Evaluation 
Heath's New Printer Buffer Kit. By Joseph J. Carr 

80 Software Focus 
Chessmaster -A Champion Program. By Art 
Salsberg 

DEPARTMENTS 
6 Editorial 

At year's end. By Art Salsberg 

7 Letters 

8 Modern Electronics News 

14 New Products 

78 Books & Literature 

84 Cumulative Annual Index 
January 1987 through December 1987 

90 Advertisers Index 

4 / MODERN ELECTRONICS / December 1987 

EDITORIAL STAFF 
Art Salsberg 

Editor -in -Chief 

Alexander W. Burawa 
Managing Editor 

Dorothy Kehrwieder 
Production Manager 

Elizabeth Ryan 
Art Director 

Barbara Scully 
Artist 

Pat Le Blanc 
Florence Martin 
Phototypographers 

Hal Keith 
Illustrator 

Bruce Morgan 
Photographer 

Joseph Desposito, Leonard Feldman, 
Forrest Mims III 

Contributing Editors 

BUSINESS STAFF 
Richard A. Ross 

Publisher 

Art Salsberg 
Associate Publisher 

Dorothy Kehrwieder 
General Manager 

Frank V. Fuzia 
Controller 

Arlene Caggiano 
Accounting 

Catherine Ross 
Circulation Director 

SALES OFFICES 
Modern Electronics 
76 North Broadway 
Hicksville, NY 11801 

(516) 681-2922 

Eastern Advertising Representative 
Herb Pressman 

Sales Assistant 
Cheryl Chomicki 

76 North Broadway 
Hicksville, NY 11801 

(516) 681 -2922 

Midwest & West Advertising Representative 
Market /Media Associates 

1150 Wilmette Ave. 
Wilmette, IL 60091 

(312) 251-2541 
Ted Rickard 
Greg Morin 

Kevin Sullivan 
Offices: 76 North Broadway, Hicksville, NY 11801. Tele- 
phone: (516) 681 -2922. Modern Electronics (ISSN 0748- 
9889) is published monthly by Modern Electronics, Inc. 
Application to mail at second class rates pending at 

Hicksville, NY and other points. Subscription prices 
(payable in US Dollars only): Domestic -one year 

$17.97, two years 533.00, three years 548.00; Canada/ 
Mexico -one year $20.00, two years $37.00, three years 

$54.00; Foreign -one year 522.00, two years $41.00, 
three years $60.00. Foreign Air Mail -one year $75.00, 
two years $147.00, three years $219.00. 

Entire contents copyright 1987 by Modern Electronics, 
Inc. Modern Electronics or Modern Electronics, Inc. as- 

sumes no responsibility for unsolicited manuscripts. Al- 
low six weeks for delivery of first issue and for change of 
address. Printed in the United States of America. 
Postmaster: Please send change of address notice to 

Modern Electronics, Inc., 76 North Broadway, Hicks- 
ville, NY 11801. 

Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


nformation 
radio is on 

the air. 
t 
n = -Ay - 

HOLD = SINE e 

Before you hear about 
it on your old 
radio, hear it 
live on your 

new Inform- 
ant Information Radio. 
Whether its an all- points- 
bulletin from the State Police, 
the dispatcher for the city's Fire 
Department, an ambulance racing 
to the hospital or a National Weath- 
er Service report, the new Inform- 
ant from Regency makes you a 
part of all the action... instantly. 

Breakthrough Technology. 
Instant Information. 

Informant Information Radio 
uses a revolutionary new technol- 
ogy that allows you to constantly 
monitor your police, fire and 

Say You Saw It In Modern Electronics 

emergency frequencies, 
as well as NOAA weather in- 

formation channels in all 50 
states. All pre- programmed. This 
new information radio utilizes a 
principle similar to the seek 
and scan feature found on 
expensive AM/FM radios. 
Your information radio 
scans all the public service 
channels in the area, locates 
the active signals, locks in and 
broadcasts all the information 
right to you. With revolutionary 
TURBO -SCAN speed! 

Hear Your Hometown Like 
You've Never Heard it Before. 

Just turn it on. As easy to use 
as your AM/FM radio. Instantly, 
you're tuned into real life adven- 
tures. One touch control lets you 
select and hold police, fire and 
emergency broadcasts so you don't 
miss a single minute of the action. 

Hear the amazing information 
radio today. Take it home and be 

a part of the action tonight!! 

T.J_LV 1 
BY REGENCY 

Information Radio 
for Real Life 
Adventure dia 

CIRCLE 47 ON FREE INFORMATION CARD 
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NEW 

NOW 
you've 

DIPMETER 
AM Modulation 
Xtal -osc 
9V battery 
DM4061 

Measure 
tank 
Check 
Use 
More 
book, 

FROM EEB 

buy that test equipment 
wanted and save! 

1.5 To 250 MHz 

6 Plug -In Coils 
1 -15 MHz 

t 

$109.95 Value 

ONLY $7995 
+$4 UPS 

resonance of antennas and 
circuits. 

for Harmonic radiation. 
as OSC for Rec. alignment. 
uses detailed in the RSGB Hand- 
pages 18.15 to 18.21. 

RF SIGNAL 
SG4160 

GENERATOR 
100 KHz - 150 MHz to 
450 MHz on harmonics. 
RF Output 100 mVs. 
Modulation: Int. - 1 KHz 
Ext. - 50 Hz to 20 KHz. 
Crystal OSC 1 -15 MHz. 

ONLY $14995+ $4 UPS 

- 

" " . 
-. 

$219.95 Value 

PM330 
RF POWER METER /LOAD 

1.8 to 500 MHz. 
500HM -N -J Connector. 
5W, 20W, 120 Watts. 
Accurate to +/ 10 %. 

ONLY $7995 + $4 UPS 

li>'<, 

$109.95 Value 

FREQUENCY 
FC5250 

COUNTER 
10 Hz to 150 MHz. 
7 Digit readout. 
Gate 1s & 6 sec. 
Accurate to +/- 1 count. 

25 - 100 mV to 30 MHz; 
100 - 300 mV to 150 MHz 

ONLY $12995+ $4 UPS 
included with unit. 

SENSITIVITY: 

$169.95 Value 
AC Adapter is 

RF ATTENUATOR DC -500 MHz 
RFA8000 0 - 81 dB in 

1 dB steps. 
Accurate to +/- .3 dB 

Steps 1, 2. 3. 5, 10 and 20 dB 
50 OHm -'> Watt Insertion Loss .5 dB. 

$299.00 Value ONLY $14995 + $4 UPS 

SWR /RF ANTENNA METER 
SWR3P Read SWR, RF power and 

field strength. 
1.7 to 150 MHz. 
10 or 100 watt range. 

_._ 
SWR +/- 5 %; 

POWER +/- 10% accuracy. 

$29.95 Value ONLY $1995+ $4 UPS 

Prices and Specs Subject to Change 

Electronic Equipment Bank 
516 Mill Street, N.E. 
Vienna, Virginia 22180 
Virginia orders, technical questions 

703 -938 -3350 
MASTERCARD, CHOICE, and DISCOVER 

800 -368 -3270 

EEB 

VISA, 

llIi//EDITORIAL IIII 
At Year's End 

Examining the 1987 Cumulative Ar- 
ticle Index that appears in this issue 
gave us an opportunity to weigh the 
editorial material that appeared in 
Modern Electronics during the past 
12 months. 

It was interesting to observe that 
electronics accounted for about two - 
thirds of the content, computers 
about one -fifth and departments 
about one -seventh. More than half 
of the total was in the form of con- 
struction projects. These major arti- 
cles represent more than just plans to 
build a product, of course. They give 
practical insight to how electronic 
devices and the circuits in which they 
operate actually work, so it becomes 
an educational tour even if one does 
not build any. 

A host of changes taking place in 
the electronics /computer world be- 
came more apparent in '87. On the 
video scene, camcorder (camera/ 
VCR combinations) sales increased 
39 percent as compared to '86, so this 
format is clearly entrenched now. 
Sales of color TV sets with built -in 
stereo increased more that 29 per- 
cent, while monochrome TV sales 
dropped about 17 percent. Super - 
VHS VCRs were announced, so 
these new machines (and video tape) 
will be given the market acid test next 
year. 

In the audio world, compact disc 
players are still the driving force. 
Digital audio tape (DAT) promises 
to make a strong impact in '88, as- 
suming that the equipment finally 
comes to market here. (It's being 
sold in Japan and it was announced 
that sales will be starting now in West 
Germany.) 

The computer world is churning 
heavily, as usual, with speedier ma- 
chines, more memory addressing ca- 
pacity, et al, introduced. IBM debut- 
ed its PS /2 systems, leapfrogging to 
new performance heights (and 
prices), while killing its XT and ad- 
vanced XT models. Clone makers 
continue the line, as well as AT com- 
patibles, at astoundingly low prices. 
Apple Computer, meanwhile, en- 
tered a bevy of new Macintosh mod- 
els and finally opened its architecture 
for user expansion. Both fronts are 
pushing desktop publishing systems. 

In electronics, surface -mount de- 
vices and ASICs continue to make 
inroads into manufactured electron- 
ic equipment. Test equipment con- 
tinues along its road, with cheaper 
and higher -performing digital test 
gear and wider -bandwidth dual - 
trace oscilloscopes. 

Looking ahead, we plan to cover 
the new happenings in '88, and then 
some. Starting in January, we will 
burst forth with three new columns. 
They will be devoted to new electron- 
ic devices and how they work, the 
electronics entertainment equipment 
scene, and the personal computer 
world. The latter two will also have 
electronic mail facilities available to 
Modern Electronics readers. 

Here's wishing you all a Merry 
Season and a Happy New Year. 
We're looking forward to traveling 
down the electronics /computer road 
with you next year. 

.rationo 6rrrtingo from tilts 

fttff of ftiobrrn Elrrtroniro 

CIRCLE 38 ON FREE INFORMATION CARD 
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il/il/LETTERS /111 

Changes 

The "Proportional Temperature Con- 
troller" in the October 1987 issue of 
Modern Electronics interested me. How- 
ever, the Parts List gave the value of R4 
as 1,000 ohms, while in the schematic it is 
10,000 ohms. Which is correct? 

Lee Dunlap 
Washington, DC 

The correct value is 10,000 ohms. -Ed. 

With regard to the "Electric Hand 
Dryer" (November 1987), I.P.C. Sales, 
the supplier of the motion- detector as- 
sembly, has changed its name to Micor 
and telephone number to (617)521 -2221. 
The old telephone number will still be in 
service for a while, and mail sent to 
I.P.C. Sales will reach Micor, but anyone 
who wishes to place an order now should 
make note of the changes. 

While I'm at it, readers should note 
that this project and "Building and Ap- 
plying Active Minispeakers" (September 

1987) will appear in a book, Twenty Elec- 
tronic Projects for Your Home, (Tab 
Books). 

Joseph O'Connell 

A Cut -Up 
Modern Electronics gets my highest 

award for the first issue received, which I 
cut to pieces. That's not as bad as it 
sounds because I cut it to preserve its con- 
tents: The scope article on Lissajous pat- 
terns, which I never really understood; 
the Hall Effect article, which I never un- 
derstood; the stepper -motor article, 
which I .... I guess you get the point - 
great stuff. Hoping that Modern Elec- 
tronics continues to keep amateur and 
commercial license holders advised of 
new developments at the FCC. 

Ed Jones 
Somerset, NJ 

Thank you for producing one of the 
best general- coverage electronics maga- 

zines the industry has today. I receive 
many trade publications, hobbyist maga- 
zines, etc., but Modern Electronics is my 
favorite. I am particularly drawn to For- 
rest Mims' work and treasure each copy. 

Dale Whitworth 
Zephyrhills, FL 

Prices, Please 
Got my first copy of your magazine last 

week because I saw on the front cover a 
reference to a temperature probe, which 
was just what I wanted. Looking over the 
article, I realized that an address was giv- 
en to purchase it, but the purchase price 
was not given. 

Since I am especially interested in buy- 
ing either the LM34CZ or LM35CZ, 
please inform me of the cost. 

John H. Paepe 
Mercer Island, WA 

Price of both of these ICs is the same - 
$4.81 -which were listed in the Digi-Key 
ad in the same issue. -Ed. 

IBM 

¡II!IIiIIIIIIIIIi 

DOES YOUR TEMPERATURE RISE 
At The Thought Of ... AUTOMATED CONTROL? 
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. 

CALL TODAY! 800- 652 -1336 
912 -568 -7101 

( Ilk: I P. 39 ON FREE INFORMATION CARD 

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 software with your 
order. 

1DataBlocks 
449 Snowhill Rd. 
Alamo, Georgia 30411 

PLEASE SEND MORE DETAILS ABOUT YOUR UNIQUE DATABLOCKS' 

NAME 

COMPANY 

ADDRESS 

CITY STATE ZIP 

PHONE 
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Ill/il/I MODERN ELECTRONICS NEWS /1/1111i 

THE ENGINEERING SCENE. Research & Development engineers earn more 
money than their counterparts in manufacturing, according to a survey 
by the American Association of Engineering Societies, with the median 
for the former being $51,000 annually and the latter, $43,500....Non- 
U.S. nationals increased their already high share of Ph.D's in U.S. 
universities in 1986, accounting for 55 percent of the 3,400 engineering 
doctorates and 23 percent of science doctorates, a rise of 7 and 6 per- 
cent, respectively, from 1985. 

NOISE -CANCELLATION ADVANCES. Reducing noise is an ongoing quest. Dolby 
Labs made us all aware of the possibilities with its noise -reduction 
system for audio and broadcast purposes; publicity surrounding the U.S. 
silent - submarine technology secrets sold (illegally) to the U.S.S.R. 
illustrated noise -reduction techniques in another area. Now, Noise 
Cancellation Technologies, Inc., Great Neck, NY, has a computerized 
system that cancels low- frequency repetitive noise and vibration, such 
as from a ship's engine or noise inside helicopter that mars two -way 
radio communication. We observed a demonstration of the system, thanks 
to a lead from Tim Rose, Sandhurst Securities (NYC), who sells NCT stock. 
When the anti -noise circuit was activated, noise was indeed substantially 
reduced. 

COMMUNICATIONS HAPPENINGS. More than 15,000 radio amateurs participated 
in a Simulated Emergency Test in October, sponsored by the American 
Radio Relay League. The goal was to prepare ham radio operators to pro- 
vide better -coordinated communications services to agencies such as the 
Red Cross, Civil Preparedness, the News Media, etc. Robert Warren, Chief 
of Army Military Amateur Radio System, said that it would cost at least 
a billion dollars for the government to attempt to duplicate this communi- 
cation network. Local SET groups use a variety of mock emergencies to re- 

create real disasters as closely as possible, scoring the results at their 
conclusion....Southwestern Bell, now in the competitive retail market, is 

offering for sale its FV -1000 voice -activated Freedom Phone. It stores 
up to 63 telephone numbers that can be "dialed" automatically with simple 
voice commands. A child can dial the local fire department just by saying 
"Emergency Fire" into the mouthpiece, for example. $449.95. 

DISK CATALOGS. Guardian Electric developed "Comp -U- Sol," a computer data 
disk to aid engineers who specify solenoids. Menu -driven, the disk leads 
a user from one selection criteria to another. Stringent specs are called 
out and "what if" capabilities are at hand to see the effect of any para- 
meter change. Designed for use with an MS -DOS computer and only a single 
360K floppy drive, 256K memory, and DOS 2.1 as a minimum, the disk is avail- 
able FREE from Guardian by writing to them at 1550 W. Carroll Ave., Chicago, 
ILL 60607....Motorola, too, has introduced a data disk to provide design 
engineers with speedy selection of power transistors. The IBM -compatible 
disk requires 384K of RAM and features device information for over 1,600 
bipolar power transistors and MOSFETs, plus more than 3,500 cross refer- 
ences. Cost is $2 to Motorola Semiconductor Products, Literature Distribu- 
tion Center, P.O. Box 20924, Phoenix, AZ 85063. 
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DO YOU 

REALLY 
GET THE BEST BUY 

FROM 

T H EM? 
et 's face it: There will always be some outfit 
that 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 Pacific Cable 

Co.. Inc.. is offering for $19900? 
Well, that's a good price, but 

here's what I'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 $43700 on the phone bill! No, I don't 

know about any guarantees on your Gerald, who's that? Listen, if you see that creep..." etc. 
At Pacmc Cable 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 Atlanta Units! 

ITEM 1 

UNIT 
10 OR 

MORE 
ITEM 1 

UNIT 
10 OR 

MORE 

RCA 36 Channel Converter (Ch.3 output only) 29.00 18.00 " Minicode (N -12) 89.00 58.00 
Panasonic Wireless Converter (our best buy) 88.00 69.00 " Minicode (N -12) with Vari Sync 99.00 62.00 
400 or 450 Converter (manual fine tune) 88.00 69.00 " Minicode VariSync with Auto On -Off 145.00 105.00 

`Jerrold 400 Combo 169.00 119.00 Econocode (minicode substitute) 79.00 52.00 

Jerrold 400 Hand Remote Control 29.00 18.00 Econocode with VariSync 89.00 56.00 

*Jerrold 450 Combo 199.00 139.00 "MLD- 1200 -3 (Ch.3 output) 99.00 58.00 
*Jerrold 450 Hand Remote Control 29.00 18.00 "MLD -1200 -2 (Ch.2 output) 99.00 5800 
Jerrold SB- Add -On 89.00 58.00 *Zenith SSAVI Cable Ready 175.00 125.00 

'Jerrold SB- Add -On with Trimode 99.00 70.00 Interference Filters (Ch.3 only) 24.00 14.00 

"M -35 B Combo unit (Ch.3 output only) 99.00 70.00 *Eagle P0-3 Descrambler (Ch.3 output only) 119.00 65.00 
'M -35 B Combo unit with VariSync 109.00 75.00 `Scientific Atlanta Add -on Replacement Descrambler 119.00 75.00 

CHECK US OUT -WE'LL 
MEET OR BEAT THE OTHER'S 
ADVERTISED WHOLESALE 
OR RETAIL PRICES! 

MasterCard VISA 

Pacific Cable Co., Inc. 
73251 Reseda Blvd., Dept. 1 -20 

Reseda, CA 91335 
(818) 716 -5914 (818) 716 -5140 

NO COLLECT CALLS! 

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

*Call for availability 

Prices subject to change without notice 

Jerrold is a registered trademark of General Instruments Corp. 

Quantity Item Output 
Channel 

Price 
Each 

TOTAL 
PRICE 

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

Prices subject to change without notice 
PLEASE PRINT 

SUBTOTAL 

Shipping Add 
$3.00 per unit 

COD & Credit 
Cards -Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( 

Cashier's Check 

Acct ü __ 

Signature 

Money Order C.O.D. 

Exp. Date 

Visa Mastercard 

FOR OUR RECORDS 

DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future, will only be used on cable TV systems with proper 
authorization from local officials or cable company officials in accordance with all applicable federal and 
state laws. 

Dated: Signed- 
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Only NRI gives you a 27" high- resolution 
stereo color TV you build to prepare you for 

today's video servicing careers. 

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

"explosive- growth" 'Norld of home entertainment electro.ics. 

Train in state-of-the-art video /audio 
servicing and become a fully qualified 
service professional the uniquely suc- 
cessful NRI way. It's hands -on train- 
ing, at home ... designed around the 
latest electronic equipment you build 
and keep as part of your training. You 
start from scratch and "discover by 
doing." You conduct key experiments 
... perform vital tests ... build your 
own systems ... and do it all at the 
pace that suits you best. 

There's no stopping the incredible 
boom in consumer electronics. Soaring 
sales, new and improved video prod- 
ucts, entirely new technologies have 
opened up new opportunities for the 
trained technician as never before. 

Now at $26 billion in annual sales, 
the consumer electronics industry is 
creating a whole new servicing, instal- 
lation, and repair market. This yeas TV 
sales alone are expected to hit 16.2 
million units. Every day, sales of home 

i 
VCRs, a product barely conceived of 
10 years ago, reach 20,000 units. Every 

day! 
And the revolution has spread to the 

business sector as tens of thousands 
of companies are purchasing expen- 
sive high -tech video equipment used 
for employee training, data storage, 
even video conferencìng. 
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The Video Revolution 
Is Just Starting 

Already, disc players can handle audio 
CDs and laser video discs. And now 
there are machines that will accom- 
modate laser computer disks as well. 
Camcorders are becoming smaller, 
lighter and more versatile ... 8 mm 
video equipment produces high - 
resolution pictures and digital audio. 
By 1990 our TVs will become inter- 
active computer terminals, giving us 
entertainment, information, and com- 
munications in one sophisticated 
video /computer /audio system. 

Join the Future or 
Be Left Behind 

Can you see the opportunity? The serv- 
icing and repair market that's there 
already ... and the enormous future 
need created by the millions upon mil- 
lions of electronic devices yet to 
come? If you're looking for a high - 
potential career ... if you'd like 
to get started in a field that's still 
wide open for the independent 
businessperson ... even if you'd 

Hands -On Training As You Build 
a 27" Stereo TV 

In just hours you assemble an excep- 
tional state -of -the -art TV receiver using 
easy to follow step -by -step instructions. 
During this assembly process, you learn 
to identify and work with components 
and circuits used in actual commer- 
cial circuitry. Then through tests, adjust- 
ments, and experiments you quickly 
master professional troubleshooting 
and bench techniques. 

CONAR 

AVIV' ACTION tlq11010 

..MO R.. 

like to find a way to make extra money 
part-time, look into NRI at -home train- 
ing now. 

Start Right and 
There'll Be No Stopping You! 
NRI training in video /audio serv- 
icing is the perfect way for you 
to profit from the new explosive 
growth in consumer electronics. 
You study at home in your spare 
time at your own pace. No class- 
room pressures, no night school 
grind. 

Even if you've never had elec- 
tronics training, NRI prepares you 
properly with a thorough ground- 
ing in the fundamentals ... a foun- 
dation that you build on to achieve 
advanced electronics skills. With 
this kind of understanding and 
practical bench experience built 
into NRI's exclusive training meth- 
ods, you're on your way to take 
advantage of the new opportuni- 
ties opening up every day. 

Totally Integrated 
Hands -On Braining 

Since NRI training is built around 
"learn by doing," right from the start 
you conduct important experiments 
and tests with your professional dig- 
ital multimeter. You assemble the 
remarkable NRI Discovery Lab and per- 
form a complete range of demonstra- 
tions and experiments in the process. 

BIWAr , 
H 

Dty 
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NRI has purposely designed your 
training around equipment that has the 
same high -tech circuitry you'll encoun- 
ter in commercial equipment. That 
means your training is real -world train- 
ing. And that's unique. 

Inside Your TV 
This new state-of-the-art Heath/Zenith 
27" TV included with your training 
has all the features that allow you to 
set up today your complete home 
video center of the future. Flat screen, 
square corners, and a black matrix to 
produce dark, rich colors. Cable - 
compatible tuning, built -in stereo 
decoder to give you superb reproduc- 
tion of stereo TV broadcasts ... even 
a powerful remote control center that 
gives you total command of video and 
audio operating modes. 

Your NRI Training Has 
Another Special Element 

Also built into your training is the enor- 
mous experience of NRI development 
specialists and instructors. Their long - 
proven training skills and enthusiasm 
come to you on a one -to -one basis. 
Available for consultation and help 

whenever you need it, your instruc- 
tors ensure your success both 
during your course and after 
graduation. 

Step Into the Future Today 
The richest reward you gain 
from your NRI video /audio 

training is a firm grip on the 
future. Your knowledge and know - 

how provide you with the soundest 
possible foundation for keeping up 
with the rapidly evolving, highly inno- 
vative video industry. 

Send For Free Catalog 
Now is the time to act. Send the post- 
paid card to us today. You'll receive 
our 100 -page catalog free. It's filled 
with all the facts you'll want to know 
about our training methods with full 
details on the equipment you'll use 
and keep as part of your hands -on train- 
ing. You'll see how our more than 70 
years of experience in uniquely suc- 
cessful at -home career training makes 
us the leading technical school today 
(If someone has already used the card, 
write to us at the address below) 

NRI's commitment to you goes beyond 
providing you with equipment appropri- 
ate to the latest technology. Of equal 
importance is our dedication to training 
techniques that let you master TV, video 
and audio troubleshooting and repair 
quickly and easily. Best of all, we ensure 
that in the learning process you acquire 
the very skills that will make you a pro- 
fessional service technician on the job. 

M Scbooas 
McGraw -Hill Continuing 

Education Center 
3939 Wisconsin Avenue, NW mpg 
Washington, DC 20016 r:Al, 
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Ulililil/NEW PRODUCTS/il/IA 

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. 

Video Signal Generator 
Rock River Video's (Rockford, IL) 
"Matte junior" is an electronic vid- 
eo signal generator aimed at the seri- 
ous hobbyist, industrial /educational 
video producer and video service 
technician. Principally a video color 
generator, Matte junior produces 
standard video signals for use in vid- 
eo special effects. Color and bright- 
ness of the output can be continuous- 
ly adjusted with front -panel con- 
trols. Other features include a stan- 
dard color -bar signal for servicing 
and equipment set -up and an inter- 
nal crystal -controlled TV sync and 
subcarrier generator that serves as a 
stable source for use with other TV 
equipment. 

Facsimile Converter 
The FAX -1000 Facsimile Converter 
from DGM Electronics, Inc. (Beloit, 
WI) connects between an hf commu- 
nications receiver and Epson- graph- 
ics- compatible printer for printing 
weather charts, satellite pictures and 
press photos. It will copy AM fac- 
simile signals sent by satellites or FM 
facsimile signals normally sent on hf 
frequencies. The converter copies all 
standard speeds and index of cooper- 
ations. Pictures can be inverted or 
printed i:i either direction. A 10 -seg- 
ment bargraph is provided for accur- 
ately tuning in the station being 
copied. 

This instrument is claimed to have 
correct phasing for the color subcar- 
rier to horizontal so that it is compat- 
ible with today's TV receivers that 
use comb filters. It can be used to 
generate any screen color and bright- 
ness level. A "black burst" output is 

provided for synchronizing several 
pieces of video equipment when set- 
ting up a system. 

The compact unit measures 10 "W 
x 6.4 "D x 1.4 "H. It is poweredbya 
separate plug -in ac adapter, which is 

supplied, as is a 1.8 -meter RG -59/U 
cable terminated at both ends in a 
phono cable. 

CIRCLE ION FREE INFORMATION CARD 

Automatic and manual modes are 
provided. In automatic mode, the 
converter waits for an appropriate 
signal from the sending station to 
start printing. In manual mode, the 
operator can start printing and man- 
ually frame the picture with a front - 
panel button. LEDs and pushbutton 
switches on the front panel simplify 
operation. 

The FAX -1000 is housed in a com- 
pact, rfi -proof aluminum enclosure 
that measures only 7 "W x 6 "D x 
2 "H. It is powered by a 117 -volt ac 
plug -in transformer, included with 
the converter. $299. 

CIRCLE 2 ON FREE INFORMATION CARD 

Sound Visualizer 

The LyteTM "audiovisualizer" from 
Clyde Industries America, Inc. (Ced- 
ar Rapids, IA) translates music into a 
real -time visual display of kaleido- 
scopic light patterns. It interfaces 
with home stereo systems, electronic 
keyboards, electric guitars and any 

other audio device with a speaker 
jack or line output jack. Using 80 
LEDs spinning at high rpm, The 
Lyte produces constantly changing 
electronic expressions of complex 
sounds. Solid -state electronics con- 
tinuously monitors the amplitude of 
the signal and frequencies ascending 
from bass to treble. The output is 
displayed as colors and patterns 
against a black background. 

The light -producing mechanism is 
housed in a black plastic case that 
measures 11.5 inches square by 3.5 
inches deep and weighs 7.5 pounds. 
It comes with a connecting cable ter- 
minated in a phono jack and oper- 
ates on standard 117 -volt ac line 
power via a low- voltage, plug -in wall 
transformer. 

CIRCLE 3 ON FREE INFORMATION CARD 

Personality -Cards 
for Laser Printer 
A new Kiss- plus series of laser print- 
ers based on the Canon SX engine 
and using interchangeable Personali- 
ty Cards has been announced by 
QMS, Inc. Three Personality Card 
options are available, each with its 
own unique fonts, emulations and 
system memory and 300 x 300 -dot 
per inch graphics capability. The 
cards are daughter boards, accessed 
from the side of the printer base. 
Personality Card 10 (' /, -page) has 24 
resident fonts, 512K of RAM and 
Epson FX -80, Qume Sprint 11, Dia- 
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blo 630 and ANSI emulations. Per- 
sonality Card 20 (% -page) has 34 
fonts, 1M of RAM and IBM Pro - 
printer, HP LaserJet + , Epson, 
Qume, Diablo and ANSI emula- 
tions. Personality Card 30 (full - 
page) has 34 fonts, 2.5M of RAM 
and HP 7575A graphics plotter lan- 
guage (HP -GL), Proprinter, Laser - 
Jet + , Epson, Qume, Diablo and 
ANSI emulations. 

The Kiss plus series is designed to 
enhance personal productivity in of- 
fice environments that require high - 
quality text or text and graphics out- 
put. Near -typeset -quality documents 
and presentation materials can be 
created by using the printers' resi- 
dent fonts, dual font cartridges and 
download -font capabilities. For ap- 
plications that require graphics, 
users can select the Personality Car- 
tridge option with memory to match 
their specific needs. 

A wide range of resident emula- 
tions provides instant compatibility 
with many popular software pack- 
ages. Dual RS- 323 /parallel interfac- 
ing and a compact, desktop design 
allows the printers to be connected to 
most host computers and be located 
anywhere in an office. $1,995 basic 
printer; $395 Personality Card 10; 
$695 Personality Card 20; $1,495 
Personality Card 30. 

CIRCLE 4 ON FREE INFORMATION CARD 

Logic Monitor /Controller 
The TSA -40 logic monitor /con- 
troller from Beta Automation, Inc. 
(Newbury Park, CA) is packaged 
with 40 discrete connectors at the end 
of its ribbon cable for monitoring 
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separate points in a circuit instead of 
just a 40 -pin IC. (Test leads and IC 
test clips are available in various sizes 
as options.) The TTL /CMOS -com- 
patible monitor /controller features 
a separate LED logic level indicator 
for each of its 40 channels, and pulse 
trains and varying duty cycles are in- 
dicated by the brightness of the LED 
in any given channel. 

Each channel can be forced to 
logic high, logic low or floated 
(monitor only). The V + in the 
power supply of the system being 
monitored is used as a reference on- 
ly, since the monitor /controller has 
its own built -in ac- operated plug -in 
power supply. 

An easy -to- change label can be 
used for user notes, such as function- 
al names for IC pins, expected logic 
levels, etc. to customize the TSA -40 
for a particular application. Forty 
test points, in parallel with the test 
cable, are provided for additional 
flexibility. Input impedance is 1 

megohm. The instrument measures 
10.4'ÁV x 5.9 "D x 1.3 "H and 
weighs 1.5 lbs. Supplied are a 24 "test 
cable, gold 40 -pin IC test clip, 10 

user labels, power converter and 
user's manual. $225. 

CIRCLE 5 ON FREE INFORMATION CARD 

80386 Personal Computer Kit 
The Heath Company's new Model 
H -386 personal computer kit fea- 
tures the powerful Intel 80386 32 -bit 
microprocessor running at 16 MHz 
and is socketed for an 80287 or 80387 
numeric coprocessor. The IBM PC/ 
AT- compatible computer comes 
with a 1.2 -MB floppy -disk drive, en- 
hanced 101 -key keyboard, combined 

hard /floppy -disk controller, serial 
and parallel ports, five open expan- 
sion slots and ROM -based diagnos- 
tics plus MS -DOS 3.2 + , disk -based 
diagnostics and Integrated 7 + . The 
last is a menu -driven applications 
package that contains a spreadsheet, 
word processor, relational database 
manager, database merging, graph- 
ics, terminal emulation and PC- 
to-PC communications software. 
Available options include 1.2 -MB 
and 360 -KB 5.25 -inch floppy -disk 
drives, 1.4 -MB 3.5 -inch microflop- 
py -disk drive and 80 -MB hard -disk 
drives. The computer can accommo- 
date up to two floppy- and two -hard- 
disk drives. 

Graphics is provided by a port on 
the video board that gives 640 x 480 - 
pixel color on Zenith's new flat - 
screen monitor. Another port drives 
EGA, CGA and TTL monochrome 
monitors. Both video -board ports 
automatically emulate common 
video formats for each system con- 
figuration. 

According to Heath, the kit can be 
assembled in just two evenings with- 
out the need for special tools or 
equipment. The computer is said to 
be compatible with all MS -DOS 16- 

bit software written for the IBM PC 
and AT and can run the XENIX op- 
erating system for multi -user and 
multitasking operations. The system 
unit measures 21 'ATV x 16.5 "D x 
6.5'71 and weighs 35 lbs. 

CIRCLE 6 ON FREE INFORMATION CARD 
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NEW PRODUCTS .. 

Audio/ Video Receiver 
Pioneer Electronics' Model VSX- 
3000 receiver lets you expand an au- 
dio /video system at your own pace. 
This receiver has three video inputs 
with two -way dubbing and simulta- 
neous recording capability. Included 
are a built -in surround -sound pro- 
cessor, VCR noise filter and audio 
adapter loop. Except for the slide - 
type equalizer controls, all opera- 
tions are performed with push -type 
switches. 

Features include: quartz PLL syn- 
thesized tuning with 20- station ran- 
dom- access presets and automatic 
and manual station search; built -in 
5 -band graphic equalizer; video sig- 
nal selector for switching audio and 

video separately; connections for 
two pairs of speakers; multi -func- 
tion fluorescent window that dis- 
plays a clock complete with pro- 
grammable 24 -hour digital timer; 
and antiresonance construction with 
copper -plated screws to reduce inter- 
nal vibration and magnetic distortion. 

A 40 -key audio /video remote con- 
trol transmitter included with the re- 
ceiver is SR compatible. This "com- 
mand center" accesses 53 possible 
functions to operate all the compo- 
nents that can be added to the system. 

Rated continuous average output 
power is more than 60 watts /channel 
into 8 ohms from 20 to 20,000 Hz at 
no more than 0.05% THD. The re- 
ceiver measures 16%6 "W x 15 %'D 
x 4' /,6'ß-I. $349.95. 

CIRCLE 7 ON FREE INFORMATION CARD 

Benchtop Security Locker 
A new Security Riser Assembly that 
safeguards test and research equip- 
ment between work shifts and when 
a worker is away from his work- 
bench is available from Workplace 
Systems, Inc. (Londonderry, NH). 
The fully enclosed, all -metal assem- 
bly mounts directly to the work- 
bench top or laboratory counter. Its 
hinged bi -fold front panel rests on 

top of the unit when open to provide 
unobstructed access to the interior. 
The panel also closes and padlocks to 
secure internal equipment. A stan- 
dard size assembly measures 72 "L x 
24 "H x 18 "D and includes one fixed 
interior shelf for storage efficiency. 
An optional prewired wirethrough 
supplies additional power when 
needed. 

CIRCLE 8 ON FREE INFORMATION CARD 

Portable Static Kit 
A static control companion kit has 
been designed by Jensen Tools to fit 
behind the upper pallet of a tool case 
or inside a briefcase. The kit is essen- 
tial for protection of static- electrici- 
ty- sensitive devices when working on 
them in the field. It opens up to 18 x 
24 inches of static -dissipative work 
surface and has a 5 -ft. grounding cord 
for the mat and an adjustable elastic 
wrist strap with a 4 -ft. grounded 
cord for the user. Included are hard- 

ware and instructions for correct 
hookup to ensure the safety of both 
the static -sensitive components and 
user. The kit meets or exceeds all ap- 
plicable military and EOS /ESD stan- 
dards. $29.95. 

CIRCLE 9 ON FREE INFORMATION CARD 

Stereo TV Readout 
Sencore's Model SR68 Stereo TV 
Readout allows the service techni- 
cian to measure the outputs of audio 
amplifiers at either the line or speak- 
er outputs. It incorporates dummy 
loads that provide up to 100 watts 
per channel of power dissipation to 
catch problems that may appear only 
when components are forced to op- 
erate under maximum amplifier 
stress. Dual meters provide visual 

monitoring of the amplifier's out- 
puts and are used to measure audio 
levels directly in either decibels or 
watts. The SR68 allows the user to 
automatically measure audio separa- 
tion of stereo circuits to as low as 
- 40 dB, without having to refer to 
calculations, with the turn of a single 
knob. 

The Stereo TV Readout is supplied 
as a basic bench -type test instru- 
ment. However, with addition of an 
optional rechargeable battery, it can 

(Continued on page 90) 
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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 -90 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 Crystalises 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 -RA is a 35 channel version of this radio 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 $1 39.95 /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 makes an ideal radioforany police 
or fire department volunteer because of its lowcost 
and high performance. A 60 Watt VHF 150 -162 
MHz. version called the RH6O6B -RA is available 
for $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 switch to 
prevent accidental entry and more. Also order the 
new double -long life rechargeable battery pack 
part # BP55 for $29.95, a plug -in wall charger, part 
# AD100 for $14.95, a carrying case part # VCOO1 
for $14.95 and also order optional cigarette lighter 
cable part # PS001 for $14.95. 

NEW! Scanner Frequency 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 mobile radio service, marine radio 
service, taxi cab companies, tow truck companies, 
trucking companies, business repeaters, business radio 
(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- RL019 -1; Baltimore, MD /Washington, 
DC- RL024 -1; Chicago, IL- RL014.1; Cleveland, OH- 
RL017 -1; Columbus, OH- RL003.2; Dallas /Ft. Worth, 
TX- RL013.1; Denver /Colorado Springs, CO-RL027-1; 
Detroit, MI/ Windsor, ON- RL008 -2; Fort Wayne, IN 
/Lima, OH- RL001.1; Houston, TX-RL023-1; Indian- 
apolis, IN- RL022.1; Kansas City, MO/ KS- RL011.2; 
Los Angeles, CA- RL016 -1; Louisville /Lexington, KY- 
RL007 -1; Milwaukee, WI /Waukegan, IL- RL021.1; 
Minneapolis /St. Paul, MN- RL010.2; Nevada/E. Central 
CA- RL028 -1; Oklahoma City /Lawton, OK- RL005 -2; 
Pittsburgh, PA/Wheeling, WV- RL029 -1; Rochester/ 
Syracuse, NY- RL020.1; Tampa/St. Petersburg, FL- 
RL004-2; Toledo, OH- RL002.3. 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. 
RD001 -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 
Frequency coverage: 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 called 
Turbo Scan" to scan up to 40 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 
who can afford the best, the IN F3- RA at$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 
Direct Channel Access Feature Scan delay 
Bands: 29 -54, 118-136, 144 -174, 406-420, 440 -512 MHz. 
The new handheld Regency HX1500 scanner is 
fully 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. Operates on 8 
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 Limit Hold Lockout AC /DC 
Frequency range: 30 -50, 118 -174, 406-512 MHz. 

Included in our low CE price is a sturdy carrying case, 
earphone, battery charger /AC adapter, six AA ni -cad 
batteries and flexible antenna. Order ycur scanner 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. 
PRO310 E- RA Uniden 40 Ch. Portable /Mobile CB... $85.95 
N I NJA -RA PRO310 E with rechargeable battery pack$99.95 
B-10- RA 1 .2V AA Ni-cad bait. for N i nia (set of 10) .... $20.95 
PRO520E -RA Uniden 40 channel CB Mobile $59.95 
PRO540E -RA Uniden 40 channel CB Mobile $119.95 
PRO710E -RA Uniden40 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 Unimetrics SH66 -RA has 50 transmit and 60 
receive frequencies with 25 or 1 watt power output. 
Only$169.95. The Unimetrics SH 88 -RA is a deluxe full 
function marine radiotelephone featuring 55 transmit 
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 continuously backlit with red light display and a 5 
ft. or 10 ft. alarm. Only $189.95. Order today. 

CIRCLE NO. 151 ON FREE INFORMATION CARD 

Bearcat° 800XLT -RA 
List price $499.95/CE price $289.95 / S PEC I A L 
12 -Band, 40 Channel No- crystal scanner 
Priority control Search/Scan AC /DC 
Bands: 29 -54, 118 -174, 406-512, 806 -912 MHz 
The Uniden 800XLT receives 40 channels in two banks. 
Scans 15 channels per second. Size 91/4" x4'/ x 121/2." 

OTHER RADIOS AND ACCESSORIES 
Panasonic RF- 2800 -RA Shortwave receiver $179.95 
RD55 -RA Uniden Visor mount Radar Detector $98.95 
RD9 -RA Uniden "Passport" size Radar Detector ... $169.95 
NEW! BC 70XLT -RA Bearcat 20 channel scanner ... $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" $35.95 
R1080 -RA Regency 30 channel scanner $118.95 
R1090 -RA Regency45 channel scanner $148.95 
UC102 -RA RegencyVHF2 ch. 1 Watt transceiver $117.95 
P1412 -RA Regency 12 amp reg. power supply $189.95 
MA549 -RA Drop -in chargerfor HX1200 & HX1500 ... $84.95 
MA518 -RA Wall charger for HX1500 scanner $14.95 
MA553 -RA Carrying case for HX1500 scanner . $19.95 
MA257 -RA Cigarette lighter cord for H X 12/1500 $19.95 
MA917 RA Ni-Cad battery pack for H X1000/1200 $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 Directory for Eastern U.S A $14.95 
FB W-RA Frequency Directory forWestern U.S.A ... $14.95 
ASDRA Air Scan Directory $14.95 
SRF -RA Survival Radio Frequency Directory $14.95 
TSG -RA "Top Secret" Registry of U.S. Govt. Freq $14.95 
TIC -RA Techniques for Intercepting Comm. $14.95 
RRF -RA Railroad 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 
A60 -RA Magnet mount mobile scanner antenna $35.95 
A70 -RA Base station scanner antenna $35.95 
MA548 -RA Mirror mount Informant antenna $39.95 
USAMM -RA Mag mount VHF ant. w/ 12' cable $39.95 
USAKRA'" hole mount VHF ant. w/ 17' cable $35.95 
Add $3.00 shipping for all accessories 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 I.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 specifications are subject to 
change without notice. All prices are in U.S. dollars. Out 
of stock items will be placed on backorder automatically 
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 manufacturer's warranty. Free copies of 
warranties on these products are available prior to 
purchase by writing to CE. Non -certified checks require 
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 handling in the continental 
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska, 
or APO /FPO delivery, shipping charges are 
three times continental U.S. rates. If you have a 
Discover, Visa or Master Card, you may call and 
place a credit card order. Order toll -free in the 
U.S. Dial 800-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. 
or in Michigan dial 313-973-8888. Order today. 
Scanner Distribution Center" and CE logos are trade- 
marks of Communications Electronics Inc. 
t Bearcat is a registered trademark of Uniden Corporation. 
}Regency and Turbo Scan are registered trademarks of 
Regency Electronics Inc. AD *080187-RA 
Copyright© 1987 Communications Electronics Inc. 

For credit card orders call 
1-800-USA-SCAN 

MCOMMUNICATIONS 
ELECTRONICS INC. 

Consumer Products Division 
P.O. Box 1045 O Ann Arbor, Michigan 48106-1045 U.S.A. 
Call 800-USA-SCAN or outside U.S.A. 313- 973.8888 

www.americanradiohistory.com

www.americanradiohistory.com


1 

A S149 Digital 
Stereo Amplifier 

This stare -of -the -art basic stereo power amplifier 
,features pulse - width -modulation design to produce . 
d-istortionless high power output 

J 
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UNPMEuicr3RN December 1987 

By C. Barry Ward 

Here is a home audio ampli- 
fier that outputs 100 watts 
or more per stereo channel 

and weighs only seven pounds! 
Moreover, the 200 -watt digital basic 
power amplifier described here of- 
fers the performance needed to corn - 
plement demands of critical listeners. 

Small size and light weight are the 
result of using advanced pulse -width 
modulation techniques and ultra- 
modern power MOSFET output de- 
vices. Pulse -width modulation and 
peak current averaging yields a low - 
cost amplifier that works on a princi- 
ple similar to that used in the lauded 
compact disc it fully complements. 

This digital amplifier is an up- 
dated home version of the car 
"100- Watt /Channel Distortionless 
Digital Audio Amplifier Booster" 
that appeared in the December 1986 
issue of Modern Electronics. It 
replaces the original dc -to -dc power 
converter with an ac -line- operated 
power supply and incorporates a 
stereo line -level "preamplifier" that 
allows any audio signal source -such 
as a tape deck, tuner, CD player 
or preamplifier /control center -to 
drive it to full output with as little as 
0.5 -volt input. 

How it Works 
A conventional analog audio power 
amplifier, through successive stages 
of gain, simply enlarges a low -level 
signal applied to its input to produce 
an output with sufficient current to 
drive a speaker load. Theoretically, 
with no input signal applied to its in- 
put, no power is delivered to the 
speaker load. In practice, though, 
some small amount of power ap- 
pears at the speaker load as a result 
of leakages, thermal noise, etc. 

In a digital power amplifier like 
the one to be described, things are a 
bit different. Such an amplifier sends 
a constant -voltage, 50- percent duty - 
cycle, 250 -kHz square wave to a 

Ramp linearity 

+32V 

63% 

Input 

-32V signal range 

Fig. 1. To assure linearity, only a 
very small, linear portion of the 
charging ramp is used. Only 10 mV 
(0.00016 of the 64 -volt power -supply 
range available) charges the timing 

capacitor. 

filter choke and speaker even when 
no input signal is present. At such a 
high frequency, the inductive reac- 
tance of the filter choke in the ampli- 
fier's output reduces the 250 -kHz 
signal energy to a very small amount. 
Whatever residual power remains is 

handled by the speaker's reactance. 
Thus, with no audio input signal 
to the amplifier, no audio output 
is heard. 

When an audio signal is applied to 
the digital amplifier's input, it off - 
balances the square -wave signal in 
proportion to the level of the signal 
at an audio rate that does get through 
to the speaker. For a positive -going 
input signal with an amplitude equi- 
valent to 10 percent of the input 
range, the square wave would have a 
duty cycle of 60 percent high and 40 
percent low to yield a net positive 
output signal. 

If the square -wave signal were to 
be sent sent directly to a speaker at a 
frequency in the audio range, it 
would develop an audio power level 
of 180 watts! The digital amplifier, 
averages the 250 -kHz power to less 
than 1 watt of inaudible sound. 

The duty cycle of the square wave 
is modulated by an extremely linear 
triangle wave produced by the switch- 

ing- frequency signal across a timing 
capacitor. The linearity of this ramp- 
ing waveform is the result of a very - 
high -value timing resistor that 
sources current for the timing capa- 
citor. Also contributing to the modu- 
lator's linearity is the only 10- milli- 
volt amplitude of the triangle wave. 
This combines with a large time con- 
stant that keeps the amp on such a 

small portion of the RC timing curve 
that the ramp is very linear. (For a 
detailed description, see "100 -Watt/ 
Channel Distortionless Digital Au- 
dio Amplifier Booster," Modern 
Electronics, December 1986.) 

Whenever an audio input signal is 

present, the triangle wave, which re- 
lates directly to the square wave out- 
put signal, is compared to this signal. 
When the audio input goes in a posi- 
tive direction, the amplifier's output 
stays high for an increasingly longer 
percentage of the overall time avail- 
able for that switching cycle. To keep 
the average voltage of the output to 
within 10 millivolts of the input, the 
comparator must change states. This 
forces the output voltage to be error 
corrected to within 10 millivolts dur- 
ing every 2- microsecond switching 
cycle. Clipping occurs just as it does 
in a conventional linear amplifier 
when the output can no longer be 
corrected to match the input signal's 
amplitude. 

The complete schematic diagram 
of the digital power amplifier is too 
large to fit on a single page or even 
two pages side by side. Therefore, it 

is presented here in four parts: Fig. 
2 -input preamplifier; Fig. 3- 
pulse -width modulation circuit; Fig. 
4- driver /power amplifier; and Fig. 
5 -ac- operated power supply. Fig- 
ures 3 and 4 are similar to those used 
in the car booster amplifier previous- 
ly published in these pages. How- 
ever, a number of changes have been 
made to that basic circuit. 

As shown in Fig. 2, the preamplifi- 
er is built around the popular LM381 
preamp chip (U4) that provides 
enough voltage gain to drive the am- 
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> To 08+ 

Fig. 2. The preamplifier section shown here can drive the power amplifier to full 
output with as little as a 0.5 -volt input signal from a line -level source. 

plifier to full output power with a 
line -level audio input. An input sig- 
nal level of as little as 0.5 volt can 
drive the amplifier to its full 100 -watt 
or more per channel output. 

The pulse -width modulator re- 
quires approximately 5 volts input to 
reach full output. Pulse width modu- 
lation is accomplished with voltage 
comparators Ul and U3 in Fig. 3 for 
the left and right channels. When 
power is first applied to the circuit 
and timing capacitors CH and C14 
have no charge on them, U3 and UI, 
respectively, have no outputs. Since 
Ul and U3 are open -collector de- 
vices, their outputs can swing high at 
a very rapid rate. These high outputs 
are sent to phase splitters Q13/Q14 
and Q16/Q17 in Fig. 4 where the sig- 
nals in each channel are divided so 
that positive -going ones are routed 
to positive level shifters Q11 /Q12 
and Q7 /Q8 and negative -going sig- 
nals are routed to negative shifters 
Q9 /Q10 and Q5 /Q6. As each shifter 
is turned on, it drives the remaining 
stages of its signal half in its channel. 

When the pulse -width modulator 
causes a high positive voltage to be 
on one end of timing resistors R43 
and R25, C14 and Cll begin charg- 
ing. At 10 millivolts, the outputs of 
UI and U3 switch state and the pro- 
cess reverses. Charging and dis- 
charging occurs at a 250 -kHz rate. 

So far we have discussed how the 
switching frequency is developed. 
Now let us add an audio signal to 
the input of the amplifier. The input 
signal goes to a network that pro- 
vides resistive decoupling between 
the timing ramp waveforms on C14 
and CI1 and the input signals. A 
small amount of preemphasis is added 
by the R42/C13 and R48/C12 RC net- 
works to provide high boost to mini- 
mize the high- frequency rolloff that 
results from L5 and L6. 

A time -delay circuit mutes the am- 
plifier's output during the first few 
seconds after power is applied to re- 
move the pops and thumps some- 
times associated with high -power 
audio systems. The delay time is gen- 
erated by U2, whose output is held 
high by C5. This high output keeps 
QI5 and Q18 saturated so that out- 
puts are silenced. When CS charges 
to two -thirds of the 12 volts on the dc 
supply line, U2's output goes low, 
cutting off Q15 and Q18 and allow- 
ing the amplifier to oscillate and 
amplify. 

Because this digital amplifier is de- 
signed for home use, it has a 117 -volt 
ac -line- driven power supply, shown 
schematically in Fig. 5. This power 
supply uses either a toroid -wound or 
standard laminated -core power 
transformer that outputs 50 volts ac 
center -tapped. The secondary feeds 

into the bridge rectifier made up of 
discrete power diodes CR20 through 
CR23, which provide the pulsating 
dc that is filtered by hefty 10,000 -mi- 
crofarad capacitors C20 and C21 to 
provide the + 32 and - 32 volts dc 
required to power the amplifier 
stages. The + 32 -volt supply is also 
regulated down to + 12 volts to pow- 
er timer U2 in Fig. 3. 

Because of the high- frequency 
switching signal used in the amplifi- 
er, an emi filter at the ac input to the 
power supply is required to prevent 
r -f from feeding back into the ac line. 

Construction 
Because of the large number of dis- 
crete components used in this project 
and the fact that a radio -frequency 
signal is involved, printed- circuit 
construction is highly recommended. 
You can fabricate your own pc board 
using the actual -size etching -and- 
drilling guide shown in Fig. 6, or you 
can purchase a ready -to -wire board 
from the source given in the Note at 
the end of the Parts List. If you make 
your own board, drill a % -inch hole 
midway between filter capacitors 
C20 and C21 near but not touching 
the outer ground trace on the bottom 
of the board. Wire the board exactly 
as shown in Fig. 5. 

If you use sockets for the ICs, start 
populating the board with these. 
Otherwise, save installation of the 
ICs until after the resistors, capaci- 
tors and diodes are in place. Make 
sure that the electrolytic capacitors 
and all diodes are properly oriented 
as you install them. The locations for 
CR1 through CR4 on the wiring 
guide show a heavy black line along 
one side of the outlines to indicate 
where the tabs on the transistor -like 
cases of the devices supplied with the 
kit go. If you use axial -lead diodes, 
the cathode leads go to the right for 
CR1 and CR3 and to the left for CR2 
and CR4. 

Separate the small transistors into 
piles of 2N2907A and 2N2222A de- 
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Fig. 3. In this pulse -width modulation circuit, the timing signal is generated by U2, while modulation is 
provided for each channel separately by Ul and U3. 

vices to avoid confusion. Install the 
2N2907As in the Q5, Q8, Q9, Q12, Q13 

and Q16 locations and the 2N2222As 
in the Q6, Q7, Q10, Q11, Q14, Q15, Q17 

and Q18 locations at least Y. inch 
above the board's surface. Make 
sure you properly base each tran- 
sistor as you install it. Also make 
sure that the cases of the transistors 

do not touch each other. Any small 
mistake in the placement of the 
semiconductors can cause instant - 
and expensive- component failure 
when power is first applied to the 
amplifier. 

Next, install the jumper wires in 
the locations identified with "J" 
numbers. Use 16 -gauge or larger sol- 

id bare wire links for 11 and J2 and 
standard solid insulated hookup wire 
for the other jumpers. 

Power MOSFETs QI through Q4 
mount on a heat sink that bolts to the 
end of the board. Push the "necks" 
of four shoulder fiber washer into 
the four 'h-inch transistor mounting 
holes and follow with a 6 -32 x 
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Fig. 4. The schematic diagram of the driver and power amplifier stages. 

Y -inch machine screw in all four 
washers. Place another fiber washer 
on each screw, necks facing away 
from the heat sink. Lower the 
circuit -board assembly, solder side 
down, onto the heat sink so that the 
free ends of the screws go into the 

''/ -inch holes in the board and the 
washer necks engage the board holes. 
Thread a No. 6 machine nut onto the 
screws for Ql and Q3, making them 
only finger -tight to hold the as- 
sembly together as you mount the 
other two power MOSFETs. 

Liberally coat both sides of two 
TO -220 mica transistor insulators 
with heat sink compound and place 
them over the ends of the screws that 
have no nuts on them. Observe anti- 
static precautions when handling 
and installing the power MOSFETs, 
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PARTS LIST 

Semiconductors 
CRI thru CR4 -BYW29 -100 ultra -fast 

diode 
CR5,CR6,CR8,CR9- 1N4148 small - 

signal diode 
CR7- 1N4004 or other 1- ampere, 400 - 

volt rectifier diode 
CR10 thru CR13,CR15- 1N4742 or 

other 12 -volt, 1 -watt zener diode 
CR14 -Not assigned 
CR16 thru CR23 -MR504 or other 3- 

ampere, 400 -volt rectifier diode 
CR24- 1N5351 or other 14.2 -volt, 1- 

watt zener diode 
LED1- T -13/, green light -emitting diode 
LED2- T -1'' /, red light -emitting diode 
Q1,Q3- MTP8P10 or IRF9530 p- 

channel power FET 
Q2,Q4- IFR530 n- channel power 

MOSFET 
Q5,Q8,Q9,Q 12,Q 13,Q 16- 2N2907A 

pnp transistor 
Q6,Q7,Q10,Q11,Q14,Q15,Q17,Q18- 

2N2222A npn transistor 
U 1,U3 -LM311 comparator 
U2 -555 timer 
U4 -LM381 dual preamplifier 

Capacitors 
Cl ,C2,C5,C9,C10,C22,C27-220-1 F, 

25 -volt electrolytic 
C3 -Not assigned 
C4- 4.7 -µF, 50 -volt electrolytic 
C6- 0.01 -µF, 50 -volt ceramic 
C7 -Not assigned 
C8- 47 -µF, 25 -volt electrolytic 
C 11,C 14- 0.022 -µF, 50 -volt stacked - 

film 
C 12,C 13,C 15,C 18- 0.0022- µF,50 -volt 

stacked -film 
C16,C17- 0.01 -µF, 50 -volt ceramic 
C19-0.1-AF, 50 -volt polyester 
C20,C21- l0,000 -µF, 35 -volt upright 

electrolytic 
C23,C26- 10-µF, 25 -volt electrolytic 
C24,C25- 0.1 -µF, 50 -volt ceramic 

Resistors ('' /, -watt, 5% tolerance) 
R1,R6,R13,R18 -100 ohms 
R2 -Not assigned 
R3,R8,R 14,R 19,R28,R29,R32,R33, 

R64 -10 ohms 
R4,R10,R16,R21 -750 ohms 
R5,R11,R17,R22 -1,500 ohms 
R9,R15,R20 -Not assigned 
R24 -Not assigned 

R25,R43- 270,000 ohms 
R26, R27 , R42, R45 , R46, R48- 

1,000 ohms 
R30,R31,R34 -Not assigned 
R36,R52 -470 ohms 
R37,R51 -1,200 ohms 
R38 -Not assigned 
R39,R44,R47,R57,R62- 10,000 ohms 
R40,R50- 47,000 ohms 
R41,R49 -2,200 ohms 
R54 -220 ohms 
R58,R61- 18,000 ohms 
R59,R60- 100,000 ohms 
R7,R12 -600 ohms (each consists of 

two 1,200 -ohm, 1/2-watt resistors in 
parallel) 

R23,R35 -4,700 ohms (1/2-watt) 
R53,R56 -75 ohms (5 watts) 
R55,R63- 100,000 -ohms pc -type trim- 

mer potentiometer 

Miscellaneous 
L1 thru L5 -Not assigned 
L6,L7 -60 -µH output inductor (see 

text) 
SI -Spst power switch (125 V ac at 10 

amperes) 
Tl -50-volt center -tapped, 3- ampere 

power transformer (see text) 
Printed -circuit board; suitable enclo- 
sure; heat sink; emi filter /ac recepta- 
cle and matching three -conductor 
computer -type chassis -mount ac re- 
ceptacle (see text); two chassis - 
mount phono jacks; speaker output 
connectors (see text); pc board shield; 
four sets mica TO- 220 insulators for 
power FETs; 4- or 5 -lug solder -type 
terminal strip; 4 self -stick rubber 
feet; heat -shrinkable tubing; ma- 
chine hardware; hookup wire; sol- 
der; etc. 

Note: The following are available from 
NRG Electronics, P.O. Box 24415, Ft. 
Lauderdale, FL 33307: Complete kit of 
parts, including enclosure and line cord, 
$149. Available separately: ready -to -wire 
pc board, $19.95; all electronic compo- 
nents, $89; toroidal power transformer, 
$29; enclosure, receptacles, jacks and 
hardware, $39. Include 50/o for P &H; 
Florida residents, please add state sales 
tax. A complete parts list that includes 
prices for individual components can be 
obtained by sending a SASE to the above 
address. Telephone orders /information, 
call: 305 -971 -3823 after 6:00 p.m. EST. 

as they can be damaged by static elec- 
tricity almost as easily as CMOS ICs 
can. Bend the leads of the MTP8P10 
or IRF530 p- channel power MOS- 
FETs toward the rear (metal tab side) 
to form right angles at the points 
where they widen. 

Install the transistors via the 
screws without nuts on them and 
push their leads into the appropriate 
holes in the board. Follow with a No. 
6 lockwasher and machine nut in 
both cases, tightening the nuts only 
enough to avoid distorting the tran- 
sistor tabs or crushing the fiber 
washers. Solder the transistor leads 
to the pc board's copper pads. Re- 
mcve the nuts from the other screws 
and repeat the above procedure for 
mounting the IRF9530 n- channel 
power MOSFETs in the Q1 and Q3 

locations. 
Exceptional care must be exercised 

to insulate the power MOSFETs 
from the heat sink, to prevent the 
high radio -frequency difference in 
potential between the metal parts 
from causing partial or full short cir- 
cuits. Use an ohmmeter set to its low- 
est- resistance range to check for 
short circuits between the heat sink 
and metal tab on each transistor and 
between the pc board's foil pattern 
and nearby screw heads. When 
you're finished installing all compo- 
nents on the board, trim all leads as 
close as possible to the solder on the 
printed circuit foil. 

Wind chokes L6 and L7 on 1.57 - 
inch outer -diameter by 0.95 -inch in- 
ner- diameter by 0.57 -inch high MPP 
ferrite cores with a 125 permeability, 
using No. 16 enameled wire. Wind 
both cores in the same direction to 
avoid possible signal coupling when 
the amplifier is operating. Leave 6- 
inch or so lead length at both ends of 
both coils. Carefully scrape % inch of 
enamel insulation from both ends of 
each lead. Plug one lead of the coils 
into the Eli and E12 holes and solder 
into place. 

Remove 1 inch of outer plastic 
jacket from two 12 -inch shielded 
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I knew that I'd have problems trying 
to test this amplifier using conventional 
test methods and test instruments. The 
whole concept of a pulse- width -modu- 
lation amplifier depends upon an inte- 
grating network to change the varying 
width of constant -amplitude pulses in- 

to a recognizable audio waveform. 
Most loudspeakers represent such a 

suitable network. A 4 -ohm or an 8 -ohm 
pure resistance does not! What to do? 

Part of the problem of bench testing 
was foreseen by the designers of this 
clever amplifier. They put a small in- 
ductor in series with the output termi- 
nals, and the combination of that in- 
ductor in series with a fixed pure resist- 
ance does a bit of integration, but not 
enough to produce a clearly identifiable 
waveform. 

All I could see on my oscilloscope 
when I connected the amp to some 
high- wattage pure- resistance nonin- 
ductive load resistors (either 8 ohms or 
4 ohms) was a picture of the constant 
250 -kHz pulse train that this amplifier 
produces. The amplitude of this pulse 
train was over 30 volts rms, even after 
the slight smoothing effect of the small 
inductor in series with my external 
loads. Obviously, even if a clear audio 
waveform were developed and super- 
imposed upon the pulse train, at 100 

watts per channel across an 8 -ohm load 
the amplitude of that waveform would 
be only 28.3 volts or so -less than the 
amplitude of the steady -state 250 -kHz 
pulses. 

Lab & Listening Tests 
The solution, of course, was to hook 

the amplifier to the kind of load it really 
needs to look into -a real loudspeak- 
er. The moment I did so, everything 
changed. The amplitude of the pulse 
train was reduced to just a couple of 
volts. Now when I applied an input test 
signal, it was replicated at the output 
terminals with perfect clarity and with 
no visible distortion. There remained 
only one problem: how to measure 
maximum power output without blow- 
ing out my speakers and, more impor- 
tantly, without deafening me and ev- 
eryone within a block or so of my lab. 

With ear protectors applied to my 
ears, I decided to take a chance on a 
pair of speakers that I was prepared to 
sacrifice in the name of science, if need 
be. As it turned out, the speakers and 
my ears both survived the tests. Fre- 
quency response was plotted at an out- 
put level of approximately 10 watts per 
channel. The preemphasis built into the 
amplifier no doubt varies according to 
the speaker load applied. In any event, 
ordinary tone controls on your pream- 
plifier should be able to restore audibly 
flat response. What I saw was probably 
a worst -case condition, with relative dB 
measurements starting out a few dB 
down at 20 Hz, rising gradually to flat 
around 90 Hz, and then increasing 
steadily to a peak of 15 dB. 

I was able to drive the amplifier to its 
rated output, briefly (in the interest of 
my neighbors) with about 0.5 volt ap- 
plied to the input terminals of the am- 

plifier. Output across a 4 -ohm equiva- 
lent impedance speaker measured just 
over 21 volts before clipping, which 
translates to a power level of just over 
110 watts per channel, with both chan- 
nels driven. A slight roll -off at the base 
end was probably attributable to the in- 
put capacitor. Were that to be increased 
from its present value of 1 microfarad 
to around 3 microfarads, response 
ought to be flat right down to 20 Hz and 
perhaps even a bit lower. Similarly, the 
decibel level at mid and high frequen- 
cies can be reduced by using smaller 
preemphasis circuit capacitors. [The 
designers subsequently changed the ca- 
pacitors to 10 microfarads to flatten the 
bass end and 0.001 microfarad (from 
0.0022 microfarad) to flatten the high 
end -Ed.] 

There is no easy way to measure eith- 
er harmonic or IM distortion for this 
amplifier. Even with a true speaker 
load applied, the amount of r -f 
(250 -kHz pulses) superimposed upon 
the output audio waveform was around 
10 percent of the total amplitude when 
the amplifier was delivering its full 
rated output power. (That is one of the 
reasons why the author of this project 
warns against direct connection to cer- 
tain types of tweeter elements and re- 

quires shielded speaker wire.) Thus, an 
ordinary distortion analyzer would 
read a harmonic distortion -plus -noise 
level of 10 percent, when in fact we 
know that the 10- percent reading is 

neither harmonic distortion nor audible 

speaker cables. Trim off the shield at 
one end of both cables. Tightly twist 
together the fine wires that make up 
the shields at the other end of the ca- 
bles and lightly tin with solder. Strip 
Y,, inch of insulation from the inner 
conductors at both ends of both 
cables, twist together the fine wires 
in each and tin with solder. If there 
are two inner conductors, bundle the 
fine wires of both at each end and tin 
with solder. Connect and solder the 
inner conductors of the cables at the 
ends that have no shields to the free 

leads of the output chokes. Slip over 
the connections 2 -inch lengths of 
heat -shrinkable tubing so that they 
completely cover all exposed wire 
and shrink them snugly into place. 
Then use a two -part "putty- type" 
epoxy cement to mount the chokes 
on the top of the heat sink. 

If the ICs are not soldered directly 
to the board, plug them into their re- 
spective sockets now. Make sure they 
are properly oriented and that no 
pins overhang the sockets or fold un- 
der between IC and socket. 

Trim a single -sided printed- circuit 
board blank to 5.75 x 4 inches to use 
as a shield for the circuit -board as- 
sembly. If you use a toroidal power 
transformer for Tl , trim another sin- 
gle -sided printed- circuit board blank 
to 4.5 inches square on which to 
mount it. (A standard laminated - 
core transformer does not need an 
insulated mounting platform.) Use a 
fast -set epoxy cement to secure the 
toroidal transformer to the unclad 
side of the mounting plate. Offset 
the transformer toward one corner 
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noise. This being the case, I had to re- 
sort to what is still the best "test instru- 
ment" for measuring the performance 
of an amplifier: a pair of human ears, in 

this case my own. 

Listening Tests 
All of the high -amplitude pulses that had 
been so disturbing to me during my at- 
tempts to measure the performance of 
the amplifier were of no consequence 
once I hooked up the amplifier to a pair 
of good loudspeakers and began to listen 
to musical -program material instead of 
sine -wave tones. Highs were crisp and 
bright, but did not seem to need tonal 
correction with the speakers I used, de- 
spite the preemphasis measured earlier. 
There was virtually no audible back- 
ground noise when inputs to the amplifi- 
er were shorted, indicating a signal -to- 
noise ratio of at least 80 or 90 dB, or pos- 
sibly even higher, referred to rated out- 
put. For critical listening, a CD player 
equipped with an output level control 
was connected directly to the inputs of 
the amplifier, thereby avoiding the need 
for a separate preamplifier. Sound was 
quite accurate and what can best be de- 
scribed as transparent. 

It seems inevitable that, with the whole 
world "going digital," sooner or later 
both preamplifiers and power amplifiers 
will be configured somewhat like this 
NRG model. Pulse -width modulation, 
rather than pulse -code modulation 
(PCM), seems like a preferable method 
of designing a "digital" power amplifier 

since the varying pulse widths are so easi- 
ly integrated by the complex network im- 
pedance of a loudspeaker. I just hope 
that test -equipment manufacturers come 
up with practical means to measure the 
performance of such amplifiers before 
test labs of the world deafen their techni- 
cians by connecting such high -powered 
amplifiers directly to loudspeakers for 
evaluation purposes. -Len Feldman 

Editor's Note. For an alternative eval- 
uation of this new -technology audio 
amplifier, we brought NRG's digital 
power amp to a high -end audio dealer, 
Performance Audio /Video, Merrick, 
LI, NY, where Harold Minto cooper- 
ated in allowing us to use his facilities to 
listen to the amplifier with top -notch 
equipment and a variety of compact - 
disc program material. Audio salesman 
Ivan Mitrani lent his more youthful 
ears for our listening tests. 

Equipment used to test the NRG ste- 
reo amp consisted of a Conrad -John- 
son preamplifier, DCM Time Frame 
speaker systems, Kinergetics compact - 
disc player, and Discrete Technology's 
speaker cable wire. The listening room 
was a large, nicely appointed area. 

A residual hum was immediately ap- 
parent when the equipment was turned 
on with no signal applied. Since it was 
not evident in any previous listening 
sessions, we assume that some sort of 
ground loop was introduced or that a 
grounding strap under the amp's pc 
board was shaken loose due to com- 
pounded rough handling during a series 

of shipping moves. Shielded speaker 
cable was not available, but r-f radia- 
tion was not a consideration here. The 
hum largely disappeared when source 
material was played. 

Our music choices were eclectic: 
small -group jazz, solo piano, vocal, 
symphonic, rock and pop. The pre - 
amp's volume control was hardly turned 
up to produce full volume in the large 
audition room. It was quickly evident 
that the digital stereo amp produced ex- 

ceptionally crisp, transparent sound. 
Transients were superb; sound depth 
was exceptionally splendid; and the ste- 
reo image was rock solid, we all agreed. 
Sitting in the optimum stereo location, 
one could not even pinpoint the loud- 
speaker that was generating the audio. 
We also concurred that there was a 
touch of "graininess" in the high -mid 
and very high frequencies. This was not 
necessarily dislikable, just a bit differ- 
ent. Discussing this with the designers 
of the amp, they concluded that this 
was due to the preemphasis circuit 
which, in combination with the speak- 
ers used, required two capacitors to be 
changed in order to reduce the high-fre- 
quency level. 

Given the high power and generally 
favorable performance attributes of the 
digital amp, my professional co- listener 
felt that the amp was a great buy for the 
money. We will be making the sug- 
gested circuit changes and run through 
the listening tests again to confirm the 
effect on the amp. 

so that it aligns with two adjoining 
sides of the plate. 

Select an enclosure that is large 
enough to accommodate the power 
transformer chosen and the ampli- 
fier circuit -board assembly. Machine 
the front panel of the enclosure for 
mounting the the POWER switch and 
AUDIO and POWER LEDs and the 
rear panel for mounting the pair of 
phono jack inputs, speaker- output 
connectors and the chassis -mount ac 
receptacle /emi filter. Also, drill a 
hole to mount a grounding connec- 

tor on the rear panel. Only three 
holes are needed in the floor of the 
enclosure for mounting a solder -lug- 
type terminal strip and the hardware 
for the amplifier circuit -board as- 
sembly. If you use a laminated -type 
transformer, you also have to drill 
mounting holes for it. 

Liberally coat the copper -clad side 
of the toroidal transformer's mount- 
ing plate with a fast -set epoxy cement 
or silicone adhesive and press the as- 
sembly into place in the rear -left cor- 
ner of the enclosure. (This mounting 

plate prevents the transformer's 
windings from shorting out against 
the metal of the enclosure should the 
enamel insulation wear away as a re- 
sult of normal physical oscillation 
during operation.) Then mount the 
five -lug terminal strip, sandwiching 
two No. 6 or 8 solder lugs between 
the mounting tab and machine nut. 

Mount the ac socket /emi filter, 
speaker output connectors and pho- 
no input jacks in their respective lo- 
cations on the rear wall of the enclo- 
sure. Similarly, mount the POWER 
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Si 
POWER 

T1 

50V 
CT 

E13 

CR21 +32V 

EMI 
Line 
filter 

MR504 
E6 

CR23 
MR504 

R53 
75 

R56 

E7 32V 

C21 C20 . C22 C27 

10,000µF 10,000µF 2201.1F 220µF 

E14 

75 E9 E10 To 1J2 

Pins 4,8 

CR24 
1 N 5351 
14.2V 

To U4, 
Pin 9 

E 6 E15 E17 

Fig. S. The ac- line- operated power supply gives the builder a choice of a toroid- wound or a standard laminated -core 
transformer for TI. 

Fig. 6. The actual -size etching- and -drilling guide for the printed- circuit board on which the amplifier circuitry is wired. 

With just a few wire jumpers (J), the complex circuit wires neatly on a single -sided board. 
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OMPUTER PA RTS LA LORE 
IBM COMPATIBLE 

WIRED CARDS 

MULTIFUNCTION $79.95 
NEW MONO /PRINTER $49.95 
NEW COLOR /PRINTER $49.95 
MULTI I/O $79.95 
PRINTER IPARI 

GAME 

RS232 

CLOCK /CAL 
576K RAM 

I/O *2 
1.2/360 DRIVE 

DRIVE 2 PORT 

DRIVE 4 PORT 

$24.95 
$24.95 
$34.95 
$44.95 

$59.95 
$58.95 
$59.95 
$24.95 
$29.95 

Most wired boards can be bought in 
bare PCB form with parts list and 
placement diagram for $9.95 (small) to 
$19.95. ASK! 

MEMORY MAGIC 
RAM CARD $139.95 

I his clever little card has copied the Lotus/ 
Intel RAM format for expanded memory 
specs (EMS) and is lar, far cheaper, but just 
as good. Comes ready to stuff with 64K 
DRAMS, and will accept 2MB of 256K. or 512K 

of 64K DRAM. Comes with driver disk for RAM 
disk or spooler. 

EPROM PROGRAMMER 
A clever card that plugs into your IBM and 
lets you program any EPROM up to 512K 

under software control. Full screen edit/ 
add /delete features, will program all types, 
5v. 12v, 21v, 24v, a really full feature unit for 
the price. Comes in Iwo styles. the EW901 
does 1 at a time, the EW904 does 4 EPROMS at 
a time 
EV/901..6119.95 EW904..5199.95 

640K 2 OR 4 LAYER XT 
MOTHERBOARD 

4 LAYER 10 MHZ TURBO 
This is a champion of a hoard made with 
the latest of 4 layer PCB fabrication 
techniques. It Is rock -solid and has 
perfect hard -switch (a toggle switch 
chooses speed) modes to choose 
from. It will also use two BIOSes, DIP 
switch selectable for when you want 
to select certain BIOSes for particular 
applications. A high quality board at a 
realistic price. $159.95 
4 Layer 8 Mhz TURBO. as above but single 
BIOS. Hard -soft Sw $149.95 
2 Layer 8 Mhz TURBO $129.95 

ASTEC 200W POWER 
SUPPLY FOR AT $129.95 

We sell the ASTEC power supplies because they 
are very good Less than 0.1% tail in service. 
and the overvollage protection is so good 
that they never fry boards Just try some of 
the real cheapos .. ask a friend who had a 
system fry at 18V on the 5V line, hard drives 
and all. They are FCC /CSA and UL approved. 
They put out a true 200W with 5V at 21A, 

120 at 8A. -50 -120 al 0.3A. And they will last 
forever, being ASTEC. 

"HOW TO BUILD YOUR 
OWN P.C. COMPATIBLE" 
FROM COMPRE- 
HENSIVE GUIDES $12.95 
BIG BLUE SEED 
The BIG BLUE seed now has over 100 IBM 
mother boards and cards listed in it All the 
part values and placements make it useful for 
service and repair. $1795 and the same old price of 

NEW 
$39592 ATTAK 

286 -1A 
10 MHZ 
BOARD 

$49500 
810 MHZ 

ON BOARD BATTERY 

STD AT SHAPE 8 SIZE 

STD AT PHERIPHEHAL 

RUNS ALL BDS SETS 

8 INTERFACE 16-21 SLOTS 
I MEGABYTE RAM SPACE 

CMOS CLOCK /CALENDAR 

80287 SOCKET ON BOARD 

M lad the new model IA of the ATTAK -286 board is in stock. It uses the 
LSI chip set from CHIPS 8 TECHNOLOGY that you have heard tell 
about it is of 4 layer construction for noise free High speed operation 
and is exhaustively pretested on a GENERAL RADIO bed of nails 
computerized matrix tester. It is the same size as the real AT and has 
space for up to 1 Meg of RAM Wired ooards are equipped with the 
latest PHOENIX BIOS. We sell the boards in these formats. 

(B) Bare tested PCB with parts list 8 placement 
(C) Detailed manual, with CHIPS 8 TEDH data, schematics 

and many useful hints and kinks 
(D) PHOENIX BIOS, for bare PCB buyers, latest version 
(E) Keyboard BIOS from PHOENIX for bare PCB 

(l) CHIPS 8 TECHNOLOGY 5 Chip set. 8 Mhz 
(K) 80288 CPU. 8 Mhz 
We have many other pads in stock. ask. 

399.95 

S2995 

55995 
32995 
S9995 
S8g95 

FREE PAD WITH EVERY 
MOUSE 

C 7 MOUSE 

$8495 

Compatible with all 
mouse based soft- 
ware. Opto- 
Mechanical. No 
power supply 
required High 
resolution 3 button 
design 

BUS MOUSE 

$9495 
LOGIMOUSE 

POWER SUPPLIES 

UNINTERRUPTIBLE 
POWER ;- SUPPLY 

mite 0 SENDON 

AS LOW AS $295011 300 
1 year warranty EMI. RFI filters - Surge protection circuits 
High efficiency Internal GEL -CELL Audible power loss warn- 

ing Fast transfer time Multiple output sockets 

UPS 400 $379.95 
HOLD UP TIME 

MODEL XT AT OUTLETS 

UPS 300 
UPS 400 

45 min. 
53 min. 

42 min. 
50 min- 

2 
4 

NCR BURROUGHS NORTHERN TELECOM 
The ever famous NCR switching power supply for their defunct 
IBM clone. 5V at 70, 12VA3A -5 -12 at IA. Another very nice unit. 
It will run a clone and is a very high quality unit $34.95 
The NORTHERN TELECOM power supply is running out at last. We 
have only 300 of these great beauties left (out of the 30110 we had) 
It gives 50 at 4A. 12. -5, -12V at 1A each. 

real d al at only $19.95 
What a deal. we bought a whole lot of these BURROUGHS switch- 
ing power supplies for real cheap. They give 5V at 6 Amp. 8 12V at 
3 Amp. A very good and for external tape, or hard drive, or eat 
floppy. We are able to sell these for only 

$24.99 

Wit 0 110. 11 

POWER BAR 
Surge suppressor 6 outlets 
EMI /RFI filter Circuit breaker 

NEI $13 .95 
OrlI, gmntitlea lee 

COMPUTER PARTS GALORE INC. 
56 HARVESTER AVE. 
BATAVIA, NY 14020 USA 
TEL: 716- 343 -6133 
FAX: 716- 343 -9912 

Easy to Build All Wired Pre -Tested Kit 

AT SYSTEM KIT 

All Wired and 
Pretested 
Complete Kit 

c 

$999 

'''Ill 

95 

1 YEAR WARRANTY 

A it;I II il II il I IIIIIIINIIIIiIII 

BOARD INCLUDED MHZ) 
ALL YOU NEED TO BUILD up a really nice AT clone system with 
our FLIP -TOP case, 200W power supply, and ATTAK -286 with 
512K RAM on it, Floppy /Hard drive controller 12M OS4D 
drive RI-101 Keyboard PHOENIX BIOS PHOENIX Keyboard 

BIOS All the small bits and pieces to quickly allow you to 
make your own AT clone in 1 hour or less. This kit uses all first 
quality reliable components for long life. 

XT TURBO KITS 

COMPLETE BMHZ 

-I XT TURBO KIT 

rAar - _R --q 
i', 

`, `'' 
I ` 1 A 'I,', 

°STED 

Yes we make up the kits from stocks of wired and tested boards 
so you know all will be well when it is assembled. We insist on 
the best quality of pre- tested boards, stuffed with good new 
IC's and then thoroughly tested and burned in. This kit consists 
of the following parts: Flip -top case, heavy gauge steel 150 

Watt power supply, true 150W 5160 AT /XT autoswitch key- 
board 8 MHz Turbo with 640K DRAM Drive card 8 cable 2 

DSDD drives Video card. color /mono (your choice) Clock / 

cal /ser /par ports 10 free diskettes with feeware Assembly 
manual . speaker 

XT -AT KEYBOARD 
KEYTRONICS 
RT-101 100 /a REAL 

ONLY $9995 
I YEAR 

WARRANTY 

a r -71 LI.1-1B-JEU 

iiÑMÑ.w fonmw N A Is 

We were able to get a few more RT -101 from an OEM who was 
overstocked with them. but only a few so act fast. The final ship- 
ment will arrive about one week after you see this ad so act fast 
to get in the queue 

BEST QUALITY 
IBM COMPATIBLE KEYBOARDS 

AS LOW AS $54.95 

As you know the keyboard is one of the two mechanical items in 
your system, all else is solid state and runs forever. We have 
looked high and low for good Taiwan keyboards. and found them!! 
RTC, one of the world's finest keyboard makers, has them. We 
tested them thoroughly first, and then we bought. We found them 
to be of excellent quality. 100% IBM /Keytronics compatible and 
only a little more costly than the real cheapies. 

5150 The std. 84 key type for XT, with large return key 05495 
5150 The new XT /AT autoswitch type that knows what it is 
plugged into. Has LED status panel. large return key, and a very 
nice feel X95 

5161 The enhanced AT /XT autoswitch with 12 function keys. LED 
status panel. numeric pad. large return key $9895 

CALL TOLL FREE 
1- 800 - 431 -9008 

XT, AT FLIP TOP CASES 

REGULAR 
AT 

BABY 
AT 

With 200 wall 
full -slze AT 

power supply 

519995 

$12795 
With 200 wan 
lull -size AT 

power supply 

19795 

XT FLIP -TOP CASES $5995 

v4 
ANIERIG4N ERESS 

AIOldearCaO 

S BOCA RAM /AT 

SAMSUNG MONITORS KEYBOARD t`Z1 
AMAZING THING MODEMS 

TOPHAT 

DRAWER WER AMAZIDEA 

MODEMS 
For tight quarters. drawer allows SEA GATE HARD DRIVES you to stow away the keyboard 

20 30 and 40 MEG RE63..g49.% N /KS..$3S.O0 
CALL FOR CURRENT PRICES 

Terms and Conditions. Minimum order S10.00. For orders less Ivan 560.00. 
please add 55.00 for packing and lreig I.Over S60.00, please add 5°r lar pack, 
ing and freight. Heavy items may need Ara freight. All orders sent by UPS 
ground unless another way is requested In that case any extra lee we must pay 
is charged. UPS red. blue are available. C.0.0. by US mail or UPS. Please add 

$3.50 CO O lee to the above. We accep Visa, MasterCard. American Express. 
certified check. money order. school. e liege, university. or stale and federal 
institution purchase orders. Personal c eeks need 14 days to clear. All goods 
shipped as soon as possible. All items subject to prior sale. Prices are subject 
to change without notice. 
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switch on the front panel. 
Referring to the schematic dia- 

grams and pc wiring guide, prepare 
the wires to interconnect the various 
elements. Use shielded audio cable to 
make the connections from the input 
jacks on the rear panel of the enclo- 
sure to the appropriate points on the 
circuit board. Ground these input ca- 
bles only at the board end. 

Strip % inch of insulation from 
both ends of a 4 -inch length of 
16 -gauge hookup wire. Twist to- 
gether the wires at both ends and 
tin with solder. Feed one end of this 
wire through the hole between C20 

and C21 and carefully solder it flat 
against the outer (ground) trace on 
the other side of the board. Make 
sure this wire touches only the 
ground trace. If it touches any other 
nearby trace, it will create a short cir- 
cuit in the power supply and cause 
considerable damage to the circuitry 
on power -up. Connect and solder the 
other end of this wire to one solder 
lug under the terminal strip's nut. 

Referring to Fig. 5, wire together 
the power transformer, ac recepta- 
cle/emi filter and power switch, us- 
ing the terminal strip's lugs for in- 
termediate connection points. Keep 

in mind that all ground connections, 
even those for the inputs and speaker 
outputs, must go to the same ground- 
ing point, using the remaining solder 
lug at the terminal strip, used for the 
dc power supply ground lead. 

Trim the red POWER LED's anode 
lead and both leads of a 1,000 -ohm, 

-watt resistor to % inch long. Solder 
one resistor lead to the LED's anode 
lead. Then solder an 8 -inch length of 
hookup wire to the cathode lead and 
and another 8 -inch wire to the free 
resistor lead. Slide a 1 % -inch heat - 
shrinkable tube over both wires, 
push them up flush with the bottom 
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Fig. 7. The wiring guide for the pc board. The leads of power MOSFETs Ql through Q4 plug into holes in the board 
but these transistors are physically mounted on a heat sink that is itself mounted on the board. 
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of the LED's case and shrink the tub- 
ing into place. Trim both leads of the 
green AUDIO LED to % inch long and 
solder an 8 -inch length of hookup 
wire to each lead. Insulate each con- 
nection with heat -shrinkable tubing 
as you did for the POWER LED. 

Solder the cathode wire of the red 
POWER LED into hole E5 and the 
anode wire into hole Elo. Similarly, 
solder the cathode wire of the green 
AUDIO LED into hole E8 and anode 
wire into hole E9. Mount the two 
LEDs via panel clips in their respec- 
tive retaining clips on the front panel 
of the enclosure. 

Operational Check 
Before mounting the amplifier board 
assembly in the enclosure, run a 
check to assure proper performance. 
Be extremely careful to avoid short- 
ing the power supply's outputs to- 
gether, to circuit ground or any other 
points in the circuit that they are not 
supposed to go. Shorting anything 
on the amplifier board will almost 
certainly destroy some semiconduc- 
tors. Therefore, before performing 
the following tests, place a thick in- 
sulator (Masonite, cardboard or 
even a folded towel) between the am- 
plifier board and the bottom panel of 
the enclosure. 

First check the power supply. Ver- 
ify with an ohmmeter that there are 
no shorts between the 117 -volt ac in- 
put and ground and between either 
speaker output and ground. If you 
have a variable transformer (variac), 
use it to slowly bring up the power to 
the amplifier as you monitor input 
current. Ac input current with no 
speakers connected to the outputs 
should never exceed 0.1 ampere. You 
should measure + 32 volts to ground 
at the + side of C20 and - 32 volts to 
ground at the - side of C21. If either 
or both of these voltages are low or 
absent, check the phasing of TI's se- 
condary windings. After checking 
the power supply, turn off the power 
and bridge the terminals of C20 and 

This interior view of the assembled amplifier shows the toroidal power trans- 
former mounted on an insulating plate (lower -left) and output filter chokes on 
the power MOSFET heat sink (upper -right). Four large capacitors (left) in this 
early production prototype were found to be unnecessary and have been elimi- 

nated in the latest version of the amplifier. 

C21 with a 10 -ohm, 5 -watt resistor to 
discharge them. 

With the outputs of both channels 
left open, turn on the amplifier. An 
ammeter in the input to the power 
supply should register less than 0.1 
ampere on power -up and slightly in- 
crease as the output stages turn on 
and the AUDIO LED lights. 

Connect an analog -not digital - 
multimeter across one speaker out- 
put. If you measure more than 1 volt 
dc (positive or negative) with no in- 
put to the amplifier, power down 
and rectify the problem immediate- 
ly. Continued operation with a short 
circuit on the amplifier board can 
quickly destroy components. 

Once both amplifier channels are 
oscillating properly, connect a small 
4- or 8 -ohm speaker to the output of 
one channel. You may hear a small 
amount of hiss with no input to the 
amplifier and no shield on the bot- 
tom of the amplifier board. Set R55 
and R63 to about the middle of their 
rotation. Carefully touching with 

your fingertip pin 3 of Ul for the 
right channel or U3 for the left chan- 
nel, depending on the channel to 
which you connected the speaker, 
should generate a humming sound in 
the speaker. Repeat the procedure 
for the other channel to verify that 
both are working as they should. 

Power down the amplifier and 
connect to it an audio program 
source (CD player, tuner or tape 
deck) that delivers audio at a line - 
level amplitude. If you have two 
small 4- or 8 -ohm speakers, connect 
one to each of the speaker outputs. If 
not, check each channel separately. 
If the signal source has a level con- 
trol, turn this down all the way to be 
on the safe side. Then power up both 
the amplifier and signal source and 
adjust the level control of the latter 
upward until you hear the audio 
from the speaker(s). If everything 
checks out okay, your amplifier is 

ready for final assembly. 
If you bench test the amplifier, 

keep all unshielded leads as short as 
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possible and all inputs away from the 
speaker outputs. You can use any 
4 -ohm load you wish, though as the 
inductance of the test load increases 
so does the r -f across the load. No. 
1157 automotive tail lamps con- 
nected in parallel serve as a suitable 
load. This lamp draws about 2.5 am- 
peres at 12 volts, for a load of 30 
watts, and can take quite a bit of 
abuse for a brief period. If you view 
the amplifier's outputs on an oscillo- 
scope, be prepared to see some un- 
usual waveforms! 

Looking at the outputs ahead of 
the inductors will reveal a 64 -volt 
peak -to -peak square wave. As the in- 
put level to the amplifier is increased, 
you'll notice the square wave's duty 
cycle changes at the frequency of the 
input signal. This effect is immedi- 
ately visible below 10 Hz. 

Power down the amplifier, unplug 
its ac line cord and the signal source, 
disconnect the speaker(s) and dis- 
charge C20 and C21 as described 
above. Turn over the amplifier 
board and, with a hot iron, "wet" 
with solder the perimeter ground 
trace of the board at 3 -inch or so in- 
tervals all around, except along the 
edge near C20, C21 and CR20 
through CR23. Then tack -solder Y2- 

to % -inch lengths of solder wick to 
the ground trace in each location. 
Keep the solder wick in a continuous 
piece as you solder it to each wetted 
area in turn, snipping it to length af- 
ter the solder has set. When you're 
finished, carefully check to make 
sure that the braid and solder touch 
only the ground trace. 

Place the pc -blank shield you pre- 
pared earlier against the bottom of 
the circuit -board assembly, unclad 
side facing the solder side of the am- 
plifier board. Once again, wet with 
solder the areas on the copper -clad 
side of the pc blank that line up with 
the braid. Bend over the braid until it 
touches the pc blank and tack -solder 
it into place. 

Mount the amplifier board on the 
floor of the enclosure. Only two sets 

of machine hardware are needed for 
this. The heat sink supplies all that's 
needed for physical support. 

Installation 
This amplifier generates and uses 
radio -frequency energy in the form 
of fast rising and falling square 
waves that are rich in harmonics. 
These r -f harmonics can cause inter- 
ference with received radio signals if 
careful installation practices are not 
followed. For the speaker runs, use 
14 -gauge single- conductor shielded 
cable, with the inner conductor go- 
ing to the "hot" and the shield going 
to the "common" speaker output 
connectors. If you cannot find such 
heavy speaker cord, tie together the 
two inner conductors of the two -con- 
ductor shielded speaker cable sold by 
Radio Shack and others and use the 
shield as a signal ground. Alterna- 
tively, you can connect the inner con- 
ductors separately to the speaker 
output connector pair and terminate 
the shield at the grounding connector 
on the rear panel of the amplifier but 
do not connect the shield at the 
speaker end; in fact, cut off the 
shield at the speaker ends of the ca- 
bles if they are not used as one side of 
the speaker lines. 

If you use piezo -type tweeters, in- 
stall a 50 -ohm, 2 -watt resistor in se- 
ries with each to remove any residual 
r -f from the amplified signal. The 
very- capacitive nature of the piezo 
tweeter can drastically affect per- 
formance of your amplifier. Any r -f 
not removed by the amplifier's filter 
inductor is averaged into dc power 
by any conventional PM speaker. 

After installing the amplifier into 
your sound system, power up the 
equipment and listen for sound levels 
from your speakers at various set- 
tings of the volume control on your 
preamplifier /control center. If you 
notice that the preamp's control has 
insufficient range to drive the ampli- 
fier /speaker combination to loud 
enough levels, you may have to read- 
just R55 and R63 for more amplifier 

Author's Specifications 
Output Power: 100 watts /channel rms 

into 4 ohms, 63.9 watts /channel rms, 
both channels driven 

Power Amplifier Distortion: Voltage - 
type distortion measurement not 
possible due to digital waveform; dis- 
tortion is presumed to be very low be- 
cause the only sources of distortion 
are: The ramp, which is very linear 
(current source to capacitor voltage 
ratio is 6,400:1 minimum); the filter 
choke, which has a high- quality fre- 
quency alloy core that assures maxi- 
mum linearity. 

Preamplifier Distortion: 0.05% TH D 

at 1 kHz 
Channel Separation: 60 dB 

input "sensitivity." On the other 
hand, if you find that the amplifier is 

driven to maximum power at low set- 
tings of the preamp's volume con- 
trol, you have to back off on R55 and 
R63. What you want is for the pre - 
amp's volume control to give you a 
reasonably wide range of volume set- 
tings, with full power available near 
the control's maximum setting. 

As you listen to music, should 
you notice excessive high- frequency 
preemphasis, evidenced by a slight 
harshness in upper frequencies, you 
can reduce it by substituting smaller - 
value capacitors for C12 in the left 
channel and C13 in the right channel. 
The value of these capacitors is speci- 
fied in the Parts List as 0.0022 micro - 
farad. Substituting 0.001- microfa- 
rad capacitors for them would be a 
good first (and probably final) stab 
at flattening the preemphasis re- 
sponse with the specific speaker sys- 
tems you are using. 

Matching the lightweight and 
compact power amplifier (it mea- 
sures only 10 x 10 x 3 inches) with 
high -quality stereo components, you 
can enjoy the exemplary sound that 
can be produced only by digital 
means. If your compact disc player 
has a level control, you can use this 
amplifier without a preamplifier, too. 

Photography: Tracey Trumbull 
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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 ' 

ANY COMPUTER THAT HAS A RS232 SERIAL /R 
PORT. FEATURES ON BOARD AUDIO AMP OR 
MAY BE USED WITH EXTERNAL AMPS. 
DEMONSTRATION SOFTWARE AND A LIBRARY _ 
BUILDING PROGRAM ARE INCLUDED ON A 51/4 

INCH PC /XT DISKETTE. FULL DOCUMENTA- 
TION AND SCHEMATICS ARE ALSO INCLUDED. ' $6995 

ASSEMBLED NEW! QPCE 
8. TESTED 

NEW! IC TESTER! $149.00 
SIMILAR TO BELOW EPROM PROGRAMMER. PLUGS IN TO YOUR PC OR XT. TESTS 
ALMOST ALL 14, 16, AND 20 PIN 74XX SERIES. INCLUDES STANDARD POWER, "S" AND 
"LS" DEVICES. ALSO TESTS CD4000 SERIES CMOS. SOFTWARE INCLUDED CAN EVEN 

DETERMINE PART NUMBERS OF MOST UNMARKED AND HOUSE NUMBERED DEVICES 
WITH SIMPLE MOD. THIS UNIT CAN ALSO TEST 6.4K AND 256K DRAMS! W ITH MANUAL 
AND SOFTWARE: $149. PERFECT FOR SCHOOLS. 

PC /XT EPROM - 
PROGRAMMER , 

$169 

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER 
BURNING. * THIS PLUG -IN BOARD ATTACHES TO AN EXTERNAL 
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY 
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V. 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING 
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH 
SOFTWARE. 

ASK ABOUT 
OUR NEW 

PROGRAMMER! 

* FEATURES EASY 
OR MS -DOS. * USES AN 

FAST (8X) EPROM 
MINI CHASSIS 

MODULES 
* EPROM DATA CAN 

SOFTWARE 
27256A, 27512, AND 

MANUAL. $169 WITH 

JUST RECEIVED. SAME AS ABOVE PROGRAMMER, BUT PROGRAMS 8 UNITS AT ONE 
TIME - $299. 

Digital Research Computers 
P.O. BOX 381450 DUNCANVILLE, TX 75138 (214) 225 -2309 

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 754 handling. No 

C.O.D. We accept Visa and MasterCard. Texas Res. add 6 -1/4% TEL Foreign orders 

(except Canada) add 20° /, P & H. Orders over $50 add 85a for Insurance. 
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Oak 
Zenith 

Hamlin 
Scientific Atlantic 
Many others 

30 DAY TRIAL 

NEW NEW 

CHANNEL LINK REMOTE EXTENDER 

Transmits UHF signal Extends use of any 
throughout house remote 
No hard wiring Super long range 

*The use of both products allows you to run several TVs 
with no wiring. 

VIDEO HOPPER 
Removes copyguard 

lip 
Use between two VHS recorders 
Excellent stabilizer /enhancer ONLY $119 

One year warranty - Immediate delivery - 30 day trial 

Toll Free 1- 800 -826 -7623 
B & B Incorporated 
10517 UPTON CIRCLE 

MINNEAPOLIS, MN 55431 
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Technology 

The State of Op -Amps 
What designers have devised during the past year or so 
to improve in every way the ubiquitous operational amplifier 

By Dan Becker 

Operational amplifiers were 
originally built from dis- 
crete transistors, capacitors 

and resistors on printed- circuit 
boards. These "subassemblies" 
served as basic building blocks for 
exotic analog instruments and com- 
puters. Built from discrete compo- 
nents, early op amps were expen- 
sive, bulky and power hungry. They 
reigned supreme in their own special 
nook until the 1960s when advance- 
ments in semiconductor processing, 
in the form of integrated circuits, 
made possible entire circuits on a sin- 
gle silicon "chip." The introduction 
of integrated- circuit technology to 
semiconductor manufacturing sud- 
denly made it practical to mass -pro- 
duce miniature, low -power op amps. 
And because IC op amps were low in 
cost, even back then, applications 
began to grow at a tremendous pace. 

One of the earliest of the success- 
ful op -amp designs was the historic 
741 device, which quickly became 
the foundation for many new circuits 
and projects. So entrenched has the 
741 become that it remains in wide 
use even today, its pinout arrange- 
ment a generally accepted industry 
standard for op -amp devices. But 
time marches on, and so does tech- 
nological development. Improved 
and pin -compatible JFET op amps 
are now often used in place of the 
original all- bipolar 741 and similar 
op -amp versions. 

Setting the Stage 
Although the schematic symbol for 

Input 

Input 

V+ 

V- 

Output 

Fig. 1. The commonly accepted 
schematic symbol for the operation- 

al amplifier. 

the operational amplifier, shown in 
Fig. 1, has not changed over the 
years, performance levels of the new- 
est state -of- the -art devices have dra- 
matically improved. Circuit design- 
ers continue to make steady progress 
toward achieving previously un- 
heard of performance: 

Unity -gain bandwidths of 
5 gigahertz 
Input bias currents of 40 
femtoamperes 
Slew rates as high as 1,400 
volts /microsecond 
Input offsets of 40 microvolts 
Input noise of 1.1 nanovolts/ 

Hz at 1 kHz 
All of these are realizable goals, 

though not currently all in the same 
device. 

To achieve this kind of perfor- 
mance, op -amp manufacturers de- 
vised and combined several new 
technologies. Some combine special 
circuit designs with newly developed 
semiconductor processes, most using 
their own combinations of new tech- 
niques to achieve high -performance 
products. At the present time, it is 

impossible to find a single op amp 

that contains the best of all features. 
However, with the rapid pace of de- 
velopment in this industry, it may 
not be long before even this will 
be possible. 

During the past year, many new 
high -performance IC op amps have 
become available. Each excels in one 
or more areas and exhibits outstand- 
ing overall specifications. Since 
some of these hot new op amps are 
even targeted for consumer prod- 
ucts, there is a good chance that not 
too far in the future they will show 
up in the experimenter /hobbyist 
marketplace. 

Each of the new generation of 
op amps generally falls into one of 
three price /performance categories: 
JFET -input devices, MOS -input de- 
vices and bipolar -input devices. De- 
tails of these three different types of 
devices are illustrated in Fig. 2. 

JFET devices generally feature 
lower input bias and difference cur- 
rents and lower offset voltages, and 
they are less affected by changes in 
temperature than are their MOS and 
bipolar counterparts. Specifications 
are often stated in terms of "guaran- 
teed" values. 

JFET noise performance in the 1- 

to-10-Hz range (1 /f noise) may be as 
much as 10 times better than for 
comparable MOS devices. Prices for 
these devices range from about $8 to 
$75 or so in OEM (original equip- 
ment manufacturer) quantities of 
100 or more pieces. 

Latest -generation MOS -input op 
amps offer cost -effective solutions 
to many circuit design problems for 
which heretofore no solutions what- 
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TYPE OF INPUT DEVICE 

GATE 

N- CHANNEL JFET 

DRAIN 

SOURCE 

BASE 

NPN BIPOLAR 

High performance $8.00 to $75.00 

Good performance $1.00 to $3.00 

Mixed levels of performance $0.90 to $36.00 

Fig. 2. How the three types of op -amp input devices relate to each other in 

price /performance. 

ever existed. Although their specifi- 
cations may closely parallel those of 
JFET devices, values for MOS de- 
vices are often given in terms of "ty- 
pical" (not guaranteed) perfor- 
mance. Prices for these devices range 
from about $1 to $3 or more in OEM 
quantities. 

Op amps with bipolar input tran- 
sistors have features that vary over a 
wide range and offer unparalleled 
performance in many specific areas. 
Prices for these devices also vary 
widely, depending on combinations 
of features and levels of performance. 

User Friendliness 
Manufacturers are increasingly 
aware of the need to make products 
and devices "user friendly." For op 
amps, this means simplifying opera- 
tion over a wide range of supply volt- 
ages and temperatures. The present 
industry trend is toward making op 
amps that can operate from single - 
ended power supplies, mainly the 5 

volts popularly used in digital and 
many analog circuits, in addition to 
more conventional and traditional 
split supplies. Moreover, because 
operation from the new 3.3 -volt 
standard is now an important con- 
sideration, some op amps can al- 
ready meet this requirement. 

As with input bias current, limit- 
ing quiescent power dissipation is of 
major interest in many applications. 
Reducing power requirements puts 
less of a demand on system designers 
and the power supply components 
used, making user friendliness a 
practical reality. 

Let us now examine a few of the 
most important operational amplifi- 
er features: 

Input Noise. Much of the differ- 
ence in cost between JFET and MOS 
op amps lies in the difficulty and 
length of time required to precisely 
measure and /or ensure a given IC's 
performance. For example, if a 1/f 
noise is an important consideration, 
op amps with JFET input transistors 

often come with more complete 
noise performance information. 
Generally, JFET data sheets specify 
both typical spot noise (noise at only 
one frequency) and typical broad- 
band noise. JFET devices can give as 
much as 10 times better 1/f noise per- 
formance than MOS -input devices. 
Typical JFET spot noise, measured 
from 0.1 to 10 Hz, is 4 microvolts 
peak -to -peak. Typical broadband 
noise, measured from 10 Hz to 10 

kHz, is generally 2.4 microvolts., 
Spot noise at 10 kHz may also be 
specified. 

You should keep in mind that 
there are always exceptions to any 
rule. Linear Technology's LT1028 
op amp is a case in point. Designed to 
amplify signals of a few millivolts or 
less from low source impedances, 
this bipolar op amp features input 
noise figures of 1.9 nV/VITE at 10 

kHz, 1.1 nV/ at 1 kHz and 90 
nV p -p over a range of from 0.1 to 10 

Hz. These levels are well below those 
for FET devices. However, as good 
as they are, input current noise levels 
for the LT1028 cannot compete with 
those of certain MOS devices in 
which noise currents are almost 
nonexistent. 

Noise figures are given as typical 
values because of the high cost of 
measuring noise in a production -line 
environment. When you consider 
that 1.6 minutes is required to ac- 
cumulate 10 cycles of 0.1 -Hz noise, 
you can well understand why many 
manufacturers give typical noise rat- 
ings. To give actual (or guaranteed) 
noise figures would be prohibitively 
expensive in all but an almost infini- 
tesimally small number of cases. 
Nevertheless, because input noise is 

often the limiting factor in voltage 
measurement resolution, manufac- 
turers continue to strive for product 
improvements, even if this means 
added expense. 

Input Bias Current. In a similar 
way, accurate measurement of input 
bias currents in the femtoampere 
range is also difficult to perform and 
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p -type semiconductor 

Signal 
source 

n -type 
semiconductor 
channel 

Constant 
current 
source 

-Vss 

(A) JFET. Dc gate leakage current 
flows through signal source and 
across reverse -biased pn junction 
(gate junction) and into the n -chan- 
nel. Gate leakage current is an un- 
desirable effect. 

Signal 
source 

Gate insulator 

GATE 

lib 

+VDD 

DRAIN 

p -type 
semiconductor 
channel 

SOURCE 

-Vss 

Constant 
current 
source 

(B) MOSFET. Dc gate leakage cur- 
rent flows through gate insulator 
and signal source and into p -chan- 
nel. Gate leakage current is an un- 
desirable effect. 

p -type semiconductor 
base 

Signal 
source 

BASE 

+Vcc 
COLLECTOR 

Q1 

n -type 
semiconductor 

EMITTER 

Constant 
current 
source 

-VEE 

(C) Bipolar. Dc base (bias) current 
flows through signal source and in- 
to base -emitter junction, forward 
biasing Q1. Base current is an es- 
sential part of bipolar transistor 
operation. 

Fig. 3. Fundamental sources of input bias current (I;b) for the JFET (A), MOSFET (B) and bipolar (C) transistor. 

adds to production -line costs. Guar- 
anteeing input bias currents and in- 
put difference currents in the femto- 
ampere range is what separates high- 
er- priced JFET devices from their 
lower -cost companions whose input 
bias and difference currents are giv- 
en only in terms of "typical" perfor- 
mance. Therefore, this and other si- 

milar processing technologies offer 
vast improvements in performance, 
though at a price that is relative to 
performance predictability. 

To minimize input bias current in 
both JFET and MOS devices, input 
stages use field- effect transistors, or 
FETs, that are often special versions 
of junction field- effect transistors, 
or JFETs. They include dielectrically 
isolated (DI) JFET, the junction -iso- 
lated FET, PMOS and silicon -gate 
CMOS devices. All these special 
transistors are used because of their 
extremely low input bias (leakage) 
current characteristics. Bias currents 
amounting to as few as 60 electrons 
per millisecond (1 femtoampere) are 

achieved. Figure 2 shows details of 
these transistor devices. 

Typical applications requiring low 
input bias currents include integra- 
tors, current -to- voltage converters 

and log function generators. In addi- 
tion, many transducers exhibit high 
internal resistance. These include 
transducers for measuring pH, pho- 
todetectors, accelerometers and nu- 
merous piezoelectric devices. 

Consider a transducer with a high 
internal resistance connected to the 
input of an op amp. Input bias cur- 
rent flows through the transducer 
(signal source in Fig. 3), which 
causes a voltage drop across the 
transducer and is equal to the bias 
current times the transducer's resis- 

tance. This kind of input voltage re- 

duces the accuracy and resolution of 
a measurement. The low input bias 
current op amp minimizes this type 
of error voltage. 

Offset Voltage. Examining data 
sheets on these new op amps makes it 
apparent that offset voltages are 

down significantly from where they 
were just a short time ago and that 
JFET devices often exhibit better 
performance in this area than other 
devices. In some cases, lasers are 

used to trim the minute semiconduc- 
tor components of the JFET's input 
stage to "tweak" the offset voltage 
to within guaranteed values. Because 

this is an added manufacturing ex- 

pense, it inevitably shows up as an in- 
crease in the cost of the device to 
OEM users and, ultimately, end pur- 
chasers of any product in which these 

devices are used. 
Temperature Effects. Input bias 

current, input difference current and 
input offset voltage all drift (change) 
with changes in temperature, which 
accounts for one of the major sources 
of error in most precision applica- 
tions. Therefore, it is important to 
minimize these factors at all temper- 
atures. As one example of tempera- 
ture's influence on device perfor- 
mance, for every 10- degree celsius 
increase, input bias current will ap- 
proximately double. Hence, manu- 
facturers usually state a maximum 
bias current at 70 degrees celsius (125 

degrees celsius for military versions) 
for op amps with JFET inputs. Al- 
ternatively, some op amps feature 
bootstrapped inputs and external 
pins that permit nulling the bias cur- 
rent and /or offset voltage. 

Static -Discharge Protection. Un- 
fortunately, diodes must be con- 
nected across the inputs to protect 
the sensitive gates of the FETs used 

in op -amp input stages from damag- 
ing static discharges. These diodes 
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Performance Specifications for Some New High- Performance Integrated- Circuit Operational Amplifiers 

Manufacturer Device 
Single /Split Supply Input FP * /UG ** 

Supply Voltage Current Type Bandwidth 
Input 
Bias 

Input 
Offset 

Slew Rate 100 -pc. 
(Vas) Price Ea. 

Advanced Linear Devices ALD1701 2 -12/ 250 aA MOS NA /700 kHz 1 pA 1 mV 0.7 $1.83 
1030 W. Maude Ave. ±1 -±6 
Suite 501 

Sunnyvale, CA 94086 

Anadigics Inc. A0P3510 NA NA Bipolar 70 MHz/ NA NA 1,200 $32.75 
35 Technology Dr. 350 MHz 
Warren, NJ 07060 

Analog Devices Inc. AD549L NA/ ± 15 200 pA JFET NA /700 kHz 60 fA 500µV 2 $15.45 
Semiconductor Div. 
804 Woburn St. 
Wilmington, MA 01887 

Burr -Brown Corp. OPA -128L NA/ ± 15 NA JFET NA /500 kHz 75 fA 500µV 1 $23.95 
P.O. Box 11400 OPA -128K NA/ ± 15 NA JFET NA /500 kHz 150 fA 500µV 1 $18.95 
Tucson, AZ 85734 OPA -128J NA/ ± 15 NA JFET NA /500 kHz 300 fA 1 mV 1 $12.50 

OPA -600 NA/ ± 15 NA FET NA /5 GHz 20 pA NA NA $75.00 

GE RCA Solid State CA5422 2 -10/ 400 µA MOS NA/160 kHz 160 fA 1.8 mV 0.25 $1.95 
Route 202 ±1--t10 
Sommerville, NJ 08876 

Harris Corp. HA-5151 2 -10/ 250µA Bipolar 80 kHz /NA 70 nA 500 AV 4.5 $5.20 
Semiconductor Sector ±1.5 - ±15 max. 
P.O. Box 883 
Melbourne, FL 32901 

Linear Technology Corp. LT1028 NA/ ± 15 12 mA Bipolar NA /50 MHz 260 nA 40µV 11 $4.95 
1630 McCarthy Blvd. 
Milpitas, CA 95035 

Motorola Inc. MC33171 NA/ ± 15 180 AA Bipolar NA/ 1.8 MHz NA 1 mV 2.1 $0.90 
Bipolar Analog Integrated 
Circuits Div. 

7402 S. Price Rd. 
Tempe, AZ 85282 

National Semiconductor LC66OC 3 - 16i 2.9 mA MOS NA/1.5 MHz 40 fA 1 mV 1.7 $1.45 
2900 Semiconductor Dr. ± 1.5 -± 8 

Santa Clara, CA 95051 

Plessey Semiconductors SL2541 NA/ ± 15 NA Bipolar 40 MHz/ NA NA 1,400 $35.49 
9 Parker St. 2.5 GHz 
Irvine, CA 92718 -2892 

Precision Monolithics, Inc. OP -80 2.5 -8/ ± 5 NA MOS NA /300 kHz 100 fA 1 mV 0.2 $1.40 
1500 Space Park Dr. OP -90 1.6/ ± 0.8 20 µA Bipolar NA /25 kHz 5 nA NA 0.008 $2.75 
P.O. Box 58020 
Santa Clara, CA 95052 

*FP = Full- Power. * *UG = Unity -Gain. 
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create an additional problem be- 
cause their shunting action reduces 
the amplifier's input impedance. To 
counteract the undesirable effects of 
the diodes, while ensuring static pro- 
tection to 1,000 volts or more, sever- 
al ingenious bootstrapping tech- 
niques are employed. Figure 4 illus- 
trates how bootstrapping counter- 
acts the impedance- lowering effect 
of shunting components. 

Mixed Technology 

With power -supply potentials in the 
2 -to -15 -volt range, bipolar transis- 
tors operate more efficiently than do 
FET devices when driving low -im- 

pedance loads. Therefore, with or 
without FET input devices, op amps 
inevitably use an all- bipolar output 
stage. One example is RCA's line of 
BiMOS (for bipolar metal -oxide 
semiconductor) devices (Fig. 5). A 

high -performance dual op amp like 
RCA's CA5422 combines MOS 

1%0%144161 s 

for your 
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1- 800 -426 -2653 

or write: 
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(A) A one -transistor voltage follower without bootstrapping has an input im- 

pedance that can be as high as 1 megohm. However, because the power supply 

(Vcc) acts like a short circuit for ac signals, bias resistors R1 and R2 are effec- 

tively in parallel and shunt the input signal to ground. This lowers the circuit's 
input impedance to that of the parallel equivalent of R1 and R2. (B) Same circuit 
with dc bias network R1 /R2 /R3 bootstrapped. Input impedance is about 1 meg- 

ohm. Output signal voltage at point B is equal in amplitude and in -phase with in- 

put signal voltage at point A. Output signal voltage is connected to point C via 

C1 to place equal and in -phase signal voltages at both points A and C and pre- 

vent input signal current from flowing through R3. Because it is isolated from dc 

bias network, point A is a high- impedance input. A similar bootstrapping tech- 

nique is used in op amps to overcome low- impedance shunting effects of static - 
protection diodes. 

Fig. 4. The principles of bootstrapping: a circuit without bootstrapping (A) and 
the same circuit with bootstrapping (B). 
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Fig. S. A depiction of the modern 
combined- technology op amp. 

vices at the input stage with bipolar 
transistors in the output stage. These 
more conventional output transis- 
tors produce minimal quiescent pow- 
er dissipation while providing the ca- 

pacity to drive a low- impedance load. 
There are several important points 

to consider when deciding on a speci- 
fic op amp for a given application. 
Some of these include all of the 
above (input offset voltage, input 
bias current, input difference current 
and temperature stability) as well as 

bandwidth, quiescent power dissipa- 

tion, slew rate, output drive current 
and, frequently just as important a 

factor as electrical performance, cost. 
The new generation of op amps 

makes selecting an operational am- 
plifier for a particular application an 
even easier task than it has been in 

the past. These new op amps open a 
whole new world of possibilities to 
the professional and hobbyist alike. 
As a result, test instruments with 
higher resolution, greater accuracy 
and the ability to measure much 
smaller currents will eventually reach 
the consumer. In the Table shown 
elsewhere in this article, we have 
listed several high -performance op 
amps from several different manu- 
facturers, along with a number of 
their most important specifications. 
If you would like to get a headstart 
on these devices before they actually 
become generally available, you can 
write to the manufacturers to request 
advance data and applications sheets. 

CIRCLE 48 ON FREE INFORMATION CARD 
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Experimenting 

A Homebrew 
Analo g Computer 

The author's reflections on his early -60's computer experiments 

By Forrest M. Mims III 

In the early 1960s, before the ar- 
rival of the integrated circuit 
and the microprocessor, do -it- 

yourself computer hobbyists were a 
rare breed. Some built primitive digi- 
tal machines using stepping relays 
and indicator lamps, while others 
made analog models from potenti- 
ometers and meters. 

While a student at North Junior 
High School in Colorado Springs in 
1958, I was fascinated by articles 
about "electronic brains" in Popu- 
lar Electronics, a magazine pub- 
lished for electronics hobbyists. Un- 
able to afford the material to build a 
digital machine, I experimented with 
simple analog computers made from 
potentiometers and meters. I entered 
two of these machines, which solved 
simple arithmetic problems, in school 
science fairs. 

Thanks to the inspiration of day- 
dreams brought on by the daily task 
of memorizing long lists of vocabu- 
lary for a 10th grade Latin class, in 
the spring of 1960 I began designing 
an analog machine for translating 
languages. That fall I assembled a 
working version of the translator. 

The translator worked poorly, but 
it placed third in the math division of 
a regional science fair. By the time I 

graduated from high school in the 
spring of 1962, the translator worked 
reliably. Its design was more com- 
plex, and it could be programmed to 
translate 20 words of one language 
into another. 

INPUT 

(PoTE u ri ETER s 
NULL 

DErEcTofZ 

EMORY 

SEQUENCER. 

A 

v v y 
RESISTOR. 

MEMORY 

uTPUT 

LICHT 

PANEL 

Fig. 1. Block diagram of analog computer language translator. 

My translator, which required up 
to a second to match an input word 
with a word in its memory, was ex- 
tremely slow by today's standards. It 
was also much bigger, heavier and 
had considerably less vocabulary ca- 
pacity than a pocket phrase book, 
but it actually worked. 

An Analog Memory 
A unique feature of the translator 
was its use of an array of miniature 
screwdriver- adjustable trimmer re- 
sistors as programmable analog stor- 
age elements. Borrowing from to- 
day's terminology, the trimmer ar- 
ray could be considered an SPROM 
(Screwdriver -Programmable Read - 
Only Memory). 

Twenty trimmers were provided, 
one for each word. Each word was 
manually set to a resistance corres- 
ponding to that of one of the words 
in the machine's vocabulary. 

Figure 1 is a simplified block dia- 
gram of the machine. In operation, 
the first six letters of a word to be 
translated were dialed into an input 
panel containing six potentiometers 
connected in series. Each word pro- 
vided a different resistance. 

The first letter of the word was 
then dialed into a rotary switch on 
the machine's main control panel, 
and then the power was switched on. 
The machine then automatically 
compared the input resistance with 
each of the trimmer resistors in its 
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Fig. 2. Wheatstone bridge used in analog language translator. 

memory. When a match was found, 
an indicator lamp corresponding to 
the translated word was illuminated. 

The most complex part of the ma- 
chine was its automatic memory 
search mechanism. The memory was 
organized into five banks of four 
trimmers each. One bank was select- 
ed when the front panel rotary switch 
was set to the first letter of the word 
being translated. 

Music -Box Memory Scanner 

In those days, I couldn't afford a 
stepping relay. Therefore, I modi- 
fied a battery -powered music -box 
mechanism to sequentially scan each 
of the four trimmer resistors in the 
preselected bank. 

The most difficult part of the de- 
sign was devising a method to deter- 
mine when the resistance of the word 
dialed into the input panel matched 
that of one of the trimmer resistors in 
the machine's memory. The obvious 
solution was to make each resistance 
one leg in a Wheatstone bridge, as 
shown in Fig. 2. 

A potentiometer connected across 
the two resistors permitted the bridge 
to be balanced so that the current 
flow through each side of the bridge 
was equal when a match was made. 
A match was indicated when the 

pointer of a 0- to -1 -mA meter con- 
nected across the bridge pointed to O. 

Figure 3 shows how a feedback 
loop from the meter back to the 
memory scanning circuit was imple- 
mented with the help of a homemade 
optoelectronic slot switch that de- 
tected when the meter pointer was at 
the 0 position. The slot switch then 
switched off the music -box motor. 

To assemble the slot switch, I first 
cemented a small silicon solar cell di- 
rectly over the zero- current position 
marked on the faceplate of the me- 

ter. Then I carefully cemented an 
aluminum -foil flag to the meter's 
pointer. Finally, I replaced the me- 
ter's glass faceplate with a sheet of 
black plastic. A slot cut into the 
opaque cover allowed light from a 
small lamp to strike the solar cell's 
sensitive surface when current 
flowed through the meter. 

The solar cell was connected to a 
single- transistor amplifier whose 
output struck the cell. The relay's 
contacts were connected as a switch 
between the electromechanical mem- 
ory scanning mechanism and its bat- 
tery. Therefore, when the meter indi- 
cated a current, the solar cell was il- 
luminated and the memory scanner 
continued to operate. 

If the pointer moved to the zero 
position, thereby indicating a match 
in the resistance of the input and the 
sampled memory trimmer, the foil 
flag shaded the solar cell. This caused 
the relay contacts to switch off the 
motor -driven scanner while simulta- 
neously applying power to a panel of 
incandescent indicator lamps. A sin- 
gle lamp glowed to indicate the trans- 
lated word. 

Though my analog language 
translator was a bit clumsy, it did 
work. Recently, I recovered it from 

Controller /memory unit. 
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Fig. 3. Circuit and mechanical details of analog computer language translator. 

the attic, wiped off the dust and in- 
spected some of its hundreds of sol- 
der connections. Only two of the 
knobs on its input panel were miss- 
ing. Everything else, from the meter 
pointer flag and the solar cell to the 
music -box scanner and trimmer -re- 
sistor memory board, is still in place. 

Though more than 20 years old, 
the batteries have not leaked. When 
time permits, I'll replace them with a 
new set and find out if the translator 
still translates. 

Lessons From the Past 
Tinkering with this antique analog 

machine has made me acutely aware 
of the sophistication of today's com- 
puters. Nevertheless, I'm still at- 
tracted to that primitive but still vi- 
able method of using trimmer resis- 
tors as storage elements. Assuming a 
100 -ohm space between settings, a 
1,000,000 -ohm (1- megohm) trimmer 
can be "programmed" with a screw- 
driver to any of 1,000 different resis- 
tances. This is nearly the storage ca- 
pacity of an 11-bit binary register. 

Moreover, the music -box mechan- 
ism, meter, slot switch and relay of 
my old translator can now be re- 
placed with several integrated cir- 
cuits. A solid -state version could be 

designed around a comparator, some 
analog switches, a clock circuit and a 
decoder counter. 

However, I wouldn't use an up- 
dated version of the translator for 
translation; that task is handled 
much more efficiently by digital pro- 
cessors. Instead, I would use it for 
controller applications that can best 
exploit the simplicity of a screwdriv- 
er- programmable read -only memory. 

Imagine a miniature analog -digi- 
tal machine that operates sequential- 
ly, has a programmable memory and 
responds directly to analog input sig- 
nals. Perhaps I'll build a breadboard 
version and see how it works. Aff 
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Project 

A Transistor /Diode/ 
SCR Tester 

This simple project can be one of the most valuable you have 
on your testbench alongside your multimeter and oscilloscope 

By Adolph A. Mangieri 

f you're like most experimenters 
and professional service techn- 
icians, you probably have doz- 

ens or even hundreds of untested 
transistors and other discrete semi- 
conductors. You could do some sim- 
ple tests on these devices and the cir- 
cuits in which they're used with an 
ohmmeter, but the results are often 
unsatisfactory. Having found your- 
self in this situation all too often, it's 
time you had a semiconductor tester 
like the transistor /diode /SCR tester 
to be described. 

Our tester performs quick and reli- 
able good /bad checks on a wide vari- 
ety of discrete semiconductors. It 
provides a low -power signal test 
mode that virtually eliminates dam- 
age to even very -low -power devices. 
It also has a power mode that checks 
devices at higher currents. The low - 
power mode can be performed with 
either a battery or an ac- line -oper- 
ated power supply. Because of the 
high -power demands of the power 
mode, the power supply here is strict- 
ly from the ac line. For maximum 
versatility, large -signal dc gain of 
transistors can be measured by plug- 
ging a common milliammeter into 
the tester. 

About the Circuit 
Shown in Fig. 1 is the complete sche- 
matic diagram of the transistor /di- 
ode /SCR tester. Socket SO1 pro- 
vides the means for connecting low- 

power (milliwatt) transistors to the 
tester. Jacks J3, J4 and J5 parallel 
the connections to SOI and provide 
the means for connecting medium - 
power and high -power transistors to 
the tester. 

The tester is powered by 9 -volt 
transistor battery BI or a plug -in ac 
power supply that outputs 9 volts fil- 
tered dc at 300 milliamperes or more. 
Voltage regulator ICI supplies a sta- 
ble 5 volts dc to the tester circuit. 

Switch S3 applies + 5 volts dc to 
the Vcc bus when switched to check 
npn transistors and reverses the po- 
larity supplied to the bus when 
switched to check pnp transistors. 
Jack J2 permits insertion of a dc mil - 
liammeter that can be used to indi- 
cate collector current when measur- 
ing the dc gain of a transistor. If you 
wish, you can make the milliamme- 
ter a permanent part of the circuit, 
replacing J2 with a switch that con- 
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PARTS LIST 
Semiconductors 
IC 1 -7805 + 5 -volt regulator 
LEDI,LED2- Light -emitting diode 
Capacitors 
C1-1-AF, 35 -volt tantalum 

electrolytic 
C2- 2,000 -µF, 25 -volt electrolytic 

(see text) 
Resistors (% -watt, 50/o tolerance) 
R 1 -430 ohms 
R2 -1,300 ohms 
R3 -4,300 ohms 
R4- 13,000 ohms 
R5- 43,000 ohms 
R6- 130,000 ohms 
R7- 430,000 ohms 
R8 -1.3 megohms 
R9 -22 ohms (5 -watt, 10% tolerance) 
R10 -78 ohms 
Miscellaneous 
B 1 -9 -volt transistor battery 
J1,J2- Miniature closed- circuit 

phone jack 
J3,J4,J5- Insulated tip jack 
S1 -Spst slide or toggle switch 
S2,S3 -Dpdt switch 
S4- Single -pole, 12- position nonshort- 

ing rotary switch 
SOI- Chassis -mount transistor socket 

Suitable project box with metal panel; 
snap connector and holder for Bl; con- 
trol knob for S4; labeling kit; machine 
hardware; hookup wire; solder; etc. 

nects and disconnects the meter 
as desired. 

Switch S4 provides a means for se- 
lecting one of eight base currents 
ranging from 0.0033 to 10 milliam- 
peres. Each setting of S4 has a multi- 
plier, as listed along the right side of 
the schematic in line with the given 
switch position. The multiplier is used 
to measure dc current -transfer ratio 
(beta or hFE). For example, with S4 
set to x 100 and a measured collector 
current of 0.76 milliampere, gain is 

100 x 0.76, or 76 milliamperes. The 
multipliers are the reciprocals of the 
base current. For instance, at a x 10 

setting, base current is 1 /10, or 0.1 
milliamperes. 

Switch S2 allows you to select eith- 
er the signal (SIG) test mode for low - 
power tests of devices or the power 
(PwR) mode for higher- current tests 
of medium- and high -power devices. 
In the sIG mode, the tester is pow- 
ered by either battery BI or the ac 
adapter. In the PWR mode, the tester 
is powered by only the ac adapter 
plugged into JI. 

In the SIG mode, the transistor col- 
lector -load circuit consists of R9 
connected in series with LEDI and 
LED2. Only one LED lights; which 

one depends on the setting of S3. 
Maximum collector current in the 
SIG mode is about 28 milliamperes. 
Maximum collector potential in this 
mode is 5 volts minus the 2 -volt drop 
across the LED, or 3 volts. Maxi- 
mum power delivered to the transis- 
tor under test is about 20 milliwatts, 
which is well within the handling ca- 
pabilities of virtually every low -pow- 
er device now available. 

Battery BI is deselected when S2 is 

set to the PWR mode. Resistor R9 is 

in parallel with resistor R10 and the 
light- emitting diodes. The LED be- 
gins to light when a power semicon- 
ductor under test conducts 100 milli- 
amperes or more. With the transistor 
switched fully on, maximum current 
is 220 milliamperes. Maximum col- 
lector potential is 5 volts with the 
transistor in cutoff. Maximum pow- 
er delivered to the transistor is about 
275 milliwatts. 

Resistor R9 limits maximum col- 
lector current in the SIG mode to 28 
milliamperes, which may be a bit too 
much for a very few r -f /vhf /uhf 
transistors that have maximum cur- 
rent ratings of only 20 milliamperes. 
These are not likely to be damaged 
by the 28- milliampere maximum cur- 
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rent with the value of R9 specified. 
However, if you want to make cer- 
tain that you're on the safe side, you 
can substitute a 150 -ohm resistor for 
R9 to limit maximum current to 20 
milliamperes. 

Construction 
Assemble the tester on the metal 
front panel of a small project box, as 
shown in Fig. 2. Bolt IC1 directly to 
the panel. Then mount R9 and R10 
on a terminal strip and R1 through 
R8 via the lugs of S4. Mount the 
LEDs on the front panel in holes lined 
with small rubber grommets (friction 
fit), using fast -set clear epoxy cement 
or in standard LED panel clips. Insu- 
late J2 from the metal panel, and use 
insulated tip jacks for J3, J4 and J5. 
Install a battery clip inside the proj- 
ect box for B1. Then use a dry- trans- 
fer lettering kit or a tape labeler to 
label the front panel (see Fig. 3). 

If you use an ac adapter that deliv- 
ers between 9.5 and 12.5 filtered dc 
volts at 500 milliamperes, omit C2 
from the circuit. A power supply for 
a Timex /Sinclair TS1000 computer 
makes a satisfactory power supply if 
you have one handy. If you use a 
power supply rated at 6.5 to 7.5 un- 
filtered volts dc at 600 milliamperes, 
install C2 as shown in Fig. 1. 

To check your wiring, set S2 to SIG 

and close Si. Verify with a dc volt- 
meter that + 5 volts appears at the 
OUT terminal (pin 3) of IC/. Set S3 to 
NPN and verify that + 5 volts is on 
the Vcc bus (top rail that goes to all 
resistors in Fig. 1). Connect a jumper 
wire between J3 and J5 and verify 
that LED1 lights. Now set S3 to PNP 

and verify that LED2 lights. Connect 
a milliammeter across J3 and J5; the 
short- circuit current should be about 
28 milliamperes. Connect the 9 -volt 
dc power supply to J1 and set S2 to 
PWR; the short- circuit current should 
be about 220 milliamperes. 

Set S2 to SIG and S3 to NPN. Now, 
using clip leads, connect any general- 
purpose low -power npn silicon tran- 

Fig. 2. Tester is assembled on metal 
panel of small project box. 

sistor to the tester in the proper bas- 
ing arrangement and connect a milli - 
ammeter in series with the base test 
lead. Rotate S4 through each of its 
positions and verify the nominal 
base currents listed in Fig. 1. Keep in 
mind that measured base currents 
might be on the low side, the result of 
meter resistance. 

Plug the 9 -volt dc adapter into J1, 
set S2 to SIG and S3 to NPN, and plug 
a milliammeter into J2. Connect a 
voltmeter to the collector and emitter 
terminals to measure collector volt- 
age. Set S4 to an unused position for 
zero base current. The LED should 
now be off, collector current should 
be near zero, and collector potential 
should be about 3 volts. Advance S4 
in steps from x 0.1 upward while ob- 
serving LED brightness and meter 
indications. In several positions of 
S4, the LED will be brightly lit, col- 
lector voltage will be very low and 
collector current will be maximum, 
all indicating that the transistor is 
operating in full saturation. 

As you further advance the setting 
of S4 clockwise, the LED will go to 
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Fig. 3. Suggested front panel layout, 
with appropriate panel labeling. 

half brightness, collector voltage will 
rise and collector current will drop, 
indicating that the transistor is now 
operating in its linear region where 
dc gain measurements can be made. 
Transistor dc gain is equal to collec- 
tor current in milliamperes multi- 
plied by S4's multiplier. 

Set S2 to PWR for higher current 
tests and repeat the above procedure. 
Notice now that the LED may go 
from full on to full off in one posi- 
tion of S4. This is because the LED 
doesn't begin to conduct until collec- 
tor current reaches about 100 milli- 
amperes. 

Test Procedures 
Each of the various semiconductor 
tests that can be made with the tran- 
sistor /diode /SCR tester for differ- 
ent types of devices has its own spe- 
cial procedures. The following de- 
scribes each procedure: 

Diode Tests. Test low -power di- 
odes in the SIG mode to automatical- 
ly limit current flow. Test rectifier di- 
odes in either mode. Figure 4 shows 
the symbols and polarities of volt- 
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Fig. 4. Symbols and polarities: (A) Fig. 5. Transistor symbols and polarities: (A) npn transistor; (B) pnp transistor; 
rectifier diode; (B) zener diode; (C) (C) npn Darlington transistor; (D) unijunction transistor (UJT); (E) dc -input 
light- emitting diode; (D) photo- diode. optoisolator. 

ages to use for rectifiers, zener di- 
odes, LEDs and photodiodes. 

When performing any diode test, 
set S3 to NPN to make collector (C) 
jack J3 positive and emitter (E) jack 
J5 negative. With anode A connected 
to J3 and cathode K connected to J5, 
a diode under test should conduct 
and LEDI should light if the device is 
good. After doing this, reverse the 
connections and note that LEDI is 

off, again assuming a good diode. 
The zener diode is a special type of 

device that conducts like an ordinary 
diode in the forward direction and 
blocks the flow of current in the re- 
verse direction until the breakover 
or "zener" voltage is exceeded. 
Limit tests on zener diodes to those 
rated at 6 volts or more and test these 
devices as you would any other recti- 
fier diode. This tester does not check 
zener voltage. 

To check an npn photodiode, set 
S3 to NPN and connect emitter E to J5 
and collector C to J3. The device 
should be off (LED2 off) with no il- 
lumination but should switch on 
(LEDI on) when exposed to bright 
light. Reversing the connections 
should cause current to be blocked 
and LEDI should be off. When sub- 
jected to light, a high -speed PIN 
photodiode may pass insufficient 
current to light LEDI. In this case, 
plug a milliammeter set to its 1- milli- 
ampere range into J2 and observe the 
magnitude of current flow. 

Test light- emitting diodes only in 
the SIG mode to prevent excess cur- 
rent from burning them out. Set S3 
to NPN. The LED should light with 
anode A connected to J3 and cathode 
x connected to J5. 

Use the diode test to determine 
which lead of a diode is the anode 
and whether the device is a silicon or 
germanium type. Connect a dc volt- 
meter across J3 and J5. With the di- 
ode conducting, the voltage dropped 
across a silicon type should be about 
0.65 volt, while the voltage dropped 
across a germanium type should be 
about 0.35 volt. 

Transistor Tests. It is very difficult 
to zap a semiconductor in the SIG 
mode of the tester. However, keep in 
mind device current ratings and use a 
semiconductor cross -reference man- 
ual to keep tabs on device specifica- 
tions as you use the tester. (General 
Electric's Replacement Semiconduc- 
tor Guide lists transistors in order of 
decreasing current ratings. Other 
guides include those published by 
Archer and Radio Shack, NTE, Syl- 
vania and RCA.) In the PWR mode, 
limit LED good /bad tests to devices 
rated at 200 milliamperes or more. 

Shown in Fig. 5 are the symbols 
and polarities for npn and pnp tran- 
sistors and for the npn Darlington 
transistor. 

When performing an initial tran- 
sistor test, use clip leads to connect 
the collector (C) and emitter (E) leads 

of the transistor to J3 and J5, respec- 
tively and leave the base (B) of the de- 
vice unconnected. Set S3 to NPN or 
PNP, depending on the type of tran- 
sistor being tested. Set S4 to x 1 for 1 

milliampere of base drive. With the 
base lead still unconnected, the tran- 
sistor should be in cutoff and the 
LED should be off. Connecting the 
base lead to .14 should cause the tran- 
sistor to conduct and the LED to 
light. Use the PWR mode for low - 
gain, high -power transistors. Set S4 
to x 0.33 for 33 milliamperes of base 
drive or to x 0.1 for 10 milliamperes 
of base drive. 

Dc base -transfer ratio, dc beta and 
hFE variously refer to the large -signal 
gain of a transistor. Dc gain is the ra- 
tio of collector current to base cur- 
rent at a specified collector current 
and voltage. To measure gain, plug a 
milliammeter into J4. Then, begin- 
ning with S4 set to x 300, rotate the 
switch counterclockwise and set col- 
lector current to any value up to 15 

milliamperes in the SIG mode or up 
to 175 milliamperes in the PWR mode 
to ensure that the transistor doesn't 
saturate. Dc gain equals the mea- 
sured current in milliamperes times 
S4's multiplier. For low -power tran- 
sistors in the 20 -to -800- milliampere 
class, a good test current level is 0.5 
to 10 milliamperes. For medium- and 
high -power transistors in the 1 -to- 
30- ampere class, select a test current 
in the 30 -to -150- milliampere range. 
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Base -emitter drops of silicon and 
germanium transistors are approxi- 
mately 0.65 and 0.35 volt, respec- 
tively. Thus, the base current applied 
to a germanium transistor is about 10 

percent greater than for a silicon 
transistor. Therefore, deduct 10 per- 
cent from the germanium transis- 
tor's dc gain measurement. A Dar- 
lington transistor has a base -emitter 
drop of about 1.2 volts, resulting in 
about 20 percent less base current; so 
use the x 300 setting of S4 and add 20 
percent to the gain figure. There is 
really no need to make these correc- 
tions if all you're checking for is 
nominal gain. 

With a milliammeter plugged into 
J2 and the base circuit of the transis- 
tor under test left open, the meter in- 
dicates collector -to- emitter current 
ICeo which is very small for silicon 
transistors but may be several milli- 
amperes for germanium power tran- 
sistors, enough to light the LED in 
the SIG mode. ICeo is the result of am- 
plification of internal collector -to- 
base leakage current 4b0, which 
can be measured by connecting the 
collector lead to J3 and base lead to 
J5 and leaving the emitter lead 
unconnected. 

Refer to Fig. 5(D) for the unijunc- 
tion transistor (UJT) frequently used 
as a relaxation oscillator and a pulse 
driver for SCRs. There are two ways 
to check the UJT. For a UJT with the 
emitter arrow pointing toward the 
base as shown, set S3 to NPN. Con- 
nect base 2 to J3 ( +) and base 1 to J5 
(- ). Connect emitter E to J4. Then 
set S4 to any unused position for zero 
current; LEDI should be off. Setting 
S4 to x 0.1 should cause LEDI to 
light moderately. 

A light- emitting diode and photo- 
sensitive npn transistor in a single 
DIP package make up the dc -input 
optoisolator, as shown in Fig. 5(E). 
To check this device, connect collec- 
tor C to J3 and emitter E to J5, leav- 
ing the base unconnected. Connect 
cathode x to J5 and set S3 to NPN and 
S4 to x 1. With the diode's anode not 
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Fig. 6. Silicon controlled rectifier symbols and polarities: (A) silicon controlled 
rectifier (SCR); complementary SCR (CSCR); (B) silicon controlled switch 

(SCS); (C) triac; (D) SCR optoisolator. 

connected, the transistor and LEDI 
should be off. 

Connecting the diode's anode to 
J4 should cause LEDI to light. If the 
LED does not light, set S4 to x 0.33 or 
x o.1. If the LED still doesn't turn 
on, test the diode and transistor as 
separate discrete devices. 

An ac -input optoisolator has an 
additional LED connected in parallel 
but opposition with each other. This 
allows the input to conduct in both 
directions. 

Silicon Controlled Rectifiers. The 
SCR is an electronic switch that turns 
on when a low -level pulse is applied 
to its gate. Once triggered on, the 
SCR remains conducting until anode 
current falls below a relatively small 
holding current known as IH. 

Shown in Fig. 6 are the symbols 
for a few members of the SCR fami- 
ly. (A) is the symbol for the unidirec- 
tional SCR that turns on by making 
cathode -gate G positive with respect 
to cathode K, causing current to flow 
from anode to cathode. The light -ac- 
tivated SCR, or LASCR, is similar 
but is switched on by light striking 
the device. (B) is the symbol for the 
complementary SCR (CSCR) which 
has an anode gate and is switched on 
by making this gate negative with re- 
spect to the cathode. The program- 
mable unijunction transistor (PUT) 
is similar to the CSCR. (C) is the 
symbol for the silicon controlled 
switch, or SCS, that has both anode 
and cathode gates. (D) is the symbol 

for the bidirectional triac that con- 
ducts in both directions and is con- 
trolled by a single gate. Finally, (E) is 

the symbol for the SCR optoisolator 
that provides electrical isolation be- 
tween the controlling input and con- 
trolled output. 

When testing SCR devices rated at 
less than 200 milliamperes, use the 
SIG mode. Check higher- current de- 
vices preferably in the PWR mode. 
Set S3 to NPN to check the SCR. Set 
S4 to x o.1 for a 10- milliampere gate 
drive. Connect anode A to J3 and 
cathode K to J5, but leave anode gate 
G unconnected. 

Turning on the tester should not 
turn on the SCR or LED. If LEDI is 

on, the SCR is either shorted or has 
turned on as a result of the sudden 
application of voltage and is known 
as the rate effect. Move S3 to PNP 

and then back to NPN to turn off the 
SCR. With the SCR off, momentari- 
ly connect cathode gate G to J4, 
which should cause the SCR to 
switch on. If it doesn't, momentarily 
connect the gate to J3 to turn it on. If 
a high- current SCR fails to trigger on 
in the SIG mode, use the PWR mode 
and momentarily short the cathode 
gate to the anode for turn -on. 

PUT, CSCR and SCS devices are 
extremely sensitive to low- current 
devices and can turn on just by 
touching the gate leads. To check 
these devices via the anode gate, con- 
nect anode A to J3, cathode K to J5 
and anode gate G to J4. Set S3 to 
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NPN. Then set S4 to x 0.3 to connect a 
1,300 -ohm resistor from anode to 
anode gate to reduce the rate effect. 

When you turn on the tester, LEDI 
should be off. Momentarily jumper 
the anode gate to the cathode to trig- 
ger on the SCR and turn on LEDI. 
To complete the test on an SCS via 
the cathode gate with the device 
switched off, momentarily jumper 
cathode gate G to J4 or J3 to trigger 
on the device. 

You can obtain an estimate of gate 
turn -on current sensitivity for an 
SCR as follows. Set S4 to x300 for 
minimum gate drive and make con- 
nections to the SCR. With the SCR 
initially off, rotate S4 counterclock- 
wise until it switches on. If the SCR 
turns on at the x io setting, gate turn - 
on current is less than 0.1 milliam- 
pere (reciprocal of dial setting x to). 

Triacs are power devices that passe 
current in either direction when swit- 
ched on. To test a triac, connect 
anode 2 to J3 and anode 1 to J5, but 
leave gate G unconnected. The triac 
should not be on in either position of 
S3. However, it should switch on 
when the gate is momentarily touched 
to J3 or JS. Depending on device 
holding current, the LED may go off 
when the gate is disconnected. If the 
triac remains on, open SI to turn it 
off and then reclose the switch. 

The dc-input SCR optoisolator is 
analogous to the transistor optical 
isolator and is tested in a similar 
manner. Connect SCR anode A to 
J3, both cathodes x to J5 and leave 
gate G unconnected. Set S3 to NPN. 
The device should be off. Momen- 
tarily connecting diode anode A to J3 
should cause the device to turn on. 

Other Tests. For in- circuit tests, 
the project can show that a device is 
good if it passes the test. However, 
the device may or may not be bad if it 
fails the test. This depends on shunt 
current paths associated with the 
wired -in device being tested. To 
check a transistor, connect only the 
collector and emitter leads. The proj- 
ect's LED should be off or possibly 
only dimly lit. Connect the base lead 
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and apply increasing base drive by 
rotating S4 counterclockwise. The 
transistor is good if the LED lights in 
one or more positions. 

To check electrolytic capacitors, 
set S3 to NPN, connect the capaci- 
tor's - lead to JS and touch and 
hold the + lead to J3. For capacitors 
rated at 3 microfarads and larger, the 
LED should flash brightly at the 
start but fade in brilliance as the ca- 
pacitor charges. No light whatever 
indicates an open capacitor, while a 
continuous unchanging light indi- 
cates a shorted capacitor. 

Operating Notes 

Unplug the ac line adapter from JI 
whenever you use the SIG mode so 
that only the project's battery is in 
the circuit. Battery drain on standby 
is a modest 5 milliamperes. With the 
LED brightly lit, current drain can 
increase up to 25 to 30 milliamperes. 
Therefore, to prolong battery life, 
avoid leaving the LED on continu- 
ously during testing. Either turn off 
the tester or make momentary con- 
nections to the base of a transistor or 
terminal of a diode under test. AE 
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Project 

The Phone Miser 
A lock -out for unauthorized long- distance telephone calls 

By R.F. Sharp 

Are your telephone bills sky 
high because of unauthor- 
ized out -of -area calls? If 

so, the Phone Miser project to be de- 
scribed can put an end to it. Phone 
Miser remedies this problem by auto- 
matically interrupting any attempt to 
reach a number outside your local 
calling exchange, whether the caller 
tries to dial directly or calls upon 
operator assistance. For those times 
when a legitimate long- distance call 
must be made, the project features a 
disable switch. 

Phone Miser can be used with any 
selected telephone instrument, all in- 
struments on the same line or just a 
few select instruments. It connects 
between the incoming telephone line 
and whatever instrument(s) it is to 
control. Power for the project is pro- 
vided by Phone Miser's own low - 
voltage dc power supply so as not to 
load down the telephone line. The 
project automatically locks out any 
call whose number begins with the 
numeral 1 and any attempt to dial 0 
to get the operator. (Note: If you live 
in an area that does not require dial- 
ing of a 1 before entry of the area 
code to make an out -of -area call, 
Phone Miser will not prevent the call 
from getting through, nor will it 
work with rotary -type dialers.) 

Telephone Basics 

Before we look at Phone Miser's ac- 
tual circuitry, let us review the basics 
of the telephone system. To begin 
with, two conductors connect your 
home or business to the telephone 
system. The telephone company sup- 
plies a minimum of 20 milliamperes 
of direct current over this line to 

power your equipment. The poten- 
tial across the line is approximately 
48 volts dc with your telephone 
handset on -hook. Lifting the receiv- 
er off -hook causes this voltage to 
drop. The dc resistance of any device 
connected to the phone line is expect- 
ed to be at least 600 ohms when ac- 
tive. (A phone's on -hook resistance 
is about 10 megohms.) 

Ringer voltage, supplied by the tel- 
ephone company, is a 20 -Hz ac sig- 
nal that can range from 40 to 150 
volts, which is sufficient to cause in- 
jury. Therefore, always exercise cau- 
tion when working with exposed tele- 
phone circuits. To avoid electrical 
shock hazard, always be sure to put 
one telephone receiver off -hook 
while making attachments to the line 
to prohibit telephone system equip- 
ment from sending a ring signal. 

Older rotary -dial telephones are 
really pulsers that open and close the 
phone circuit a specific number of 
times for each digit dialed. They use 
a mechanical timing scheme to signal 
each dialed digit. Since Phone Miser 
expects to "see" an electronic tone 
pair for each individual digit, this 
mechanical "pulse" arrangement 
will not work with the project. If you 

should install Phone Miser in such a 
system, it will not inhibit long -dis- 
tance calling or requests for operator 
assistance, and your phone(s) will 
work as though the project was never 
connected into the system. 

Modern telephone instruments use 
all- electronic Touch Tone dialing 
that transmits audio signals com- 
posed of different simultaneous tone 
pairs for each digit. Tone frequen- 
cies range from 679 to 1,477 Hz and 
are tightly controlled and almost 
pure. For Phone Miser, our primary 
concern is with the digits 0 and 1. The 
tone pair for 0 is 1,336 plus 941 Hz 
and for 1 is 1,209 plus 697 Hz. This 
information is purely academic be- 
cause all filtering and decoding are 
done inside a single dual -tone multi- 
ple- frequency (DTMF) receiver chip 
that is the heart of Phone Miser. Ra- 
dio Shack supplies with this chip (see 
Parts List) a technical data booklet 
that provides additional information 
about interfacing with the telephone 
system, along with a schematic dia- 
gram that shows the DTMF chip be- 
ing used with an SK4515B decoder 
chip. This is the circuit arrangement 
used in Phone Miser. 

The DTMF chip is an excellent 
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performer. It exhibits excellent fre- 
quency response, low power drain 
and minimal falsing. A 10- megohm 
resistor and an inexpensive 3.58 - 
MHz TV colorburst crystal are the 
only external components required 
for tone decoding. 

About the Circuit 
Design goals for Phone Miser includ- 
ed a circuit that: requires no altera- 
tion of existing equipment; meets tel- 
ephone company requirements for 
attached devices; powers up only 
when the telephone is in service; and 
inhibits all long- distance calls. How 
this criteria was achieved is detailed 
in Fig. 1. The Current Sensor block is 

basically a series resistor that causes 
a voltage to be dropped across it 
when the phone receiver is off -hook. 
The Initialization Circuit presets 
values in the Register. 

To prevent long- distance calls 
from being dialed out, calls prefixed 
with a "1" must be blocked. Since 
operator- assisted calls begin with a 

"0," this type of call must also be in- 
hibited. The trick is to prevent Phone 
Miser from inhibiting any call not 
beginning with a 0 or 1 but has these 
numerals in another part of a legiti- 
mate local number. Therefore, the 
circuit must have memory of one dig- 
it, which is accomplished in the Reg- 
ister block in Fig. 1. The Latch is an 
RS flip -flop that stores information 
for implementing action based on 
decisions made by other circuitry. 

A detailed block diagram of the 
Register is shown in Fig. 2. This cir- 
cuit is made up of two D -type flip - 
flops from the eight available in a 
74LS273. (It was wasteful of the 
power of the 74LS273 to use it in this 
application, since only two of its 
eight stages are used. However, I 

used it because I had one on hand. 
You can substitute a less -wasteful 
dual -D flip -flop, but there will prob- 
ably be little or no cost advantage in 
doing so, and the printed- circuit 
board for the project will have to be 
modified accordingly.) 

The CLR input is used to initialize 
the Register. A high -low -high transi- 
tion sets all Q outputs low. Pin 1D is 

tied high to guarantee a logic 1 will 
always appear. With the first clock 
pulse, this high is shifted to 1Q and 
2D, where it is stored until the next 
clock pulse. Pin 2Q remains at logic 0 

through the first clock pulse. 
The second clock signal shifts the 

high at 2D into 2Q, creating a unique 
situation here. Providing the occur- 
rence of each digit signal is timed to 
coincide with the clock pulse, Regis- 
ter pin 2Q will be at logic 0 for only 
the first digit dialed. The DTMF chip 
generates the required timing signal, 
a strobe for each decoded digit. 

How the low proceeds through the 
circuit is shown in the timing dia- 
gram in Fig. 3. This is an ideal repre- 
sentation because we need not be 
very concerned with inherent com- 
ponent delay. We will use the output 
of 2Q for comparison when the deci- 
sion is made to pass or reject a dialed 
telephone number. 
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A complete schematic diagram of 
the project is shown in Fig. 4. Phone 
Miser is turned on and off by SI. 
This switch can be a key -type switch 
for security or a hidden slide or tog- 
gle switch, depending on type of 
phone installation. If security is a 
real problem, you might want to 
hard -wire Phone Miser between your 
phone and its service line. Also, the 
power supply used with the project 
should be made secure because, 
when unpowered, Phone Miser is 

transparent to all calls. 
The power -up reset required by 

the Register can be provided by the 
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logic levels vs. time in clock incre- 
ments for Register stages (neglecting 
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phone company, which provides its 
own power -up signal. However, for 
convenience, Phone Miser is de- 
signed to generate its own pulse, via 
IC4. This 555 timer delivers a pulse 
at pin 3 when power is applied. Resis- 
tor R3 and capacitor C2 set pulse du- 
ration to approximately 0.5 second 
(1.1RC). This pulse is inverted by 
one of the inverters in IC2, whose pin 
4 output goes to the CLR input of 
ICl at pin 1 to set the register. 

Resistor RI is a sensing device that 
provides forward bias for transistor 
QI when the phone is in service. 
When Ql turns on, Kl energizes and 
turns on power to the circuit. Diode 
D3 provides a dc voltage to the base 
of Ql. Diodes D4 and D5 protect QI 
by setting a maximum of 1.2 volts at 
the base. 

Transformer Tl and capacitors C3 
and C4 isolate DTMF chip IC5 from 
the telephone line. Ideally, TI should 
be a 600 -ohm 1 :1 line transformer. 
Zener diodes D6 and D7 shunt ringer 
voltage to ground. You may wish to 
shunt the line side of Ti and Rl with 
a 150 -volt surge protector to guard 
against lightning damage if this is a 
problem in your area. 

A pair of NAND gates inside IC3 
are used to form a latch circuit that 
changes state when a low is presented 
to either R or S (see Fig. 1). 

When the handset is lifted off - 
hook, current flows through Rl, 
causing Ql to turn on and energize 
Kl. This powers the circuit and 
causes IC4 to generate a pulse that is 

inverted before it is used to set ICI. 
Simultaneously, a low is sent to S of 
the latch to assure proper initial set- 
ting. When a "legal" first digit (2 

through 9) is dialed, IC5 interprets 
the tones and sends the result to IC6, 
which converts the hexadecimal to 
decimal code format, raising high its 
output corresponding to the dialed 
digit. Since only the 0 and 1 outputs 
are connected, no action is taken. 

Simultaneous with the decoding 
process, the strobe signal is generat- 
ed and clocks a high from 1D to 1Q 

and 2D (see Fig. 2). Output 2Q re- 
mains low, is inverted by an inverter/ 
buffer in IC2 and is compared with 
the output from the diode OR circuit 
made up of Dl, D2 and R4. This 
comparison takes place in one of the 
NAND gates in IC3. With both IC6 
outputs low, their OR combination 
will also be low and will combine 
with the high from pin 8 of IC2 to 

PARTS LIST 
Semiconductors 
D1 ,D2, D4,D5 -1 N914 switching diode 
D3 -1N34A diode 
D6,D7 -3.9 -volt, 0.5 -watt zener diode 
IC1- 74LS273 multiple D flip -flop 
IC2 -7404 hex inverter /buffer 
IC3 -7400 quad NAND gate 
IC4 -555 timer 
IC5 -DTMF receiver (Radio Shack 

Cat. No. 276 -1303) 
IC6- SK4514B decoder 
IC7 -7805 + 5 -volt regulator 
Q1,Q2- 2N2222 silicon npn transistor 
Capacitors 
C1- 1,000 -µF, 25 -volt electrolytic (see 

text) 
C2 -1 -uF, 10 -volt electrolytic 
C3- 0.01 -µF disk 
Resistors (1/4-watt, 10% tolerance) 
R1 -100 ohms 
R2 -4,700 ohms 
R3- 470,000 ohms 
R4,R5 -1 megohm 
Miscellaneous 
K1,K2 -6 -volt dc, 500 -ohm spst relay 

(Radio Shack Cat. No. 275 -004 or 
similar) 

S1 -Spst key- operated, slide or toggle 
switch (see text) 

Tl- Coupling transformer (Radio 
Shack Cat. No. 272 -1380 or similar; 
see text) 

XTAL- 3.579545 -MHz colorburst 
crystal 
Printed -circuit board or perforated 
board and suitable soldering or Wire 
Wrap hardware (see text); DIP sock- 
ets for IC1 through IC6; project en- 
closure (Radio Shack Cat. No. 270- 
210 or similar); two 1/4-inch inner- 
diameter rubber grommets; 6- to 18- 

volt dc plug -in power supply (see 
text); hookup wire; solder; etc. 
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l ig. 4. Complete schematic diagram 
of Phone Miser. 

provide a high at the NAND output, 
causing no change in the latch. 

The next digit dialed may produce 
either a high or a low at the OR out- 
put, depending on whether this digit 
is a 0, a 1 or any remaining digit. 
Since the strobe simultaneously 
clocks a high to 2Q, which will re- 
main high for the remaining se- 
quence of digits, the circuit will ig- 
nore all further input. Putting the 
handset back on -hook causes the 
voltage dropped across RI to drop to 
zero and shuts off the circuit. 

When an attempt is made to place 
a toll call, power -up occurs just as it 
did before. If either a 0 or a 1 is the 
first digit dialed, a high appears at 
the OR output, where it combines 
with the high from pin 8 of 1C2 to 
produce a low at the NAND output. 
This causes the latch to change 
states, sending pin 8 of 1C3 high and 
forward -biasing Q2. When Q2 draws 
current, K2 opens the phone -line cir- 
cuit and aborts the call. 

When K1's contacts open, the 
voltage dropped across RI falls; 
when it goes below the bias require- 
ments of Ql, power to the entire cir- 
cuit, including that to K2 (which is 
responsible for aborting the call), is 
shut off. By holding Q2 cut off until 
the charge on C2 is depleted through 
the base -emitter resistance of Ql, a 
valid call termination is generated. 
This sequence will repeat every time 
a 0 or a 1 is the first digit dialed. A lo- 
cal call can be made without putting 
the handset on -hook, provided you 
wait for a dialtone. 

Power for the project is supplied 
from an ordinary plug -in dc power 
supply that is able to deliver between 
6 and 18 volts. The output from the 
supply is regulated to a stable 5 volts 
by voltage regulator 1C7. 

Construction 
Though it is possible to build the 
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Fig. 5. Actual -size etching- and -drilling guide for printed- circuit board. 

Phone Miser by other traditional 
wiring means, printed- circuit wiring 
is highly recommended. You can 
fabricate your own pc board from 
the actual -size etching- and -drilling 
guide given in Fig. 5, which is sized to 
fit inside the Radio Shack enclosure 
specified in the Parts List. A couple 
of rubber grommets forced onto the 
enclosure's studs will hold the wired 
pc board in place. The enclosure's 
front panel is also large enough to ac- 
commodate a keyswitch, should you 
choose to use it for SI. 

If you decide to use perforated 
board with holes on 0.1 -inch centers 
and suitable soldering or Wire Wrap 
hardware instead of a pc board, use 
the same layout as that for the pc 
board as a rough guide to component 
placement and orientation. Though 
there is nothing critical about com- 
ponent placement (all frequency - 
sensitive circuitry is contained inside 
IC5), do make sure to locate R6 and 

crystal XTAL close to 105. 
Wire the pc board exactly as 

shown in Fig. 6. Make sure Cl, C2 
and all diodes are properly polarized 
and the transistors, ICs and trans- 
former are properly oriented before 
soldering their leads to the copper 
pads on the board. Do not install the 
ICs directly on the board. Instead, 
use a socket for each. Also, do not 
install the ICs in their respective 
sockets until after the preliminary 
voltage checks have been performed. 

Note in Fig. 6 that CI, all diodes 
and all resistors except R1 mount up- 
right -not flat on the board. Also, 
use insulated solid hookup wire for 
the seven jumpers noted. 

Do not use a jack- and -plug ar- 
rangement to route power from the 
plug -in dc power supply into the 
project case. Instead, cut the plug (if 
there is one) from the cord of the 
power supply you use and route it 

through a hole in the enclosure and 

solder it directly into the circuit. If 
you use a pluggable arrangement and 
someone accidentally (or purposely) 
unplugs it, you will lose the security 
Phone Miser is supposed to give you. 

As a further security measure, de- 
vise a means for getting ac power to 
the plug -in dc power supply that can- 
not be easily interrupted simply by 
pulling the supply's housing from 
the wall outlet. If security is a real 
problem, consider replacing the 
plug -in supply with a 6 -volt lantern 
battery. Do not use an ordinary 9- 

volt transistor battery, which would 
have to be replaced frequently (un- 
less you redesign the circuit around 
CMOS devices instead of the TTL 
devices shown). More security can be 
provided if you supplement the plug - 
in power supply with a battery /relay 
arrangement that will normally pow- 
er the circuit from the plug -in supply 
when it is plugged into an ac outlet 
but will automatically switch over to 
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Fig. 6. Wiring diagram for pc board. Use this layout for perforated -board construction as well. 

the battery should the power supply 
be unplugged from the ac outlet. 

Checkout & Installation 
After you have checked out all com- 
ponents for proper installation and 
your wiring for proper soldering, 
connect Phone Miser between your 
telephone line and an instrument. 
Make sure polarization is correct - 
that is, green line wire to green on the 
board and red line wire to red on the 
board. Plug the power supply into a 
convenient ac outlet. 

Turn on power to the project by 
closing Si and lift the telephone's 
handset off -hook. Connect the nega- 
tive or common lead of a dc voltme- 
ter or a multimeter set to read dc 
voltage to circuit ground and touch 
the meter's positive probe to the 
OUTPUT pin of 1C7 to read + 5 volts 
on the meter. Now check for the 
presence of + 5 volts at pins 3 and 20 
of ICI, pin 14 of IC2 and 1C3, pin 8 The wired project on a printed- circuit board. 
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of IC4; pins 2, 3, 5 and 8 of IC5; and 
pin 24 of IC6. If all readings are cor- 
rect, power down the circuit, unplug 
the power supply from the ac outlet, 
disconnect the telephone line and re- 
place the phone's receiver on -hook. 
If you did not obtain the proper volt- 
age reading at any point in the cir- 
cuit, recheck all wiring and solder- 
ing. Check particularly for unsol- 
dered or poorly soldered connections 
and for solder bridges, especially be- 
tween the closely spaced IC pads. 

Once you are sure the circuit is 

properly wired and soldered, install 
the ICs in their respective sockets. 
Make sure that each is properly ori- 
ented and that no pins overhang the 

Order Back Issues of 

IIIIÍ 

Be an FCC 
LICE N SED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an hour 
and more! 

Learn at home in spare time. 
No previous experience needed! 

No costly school. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License ". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications, Radio-W, Micro- 
wave. Computers, Radar, Avonics and 
more! You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 

This proven course is easy, fast and low 
cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 

Contra iD PRODUCTIOIIS 
FCC LICENSE TRAINING, Dept. 220 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
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CITY STATE_ZIP_ j 
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Fig. 7. Typical installation details. 
This arrangement has two secured 
(Phones B and C) and one unaffected 

(Phone A) telephone instruments. 

sockets or fold under between ICs 
and sockets. 

Once again, lift the telephone's 
handset off -hook and connect the 
project between the telephone line 
and your telephone (observe color 
coding). When you set SI to oN, you 
should hear KI click as it energizes. 
With a voltmeter or logic probe con- 
nected to circuit ground and pin 1 of 
IC6, pressing and releasing the key 
for any digit between 2 and 9 on your 
telephone's dial pad should register a 
strobe signal. 

Place the receiver back on -hook 
and then remove it and place it 
against your ear. You should hear a 
dialtone. Press and release the 1 but- 
ton on the dial pad. The dialtone 
should disappear and K2 should 
click. About a second later, the dial - 
tone should be restored. Try pressing 
the 0 button. You should get the 
same response as before. 

To observe the register counting 
for an in -area call, monitor pins 2/4 
and 5 of ICI. Pins 2/4 should change 
from low to high when the second 
digit is pressed, while pin 5 should re- 
main high until you hang up. 

There is one potential problem 
with the Phone Miser. That is if C2 
should discharge too quickly when a 
reset occurs. If this should occur, it 

might be interpreted by the tele- 

phone system as a digit 1 from a ro- 
tary-type dial. Should you experi- 
ence this, simply increase the value 
of C2 to 200 microfarads or more. 

If all tests are successful, you are 
ready to put Phone Miser into ser- 
vice. Before you do this, decide how 
you want to use the project. If you 
have only one telephone instrument 
or you want all instruments secured, 
simply install the project between the 
telephone line and the one instru- 
ment or between the telephone line 
and all instruments. Should you wish 
to secure only one or only selected in- 
struments in a multiple- instrument 
system, install Phone Miser between 
the telephone line and the one instru- 
ment or between the telephone line 
and the run to which the secured in- 
struments are connected. If all in- 
struments you want secured are on 
two or more runs, you will have to 
redo the wiring to put all of them on 
the same run. Figure 7 shows how 
two instruments can be secured and 
one can be bypassed in a three -in- 
strument system. 

When installing the project, put it 
between the telephone line that feeds 
the instrument to be secured and its 
modular -jack box. In a system where 
more than one instrument is to be se- 
cured, install Phone Miser between 
the first instrument in the line's mod- 
ular -jack box and the phone -line 
run. Finally, if one or more instru- 
ments are to be permanently secured, 
you can dispense with Si altogether. 

A final note: Be careful with color 
coding when connecting Phone Mis- 
er into the telephone line. Current 
must flow in the proper direction 
through RI for the project to turn 
on. If you experience any turn -on 
difficulties, recheck your wiring. If it 
looks okay and the problem persists, 
try reversing the line connections. 

With Phone Miser standing guard, 
you have control over calls made 
from your telephones. If you had a 
problem with long- distance calls in 
the past, you will find that you no 
longer have one. AE 
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They're Here! 

FUN PROJECT BOOKS 
You'll want these two exciting proj- 
ect books, packed with complete 
plans for building a wide variety of 
useful electronic devices. The First 
and Second Books of Modem Elec- 
tronics Fun Projects, both Howard 
W. Sams publications, are now 
available. 

You'll find all the how -it -works informa- 
tion, schematics, photos, drawings, 
printed -circuit guides and parts 
sources to make it a snap to build al- 
most 50 useful, unique electronic de- 
vices at modest cost. 

Discover how these circuits and mod- 
em electronic devices perform their 
magic. Learn practical electronic tech- 
nology the painless way and have fun 
doing it! 

All projects are based on material pub- 
lished in Modern Electronics, with up- 
dates and revisions. They've been built 
and tested by the original authors. 
Chapters are divided into Intro To Elec- 
tronic Projects, Home Electronics, 
AudioNideo Electronics, Security Elec- 
tronics, Computers, Test Equipment, 
and Electronic Designing. There's 
something for everyone! 

Look at what you can build & take pride in: 

'Digital voltmeter accessories -high- 
frequency ac probe, true -mis adapter, 
temperature probe 

'Car projects- anti -theft alarms, engine 
tachometer 

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

'Computer system power controller 
*Dual-pulse generator 
`Surround -sound audio enhancer 
*Security- telephoned status reporter, 
alarm control center 

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

The Fun Projects are capped by introduc- 
tory information on building projects and 

kits (tools needed, parts sources, etc.) 
and advanced design techniques that il- 

lustrate how a designer thinks and plans 
when putting together a practical end 
product. 

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

the world of electronics. 

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

OTY 
Name 

Date: 

Title Price Total 

Address 
First Book 
of Modem 

$12.95 ea. 

Electronics 
City Fun Projects 

State Zip Second Book 
of Modem 

$12.95 ea. 

( ) Check ( ) MasterCard ( ) VISA Electronics 

Card No 
Fun Projects 

Total 
Expires 

*Shipping 

Signature Grand Total 

(Signature required on all charge orders) 
'Shipping charges S2 per order. Orders processed day 
received, but please allow 30 days for delivery. 

Say You Saw It In Modern Electronics 

HAM RADIO 

IS FUN! 

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

Your passport to ham radio adventure is 

TUNE -IN THE WORLD WITH HAM 
RADIO. The book tells what you need to 
know in order to pass your Novice exam. 
Two cassettes teach the code quickly 
and easily. 

Enclosed is my check or money order for 
$15.00 or charge my 
( ) VISA ( ) Mastercard ( ) Am. Express 

Signature 

Acct. No 

Good from Expires 
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Address 
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Project 

R/C Aircraft Crash Saver 
An accurate battery status indicator for on -board 
radio -control gear ensures availability of sufficient power 
for takeoff and landing of costly model airplanes 

By Harold Wright 

More than 100,000 enthusi- 
astic radio -control hobby- 
ists put a lot of money at 

risk every time they send their mod- 
els into the wild blue yonder. Some 
of these models have 6 -foot wing 
spans and took hundreds of hours to 
build and get into flying condition, 
aside from the cost of the model and 
its accompanying radio -control re- 
ceiver, transmitter and servomech- 
anisms. The whole system depends 
on a small Ni -Cd battery's power, 
which has only a 0.6 -volt cushion to 
ensure that it will operate the air- 
borne model's rudder, elevator, aile- 
rons and throttle. If battery voltage 
drops below this tolerance, the air- 
borne model may not be able to be 
landed safely. 

The accurate (to two decimal 
places) push -to -test battery status in- 
dicator presented here ensures that 
there is enough power left to make a 
smooth, controlled landing. Typical- 
ly, an airborne receiver and servo - 
system battery pack has four Ni -Cd 

R-C 
AIR PL ARE 

SATTERT STATUS 
METE R 

cells, each delivering 1.2 volts, series 
connected to provide 4.8 volts when 
fully charged. It is considered risky 
to launch an R/C model aircraft if 
battery output drops to 4.2 volts, so 
the "pilot" needs to know with con- 
siderable accuracy if he might be sen- 
ding up his plane just once too often. 
With only 0.6 -volt tolerance, the 

usual expanded -scale analog meter 
used for this purpose is inadequate. 

Out R/C model airplane battery 
status meter uses a quad compara- 
tor, an adjustable voltage- reference 
chip and a series of four light -emit- 
ting diodes in three colors to tell you 
when your batteries are fully charges, 
when they are at intermediate levels 
of charge, and when the charge on 
them is too low for safe operation. 
This simple tester, in its raw state, 
weighs between 1 and 2 ounces and 
can be built right into a model air- 
plane. If you have more than one 
model, you can build the project into 
a hand -held case and use it to moni- 
tor the status of the batteries in all 
of them. 

About the Circuit 
As shown in Fig. 1, the heart of the 
battery test meter is 339 quad compa- 
rator IC/. The principle used to dis- 
play battery status is similar to that 
used in such bargraph ICs as the 
3914. With this meter, however, each 
individual step can be calibrated to a 
high degree of accuracy. All invert- 
ing ( -) inputs can be tied to LM336Z 
2.5 -volt reference IC2. Calibrated 
with R26, 1C2 holds the reference at 
2.50 volts through a wider range of 
input voltages than is needed for this 
project meter. 

Battery voltage to be monitored 
connects between the circuit com- 
mon (negative pole) and the invert- 
ing inputs of ICIA through ICJD 
(positive pole) through multi -turn 
trimmer potentiometers RI, R7, R13 
and R19. When it goes high, the out- 
put of each comparator turns on its 
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Fig. 1. Complete schematic diagram of battery tester. 

associated transistor and lights the 
light- emitting diode connected to it. 

Calibration is such that with 4.80 
volts on the input line, all four LEDs 
light. If there is a drop of a few hun- 
dredths of a volt, green light -emit- 
ting diode LED4 extinguishes. The 

remaining LEDs extinguish with 
lower battery voltages: yellow LED3 
just below 4.6 volts and yellow LED2 
just below 4.4 volts. With only red 
LED) on, battery output is 4.2 volts 
or less. 

With slowly changing input volt- 

Fig. 2. Interior view of project. 

ages, the LM339 has a tendency to 
oscillate. By giving the comparators 
a small amount of "snap" action, 
any tendency toward oscillation is 

eliminated. Resistors R3, R9, R1S 
and R21 connected between the non - 
inverting ( + ) inputs and the outputs 
of each comparator provide the 
needed snap action for IC1A through 
ICID, respectively. 

To minimize the drain on the bat- 
tery under test, S1 is a momentary - 
action, normally -open pushbutton 
switch. To make a battery test, SI 
would be pressed for only as long a 
time as needed for the display to 
stabilize. 

Construction 
Construction is simple and straight- 
forward. It should take only a couple 
of hours to build the project. 

Weighing only an ounce or so, the 
circuit could be mounted inside the 
fuselage of the R/C model airplane, 
with the LEDs visible through a 
small clear plastic window and the 
TEST switch (SI) where it can be eas- 
ily reached to press from outside the 
model. If there is a problem (perhaps 
because the button interferes with 
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Fig. 3. Actual -size etching -and -drilling guide for fabricat- 
ing printed- circuit board. 

the plane's streamlining), you can ce- 
ment a small normally -open reed 
switch on an inside surface of the 
model in place of the pushbutton 
switch and place a magnet near the 
reed when you want to take a reading. 

If you have more than one model, 
it would be better to build the battery 
tester into a small hand -held plastic 
case and equip it with a length of 
twin- conductor cable terminated 
with a connector that mates with the 
one normally used for charging the 
battery. If you have more than one 
model, use the same type of connec- 
tor on all of them for easy, conve- 
nient testing. (There does not seem to 
be a set standard for these connec- 
tors among the various manufactu- 
rers of batteries.) 

Because this is a pure dc circuit, no 
special component layout is required 
when wiring the components into 
place. Therefore, you can use any 
traditional method of wiring that 
suits you. Figure 2 is a photo of the 
prototype assembled on an unclad 
matrix board with holes on 0.1 -inch 
centers. Wiring here was accom- 
plished with the aid of the stick -on 
copper pattern and tape system de- 
scribed in "The `Easy Circuit' Way 
to Make Circuit Boards (Modern 
Electronics, March 1985). However, 
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Fig. 4. Wiring guide for pc board. 

PARTS LIST 

Semiconductors 
LED 1- High- efficiency red light -emit- 

ting diode 
LED2,LED3- High- efficiency yellow 

light- emitting diode 
LED4- High- efficiency green light - 

emitting diode 
IC1 -LM339 quad comparator 
IC2- LM336Z 2.5 -volt reference 
Q1 thru Q4- 2N2222 npn transistor 
Capacitors 
C1- 10 -µF, 10 -volt electrolytic 
C2- 0.01 -µF disc 
Resistors (1/4-watt, 10% tolerance) 
R2,R8,R14,R20- 10,000 ohms 
R3,R9,R15,R21 -1 megohm 
R4,R1O,R16,R22-3,300 ohms 
R5,R11,R17,R23 -6,800 ohms 

R6,R12,R18,R24 -470 ohms 
R25 -2,200 ohms 
R 1, R7, R 13, R 19- 50,000 -ohm trimmer 

potentiometer (Bourns No. 3006P -1- 
503 or equivalent) 

R26 -10,000 -ohm trimmer potentiom- 
eter (Bourns No. 3299W -1 -103 top - 
adjust) 

Miscellaneous 
Sl -Spst normally open, momentary - 

action pushbutton switch 
Printed -circuit board or other wiring 
medium (see text); suitable enclosure 
(see text); 24 -inch two -conductor ca- 
ble; load resistor (see text); battery 
connector (see text); lettering kit; 
machine hardware and spacers; 
hookup wire; solder; etc. 

you can use appropriate solder -type 
or Wire Wrap hardware or a home - 
fabricated printed- circuit board. 

If you use the self -stick pattern - 
and -tape method, make sure you 
check each soldered joint with a low - 
range ohmmeter. Joints that look 
good to the eye can remain open cir- 
cuits if the end of one tape curls a lit- 
tle where it overlays another tape or 
pattern. 

You can fabricate your own 
printed- circuit board from the actu- 
al -size etching- and -drilling guide 
shown in Fig. 2. Once you have the 
board ready, refer to the wiring dia- 
gram in Fig. 3 to install a good -qual- 
ity DIP socket for IC1, then install 
the resistors, capacitors, transistors 
and IC2 in that order. Make sure you 
properly polarize electrolytic capaci- 
tor CI and have the basings correct 
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for the transistors and IC2. 
A 5 " /,6" x 3 '/" x 2" plastic box 

like that shown in the lead photo 
makes an almost ideal case in which 
to house the battery tester for hand- 
held use. The bottom of the box is 

used as a front panel, on which to 
mount the circuit -board assembly 
and TEST switch and through which 
the domes of the LEDs protrude. 
You also need access holes for the 
trim screws on the trimmer pots and 
entry for the battery cable. 

The length of the spacers used to 
mount the circuit -board assembly in- 
to place is partly related to the 
mounting of the LEDs. You must 
drill four holes in the bottom of the 
box to match the spacing on the cir- 
cuit board. These holes should be 
sized to provide a light push fit for 
the LEDs you use. Mount the LEDs 
on the solder side of the board, mak- 
ing sure you properly polarize them. 

To set the height of the LEDs 
evenly above the board, temporarily 
bolt two spacers to the solder side of 
the board and stretch a strong thread 
between the spacers under the bolt 
heads to give a line that represents 
the inside surface of the panel on 
which the assembly mounts. Line up 
each LED's base (or its lip if it has 
one) with the taut thread and solder 
into place. 

Temporarily mount the circuit - 
board assembly in the box (see Fig. 2) 

to determine the height from the bot- 
tom the four holes for the trimmer 
potentiometers must be. Accurately 
mark each hole location. Dismount 
and set aside the circuit -board as- 
sembly. Drill a hole large enough at 
each marked location to admit a jew- 
eler's screwdriver. Make a strip of 
stiff plastic, such as Plexiglas, to 
cover the four holes after calibrating 
the battery tester. This plastic can be 
held in place with a pair of short 4 -40 
machine screws in threaded holes in 
the plastic. If you leave these holes 
open, you will find that a few ants or 
other insects will find their way into 
the box on a grassy airfield. 

Strip 1/4 inch of insulation from 
both conductors at both ends of a 
two -conductor cable. twist together 
the fine wires in each conductor and 
sparingly tin with solder. Solder to 
one end of this cable a connector that 
mates with the battery in your model 
airplane. Pass the free end of this ca- 
ble through its hole in the box and tie 
a knot in it about 6 inches from the 
prepared end inside the box to serve 
as a strain relief. Solder the conduc- 
tor that goes to the connector's + 
terminal to one lug of the TEST 

switch and the other conductor in the 
hole labeled si. 

Plug IC) into its socket. Note the 
correct orientation of this IC and 
make sure no pins overhang the 
socket or fold under between IC 
body and socket. 

Mount the board inside the box 
(make sure the LEDs are seated in 
their holes in the "front" panel) with 
appropriate length spacers and ma- 
chine hardware. 

Calibration 
A stable variable -voltage bench sup- 
ply that can be adjusted over a 3.0- 
to -5.0 -volt range is needed to cali- 
brate the battery tester. You also 
need a digital voltmeter that has a 
resolution of two decimal places. If 
you do not have this type of equip- 
ment, it is almost certain that one of 
the members in your local flying club 
has them and will be happy to cali- 
brate your tester for you. 

Connect the voltmeter across the 
bench power supply and set the latter 
to exactly 4.8 volts on the meter. 
Then connect the voltmeter between 
circuit common at the negative (- ) 
side of CI and the R25 /IC2 point on 
the circuit board. Adjust R26 for a 
reading of 2.50 volts. Return the 
voltmeter to the bench supply. If all 
four LEDs are on, adjust R9 until 
green LED4 just extinguishes. What 
you want here is a potential on the + 
inputs to the comparators of about 
2.48 or 2.49 volts. 

Connect the voltmeter between 
pin 20 of ICI and circuit common. 
Readjust R19 until LED4 turns fully 
on. You do not want this LED to be 
off when the battery is at 4.80 volts. 

Readjust the bench supply to 4.6 
volts and trim R13 until the potential 
at pin 9 of ICI is at 2.48 or 2.49 volts, 
at which time LED3 should extin- 
guish. Change the supply's output to 
4.40 volts and adjust R7 for a read- 
ing of 2.48 or 2.49 volts at pin 7 of 
IC) and LED2 extinguishes. Finally, 
adjust RI until LEDI just extin- 
guishes and then bring up the adjust- 
ment until it comes fully on again. 

With calibration complete, slowly 
adjust downward the output from 
the bench supply to simulate a dying 
battery. Note as the voltage de- 
creases the LEDs each go out at the 
correct voltage levels. 

It would be unrealistic and mis- 
leading to check a model's battery 
output without an appropriate load. 
The battery tester itself draws about 
36 milliamperes of current without a 
load on the battery and with all four 
LEDs on. This load decreases as the 
LEDs successively extinguish. To 
take a proper reading, you need a re- 
sistive load across the battery, shown 
in Fig. 3 as LOAD. 

No value is given for this load re- 
sistor in the Parts List because the 
current drawn by the various receiv- 
ers and servos used in model air- 
planes varies from model to model. 
To determine the value of load resis- 
tance to use with this project, look 
up the current drains of your servos 
and receiver. Multiply the servo 
drain by the number of servos being 
used and add to the result the drain 
of the receiver to get a total figure. 
Then use Ohms law to calculate the 
value and wattage needed for the 
load resistor. For example, if the to- 
tal load is 74 milliamperes, 64 ohms 
would be the value of the resistor 
needed for the load. Since this is not 
a stock value, you would use a 68- 
ohm, 1 -watt resistor. 

Happy landing! 
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Project 

An Automatic Printer 
Power Controller 

Switches on a printer and external printer buffer 
automatically when you power up any computer 
sharing them in a multi -computer setup 

By Ralph Tenny 

When you have one com- 
puter and one printer, 
life is easy. Add a printer 

buffer so the printer doesn't hog the 
computer during printing, and life 
gets better. Add another computer 
and a way of switching the printer 
buffer between computers, and 
things are still okay. However, if 
you're like most people, each com- 
puter you have is controlled by its 
own power strip, with the printer 
plugged into the one that's most fre- 
quently used. So if you want to use 
your printer and buffer (if you have 
one) with computer number two, 
you have to unplug them from num- 
ber one's power strip and plug them 
into number two's if you want auto- 
matic power -up when the computer 
is turned on. Or you can plug the 
printer and buffer into their own sep- 
arate wall outlets and manually 
switch them on and off whenever 
you need them. 

What you need, especially if you 
have more than two computers that 
are to be used with the same printer, 
is a device that will automatically 
power up /down the printer and buf- 
fer whenever any computer in your 
system is turned on. This is what the 
automatic printer power controller 
described here does. With this power 
controller, life with a multiplicity of 
computers that share the same print- 

er and buffer suddenly becomes al- 
most as easy as it was when you had 
only one computer. 

Our automatic printer power con- 
troller connects to each computer 
with which it is to be used via a cable 
that taps off the computers' + 5 -volt 
and ground lines. Turning on any 
computer sends 5 volts to the con- 
troller, which then powers up the 
printer and buffer plugged into it. 
Turning off the computer cuts off 
the 5 volts and causes the controller 
to power -down the printer and buf- 
fer. The whole operation is automat- 
ic. Your only extra step is to switch 
the printer or buffer to the computer 
you want to use. Interfacing between 
the computers and controller is 

through optical isolators, any num- 
ber of which can be added as needed 
for the computers you have. 

About the Circuit 
Shown in Fig. 1 is the complete sche- 
matic diagram of the automatic 
printer power controller. Power 
transformer T1 and rectifier /filter 
BR 1 /C1 power relay RL YI to switch 
power to the printer and printer buf- 
fer plugged into the ac power sock- 
ets. The same dc voltage used to 
power the relay circuit is stabilized 
by zener diode Zl to power quad 
CMOS Schmitt trigger ICl to drive 
the relay via buffer transistor Ql. 

Since I also have a Tandy Model 
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100 laptop computer, momentary - 
action the ON pushbutton switch al- 
lows me to activate the printer on 
rare occasions when I print from this 
computer. A separate OFF pushbut- 
ton switch allows me to turn off the 
printer when I'm finished working. I 

could have included another IC to 
sense when the computers are turned 
off. However, I didn't feel this was 
worth the effort or expense. 

Sections ICIA and ICIB for this 
application are connected as a latch 
that drives QI when the output of 
ICIA goes high. This condition oc- 
curs when the ON switch is closed or 
when either OP1 or OP2 detects a 
computer has been turned on. Note 
that these optical couplers are pow- 
ered by the + 5 -volt supplies in their 
respective computers only when the 
computers themselves are turned on. 
Resistors Rl and R2 limit the current 
from the computer power supplies to 
a level suitable to turn on OPI and 
OP2, respectively. 

When either (or both) optocoup- 
lers are turned on, current through 
R3 pulls ICIC's inputs low. This 
causes ICID to pulse ICIA on via 
CI, which is exactly what occurs 
when the ON switch is pressed. Resis- 
tor R4 holds the latch input high ex- 
cept when the ON switch or Cl pulses 
the input low to set the latch. Diode 
Dl protects the input of the latch 
from negative swings that could be 
generated when the power supply 
turns on. 

On the other side of the latch, the 
OFF switch resets the latch by dis- 
charging C2 through. RS, while R6 
and D2 protect the input of the latch 
from negative inputs. Also, R6 and 
C2 hold the input of ICIB low when 
power is applied. This forces the 
latch to power up in the off state. 

Resistor R7 provides base current 
for QI whenever the latch is in the 
ON state. Diode D3 protects transis- 
tor QI from the inductive kickback 
generated when the relay turns off. 

The power supply consists of 

R3 

ICiC IC1D 
OPI r 

Cl 

R1 
+ 5v. 

TO COMPUTER #1 
GND 

R2 
+ 5v. 

TO COMPUTER #2 
GND 

PARTS LIST 

Semiconductors 
BR1- 50 -PIV, 1- ampere bridge- recti- 

fier assembly or individual 1N4001 

rectifier diodes 
D1,D2- 1N4148 switching diode 
D3- 1N4001 rectifier diode 
IC1- CD4093 CMOS Schmitt trigger 
0131 ,OP2 ... OPn- General -purpose 

TTL -level optical isolator (4N25 or 
similar) -see text 

Q1- MPS3904 npn transistor (Radio 
Shack Cat. No. 276 -2016) 

Capacitors 
C1- 0.01 -µF, 50 -volt film 
C2 -1 -µF, 35 -volt tantalum 
Resistors (10% tolerance) 
RI ,R2-1,000 ohms, '/a watt 
R3- 22,000 ohms, '/a watt 
R4- 100,000-ohms, '/a watt 
R5 -1,000 ohms, '/ watt 
R6- 220,000 ohms, 'A watt 

D3 

POWER 
SOCKET 

R7 -4,700 ohms, '/a watt 
R8 -82 ohms, '/2 watt 
R9 -330 ohms, 'h watt 
Miscellaneous 
RLY1 -12 -volt dc dpdt relay with 5- 

ampere contacts 
T1 -12 -volt, 300 -mA power trans- 

former 
Two momentary- action spst push- 
button switches; dual 3-contact ac re- 
ceptacle assembly; miniature phone 
jacks for inputs (see text); printed - 
circuit board or perforated board 
with holes on 0.1 " centers and 
suitable Wire Wrap or soldering 
hardware (see text); three -conductor 
ac line cord with plug; suitable enclo- 
sure and wall plate (see text); rubber 
grommet (to line ac line cord entry 
hole); lettering kit; pacers; machine 
hardware; hookup wire; solder; etc. 

Fig. I. Complete schematic diagram of automatic printer power controller. 
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Fig. 2. Prototype of circuit -board assembly wired on perforated board. Upper 
photo shows top side of board, lower photo shows bottom of board. 

transformer Tl, bridge rectifier 
BR1, filter capacitor C3, resistors R8 
and R9 and zener diode ZI. Current 
limiting for RL Y1 is provided by R8. 
Both R9 and Zl stabilize the voltage 
for ICI. The contacts of RLYI 
switch 117 -volt ac line power to both 
contacts of a standard three- conduc- 
tor wall outlet. In operation, the 
printer power cord would be plugged 
into one socket, while the printer 
buffer cord would be plugged into 
the other socket. 

Construction 
There is nothing critical about circuit 
layout. Therefore, you can use any 

traditional wiring technique that 
suits you, including a printed- circuit 
board of your own design and a per- 
forated board (with holes on 0.1 " 

centers) and suitable Wire Wrap or 
soldering hardware. In either case, 
it's a good idea to use DIP integrat- 
ed- circuit sockets for IC1, OPI and 
OP2. The prototype shown in Fig. 2 

was wired on perforated board. The 
upper photo shows a top- of -the- 
board view, while the lower shows 
the solder side. In this particular 
case, neither sockets nor other hard- 
ware were used. 

The only important point to keep 
foremost in mind with regard to con- 
struction is electrical safety. As not- 

ed in Fig. 1 and the Parts List, you 
must use a grounded three- conduc- 
tor line cord and ac sockets, with the 
green ground wire going to the metal 
chassis to complete the ground cir- 
cuit for the printer and buffer. 

A common aluminum utility box 
was used for the prototype of this 
project (see lead photo), though it 
did require a respectable amount of 
chassis work to make the cutout for 
the power sockets. If you go this 
route, make sure the project box you 
choose has enough depth to permit 
mounting the circuit -board assembly 
on the floor and the power sockets 
above, with enough room between 
the two to prevent interference with 
each other. 

If you prefer, you can use a stan- 
dard four -outlet electrical box, with 
the circuit -board assembly mounted 
in one half of the box and the two 
sockets in the other half. This will 
eliminate extensive chassis work, 
and the box can be covered with a 
standard two- socket, one -switch 
wall plate, with the switch slot cov- 
ered over with electrical tape or a 
glued -on metal or plastic plate. This 
type of box lets you avoid any inter- 
ference whatsoever between the cir- 
cuit -board assembly and power sock- 
ets, though at the expense of a larger 
enclosure. On the other hand, if you 
need more room for the additional 
optical -coupler computer inputs, the 
double electrical box provides ample 
room to stack another board on 
which the extra circuitry can be 
mounted below the first. 

Whichever type of enclosure you 
choose, drill holes for the ac line 
cord, the switches and the jacks for 
the various inputs from the comput- 
ers to the optical isolators, as well as 
for mounting the circuit -board as- 
sembly (and for mounting the ac re- 
ceptacles if you use the aluminum 
utility box). Once you've drilled 
these holes, deburr all cut and drilled 
holes to remove sharp edges. Then 
line the line -cord hole with a rubber 
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Fig. 3. Circuit -board assembly mounted on floor of aluminum utility box using 
spacers and machine hardware. 

grommet, and mount the switches in 
their respective locations. 

Miniature phone jacks make ex- 
cellent input connectors for the proj- 
ect. Mount these in their respective 
holes. Then wire them to the appro- 
priate points in the circuit. Connect 
and solder heavy -duty hookup wires 
or at least 18 -gauge zip -cord conduc- 
tors to the contacts of the relay. 

Mount the circuit -board assembly 
in the selected location inside the 

box, using ' " spacers and 4 -40 or 
6 -32 x 3/4 "machine screws, nuts and 
lockwashers (see Fig. 3). Then con- 
nect and solder the free ends of the 
wires last connected to the circuit - 
board assembly to the ac line cord 
and power receptacles and wire the 
switches and jacks into the circuit. 
Use a voltmeter to trace from the 
power -cord plug to the socket to 
make sure you've attached the low 
side of the line cord to the wide -blade 

receptacles and the high side to the 
narrow receptacles of the sockets. 

Mount the power sockets, sand- 
wiching the free end of the ac line 
cord's green (ground) wire between 
one of the receptacle assembly's 
mounting tabs and the box to com- 
plete the ground circuit. With the 
project completely assembled, re- 
check all your wiring against Fig. 1, 

especially with respect to the inte- 
grated circuit and optical isolators. 
Also, check to make sure the diodes 
and electrolytic capacitor are proper- 
ly polarized. Once you're satisfied 
that your wiring is correct, finish as- 
sembling the project. 

Plug your printer into one power 
socket, your printer buffer into the 
other power socket and the project's 
line cord into an ac receptacle. 
You're ready to enjoy the advan- 
tages of completely automatic print- 
er /buffer switching. IYE 

A Career Start in 
21st Century Electronics 

This interior view shows mounting details for dual ac receptacle and two push- 
button switches on the front panel and three (you can have as many more as 

needed) input jacks in one side panel. 

Say You Saw It In Modern 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. 
King Jr. Blvd., Los Angeles CA 90037. 

Accredited by National Home Study Council 

CIRCLE 49 ON FREE INFORMATION CARD 
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Project 

A 16- Channel 
Digital IC Tester 

An easy -to -build project that simplifies 
troubleshooting digital circuits 

By David Leithauser 

When you build and test a 
project that uses digi- 
tal integrated circuits, 

chances are that the test you perform 
most frequently is determining wheth- 
er a given input or output is high or 
low. If you're like most of us, you 
use either an oscilloscope or a logic 
probe to perform this test. While 

both instruments are good in their 
own ways, a far more informative in- 
strument is a multi -channel logic an- 
alyzer like the 16- channel tester de- 
scribed here. This type of instrument 
can monitor and report on the status 
of all 16 pins of a typical digital IC si- 
multaneously. With about two hours 
at your workbench and an invest- 
ment of around $15, you can make 
this instrument. Moreover, it can be 
expanded for use with 20 -, 24- and 

even 40 -pin digital ICs at little ex- 
tra cost. 

About the Circuit 
Our 16- channel digital IC tester con- 
sists of a series of 16 independent but 
identical logic probes. Each of these 
"probes" consists of a simple invert- 
er /buffer, two light- emitting diodes 
and two resistors with some conven- 
ient type of input connector. Because 
all 16 probes are identical, the circuit 
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Input 

v+ 

R1 

3.3K 

LEDI 
(input high) 

LED2 
(input low) 

R2 

3.3K 

IC1 

7674LSO4 

Fig. 1. Schematic diagram of only one 
of the 16 (or more -see text) logic 
"probes" that make up the digital 

IC tester. 

shown in the schematic diagram for 
one probe is all that's needed to ex- 
plain project operation. 

A basic version of this tester would 
have 16 channels. Since there are six 

inverter /buffers in a single 74LSO4 

IC, you need a minimum of three 
such ICs, which leaves two extra in- 
verter /buffers that aren't used. If 
you wanted to build a 20 -, 24- or 
40 -pin tester, you would have to add 
extra probe channels, each with their 
own inverter /LED /resistor arrange- 
ment. For a 20- or 24 -pin tester, you 
need four 74LSO4s (all inverter /buf- 
fers used for the latter but four not 
used for the former); for a 40 -pin 
tester, you need seven 74LSO4s (two 
inverter /buffers not used). Inputs to 
the buffers would be made through a 
ribbon cable terminated in a clip -on 
connector with contacts for all pins 
of an IC under test. There would also 
be two extra leads, one terminated in 
a red alligator clip or ball -type hook 
connector for the + 5 -volt power in- 
put and the other terminated in a si- 

milar black connector for power (and 
signal since both share the same elec- 
trical point) ground. 

Not shown in the schematic dia- 
gram are the + 5 -volt and ground 
connection points in the circuit. 
These go to pins 14 (+ 5 volts) and 7 

PARTS LIST 

ICI -74LSO4 hex low -power Schottky 
inverter /buffer 

LED!,LED2 -Jumbo red light -emit- 
ting diodes (two per channel) 

R1,R2 -3,300 -ohm, '/, -watt, 10% tol- 
erance resistors (one for each LED 
used) 

Misc. -One each red and black minia- 
ture alligator clips or spring -loaded 
ball -type hook connectors (see text); 
IC test clip (16 -, 20 -, 24- or 40 -pin; 
see text); printed- circuit board or 
perforated board and suitable solder- 
ing or Wire Wrap hardware; sockets 
for ICs; 24 -inch length of multi -con- 

ductor ribbon cable (number of con- 
ductors depends on number of lines 
needed for test clip); two small alliga- 
tor clips or spring -loaded ball -type 
hook connectors; one each red- and 
black -insulated 24 -inch length of 
stranded hookup wire or test -lead 
wire; suitable plastic enclosure; insu- 
lating tubing; machine hardware; 
hookup wire; solder; etc. 

Note: The number of ICs, IC sockets, LEDs, 
dropping resistors, contacts on IC test 
clip and conductors in ribbon cable de- 

pends on how many channels are used. 
See text for details. 

(ground) for all 74LSO4 inverter/ 
buffer packages used. 

The red and black connectors tie 
to the + 5 -volt and ground points of 
the circuit of the IC to be tested to 
provide power for the project. With 
the connector clipped onto the IC to 
be tested, each conductor of the rib- 
bon cable serves as an input line to 
each of the inverter /buffers that are 
active. If an input of any given tester 
channel is high, the output of the in- 
verter /buffer for that channel will be 
low, which will turn on LED1. Con- 
versely, if the input is low, the output 
of the inverter buffer will be high and 
LED2 will turn on. If there is no out- 
put at a given IC pin, the signal will be 
at neither + 5 volts nor near ground 
potential, which will result in neither 
LED for that channel lighting. 

Power monitoring is automatical- 
ly taken care of when the ribbon -ca- 
ble connector is clipped onto the IC 
under test and power is applied. 
Whichever pin has the steady + 5 

volts applied to it will deliver to the 
project a constant + 5 volts that will 

cause LED1 for that channel to light. 
Conversely, the pin that serves as 

power and signal ground will be at 0 

volt so that LED2 for that channel 
will be on continuously. 

Because this tester has separate 

HIGH and LOW LEDs for each chan- 
nel, brief pulses are easier to spot 
than with some costly commercial 
models, which usually have only one 
LED per channel. If both LEDs in a 
given channel appear to be on at the 
same time, this is an indication of 
rapid high /low transitions. If the 
LEDs are well- matched, you can 
even estimate the signal's duty cycle 
by observing the relative bright - 
nesses of the two LEDs. 

Though the schematic diagram 
and the Parts List both specify 
74LSO4 inverter /buffers, you can 
use standard 7404 TTL devices. 
However, the "LS" (low -power 
Schottky) devices specified will draw 
less power from the circuit of the de- 
vice being tested and, more impor- 
tantly, will cause less interference 
with the IC under test. 

Construction 
Since there's nothing critical about 
component mounting and layout, 
you can use any traditional method 
of wiring for the ICs and resistors 
that suits you. For example, you can 
design and fabricate your own 
printed- circuit board or use perfor- 
ated board with holes on 0.1 -inch 
centers and suitable soldering or 
Wire Wrap hardware. In either case, 
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Fig. 2. Actual -size etching- and -drilling guide for up to 24- channel tester. 
Two boards are needed for a 40 pin device tester. 

it's a good idea to use sockets for all 
integrated circuits. 

Note that the Fig. 2 etching -and- 
drilling guide and Fig. 3 wiring dia- 
gram show a layout for up to a 24 -pin 
tester. If you wish to test only 14- and 
16 -pin ICs, you can leave out one IC 
and the resistors and LEDs that go 
with it. For a 24 -pin tester, include 
all four IC stages, resistors and 
LEDs. For a 40 -pin tester, you need 
two of the Fig. 2 boards, one fully 
populated and the other lacking only 
one IC and its associated components. 

Note, too, in Fig. 3 that all resis- 
tors mount upright on the board, 
with the bodies mounted directly 
over the circled holes. This is done to 

conserve space to make as compact a 
unit as possible. 

Wire the boards exactly as shown 
in Fig. 3, installing and soldering in- 
to place first the IC sockets and then 
the resistors. Trim '/, inch of insula- 
tion from both ends of as many 
3 -inch lengths of hookup wire as 
needed to make the connections to 
the off -the -board LEDs. Use black - 
insulated wires for the cathodes and 
red -insulated wires for the anodes. 
Plug one end of each of the black -in- 
sulated wires into the holes labeled K 
and solder into place. Similarly, plug 
one end of the red -insulated wires in- 
to the LED holes that are not labeled 
and and solder into place. 

RESISTORS 
3k) 

GI 1 

01010 OOÓ II ó óó 0 0 0 
O 74LSO4 

74`s°4 
. 74LS04 

. 
74LSO4 

000 000 000 00 
101 t TOLL°111 0 01 T 

RESISTORS 

Notes: Resistors mount upright at top and bottom of board. LED cathodes go to holes in- 

dicated by solid black dots. Inputs from ribbon cable go to circled holes. 

Fig. 3. Wiring guide for printed-cir cuit board. 

Next, separate the conductors at 
one end of a 24- to 36 -inch ribbon ca- 
ble a distance of 1 inch and trim from 
all conductors '/, inch of insulation. 
Separate the conductors at the other 
end of the cable a distance of 3 inches 
and trim from each '/, inch of insula- 
tion. Tightly twist together the fine 
wires of each conductor and sparing- 
ly tin with solder. Connect and sol- 
der the conductors at the 1 -inch sep- 
arated end to the solder pins of the 
IC test clip. Then, working with an 
ohmmeter and referring to Fig. 1, 

plug into the appropriate holes in the 
board the conductors at the other 
end of the cable and solder each into 
place as you go. 

Strip y, inch of insulation from 
both ends of 24- inch -long red- and 
black -insulated wires. Twist together 
the fine wires at both ends and tin wi- 

th solder. Plug one end of these wires 
into the + sv (red insulation) and 
GND (black insulation) holes and 
solder into place. 

Mount the LEDs on the lid of the 
selected enclosure. You have either 
of two options for LED mounting. 
One is to drill a single suitably sized 
hole in which to friction mount each 
LED from the rear of the panel so 
that only the LED's domed top pro- 
trudes through the front of the pan- 
el. The other is to drill two '/I6 -inch 
holes 0.1 inch apart for each LED's 
leads and plug the leads into the 
holes so that the entire LED housing 
is external to the box. A piece of per- 
forated board with holes on 0.1 -inch 
centers serves as a good drilling guide 
for this. Both approaches are suita- 
ble, though with the latter, it's a 
good idea to apply a very small drop 
of fast -set clear epoxy between the 
bottom of each LED and the front 
panel to secure the LEDs into place. 

Arrange your LED layout on the 
panel to emulate the pin arrange- 
ment of the type of IC the project is 

designed to test. That is, you should 
have two parallel rows of LED pairs, 
as shown in the lead photo. As a fin- 
ishing touch, you might want to 
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paint onto the panel the traditional 
IC case outline and number each 
pin location. 

Slide a 1 -inch length of small -dia- 
meter insulating plastic tubing over 
each of the LED wires on the circuit - 
board assembly. Then identify the 
anode leads of all LEDs and trim 
each to % inch long and form a small 
hook in each. Identify the wires on 
the board that are to connect to the 
anodes of the LEDs and form a small 
hook in each of these. Connect and 
solder the free ends of the wires to 
the anode leads of the LEDS. Make 
sure you connect each wire to the 
correct LED anode before soldering 
the connections. When all anode 
wires have been connected and sol- 
dered to the LED anode leads push 
the insulating tubing up over the con- 
nections until it sits flush against the 
bottom of the LED or panel. Do the 
same for the cathode leads and wires. 

Notch both halves of the plastic 
box in which the project is to be 
housed to provide exits for the rib- 
bon cable and + 5 -volt and ground 
wires. Mount the circuit -board as- 
sembly in place. Then assemble the 
box with the ribbon cable and power 
leads routed through their slots. Fi- 
nally, terminate the free ends of 
the power leads in miniature alliga- 
tor clips or spring -loaded ball -type 
hook connectors. 

Using the Tester 
Use of the tester is simple and straight- 
forward. Simply connect the red and 
black power leads to any + 5 -volt 
and ground points, respectively, in 
the circuit containing the IC to be 
tested. Then place the IC clip on the 
IC, observing orientation to make 
sure the pin arrangement matches 
the numbering on the project. Final- 
ly, turn on the power to the circuit 
containing the IC to be tested and 
observe the activity of the project's 
LEDs. Compare this activity with 
what would be expected from a good 
integrated circuit under the condi- 

Say You Saw It In Modern Electronics 

lions that exist in the circuit. 
Though the lowest level tester de- 

scribed is for 16 -pin digital ICs, the 
project can be used on DIP (dual in- 
line package) ICs with fewer pins. To 
simplify interpreting LED activity, 
it's a good idea to always align the 
pin 1 contact of the IC clip with pin 1 

of the IC, regardless of the number 
of pins on the latter. You can, of 
course, place the clip on the IC any- 
where all pins will make contact, 
since the project is neither pin nor or- 
ientation sensitive. Whatever IC clip 
contacts aren't needed will simply 
overhang the IC being tested. Aff 
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JIi//ELECTRONICS NOTEBOOK/Il/If 

Experimenting With Shape -Memory Alloy Wire 

By Forrest M. Mims III 

Shape -memory alloys are metals that 
possess a crystalline structure that rapid- 
ly and dramatically change shape in re- 
sponse to a temperature change. The 
length of a shape- memory alloy (SMA) 
that has been drawn into a wire will con- 
tract as much as 10 percent when the wire 
has been heated beyond its transition 
point. Such a wire can be easily heated 
simply by passing a current of a few hun- 
dred milliamperes through it. After the 
current is removed, the wire rapidly re- 
sumes its normal length as it cools. 

It's interesting to recall that metal gen- 
erally expands when heated and con- 
tracts when cooled. This explains the in- 
corporation of expansion joints in metal 
bridges and structures and the intention- 
al slack of power lines. Over its transition 
temperature range, an SMA alloy be- 
haves in exactly the opposite fashion. 

SMA wire can be used to make various 
kinds of circuit breakers. Its most inter- 
esting application, however, is in the pro- 
duction of many different kinds of sim- 
ple but effective electromechanical actu- 
ators. These actuators are well suited for 
many kinds of robotic applications. They 
can also be used to make electrically op- 
erated latches, indicators, heat engines, 
louver and valve controls and pumps. 

Later in this column, a new kind of 
SMA wire, BioMetal , will be described 
in detail. Also presented are some simple 
circuits for use with the wire. First, let's 
examine some of the basics of shape - 
memory alloys. 

Shape- Memory Alloy Basics 
In 1961, William Beuhler and his team of 
researchers at the Naval Surface Wea- 
pons Center, then known as the U.S. Na- 
val Ordinance Laboratory, discovered 
that a titanium -nickel alloy exhibited the 
shape- memory effect. This effect had 
first been discovered in a gold- cadmium 
alloy a decade earlier by Chang and Read 
in Europe. Later, the effect was found in 
an alloy of indium and titanium. 

The discovery by Beuhler's team was 

Fig. 1. Terminated and unterminated 
BioMetal Wire. 

important since their Ti -Ni alloy was less 
expensive and lacked the possible health 
risks of earlier shape- memory alloys. 
They named the material "nitinol" (after 
nickel titanium Naval Ordinance Labor- 
atory). 

In 1985, Japan's Toki Corp. an- 
nounced that Dr. Dai Homma had dis- 
covered an improved version of nitinol. 
Dr. Homma had accidentally discovered 
the improved alloy some years earlier, 

Pivot Po, ar" 

BtuMotal and Spring 'Ambhatimpow 

and several years were required before he 
was able to recreate his original discov- 
ery. Toki now manufactures the im- 
proved nitinol alloy as a wire under the 
trade name " BioMetal." 

BioMetal wire can be purchased from 
TokiAmerica Technologies, Inc. (18662 
MacArthur Blvd., Suite 200, Irvine, CA 
92715). TokiAmerica and Mondo -Tron- 
ics (20090 Rodrigues Avenue #1, Cuper- 
tino, CA 95014) also sell a variety of eco- 
nomical project kits that demonstrate the 
characteristics of and applications for 
BioMetal. 

SMA Applications 
Many applications have been devised for 
nitinol. Some have not been commercial- 
ized or used in practical applications. For 
instance, NASA once proposed using ni- 
tinol to make lunar antennas that would 
deploy when heated by the sun or a heat- 
er. Many other applications have found 
commercial acceptance, to be sure. For 
example, nitinol has been used in eye- 
glass frames, dental alignment materials, 
miniature pumps and even an experimen- 
tal artificial heart. 

Another application that has been suc- 

Fig. 2. A BioMetal -controlled lever in its resting (left) and actuated (right) positions. 
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Fig. 3. BioMetal Demonstrator. 

cessfully implemented is nitinol pipe fit- 
tings for hydraulic couplers in jet air- 
craft. The nitinol used in this application 
has a transition temperature range below 
the normal ambient. Prior to installa- 
tion, a nitinol pipe fitting is expanded by 
cooling it. After the fitting is installed, its 
temperature is allowed to rise to ambient, 
at which point, the fitting contracts and 
firmly secures the union. 

Nitinol has many more applications 
when drawn into wire than when used in 
bulk or sheet form. This is in part be- 
cause the resistance of nitinol wire is typi- 
cally 10 times that of copper. Therefore, 
it can be easily heated simply by passing 
an electrical current through it. 

BioMetal Wire Characteristics 
BioMetal wire from TokiAmerica Tech- 
nologies is currently supplied in a 6 -mil 
diameter. This wire has a resistance of 
about 1 ohm per inch. BioMetal wire sup- 
plied with the project kits described 
above is either unterminated or terminat- 
ed in a pair of maple connectors. Shown 
in Fig. 1 are both terminated and unter- 
minated BioMetal wire. Compression 
terminators are generally required be- 
cause BioMetal wire should not be raised 
to the heat required for soldering. 

When heated, BioMetal wire can pull 

up to about 11 ounces as much as 10 per- 
cent of its length. For a maximum life of 
as much as a million cycles, the contrac- 
tion of BioMetal wire should be kept to 
around 4 percent of its length. Thus, a 
3 -inch length of BioMetal wire can relia- 
bly contract 0.12 inch. 

BioMetal wire has a remarkably fast 
response time. After it is heated to its 
transition temperature, it responds with- 
in a millisecond. When BioMetal wire is 
immersed in a heat -dissipating liquid, 
such as silicone oil, and a fast -rising cur- 
rent is applied to it, it can be made to con- 
tract and expand within a few tens of mil- 
liseconds. 

BioMetal is harder than steel. Like 
stainless steel, it is compatible with body 
fluids. The 6 -mil wire supplied by Toki- 
America has a breaking strength of 
around 6 pounds. 

Nitinol Actuators 
Among the most interesting applications 
for nitinol wire is in the production of 
simple actuators whose actions resemble 
that of a solenoid. TokiAmerica Tech- 
nologies' BioMetal wire can be used to 
demonstrate many such actuators, all of 
which can be operated by means of the 
simple circuits described below. 

Fig. 2 shows one of the experiments 
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Fig. 4. Arrangement for measuring con- 
traction of BioMetal. 

that can be performed with a Toki Bio- 
Metal Project Kit (No. DH -601: "Lines, 
Angles and Levers "). The experiment 
shows how a length of BioMetal wire 
biased by a small spring can move a lever 
over a substantial distance. In the left 
photo, no current is applied to the Bio- 
Metal wire. The right photo shows what 
happens when a current is passed 
through the wire, which contracts and 
pulls the lever upward. 

Many other simple experiments can be 
performed with a few inches of BioMetal 
wire, a bias spring and a few other simple 
components. Figure 3 is a simple demon- 
strator that consists of a length of Bio- 
Metal wire mounted between two fixed 
supports. A bias spring pulls the center of 
the wire to one side. When the wire is mo- 
mentarily heated by a direct current from 
a single 1.5 -volt alkaline cell or by means 
of a pulse or pulses supplied by one of the 
circuits to be described, the wire con- 
tracts and pulls away from the spring. 
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Fig. 5. Linear -motion actuator. 

Fig. 6. Rotational actuator. 

When current is removed, the wire cools 
and resumes its normal position. 

Figure 4 shows an arrangement for 
measuring the overall movement of a 
length of BioMetal wire. Here, the bias 
spring is attached to one end of the wire 
and indicates the wire's movement on a 
scale. This simple arrangement demon- 
strates that BioMetal wire contracts 
when heated and resumes normal length 
after it cools to ambient temperature. 

Figure 5 shows a linear- motion actua- 
tor whose key components are a length of 
BioMetal wire and a bias spring. When a 
current is applied to the BioMetal wire, 
the latter contracts and pulls the right 
side of the actuator down. This moves 
the actuator arm to the right. When the 
BioMetal wire cools, the actuator returns 
to its resting position. 

How a BioMetal wire and a pulley can 
cause rotational movement is illustrated 
in Fig. 6. Once again, note that a bias 
spring is needed. 

Figure 7 shows a compression or pis- 
ton actuator made by installing a length 
of BioMetal wire inside a hollow tube. In 
this application, heating the BioMetal 
wire with an electrical current causes the 
inner tube to be pulled part way into the 
outer tube. A compression spring pro- 
vides the needed bias force and returns 
the actuator to its normal position when 
the BioMetal wire is once again at ambi- 
ent temperature. 

An interesting three -movement flexor 
that produces remarkably lifelike move- 
ments is illustrated in Fig. 8. This device 
is made by threading a loop of BioMetal 
wire through two holes in a silicone tube. 
An ordinary copper wire is then threaded 
through a third hole in the tube and is 

wrapped around the loop at the center of 
the BioMetal wire. Applying a current 
between the copper wire and one end of 
the BioMetal wire causes the flexor to 
move to the left or the right. The flexor 
moves backward when a current is ap- 
plied to both ends of the BioMetal wire. 

BioMetal Wire Drivers 
A BioMetal wire can be caused to con- 
tract simply by briefly connecting a 1.5- 
volt penlight cell across its ends. If power 
is applied for too long a time, however, 
the wire will overheat and possibly suffer 
damage. Therefore, it is best to use some 
form of regulated driver in BioMetal ap- 
plications. 

Many different methods are available 
for driving BioMetal wire by electronic 
means. For example, a power -supply 
chip whose output is connected across a 
wire can be gated on and off. Or the 
switching contacts of an electromechani- 
cal relay can be connected between the 
BioMetal wire and a power source. The 
relay's coil can then be actuated at any 
desired interval and duration by means 
of a simple transistor oscillator. 

In the circuits to be described, current 
is switched through a BioMetal wire by 
means of a common 2N2222 switching 
transistor. In each case, the transistor is 

controlled by an equally common 555 
timer IC. The transistor is rated for an 
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Fig. 7. Compression or piston actuator. 

absolute maximum collector current of 
800 milliamperes and absolute maximum 
output power of 400 milliwatts. There- 
fore, it will work well in each of the fol- 
lowing circuits. For driver applications in 

which the BioMetal wire is heated for 
longer periods than by the circuits given 
below, it might be necessary to place a 
heat sink on the switching transistor or to 
use a power transistor. However, it's 
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Fig. 8. Three -movement flexor. 
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likely that the BioMetal wire is being 
overdriven if the switching transistor be- 
comes too hot. 

When experimenting with the follow- 
ing circuits, it's good practice to use the 
same piece of BioMetal wire with each 
circuit, to permit the effect of each circuit 
to be compared with the others. The sim- 
plest approach is to install the BioMetal 
wire and biasing spring on a substrate, as 
shown in Fig. 4 or Fig. 5. Movements of 
the wire can then be easily seen. 

Single -Pulse Driver 
Figure 9 is the schematic diagram for a 
monostable multivibrator that delivers a 
single current pulse of fixed duration to a 
length of BioMetal wire. Ordinarily, the 
output of a 555 timer is low. In turn, this 
keeps Q1 switched off. Closing and then 
releasing SI causes the output of the 555 
to go high. This switches on QI and per- 
mits current to flow through the BioMet- 
al wire. When the charge on Cl reaches 
approximately 4 volts, the output of the 
555 goes low and switches off Q1. 

The length of the output pulse from 

MFig. 9. Single-pulse BioMetal wire driver. 

Fig. 10. Oscillating BioMetal wire driver. 

this circuit is controlled by R1 and Cl. 
With the values shown in Fig. 9, the pulse 
duration is approximately 100 millisec- 
onds plus the length of time Si is closed. 
Therefore, for uniform results, keep SI 
closed for as brief an interval as possible. 

The amplitude of the current through 
the BioMetal wire is approximately 460 
milliamperes. Less current will cause less 
contraction of the wire. Current can be 
reduced by reducing the power -supply 
voltage or by inserting a small series resis- 
tance between the BioMetal wire and the 
emitter of Ql. For example, inserting a 
pair of parallel- connected 10 -ohm resis- 
tors will reduce the current to around 300 
milliamperes. 

Oscillating Driver 
Space Wings, a product of Mondo -Tron- 
ics, is a novel device that automatically 
flaps a pair of Mylar wings up and down 
approximately seven times a minute. The 
wings are moved by a short length of Bio- 
Metal wire installed across the hinge be- 
tween them. 

Figure 10 is the Space Wings driver cir- 

cuit's schematic diagram. The circuit 
switches on and off Q1 with a duty cycle 
of about 50 percent. The frequency of the 
pulses applied to the BioMetal wire can 
be increased by reducing the value of RI 
or CI. However, this will reduce the time 
for the BioMetal wire to cool between 
driving pulses. Consequently, the wire 
may remain warm between pulses and 
may not move as much as when it is al- 
lowed to return to room temperature be- 
fore another pulse is applied. 

Pulse- duration modulation provides 
an effective means for controlling the 
temperature of a BioMetal wire. Figure 
11 shows a circuit that applies bursts of 
pulse- duration modulated pulses at a du- 
ty cycle of about 50 percent. 

Like the circuit shown in Fig. 10, that 
shown in Fig. 11 will cause a length of 
BioMetal wire to alternately contract and 
resume its normal length. Unlike the Fig. 
10 circuit, however, the Fig. 11 circuit 
permits the magnitude of the movement 
of the wire to be controlled merely by ad- 
justing the width of the current pulses 
sent through it during each burst. 

In operation, one of the timers in a 556 
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Fig. 11. A pulse -width- modulated BioMetal driver. 

is connected as a free -running oscillator 
whose pulse duration is controlled by the 
setting of potentiometer R4. This timer 
will be referred to as "timer 2." With the 
component values given in Fig. 11, the 
duration of the individual pulses deliv- 
ered by timer 2 can be varied over a range 
from 1 to 750 microseconds. The time 
between the onset of two successive 
pulses remains approximately 750 micro- 
seconds for any setting of R4. 

The remaining timer in the 556, timer 
1, is connected as an oscillator that re- 
peatedly switches on and off timer 2 at a 
duty cycle of approximately 50 percent. 
This is accomplished by connecting timer 
1's output (pin 5) to timer 2's reset ter- 
minal (pin 10). With the values given in 
Fig. 11, timer 1 switches timer 2 on for 
about 2 seconds, followed by a similar 

off period. The off /on time can be in- 
creased by making the value of Cl larger. 

The BioMetal wire is connected to the 
output from timer 2 through Q1 and Q2. 
Transistor QI inverts the output pulses 
from timer 2 and then toggles transistor 
Q2 at timer 2's oscillating frequency. 
Transistor Q2 then delivers current 
pulses through the BioMetal wire. 

Going Further 
Applications for shape -memory alloy 
wire, such as BioMetal wire, are virtually 
unlimited. It's an area ripe for exploita- 
tion by experimenters and garage inven- 
tors, as well as industry. Only small 
quantities of BioMetal wire are required 
to make functional devices, and many 
kinds of driver circuits can be designed. 

The best way to begin experimenting 
with BioMetal is to purchase one of the 
TokiAmerica Technologies kits. For 
more information about these kits, write 
to the company at the address given 
above. Be sure to order the firm's "Bio- 
Metal Guidebook" when you do. This 
excellent manual describes in detail the 
characteristics of BioMetal wire. It also 
expands on most of the simple demon- 
strations and experiments presented 
here. And it describes some simple robot- 
ic devices and applications for BioMetal. 

Perhaps some of the applications for 
BioMetal I am exploring will give you 
ideas for going further. They include a 
parachute ejection device for model 
rockets, a camera shutter tripper, a scan- 
ning mirror and a flap actuator for radio - 
controlled aircraft. AE 
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Will//PRODUCT EVALUATIONS 1111111 

Heath's New Printer Buffer Kit 

The Heathkit Model SK -203, like other 
printer buffers, intercepts data fed to a 
printer by a computer, stores it in its own 
memory chips, and controls the printer's 
operation. The buffer's purpose is to 
quickly relieve a computer from feeding 
data to a printer at the slow mechanical 
pace that the printer requires. Given suf- 
ficient memory, therefore, the buffer 
frees up the computer so that the user can 
continue to input information on the 
keyboard instead of waiting for the print- 
ing operation to be completed. 

The kit, which costs $199.95, comes 
with 64K of storage memory, which is 
about equivalent to 21 pages of typed 
material. It's expandable to 512K. An 
LED display shows the amount of buffer 
memory remaining as it stores data. The 
SK -203 has serial and parallel inputs and 
outputs, with internal DIP switches and 
jumpers that can be configured to choose 
either or both. Up to 99 printed copies 
can be selected by the user. The enclosure 
measured 9.25 "W x 7.5 "D x 1.5 "H. 

Description 
The SK -203 kit comes with a set of eight 
6664 64K x 1 -bit chips. There are three 
banks of memory chip sockets that will 
accept either 64K or 256K ICs. If you fill 
Bank 2 with 6664 chips, then the total 
available memory is 128K, but if Bank 2 

is filled with 41256 -15 chips, then you 
will have 320K available. Alternatively, 
you can remove the 6664 chips supplied 
with the kit and replace them in both 
banks with 41256 -15 chips, for a total 
memory of 512K. 

At turn -on, the SK -203 counts up and 
displays the total memory available. 
Since its internal ROM program wants 
2K, however, the number quickly decre- 
ments 2K. For example, if 64K is in- 
stalled in the SK -203, the counter incre- 
ments to "64" at turn -on, but within a 
few seconds displays "62" (the available 
memory). 

Although I installed 256K chips in 
both banks shortly after building the 
SK -203, my initial experience was with 
64K of memory. I found out that the lack 
of memory does not cause loss of the end 
of a print file, but it does delay freeing up 
the computer. A 35 -page file displayed a 

A numeric display area at left on front panel shows number of kilobytes of storage avail- 
able. Two rows of switches, boxed separately for serial and parallel inputs, select various 
functions and on /off line switching. Single separately boxed switch shown at right per- 

mits serial in to parallel out or parallel in to serial out arrangement. 

"FULL" indication on the LED display, 
and my computer issued a "PRINTER 
FAULT" message on the screen. After 
about a minute, however, the SK -203's 
display shifted to "2" (indicating 2K 
available), and the computer transmitted 
the rest of the file and extinguished the 
screen warning. The computer then left 
the print routine and allowed me to finish 
an article. 

Another interesting feature of the SK- 
203 is that you can stack files in sequence. 
If the next print file becomes available 

before the file presently being printed is 
finished, you can check available mem- 
ory to see that enough is free, and then 
continue to print the file. When the buf- 
fer is finished with the present file, sim- 
ply press RESTART and the subsequent 
file will start printing. 

The rear panel has the following con- 
nectors: SERIAL INPUT, SERIAL OUTPUT, 
PARALLEL INPUT and PARALLEL OUTPUT. 

Depending upon how you configure the 
SK -203 with its internal DIP switches and 
jumpers, the buffer will allow you to op- 

Rear panel contains an input jack for an 8 -volt ac plug -in power supply, power switch 
and D -type serial and parallel input and output connectors. 
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erate either serial to serial, parallel to 
parallel, serial to parallel, or parallel to 
serial. An alternative, however, is to con- 
nect both serial and parallel inputs to dif- 
ferent computers, or the serial and paral- 
lel outputs to two different printers, and 
run both at the same time. Of course, in- 
ternal memory is divided between the two. 

The following modes of operation are 
allowed: straight through, cross and both 
inputs to one output port. In the straight - 
through mode, serial input port data goes 
to the serial output port, and data to the 
parallel input port goes to the parallel 
output port. In the cross mode, data 
coming in to the parallel port is directed 
to the serial output port, and data on the 
serial input port is directed to the parallel 
output port. Note that this mode allows 
serial to parallel and parallel to serial 
data conversions that allow you to mix 
and match computers and printers. Fi- 
nally, the last mode allows directing both 
serial and parallel input ports to either 
the serial or parallel output port. 

The front panel of the buffer has a 
large three -digit LED numeric readout 
that provides the number of available 
kilobytes, as well as displays status infor- 
mation. For example, if the OFFLINE but- 
ton is pressed, the upper halves of the 
digits blink to warn the user. The other 
control buttons on the front panel are 
SWAP, plus two each of the following 
(one set for parallel input selections, the 
other for serial input): CLEAR, COPY, 

P.PRINT and RESTART. These buttons op- 
erate as follows: 

CLEAR is basically a "reset" since it 
clears all files except the one file being re- 
ceived at a particular instant. 

COPY allows you to designate the num- 
ber of copies that the buffer will make, 
which appears on the LED display. Every 
time this control is pressed, the copy 
counter increments by one, up to a total 
of 99 copies. 

The P.PRINT button causes the buffer 
to stop printing the stored file and allows 
you to transmit a new "priority file" to 
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Interior view of completed buffer kit. 

be printed immediately. Then you can go 
back to printing the original job. 

RESTART is used to restart printing at 
the top of the file. One possible use of 
this control is to clear a mechanical or pa- 
per problem in the printer and then re- 
start the printing operation. 

OFFLINE prevents data from being sent 
to the buffer. 

SWAP allows the user to swap data 
paths. 

Building the Buffer 
I built my SK -203 in one evening. Assem- 
bly is easy, requiring no technical skills 
other than the ability to solder IC sockets 
to a printed wiring board. 

Heath's system of mounting small 
components on a double row of tape that 
resembles a belt of machine -gun bullets is 

an appreciated feature that speeds assem- 
bly. This assemblage is designed to be 
taped to a printed paper template cut out 
from a supplied pictorial booklet. The 
template has parts values printed on it, 
and the components are in the order 
called for in the assembly instructions. 
Thus, is you can not tell a 4.7K resistor 
from a 47K resistor, then not to worry. 
Just look on the template and remove the 
next part in order! 

By the way, the SK -203 is 100 percent 
kit -you even have to assemble the as- 
sembly manual into its binder. 

Conclusions 
The only problem I found with this kit is 

a disagreement between the manual and 
the configuration decal that the builder 
places inside the top cover. In the manu- 
al, the two memory banks are called 
"Bank -1" and "Bank -2," while on the 
decal they are called "Bank -0" and 
"Bank -1." Although initially confusing, 
this proved to be no great problem. 

Although I tested the SK -203 only with 
an IBM PC, the buffer should also work 
with any other computer that has a paral- 
lel or an RS -232C serial printer output. 
The manual contains cable wiring in- 

structions for all Heath /Zenith comput- 
ers, the IBM PC family of computers, 
and the Apple II series of computers. AE 

-Joseph J. Carr 
CIRCLE NO. 101 ON FREE INFORMATION CARD 
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Principles of Digital Audio by Ken C. 
Pohlmann. (Howard W. Sams & Co. 
Soft cover. 285 pages. $19.95.) 

Digital audio is the latest wave to hit 
the audio scene. With it comes such digi- 
tal equipment as compact discs, digital 
amplifiers and (hopefully soon) digital 
audio tape recording, not to mention 
such other "digital" devices as music 
synthesizers and the like. The principles 
used in the latest -technology equipment 
now on the market and soon to be so in 
no way resemble those used in audio gear 
of yesteryear. 

Rather than being a deep mathemati- 
cal treatise on digital audio theory, this 
book serves as a primer on the new tech- 
nology. It traces its beginnings, reports 
on its current state of development and 
use and gives the reader an idea of what is 
in store for audio's future. 

Through lucid text and excellent illus- 
trations, the technology story unfolds in 
an easy -to- digest manner. Early on, the 
foundation is laid with discussions on the 
characteristics of sound and analog ver- 
sus digital techniques. Having dealt with 
the basics, the book proceeds to the the- 
ory of digital audio, discussing such top- 
ics as discrete time sampling, aliasing and 
dither. Digital audio recording and re- 
production are then handled in separate 
chapters. 

A later chapter chapter discusses the 
various digital audio media, including 
magnetic and optical recording and 
transmission. Error protection, an im- 
portant topic, is handled in a chapter of 
its own, as is the compact disc for audio, 
video and CD -ROM. The final chapter, 
titled "A New Beginning," talks about 
digital audio with respect to music and 
technology and discusses the battle of 
digital audio and the state of the art. 

This is an important book. Its subject 
matter is relatively new, and the book it- 
self fills an until now unfilled niche in au- 
dio libraries. 

Power Control and Solid -State Devices 
by Irving M. Gottlieb. (Tab Books. Hard 
cover. 372 pages. $29.95.) 

This latest addition to the TAB Profes- 
sional and Reference series details tech- 
niques that range from the traditional to 
the cutting edge of technology. Though 
most of the circuits presented are geared 
toward filling a wide variety of specific 
needs, a large portion of the book is de- 

voted to the theory involved. Introduc- 
tory chapters cover basic principles of 
solid -state power control and fundamen- 
tals pertinent to solid -state devices. A 
chapter on practical aspects of solid -state 
devices familiarizes the reader with recti- 
fier diodes, switching and power transis- 
tors, SCRs and triacs to provide the de- 
tails needed to select the right device(s) 
for a given application. This section goes 
heavy on theory, though without resort- 
ing to rigorous mathematical analyses, 
using instead full text descriptions, char- 
acteristics curves, tables and typical cir- 
cuit configurations. 

Fully detailed applications circuits are 
given for transistors and power ICs, thy- 
ristors and newer developments. Power 
transistor and IC circuits are provided 
for such diverse items as an automatic 
automobile headlight beam controller, 
power IC intercom, several audio power 
amplifiers, battery chargers, automobile 
electronic ignition system, switching reg- 
ulator, solid -state circuit breaker, power 
inverters and motor controllers. Thyris- 
tor circuits include a constant -brightness 
controller, photoflash slave unit that 
uses an LASCR, proportional tempera- 
ture controllers, triac -controlled lamp 
"chaser," counter for sequentially flashed 
lights, trigger for high- frequency fluo- 
rescent lamp inverter, pulser for injec- 
tion lasers, optically triggered high -volt- 
age switch, and more. Among the newer 
developments discussed, some on the 
cutting edge of power -control technol- 
ogy, are a synchronous bridge rectifier 
using power MOSFETs, gate turn -off 
SCRs (GTOs), and interfacing a micro- 
computer to power -line loads with opto- 
isolators. A bevy of good schematics and 
drawings complement the lucidly written 
text. This book will serve electronics 
technicians very well as a single reference 
text and for gleaning lots of interesting 
circuit ideas in the power control area. 

Go Public! by Natalie McClendon. 
(Wakerobin Communications, 611 N. 26 
St., Lincoln, NE 68503. Soft cover. 219 
pages. $12.95.) 

As its subtitle states, this is a "Travel- 
er's Guide to Non -Commercial Radio." 
As such, it provides comprehensive list- 
ings for just about every public radio sta- 
tion in the continental United States, 
about 1,100 of them. Programming is in- 
credibly diverse, such as operation by In- 

dian tribes on reservations. The listings 
are arranged by area (northeast, south- 
east, east central, etc.), with a total of 
seven individual areas. Within each area 
subcategory, the listings are in alphabeti- 
cal state order for easy look -up. 

At the beginning of each state's section 
is a two -color topographical /radio map 
for that state. Then comes the individual 
radio station listings, each arranged in 
call -sign alphabetical order. Call signs 
are followed by station frequency, city of 
origin, output power and estimated 
range. Where appropriate, notes of pro- 
gram formats and broadcast times are 
also given. 

To get things started, the book begins 
with a discussion of what public radio is 
and tells how to use the guide. It closes 
with a section on understanding public 
radio and a number of useful appendices: 
frequencies by state, commercial classi- 
cal stations, commercial jazz stations 
and public radio information sources. 
There is also a bibliography. On the in- 
side front cover is a quick reference state 
map, while on the inside rear cover is a 
list of abbreviations used in the book, 
along with their meanings. 

NEW LITERATURE 
IC Data Book. A 748 -page engineering 
and selection guide from Sprague fully 
details and supports with application 
notes more than 120 IC families. The 
first of the eight sections into which the 
book is divided describes available tech- 
nologies and technical terms and presents 
cross -references and competitive part - 
numbering systems. Subsequent sections 
cover high -voltage, medium -current, 
high- current, BiMOS (smart power), 
military CMOS logic, and linear IC fami- 
lies. The final section provides package 
drawings and surface -mount device 
availability. Each section includes appli- 
cation notes and quick guides. For a free 
copy of Integrated Circuit Data Book 
No. WR -504, write to: Technical Litera- 
ture Service, Sprague Electric Co., P.O. 
Box 9102, Mansfield, MA 02048 -9102. 

Keyboard Enhancements Catalog. Hoo- 
leon's "Customize Your Keyboards" 
catalog lists and fully describes, includ- 
ing prices, the company's complete line 
of stick -on keytop kits for popular soft- 
ware, keytop expanders, custom printed 
keytops and more. The 32 -page, two -col- 
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or catalog lists die -cut keytop kits for 
emulation, word processing, Dvorak 
conversion, language conversion and ac- 
counting /spreadsheeting. It also in- 
cludes specialty and miscellaneous key - 
top kits, as well as ordering information 
for custom imprinted keytops. Among 
other items listed are keytop expanders, 
FlexShield keyboard protectors, tem- 
plates, individual key lock -outs, remov- 
able keytop shells and workstation and 
printer ID labels. For a free copy, write 
to: Hooleon Corp., Page Springs Rd., 
P.O. Box 201, Cornville, AZ 86325. 

Transformers Catalog. The new 1987- 
1988 product catalog from Triad -Ultrad 
gives full specifications for and illus- 
trates all of the company's products. 
These include audio, power, pc- mount, 
pulse, interstage and input transformers 
and voltage regulators, filter reactors 
and toroidal inductors. The 48 -page cat- 
alog has tabular listings that provide part 
number, full technical specifications and 
dimensions (keyed to accompanying 
drawings). Handy catalog and "classi- 
fied" indexes are up front to make it easy 
for product look -up. For a copy of the 
Triad -Ultrad Transformers 1987 -1988 
catalog, write to: Triad -Ultrad, Div. of 
MagneTek, Inc., 305 N. Brian St., Hun- 
tington, IN 46750. 

Technical Video Information Notes. A 
series of application notes titled "Tele- 
production Test" designed to augment 
available technical information in the ap- 
plication of video test equipment can be 
obtained from Leader Instruments Corp. 
Basic concepts and routine test proce- 
dures are explained, and short cuts to 
complex VCR and video camera align- 
ment procedures are offered. The first 
three issues are primers on the use of the 
waveform monitor. The fourth starts a 
similar series on the basic aspects of the 
vectorscope, and the fifth and sixth dis- 
cuss the basic operation of the vector - 
scope. For free copies, write to: Leader 
Instruments Corp., 380 Oser Ave., Dept. 
ME, Hauppauge, NY 11788. 

Books / Hardware / Software Catalog: 
Group Technology's Fall 1987 catalog 
contains descriptions of all the com- 
pany's new and current books and pro- 
ducts that are directed to those people 
who want hands -on experience in inter- 

facing external devices to microcomput- 
ers. Among the hardware items listed are 
a data acquisition /output board for the 
TRS -80 Color Computer and an optical 
fiber communications package that pro- 
vides a comprehensive introduction to 
the theory and practice of fiber -optics 
technology. Under software are listed an 
order entry /inventory /mail list /payroll 
program that provides separate but inte- 
grated programs for operating a small 
business and a simultaneous equation 
solver for MS -DOS computers for solv- 
ing linear and nonlinear algebraic equa- 
tions. New books on microcomputer in- 
terfacing, assembly -language program- 
ming and spreadsheet programs supple- 
ment older standbys and include special 
emphasis on artificial intelligence, expert 
systems and the FORTH language. For a 
copy, write to: Group Technology, Ltd., 
6925 Dogwood Rd., Baltimore, MD 
21207 -2606. 

Industrial Electronics Catalog. Listed, 
described and illustrated in Joseph Elec- 
tronics' latest 480 -page industrial catalog 
are test equipment, tools and chemicals, 
wire /cable /connectors, batteries and 
chargers, a wide variety of electronic 
components, computer accessories, and 
video and sound equipment. A separate 
section features "value -added services" 
that stress custom battery assembly to a 
variety of configurations and featuring 
Gates rechargeable battery systems. 
Other services described are custom cable 
assemblies, custom project kits, proto- 
types and production runs. For a free 
copy, write on company letterhead to: 
Joseph Electronics, Inc., 8830 N. Mil- 
waukee Ave., Dept. ME, Niles, IL 60648. 

Battery Catalog. The 24-page, full-color 
1987 Communications Catalog from 
Alexander Manufacturing describes a 
full line of replacement batteries for use 
in portable two -way radios and pagers, 
leather cases for the radios and pagers 
and radio antennas. It discusses chargers 
and analyzers for nickel -cadmium radio 
and pager batteries and information on 
several new chargers and includes full in- 
formation on the company's own mer- 
cury pager battery. For a copy, write to: 
Alexander Mfg., 1987 Communication 
Catalog, P.O. Box 1508, Mason City, IA 
50401. 
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State of the Art Kits by Hal -Tronix. Inc. 

TOUCH -TONE DECODER AND ENCODER KITS 
HAL- 567 -12 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 
HAL -567 -16 $6995 
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 -12 $2995 
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 8 ALUM CASE 
HAL- ECD -16 53995 
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 

HAL PA 19 $995 
WIDE BAND - 2 -200 MHZ - 19 DB - BUILT AND TESTED 

KEYERS AND OPTIONAL MEMORY KITS 
ACCUKEYER KIT $16.95 
THIS ACCUKEYER KIT IS A REVISED VERSION OF THE 
FAMOUS WB4VVF ACCUKEVER, BUT WITH SIDE TONE 
ONBOARD COMES COMPLETE WITH ALL ELECTRONIC 
PARTS. LESS SOCKETS. POWER SUPPLY AND CASE 
ACCU- MEMORY 1101 51695 
LOW COST METHOD OF ADDING MEMORY TO THE 
ACCUKEYER. COMES WITH TWO 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 $2195 
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 2102'S, 
LESS POWER SUPPLY AND CASE. 

SPECIAL OFFER 
#1 BUY THE ACCUKEYER AND 1101 OPTION TOGETHER 

(ONLY) $32.00 
#2 BUY THE ACCUKEVER AND 2102 OPTION TOGETHER 

(ONLY) $37.00 
#3 BUY THE ACCUKEYER ANO 2102 OPTION ALONG 
WITH THREE EXTRA 2102'S AND SOCKETS 

(ONLY) $40.00 
PROXIMITY KEYER $1995 
KEVER 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. Oc; 
12671 Dix -Toledo Hwy. 
P.O. Box 1101, Dept C. 
Southgate, MI 48195 
(313) 281 -7773 
Hours: 12:00 - 6:00 EST Mon. -Sat 

CIRCLE 37 ON FREE INFORMATION CARD 

ELLCTROs 
çHNia 

c-o 
EARN YOUR \ 
B.S.E.E. . 
DEGREE 

THROUGH HOME STUDY 
Our New and Highly Effective Advanced- Place- 
ment Program for experienced Electronic Tech- 
nicians grants credit for previous Schooling and 
Professional Experience, and can greatly re- 

duce the time required to complete Program and 
reach graduation. No residence schooling re- 
quired for qualified Electronic Technicians. 
Through this Special Program you can pull all of 
the loose ends of your electronics background 
together and earn your B.S.E.E. Degree. Up- 
grade your status and pay to the Engineering 
Level. Advance Rapidly) Many finish in 12 
months or less. Students and graduates in 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 

CZÉ P.O. BOX 20345 
JACKSON. MISSISSIPPI 39209 
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IIISOFTWARE FOCUS /1/Ilk11NIMI 
Chessmaster -A Champion Program 

By Art Salsberg 

I'm not a chess master or even a player 
with a ranking. But I have enough ex- 
perience to know when one's game is 
good ... and The Chessmaster 2000 from 
The Software Toolworks (Sherman 
Oaks, CA) is that. My brother -in -law, 
who is a ranked chess player, though on 
the rusty side, agrees wholeheartedly. 

The champion program is available in 
IBM, Apple, Commodore 64 /128 and 
Atari versions for only $39.95; Macin- 
tosh, Amiga and Atari ST versions retail 
for $44.95. The programs are distributed 
by Electronic Arts (San Mateo, CA). 

The IBM version I used requires a ma- 
chine with at least 256K of RAM, which 
everyone has, and DOS 2.0 or later, 
which is commonplace, too. Only one 
disk drive is needed and it'll load on a 
hard disk or a 3.5 -inch floppy with an op- 
tional $10 installation disk. (Apple corn - 
puter versions need only 64K of user 
memory.) The chess program is copy 
protected; a backup is available for $5. 

If all that Chessmaster 2000 offered 
was its fine standard of chess playing, it 
would be enough to justify its modest 
price. After all, it is claimed to have the 
largest opening library among PC chess 
programs (71,000 moves) and a host of 
play levels that range from newcomer to 
grandmaster (60 moves in 5 minutes to 40 
moves in 6,000 minutes, respectively). 

But CM2000 is replete with features that 
add to its value. 

Firstly, there are additional play 
modes, which includes one called the 
"Easy Mode," designed to make chess 
playing simpler for newcomers. More- 
over, you can set the game for the com- 
puter to always make its best move or mix 
best and random moves (Normal) or for 
a more random -move mode called "Cof- 
feehouse." Then there are graphic 
choices to spice the visual impact: two -di- 
mensional and three -dimensional repre- 
sentations; monochrome and color (with 
color choices). Sounds aren't neglected 
either, with a choice of a bell sound, mu- 
sic sound or no sound when a chess piece 
is moved. The board can be rotated, too. 

Frills aside, there's a welcome Teach- 
ing Mode that illustrates all the possible 
moves for a selected chess piece, a hint 
choice that causes the computer to show 
you what your best move is, and, my fa- 
vorite, an analysis option that shows the 
computer's "thinking" process. Here, 
one can save a game and have the com- 
puter demonstrate what it considers to be 
the best move for either or both sides and 
give an ongoing overall game score at 
that time. 

Add a clock and move on /off option, 
algebraic notation or abbreviated nota- 
tion choice, move listing, printing of 
moves, solving for mate demonstration, 
and a provocative "sliding" of pieces in- 
stead of jumping, and you get a better 

idea of the versatility of this remarkable 
program. You can also select white or 
black to play, delete moves on both sides 
and recall them if you wish, force the 
computer to make its move quickly if you 
get tired of waiting for it to analyze its 
possible move ply by ply, learn how 
many moves or plys the computer used 
before making its decision, and other 
goodies that embellish playing and ad- 
vance your understanding of chess. 

Conclusions 
Level 1 consistently provided me with an 
entertaining and informative game, al- 
lowing me to win almost half the games. 
My more experienced brother -in -law did 
this at Level 3 (40 moves in 30 minutes vs. 
Level l's 60 moves in 5 minutes). The 
more time the computer has, the more 
plys (move stages) it can examine, of 
course. He said that the computer's mid- 
dle and end game was very good. Fur- 
thermore, no bugs showed up after many 
months of use, which was not the case 
with the chess program in Borland's Tur- 
bo GameWorks, which he said played 
much weaker, to boot. 

In addition to the features previously 
noted, CM2000 contains a library of 100 
classic chess games played by masters in 
tournaments that can be played and ana- 
lyzed, as well as a group of famous chess 
problems that have challenged profes- 
sionals over the years. 
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Chess pieces in 3 -D can be selected for more realistic look. Chessmaster with pop -up menu and text -driven chess pieces. 
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It's difficult to criticize this program 
since it offers so much power play, learn- 
ing opportunities, and options. The only 
flaws I could observe are related to the 
program's chess -piece graphics. They're 
fairly good in two -dimensions, but its 
touted three -D mode, though attractive - 
looking, is difficult to play with because 
some pieces obliterate part of another 
piece. Viewing it in a 2 -D plane, which is 

what the video monitor really is, I found 
that I had to strain a bit at times to see 
what square the piece was on. Also, if 
you don't have a computer with a graph- 
ics board -say, the original IBM mono 
adapter instead of a Hercules -type board 
-the text mode's representation of chess 
pieces is poor. In normal 2 -D with 
graphics provisions, it was okay. Aside 
from this, the program is terrific all 
around, right down to the easy -to -use 
help menus that make extensive use of 
function keys and cursor -bars to make 
choices ... and priced right. 

CIRCLE NO. 136 ON FREE INFORMATION CARD 

CB Thoroughbreds with winning credentials. 
the 

Slack. 
Sleek and spirited, the new AIS Black Stallion 
CB antennas have an unfair advantage over all 
other brands-the long, proud heritage of the most 
respected name in professional communication 
antennas. With the finest 17 -7PH stainless steel 
whips, high -tech protective black DURA -COAT' 
finish, and contemporary styling, these exceptional 
antennas have no peers for strength and beauty. 

Now's the time to catch a Black Stallion for 
yourself. Send for your free 16 -page "CB /Monitor 
Antennas" booklet today. 

Model 900 
Trunk Mount 

Model 902 
Trunk Mount 

the antenna specialists co. 
A member of The Allen Group Inc. 

30500 Bruce Induscríal Parkway Cleveland. OH 44139 -3996 2161349 -8400 

©1987 by The Antenna Specialists Co. 

Model 904 Model 906 
Magnet Mount On- Glasse 

1111111maNNics 
Now you can reach out every month and learn about the latest innovations in 

consumer electronics and personal computers -what's new, how products and 

circuits work, and what leading authorities think of them. 

*Stereo *Video *Home & Car Electronics 
*Test Instruments *Circuitry & Devices "Servicing 

*Personal Computers *Communications *Construction Projects 

In every issue, authors lucidly explain how exciting, new electronics ideas are 

applied ... issue forthright buying counsel ... present complete plans to build 
electronic devices to enhance products, even unique ones that are not yet being sold 

in the marketplace. 

Just fill out the coupon and mail with your check, money order, or credit card 

information (Visa or MasterCard) to enter your subscription. Do it today to ensure 
earliest delivery! 

MODERN ELECTRONICS 76 North Broadway. Hicksville, NY 11801 

Please send me Modern Electronics for L 2 Years (l 1 Year 

Name 3 Years (36 issues).. $48.00 

Street 2 Years (24 issues) ..533.00 

City 1 Year (12 issues) ... 517.97 

State Zip 

Charge My Order To: Payment Enclosed S 

MasterCard 

VISA 

M, nrrOufI number is: IIIIIIIII111I1I 
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INNOVATIVE PROJECTS AT 
AFFORDABLE PRICES 

320 WATTS PEAK POWER FOR 
YOUR STEREO 

NEW!! 110 VAC Powered Amp 
Compact Size 10 "x10 "x3" 

320 WATTS PEAK POWER MAKES ANY 
MUSIC COME ALIVE BUT IT TAKES A. 
DIGITAL AMPLIFIER TO DELIVER THE 
POWER FROM TODAY'S NEW DIGITAL 
RECORDINGS. THE NRG 320 IS 
COMPLETELY DIGITAL WITH POWER 
MOSFETS SWITCHING AT OVER 250 
KILOHERTZ. SPEAKERS ARE DRIVEN WITH 
A CONSTANT FREQUENCY SQUARE WAVE 
USING PULSE WIDTH MODULATION AND 
PEAK CURRENT AVERAGING. 

320 AC Amplifier Kit .150.00 

SPEED UP YOUR PC BY 30% 
WITH THE PC ACCELERATOR! 

WORKS WITH IBM PC a 
CLONES 
DUAL XTAL DESIGN 

FLEXIBL4 INSTALLATION w 
- 

HARDWARE RESET PUSH 
BUTTON 
ATTRACTIVE CONTROL 
BOX 
WORKS WITH'NEC V20 

PLUG -IN PC BOARD 
REPLACES 8284A CHIP 

COMES WITH SSE (SPEED 
EVALUATION SOFTWARE) 

MOST ECONOMICAL 
SPEED ACCELERATOR 
ON THE MARKET 

r NR 
P 320C 

NpG 
FROMNOV IR LESSTHANI %THD 
'MODERN ELECTRONICS' ARTICLE FAN COOLED 

ToMPLETE STEP BY STEP ASSEMBLY INSTRUCTIONS 
DIGITAL AMP DESIGN: 
';OMPAGT SIZE 6.X6'04' 
AMPLIFIER KIT $150 
ASSEMBLED AND TESTED $200 

NRG 

PCA KIT $29.95 
PCA ASSEMBLED $49.95 

JUMBO 6 DIGITI LED CLOCK 
204 11.111 01W. GREAT FOR 

0.1.177 ME BASF cpp,r. 
8 2' 25 NCH FED LED own RAM STAMM 

e.rrla. 
$69!95 KIT $99 rASSEMBLED 

slws aurea 

ORDER BY MAIL PREPAID OR COD FROM NRG ELECTRONICS, PO BOX 24138 

FT LAUDERDALE. FL 35307 OR BY PHONE (305) 971 -3823 

INCLUDE $3 SHIPPING. FL RESIDENTS ADD SALES TAR 
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Article Cumulative Index 
January 1987 through December 1987 

Audio & Video 
Active Minispeakers, Building & Applying 

by Joseph O'Connell Sep 
Car Speakers, Installing Jul 
Consumer Electronics, What's New in 

by Len Feldman Sep 
Distribution Amplifier, An Audio /Video 

by Jack Cunkelman Mar 
Eraser, A Bulk, for Cassettes & Diskettes 

by Adolph A. Mangieri Jan 
Headphone Substitutes, Airline 

by Paul M. Danzer Nov 
Headphones, Inexpensive Wireless 

by Philip Kane Feb 
Laser Light Show, A Computer -Controlled 

by Ronald A. Peterson Apr 
Receiving System, A 4.5 -MHz FM 

by Duane M. Perkins Jan 
Speaker System, A full -Range 

by William R. Hoffman Jan 
Stereo Amplifier, A $149 Digital 

by C. Barry Ward Dec 
Subwoofer for Stereo, A, by William R. 

Hoffman & Oliver H. Leider Jun 
Synthesizer, a $20 Drum 

by C.R. Fischer Jan 
Synthesizer, A General- Purpose Speech 

by Barry L. Ives Oct 
VCR Playback on Multiple TV Sets Without 

Cable Wires, by Desi Stelling Jul 
Video Monitor, Recycling an Old 

by Steve Kelnhofer Jul 

Columns 
Communications 
English- Language Broadcasts 

by Gerry L. Dexter Feb 
Sampling of Summer 1987 English- Language 

International Shortwave Broadcasts 
by Gerry L. Dexter Aug 

Sampling of Fall 1987 English- Language In- 
ternational Shortwave Broadcasts 
by Gerry L. Dexter Nov 

Build a License -Free Transmitter for 1,700 
Meters, by Chuck Steer, WA3IAC Sep 

Editorial by Art Salsberg 
When It Goes Bad Jan 
Electronic Surprises Feb 
Consumer Rights & Wrongs Mar 
Promises, Promises Apr 
A Is For Analog May 
Taking the Slow Road Jun 
New Electronic Frontiers Jul 
Killing the Golden Goose Aug 
Buying Confusion Sep 
The High End Oct 
Facts on Fax Nov 
At Year's End Dec 
Electronics Notebook by Forrest M. Mims III 
Keychain Electronic Projects Mar 
Part-15 Low -Power Radio Transmitters 

Apr 
Unconventional Miniature Circuits May 

Infrared Radiation Jun 
Experimenting With Infrared Detectors Jul 
Magnetic Field Sensors Aug 
Experimenting With Hall- Effect Devices 

Sep 
Amateur Electronics Research Oct 
Laser Eavesdropping Nov 
Experimenting With Shape- Memory Alloy 

Wire Dec 

Hardware Hacker by Don Lancaster 
Author answers readers' questions 

Jan thru Aug 

PC Papers by Eric Grevstad 
Open Access II; A Big Kiss; No -Risk Trials 

Jan 
Nice and Simple: Tornado Notes & JumpStart 

Feb 
Two Hybrids: Tandy 3000HL, Words & 

Figures Mar 
More Clones, Smart Spelling, Cheap Writing 

Apr 
Best Yet: NEC's MultiSpeed May 
"WordStar" Under $60, Windows Over 

Anything Jun 
Find Yo ur Fortune, Plan a Page, Fix a Disk 

Jul 
Beginners and Background: PFS: First 

Choice, Teamwork Aug 
Consumer Products, Portables and Personal 

Favorites Sep 
Software Focus 
Word Finder -A Giant Synonym Finder 

by Art Salsberg Jan 
MacPublisher II for Plenty of Desktop Pub- 

lishing Power, by Mike Nikolich Mar 
The Disk Optimizer, by Art Salsberg Apr 
PC Type Right: A Solid -State Spelling 

Checker, by Art Salsberg May 
WordStar Professional Release 4 Discovers 

the Fountain of Youth 
by Art Salsberg Jun 

"Bookmark" Data -Protection Software 
Jul 

Lotus Symphony: Power With a Price 
by Joe Desposito Aug 

"Cruise Control" Cures Cursor Movement 
Problems, by Art Salsberg Sep 

Floppy -Disk Drive Testing: J &M Systems' 
Memory Minder Program 
by Art Salsberg Oct 

An Artificial Intelligence Word Processor: 
MindReader, by Art Salsberg Nov 

Chessmaster -A Champion Program 
by Art Salsberg Dec 

Communications 
Antenna, AM Broadcast -Band Loop 

by Brad Thompson Sep 
Correction Nov 

Doorbell, A Radio -Controlled 
by Anthony J. Caristi Feb 

Receiving System, A 4.5 -MHz FM 
by Duane M. Perkins Jan 

Computing 
Computer, A Homebrew Analog 

by Forrest M. Mims III Dec 
Decals, Project, With Your Computer 

by Rich Vettel Jul 
EPROM Eraser, by Ralph Tenny May 
EPROMs for Non -Volatile Applications, 

How to Use, by John D. Anderson... Jun 
EPROM Programmer, A Stand -Alone 

by Walter Schopp Feb /Mar 
Eraser, A, for Cassettes & Diskettes 

by Adolph A. Mangieri Jan 
Hard -Disk Drive, Adding a Mar 

Seagate's ST225 Internal Hard Disk 
by TJ Byers 

Western Digital's "FileCard" 
by Joe Desposito 

Maynard Electronics' " OnBoard" 
by Art Salsberg 

IBM Personal Computers, The New 
by John McCormick Aug 

Laser Light Show, Computer -Controlled 
by Ronald A. Peterson Apr 

Macintosh Computers, 2nd Generation 
by Alexander W. Burawa May 

Memory Expansion for Apple IIe 80- Column 
Card, by D.N. Ellis Jun 

"PC Express," The 
by Crady VonPawlak May 

PC Express Revisited 
by Crady VonPawlak Sep 

Powerhouse, A Pocket 
by David A. Nordquest Oct 

Printer Power Controller, An Automatic 
by Ralph Tenny Dec 

Process Control With Personal Computers, 
by Dr. H. Edward Roberts.. Sep /Oct /Nov 

Sinclair /Timex Computers, A New Life for 
by R.L.L. Hu & J.J. Chang Apr 

Speed -Up Board, A $30 6 -MHz 
by Gary Grider Feb 

Synthesizer, A General- Purpose Speech 
by Barry L. Ives Oct 

Video Monitor, Recycling an Old 
by Steve Kelnhofer Jul 

Features 
Battery Basics, by Brent Gloege Jun 
Computer, A Homebrew Analog 

by Forrest M. Mims III Dec 
Consumer Electronics, What's New in 

by Len Feldman Sep 
Decals, Project, With Your Computer 

by Rich Vettel Jul 
Delta Modulation: The Forgotten A/D Con- 

verter by Rodney A. Kreuter May 
EPROMs, How to Use, for Non -Volatile Ap- 

plications, by John D. Anderson Jun 
Hard -Disk Drive, Adding A Mar 

Seagate's ST225 Internal Hard Disk 
by TJ Byers 

Western Digital's "FileCard" 
by Joe Desposito 

Maynard Electronics' "OnBoard" 
by Art Salsberg 
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IBM Personal Computers, The New 
by John McCormick Aug 

LED Displays, Quick 
by J. Daniel Gifford Oct 

LM723, The Versatile 
by J. Daniel Gifford Feb 

Macintosh Computers, 2nd Generation 
by Alexander W. Burawa May 

Measurements, Logic Signal 
by Robert Ramirez Mar 

Op Amps, Choosing, for Specific Applications 
by C.R. Fischer Nov 

Op Amps, The State of 
by Dan Becker Dec 

Op Amps, Using to Generate Signals 
by C.R. Fischer May 
Correction Jul 

Operational Amplifiers, Using Current - 
Differencing, by Bob Mostafapour Sep 

Oscilloscope Measurements Guide 
by Robert Witte Jul /Aug 

Powerhouse, A Pocket 
by David A. Nordquest Oct 

Process Control With Personal Computers 
by H. Edward Roberts Sep /Oct /Nov 

Speakers, Installing Car Jul 
Surface- Mount -Device Circuits: A Design & 

Construction Guide 
by Forrest M. Mims III Feb 

Surface -Mount Technology 
by Forrest M. Mims III Jan 

SMT on the Move, by Patrick J. Chick Jan 
Thyristors, Introduction to 

by Dan Becker Apr 
Correction Jun 

Timers, How to Get Ultra -Long Delay 
by John T. Bailey Jan 

Product Evaluations 
EGA Wonder Board, The, by TJ Byers ..Jul 
Graphics Cards, New 

by Joe Desposito May 
Paradise AutoSwitch EGA 

by Joseph Desposito Jan 
Powerhouse, A Pocket 

by David A. Nordquest Oct 
Printer Buffer Kit, Heath's New 

by Joseph J. Carr Dec 

Projects 
Antenna, AM Broadcast -Band Loop 

by Brad Thompson Sep 
Correction Nov 

Call Monitor, A 10- Minute 
by Anthony J. Caristi Jul 

Car Speakers, Installing Jul 
Charger Controller, A Battery 

by Dennis Eichenberg Nov 
Clock, A Jumbo LED Digital 

by C. Barry Ward Apr 
Control, Hand -Clap Electronic 

by James H. Brown Jan 
Dialer, Telephone Memory 

by Anthony J. Caristi Jun 
Distribution Amplifier, An Audio /Video 

by Jack Cunkelman Mar 
Correction Jun 

Doorbell, A Radio -Controlled 
by Anthony J. Caristi Feb 
Correction May 

Dryer, An Electric 
by Joseph O'Connell Nov 

Enhancements, Laptop Computer 
by Brent Gloege Jan 

EPROM Eraser, by Ralph Tenny May 
EPROM Programmer, A Stand -Alone 

by Walter Schopp Feb /Mar 
Correction Jun 

Eraser, A Bulk, for Cassettes & Diskettes 
by Adolph A. Mangieri Jan 

Fan Control, Automatic, for Small Cars 
by Anthony J. Caristi May 

Frequency- Counter Adapter for Digital Mul- 
timeters, by Crady VonPawlak Nov 

Generator, Build the Pattern -8 
by Desi Stelling May 

Generator, A Varipulse 
by Ralph Tenny Aug 

Generator, A Programmable Waveform 
by Paul Renton Oct 

Headphone Substitutes, Airline 
by Paul M. Danzer Nov 

Headphones, Inexpensive Wireless 
by Philip Kane Feb 
Correction Jun 

IC Tester, A 16- Channel Digital 
by David Leithauser Dec 

Lamp Timer, Telephone Activated 
by Steve Lympany Aug 

Laser Light Show, A Computer -Controlled 
Ronald A. Peterson Apr 

Memory Expansion for Apple IIe 80- Column 
Card, by D.N. Ellis Jun 

Mini Speakers, Building & Applying Active 
by Joseph O'Connel Sep 

"PC Express," The 
by Crady VonPawlak May 

PC Express Revisited 
by Crady VonPawlak Sep 

Phone Alert, An Off -Hook 
by Peter A. Lovelock Nov 

Phone Miser, The, by R.F. Sharp Dec 
Printer Power Controller, An Automatic 

by Ralph Tenny Dec 
Receiving System, A 4.5 -MHz FM 

by Duane M. Perkins Jan 
Ringer, The, by C.R. Ball Mar 
Short- Circuit Detector, A 

by Lawrence M. Walden Jun 
Speaker System, A Full -Range 

by William R. Hoffman Jan 
Speed -Up Board, A $30 6 -MHz 

by Gary Grider Feb 
Subwoofer for Stereo, A, by William R. 

Hoffman & Oliver H. Leider Jun 
Synthesizer, A $20 Drum 

by C.R. Fischer Jan 

Synthesizer, A General- Purpose 
by Barry L. Ives Oct 

Target, Audible, by James H. Brown Sep 
Correction Nov 

Telephone Redialer for Busy Numbers, 
Automatic, by Anthony J. Caristi Apr 

Temperature Controller, Proportional 
by Jan Axelson & Jim Hughes Oct 

Temperature Probe for Multimeters, A 
by Jan Axelson Jul 

Tester, An In- Circuit Component 
by William R. Hoffman Apr 

Tester, A Transistor /Diode /SCR 
by Adolph A. Mangieri Dec 

Timex /Sinclair Computers, A New Life for 
by R.L.L. Hu & J.J. Chang Apr 
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Touch Switch, Versatile 
by Paul E. Montgomery, Jr Jul 

Twilight Sentry, by Anthony J. Caristi ..Aug 
VCR Playback on Multiple TV Sets Without 

Cable Wires, by Desi Stelling Jul 
Video Monitor, Recycling an Old 

by Steve Kelnhofer Jul 

Test & Service 
Detector, A Short- Circuit 

by Lawrence M. Walden Jun 
Frequency- Counter Adapter for Digital Mul- 

timeters, by Crady VonPawlak Nov 
Generator, Build a Pattern -8 

by Desi Stelling May 
Generator, A Programmable Waveform 

by Paul Renton Oct 
Generator, A Varipulse 

by Ralph Tenny Aug 
IC Tester, A 16- Channel Digital 

by David Leithauser Dec 
Logic Signal Measurements 

by Robert Ramirez Mar 
Op Amps, Using, to Generate Signals 

by C.R. Fischer May 
Oscilloscope Measurements Guide 

by Robert Witte Jul /Aug 
Temperature Probe, A, for Multimeters 

by Jan Axelson Jul 
Tester, An In- Circuit Component 

by William R. Hoffman Apr 
Tester, A Transistor /Diode /SCR 

by Adolph A. Mangieri Dec 

AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 
PLANS -Build Yourself-All Parts Available In Stock 

LC7- BURNING CUTTING CO, LASER 

$ 

20.00 

RUB4- PORTABLE LASER RAY PISTOL 20.00 

TCC1 -3 SEPARATE TESLA COIL 

PLANS TO 1.5 MEV 20.00 

10G1-10N RAY GUN 10.00 

GRA1- GRAVITY GENERATOR 10.00 

EML1- ELECTRO MAGNET COIL GUN /LAUNCHER 5.00 

KITS 
MET1 K -FM VOICE TRANSMITTER 3 MI RANGE 49.50 

VWPM5K- TELEPHONE TRANSMITTER 3 MI RANGE 39.50 

BTC3K- 250,00 VOLT 1014" SPARK TESLA COIL 199.50 

LHC2K- SIMULATED MULTICOLOR LASER 39.50 

BLS1K- 100,000 WATT BLASTER DEFENSE DEVICE 69.50 

ITM1 K- 100,000 VOLT 20' AFFECTIVE 

RANGE INTIMIDATOR 69.50 

PSP4K -TIME VARIANT SHOCK WAVE PISTOL 59.50 

PTG1K- SPECTACULAR PLASMA 

TORNADO GENERATOR 13950 
MVPIK SEE IN DARK KIT 169.50 

ASSEMBLED 
PG70H- MULTICOLORED VARIABLE 

MODE PLASMA GLOBE "7" 425.00 

BTC10- 50,000 VOLT- WORLD'S SMALLEST 

TESLA COIL 44.50 

LGU40 -1MW HeNe VISIBLE RED LASER GUN 299.50 

TAT20 AUTO TELEPHONE RECORDING DEVICE 24.50 

GPV10 -SEE IN TOTAL DARKNESS IR VIEWER 299.50 

LIST10- SNOOPER PHONE INFINITY TRANSMITTER 169.50 

IPG70- INVISIBLE PAIN FIELD GENERATOR - 
MULTI MODE 69.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR $1. DOOR INCLUDED FREE 

WITH ALL ABOVE ORDERS. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS 

PLANS ARE POSTAGE PAID. SEND CHECK, MO. VISA, MC IN 

US FUNDS. 

INFORMATION UNLIMITED 
P.O. BOX 716,DEPT.ME, AMHERST, NH 03031 
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Classified Commercial Rates: 901 per word, 15 -word minimum ($13.50) prepaid. (Word 
count includes name and address, ZIP code and abbreviation each count as one word; 
P.O. Box number and telephone number count as two words each.) Indicate free cate- 
gory heading. A special heading is available for a $6 surcharge. First word only is set 
boldface caps at no charge. Add 20% for additional boldface words. 
Mart Display Rates: 1 " x 1 col., $120; 2" x 1 col., $230; 3" x I col., $330. Prepayment 
discount 59 for 6 issues; 10% for 12 issues prepaid at once. 
(All advertisers with PO Box addresses must supply permanent address and telephone 
number. Copy is subject to publisher approval.) 
Mailing Information: Copy mtgst be received by the publisher by the 20th of the third 
month preceding the cover date. Send Advertising material with check or money order 
to: Modern Electronics, Classified Department, 76 N. Broadway, Hicksville, NY 11801. 

VIDEO 

CABLE TV CONVERTERS. "NEW" Zenith 
Flash, Scientific Atlanta, Jerrold, Oak, 
Zenith, Hamlin. Many others. "New" 
VIDEO HOPPER "The Copy Killer ". Visa, 
M/C & AMEX. 1 -800- 826 -7623. B&B Inc., 
10517 Upton Circle, Bloomington, MN 
55431. 

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- 
MD, Washington Crossing, Pennsylvania 
18977. Credit card orders 24 HRS. (215) 
736 -3979. 

Pay TV and Satellite Descrambling. Schemat- 
ics, theory, bypasses for all major systems. 
$14.95. Experiments With Videocipher. Clon- 
ing, musketeering. $14.95. Cable TV. System 
design, security $12.95. MDS /MMDS Hand- 
book. Microwave hacking. $9.95. Build Satel- 
lite Systems Under $600. $12.95. Any 3/$27 of 
above. Z -Trap. Elminates SSAVI flashing. 
$14.95. Z -Bag. Bogus address generator for 
those studying addressable systems $24.95. 
Scrambling News. Monthly. $24.95/yr. Sam- 
ple $5. Catalog $1. Shojiki Electronics Corp., 
1327P Niagara St., Niagara Falls, NY 14303. 
COD's 716- 284 -2163. 

UNIQUE Video /film supplies! FREE 
catalog. Superior Pix, 323f S. Franklin Bldg., 
Suite 473, Chicago, IL 60606. 

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. 

ELECTRONICS 
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. 

$$$$$ SUPER SAVINGS $$$$$ 
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. 

LASERS: Illustrated how -to manual on Ham 
Radio use of Lasers! 120 bound pages of prac- 
tical information, plans, schematics, photos, 
sources of inexpensive parts. Laser contacts 
are valid in Ham contests! $13.95 Postpaid. 
Steve Noll, 1288 Winford, Ventura, CA 
93004. 

MELODY Circuit Board. 12 songs. Many 
uses. $22.50 Assembled, $3.00 Plans. Send to 
Plans, Box 4754, Lake Charles, LA 70606. 

RO M 
ART 

MAN6910 Re Double Digit 7 Segment Display, Hi 
Efficiency Red .56 Comm Ann , 25 
MM5481 - 14 Segment Driver Chip 75 
Hewlett Packard 7 Seg .4" Red Anns7651 95 
7 Seg .3" Bent Lead (Hobby Grade) 4 51 
7 Soo .B" Bent Lead (Hobby Grade) 3/51 
1.54 50V Bridge (T0-5) 50 
4A 50V Bridge (KBUO5) 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 Y 
SPST PB Switch (Keyboard Type) a/$1 
Mini Toggle DPDT (Lock Latch Feature) .75 
DPDT "Sn le Rocker with Bulb Socket .....95 
Push -Lighted Switch (No Bulb) ON - Man - d5 
Pushbutton DPST ON - Mom PC Mount 3/51 

TPDT "Bar Handle tie (On Off On 1 

Toggle 
( ) 

DPDT RI Angle PC Toggle (On Off On) .95 
11 LED Bar Graph Display. 2 -3/4, Rectangular LED's 
(Specify Red, Green, Amber) 269 
Giant Numeric Alpha Display 1 -1h "z2 "7x5(357495 
Red LED Matrix 4 95 
22uf 35V Solid Tantalum ( Kenet) 3/1.00 
Radial Lytice- tuf 50V.13, 2.2uF 50V.13, 3.3uF 50V 
14,4.7uF40V .12, 10uF 50V .1422uF 35V .15, 334F 
35V .15, 47uF 50V .15, 10WF 35V .20, 220uF 35V .22. 
330uF 35V .33 470uF 35V .39, 1,000uf 16V .45 
1,000uF 75V Axial 75 
3,2WUF 50v Twist Lock 85 
3,300uF 50V Axial ottk .s5 
S,000uF 40V Computer Grade (Mallory) 150 
Ceramic Mondithics - All 50V or Higher: 
33034 47038 )(All .00)8uí 0020.9, 

F, .00.7BuF ((All 30151)..0í4F - 20/51, .022uF 
15151. .1LIF 10/51 .22uF 10/51 
Crystal Clock Oscillator 14.9760 MHZ. .50 
UCN4116B - OSC /Freq Div Clock IC 5/1.00 
AM /FM Radio IC w/Dala Sheet (Á220a)... 15/51.00 
Slide Pots - 1 Each 50K. 100K. 1.2M.2M,5M - $1 
74165 (Shift Register) Houses8095 10/51 
ULN2231 (Delco DM50) Dual Preamp IC 2/1 
Switching Power Supply - Rus 8 Minus 5 8 12 Volts 
200W. by Convey 549.95 
MRF901 (Hobby - You Test) 10/51 
Piha PT,OV 3/8" Horizontal Mount Tri, pots 100 OHM, 
1K, 5K, 10K, 20K, 50K, 100K, 200K, 500K, 1M 

Tum 4151 
Multi Turn Precision 2 ,50. 100 

25K, OHM, 250 OHM, S 

250K, 500K. 
1. 1215, SK, íO15,.1 2$86 

50K, 100K, 200K, 250K, 500K. 1Meg .75 Each, 100566 
Zenith TV Replacement IC ep Special SI Each 221.42, 
221-43. 2z, -be, 221-69, 221-7s, 22,E7, 22i -9s, 
221- 104, 221- 105, 221-106, 221 -140. 
Motion Detector Module 1 Includes ULN2232 IC 8 Caps), 
52 Each. 7/510, 25/525. 
Motion Detect, ULN2232 IC Only 3152, 2x510 Black, 
Plastic Case for Detector 52.25 
Miniature Speaker for Detector 75 

Model SG-,05 Sonal GeneratIX - 20Hz to 15545 95 
Low Distortion, 46 STEP 
22/44 PIN ERgecartl Connector 65 
40 PIN IDC Ribbon Cable Connector 40 

Sg PIN IDA Ribbon Cable Connector .50 
36 PIN Rt Angle "Snap Ott" Header 50 
14 PIN Header for Ribbon Cable 3/51 
7 PIN Male Header 20151 
IC Storage "Bug" Box $2 45 
Heavy Duly 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 
4 112 Diagonal Cutters (Spring .gon 516aded) 53/52 
Nut Driver sel for 3/16 ", 1/4 ", 5118" 3/52 
Jeweler's 

Pump 
(4 pCS) $2.65 

Desoidering Pump (Solder Sucker) $4.00 
Replacement Tips for Solder Sucker 2.153.00 
25W Precision Soldering Iron 55.00 9 
Safely Goggles $2.95 
De- Soldering Braid (5 Foot Roil) .99 

(4 pc5) $3.00 
Model 6108 

Tool 
is Probe Pencil T Logic ( Type) .. $18.95 

Model 6208 Logic Pulser (Pencil Type) .... 518.95 
.01uF 

200V 
Mylar Cap 20/51 

.1uF 200V Mylar Cap 15/51 
?Mystery? Bag #1 The OHM "ago $1 
?Mystery? Bag #2 The "Volt" Bag $1 
?Mystery? Bag #3 The "Circuit" Bag $1 
?Mystery? Bag #4 The "Frequency" Bag $1 
?Mystery? Bag #5 The "Toleranc9' Bag $1 
No Returns or Ezchanges with Mystery Bags 
9v Battery Snaps 7/$1 
Sef Adhesive Rubber Stripping - Cut to My Lengths 
You Choose (3M- Bumpon), 3 Feet/52. 10 FeeV55.00, 

Feet/$20.00. 
Reliability Hi Reliabilay T63 Socket ¡AUguq 85 

Low Fluid Level Detector Kit - Parts, PC Board 8 

Soldering 
90 

Soltlering Iron Convenience Stands 5/51.00 
Voltage Mate Swathing Regulator Kit $18.95 

COMMODORE COMPUTER KEYBOARDBMOTHER- 
BOARD COMBO, INCLUDES ARTICLE FOR COM- 
PATIBILITY (INTERFACE) $12.95 

508 Central Ave 
Westfield. N.J. 07090 

201) 654 -6008 
(- y. r 

TR EERIES eo 1.5164 u 4012 n 
]41.5165 '° 40,3 26 

7400 7438D 00 7.5175 45 401.9 30 7 225 5 
x$,24 1 m 7.s+74 30 4016 25 

141.5191 45 4019 30 
7403 15 75452 

55 7.5t9í 60 4022 60 
]lea 25 75454 55 141.Sí9+ m 4075 m 

1bó67 
30 Biz' 10 

].1.5195 re 4024 45 
7.522+ 55 4025 20 ]ose so NeT. 15 
74 5340 65 40. so 7.0 30 

74,0 n 741.5 SERIES >.sz.z n 4041 10 
7411 25 74L500 20 7.524 65 4042 so '4s 25 741.5°1 20 741.5í.s 70 loos m 
420 25 741-502 20 7.5247 190 404] 65 n 74LS03 n 7.525, 40 400 25 

74zó 30 141.504 z5 741.5253 a 4050 25 
7427 25 744505 20 7.5257 35 
7429 25 7.506 n 741.5256 4052 60 700 

n 
741.509 20 7.5259 . 4050 

7432 7.510 26 B0 
707 25 74 5+1 25 4L5262 a 4aa6fi6se 7.6 n 74LS12 25 7.5266 0 400 20 

Taos 25 741.5+. 25 
7..9ín 45 4070 25 

7442 1.5290 
1 

40]3 
z0 n 741.5,5 25 

6 

445 w 7 520 20 741.5295 75 4073 3s 
75 7.52, 20 169296 4076 m 77447 

7450 
n 

7.522 20 7.5299 1 3655 .77 25 7.526 20 .5356 75 4078 35 
454 30 741.527 20 4991 

30 7.526 25 7.53 n 4062 p 7474 
747755 45 7.529 50 7.5367 40 .65 5 

°$ 1.530 
Z0 

I4°'2 a' 50 ;;1.5533 15 I4L 3 ,655 93 ;5 
74e5 55 7.537 2s 741-.9375 e5 153 45 
744e6 w 7.536 25 ]41.5377 70 4 45 
7490 74 540 30 
7491 95 ]4542 30 

741.5,76 1 ,0 426 4s 

7492 4s 7.547 90 
]41.556200 

1 w 44497 45 
7440 . 7... m 7.567° 65 4502 65 
7495 45 7.554 n 4511 70 

7.1$7 355.5 7..4 ñ MSC SERIES 516 70 

74,09 40 7.574 n 1 SC19B. 
5S 

° 
75 745C137 50 

4518 65 
4116 100 7.575 30 45,9 60 

74121 35 7.576 35 
1 °SC 259 35 

min 40 1.576 40 
7a5Cn7 èo 4532 75 

)45[239 4532 75 
74125 45 7.583 40 
74126 40 ]4LSns 0 745x0 50 4525 

15 745C241 50 
4555 J5 74+26 M 7.556 

]4+45 45 74LS90 
20 

7 sczb 6s 4513 es 14,0 100 7.ssa 3s 14sc20 w 
11151 50 741.Sí0] 30 

74sc3n so 4574 

1453 50 741.S1í2 n sal w 4sa+s ro 
74156 0 7.5++3 30 74$[534 40099 45 
74157 50 7.5114 30 

w 
,07 45 

74t61 60 741.5119 45 7°uß 50 40 

74,63 Go 7.5125 n 1 ° + 
w 45155 45 

7464 a0 1.5126 30 
74só64 60 

475 70 74/.32 35 
745[525 

z 00 
EPRON/MISC 

74174 So 1x+36 30 1'6T °o 75,6 z 95 
50 7.5136 40 

oA7A a0ox 
2732.2 395 75 

40 ].s,3s 40 2164 <s S. 7460 m 7.$151 45 2 so 

7418, 1 eo 7.51.93 05 CMOS SERIES 7109.9x6 r65 
7.92 70 141.5,57 30 74[00 25 Son 1. 25 
74193 65 7.5158 30 4000 . aces , 9s 

, . 4L 160 25 4001 0 2694 CTC 125 
]495 55 741.516+ 45 a2 ON69A SO 
74265 55 741.5162 45 60 00961000 

365 e 141.5163 45 .on 04/6164A 00 
4a],BM 65 

LINEAR 9E556 s0 TRANSISTORS 
UÁ741 25 8 DIODES 

LM3096 50 UÁ796 50 '66,6901 
1M3oes 40 Mct3,0 50 
LM308N 60 MC1350 1 40 2N2222Á LM311N 50 MC1396 50 PNZ9o,A LM311N 0 U41458 25 ,N,gaA 
MC31n 75 3 150 ,030.95 

C432,N 35 
LMn03 50 PN343 

CM325N 95 
0.12904 

[7805 5 
O/, 

M 
2904 SO 

v939a c1 LM339N 3 MC7606 45 1 

1.543800 75 MC780 45 ,250,9 2 ÿ 
LM386N 80 MC7e24 45 ,puIn,6 
ÑM3w9 35 M 79m 45 70.92 NPN 25., E555 5 C79í2 45 1N914Á 

, 

25. 
194007 161 
1052318 s. 

DIP IC SOCKETS 
8 PINI.09, 14 PIN /.13, 16 PINI.15, 18 PIN/.17. 20 
PIN /.19, 22 PIN/.21, 24 PIN/.23, 28 PIN/.26, 40 P14/.2B 
Zero Insertion Test Socket 28 PIN 500 

TOKO COILS FOR FEB 1984 
TV PROJECT 

Toko N's BKAN- K5552AXX(2), eE52oHN- 3000023 
(.0741111)& L- 2(12uH) Rued. 1 Set d 4 pre $6.00, 3 Sets 
515.00, 10 Sets 545.00. 
Opto Isolator HIIAX(Tfaneistor Type) -65 
Opto Isolate HXXCX(SCR Type) .85 
Hewlett Packard Clock (No S ( Pecs) 260 
Line Cord 6 feet UL Listed SPT 2 60 
Scope Probe Set w /Everything 21410 24.95 
Wire Stand Offs 10/$1 
Amer Ass's - 65 pcs Total - Includes Minimum 3 

DlnerenI 1W Devices 51.95 
Resistor Asst - 1,000 pcs 35 Values Minimum. 
Popular Values ( ,W, Lo s 

Precisions. 
tl. Carbon 8 

Some 1 Bed Lots of Carbon 
$9.95 Taped and Reeled la Easy Sorting 59.95 

Jumper Plugs (Cambon) - Male to Male for Bread - 
board 8 Connectors 10/51.25 
sysc Wall Transformer, Zooma $2.95 
9VDC Wen Trensfamer, 500ma $3.95 
12VDC Wall Transformer, 400ma 56.95 
6.3V 1.2A Transformer $1.60 
12.6 VCT lA $3.50 
7 (Seven) Amp Tapped Transformer - 7 1/2/15VAC 
or 9V /18VAC $8.95 

Style Fen #SU2C7 (Eß á G Rotron). Muffin/Sprite 
3 t /2" Sq, 115V $5.95 
Jumbo Red LED's 15/51.00, 100/$6.00 
Jumbo Green LED's 10/51.30, 100/510.00 
Jumbo Yellow LED's 10/51.40, í00/$t 1.00 
Jumbo Yellow Hi Intensity with Rt Angle 8 Black Case 
Features 1041.20, 100$10 

Y Amber LED's í0n1.40. ID015n.00 
Mini Yellow Hi 10/1. with /10 LEet. Pale alga 
Loan 

umbO 
Feature 10,.20, 10010 LED SI; 

00/56 

MODEL 705 Digital AAultlmeter 

,aga DC vol lOpPV 10 í008y 
AC Vdtapa lOpKV lo l4 x5195 DCGMML 0.1#4 to 105 
HC Gnarl 0.1KA to 1 

RaalalarNS Opp 0 HS. 
Diode Teat 1pF to 20 OF 
GoOS Teat forward vollapi Isallnp 
Hr6 ír1 tnn6161or testing 

UHF-TV PR AMP 
(As featured m Radio Electronics March/ 
May articles. 1962) 
This inexpensive re - pensive antenna mounted 
amp can add more than 25 dB of gain to 
your system. Lots of satisfied customers 
and repeat Orders /Or this high quality Ait 
which includes all component parts. PC 
BD, Case. Power Supply and Balue 534.50 
Assembled Version $5750 

Tuna: MICRO-MART accepts Visa. MC and telephone p sp 
U S orders. 52 50 Canada and other countries. 
N J residents add 6' sales tax 

MICRO -MART 508 CENTRAL AVE.. WESTFIELD, 

CODs Minimum order 510 00 Shipping pli Q 

53 50 Shipping rate adjusted where applicable 

NJ 07090 (2011654 -6008 
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LINEAR PARTS -Transistors: MRF454 $15, 
MRF455 $12, MRF477 $11, MRF492 $16.75, 
MRF421 $22.50, SRF2072 $13, SRF3662 $25, 
3800 $18.75, 2SC2290 $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. 

ASK ALLEN computer questions. Send 25C. 
Write: CompQ &A, P.O. Box 614, Thief River 
Falls, Minnesota 56701. 

TEKTRONIX 545A 24MHz scope $125.00, 
Lowest prices test equipment, parts, tubes. 
Free catalog. EF Electronics, Box 249, 
Aurora, IL 60507. 

I.C. Sale! Huge Selection - Unbelievable 
Prices - Free Flyer - (805) 489 -3700. Electronic 
Dimensions, Box 1846, San Luis Obispo, CA 
93406. 

HELP me please find out what is being used in 
car lights to zap people. Suite 804, 1421 
Valley, Alhambra, CA 91804. 

VOICE DISGUISERS! FM Bugs! Telephone 
Transmitters! Phone Snoops! More! Catalog 
$1.00 (Refundable): XANDI ELECTRON- 
ICS, Box 25647, "P ", Tempe, AZ 85282. 

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. 

COMPUTERS 
PERSONAL COMPUTER OWNERS CAN 
EARN $1000 to $5000 monthly offering sim- 
ple services part time. Free list of 100 services. 
Write: A.I.M.L.B., P.O. Box 60369, San 
Diego, CA 92106. 

SAVE MONEY on computer supplies! 
Bargains galore. FREE Info. Write today!! 
CREGS Enterprises, Dept. E, 318 Harper, 
New Llano, LA 71461. 

COMMODORE Chips, Distributor, Factory 
Fresh. Low prices. For eg., #6526- $9.95, 
#6581- $12.85, 901227- $10.95 and many, 
many others. Just released new C128 ROMS, 
AN UPDATE MUST, $39.95 plus postage .... THE COMMODORE DIAGNOSTI- 
CIAN", a new inexpensive way to diagnose 
faulty chips. This aid is a double sides laminat- 
ed display diagnosing 88 variations and what 
chip to look for. Over 3,000 sold. $6.95 plus 
postage .... HD Power Supply for C -64, 
$27.95 plus postage. Send for complete cata- 
log. Kasara Microsystems, Inc., 33 Murray 
Hill Dr., Spring Valley, N.Y. 10977 (1 -800- 
642 -7634) or 800- 248 -2983 (outside NY) or 
914 -356 -3131. 

BASIC Computers, 10 lesson correspondence 
course, $39.50. Certificate. Details free. 
AMERICAN TECHNICAL INSTITUTE, 
Box 201, Cedar Mountain, NC 28718. 

FINAL Closeout of new, Surplus, MS -DOS 
Software, and Manuals!! 10% Off with this 
ad. Free Catalog. GIL Electronics, Dept. 2, 
P.O. Box 1628, Soquel, CA 95073. 

Say You Saw It In Modern Electronics 

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.O.D. 

POLICE, Fire Scanning Radios. Bearcat Re- 
gency Fanon. Harvey Park Radio, Box 
19224ME, Denver, CO 80219. 

DETECTIVES, Experimenters. Exciting New 
Plans. Hard to find MICRO and RESTRICT- 
ED Devices. Large Catalog $5.00 Refundable 
on 1st Order. WILSON, P.O. BOX 5264, Au- 
gusta, Georgia 30906. 

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 -ME12, Para- 
dise, CA 95967. 

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. 

What Strikes 
You? 

Product Selection 
Convenient Ordering 

I Fast, Dependable Service 
I Competitive Prices 
With the new MCM Catalog, lightning strikes in 
all four places - not just one! From procts 
to prices, we have what you're looking f 

We also have the people who can help you 
weather any storm. Courteo sales reps on 
our TOLL -FREE phones, exOerienced 
technicians to answer your questions and 
warehouse experts who guarantee fast, 
efficient delivery. 

Discover the differe our new 
catalog and our c any can make 
for you. Call TOD for your FREE 
copy! 

mummies 

Call Toll Free 
1- 800 -543 -4330 
In Ohio, 1.800. 762.4315 
In Alaska and Hawaii, 1-800-858-1849 

MCM ELECTRONICS 
858 E. CONGRESS PARK OR 
CENTERVILLE, OH 45459 

A PREMIER Company ME-30 
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PICKS UP A WHISPER 50 FEET AWAY! 
The model WAT -50 miniature FM tranmitter uses a 

4 -stage circuit NOT to be confused with a simple wire- 
less microphone. Simply snap the unit on top of a 9V 
battery and you can hear every sound in an entire house 
up to 1 mile away! Use with any FM radio. Tunes to any 
frequency from 70mhz - 130mhz. Easy to assemble kit 
includes all parts and instructions. Only 29.98 tax incl. 

The WIRELESS TELEPHONE TRANSMITTER model 
WTT -20 is only about the size of a dime, yet transmits 
both sides of a telephone conversation to any FM radio 
with crystal clarity. Completely automatic. Uses power 
from the telephone line itself - never needs a battery! 
Up to 1/4 mile range. Tunes from 70mhz 130mhz. Easy 
to assemble kit includes all parts and instructions. On- 

ly $29.98 tax incl. 
Call or send MO, VISA, MC for Immediate delivery. 
Single kit orders Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by U.S. Mail. 
COD add $4.00. Personal checks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914232.3878 

CIRCLE 43 ON FREE INFORMATION CARD 

.. wlm, 
MI TM . 
INI V M 

I 
The magazine for Computerist 8 Amateur Radio 

Your #1 source of Packet info. 

received my moneys worth with lust one 
issue _ " 

-J. Trenbick 

.. always stop tp read CTM, even though most 
other magazines I receive (and write for) only get 
cursory examination ..." 

-Fred Blechman, K6UGT 

U.S.A. $18.00 for 1 year 

Mexico. Canada $32.00 
Foreign $43.00(land)- 568.00 (air) 
(U.S. funds only) 
Permanent (U.S.Subscription) $150.00 
Sample Copy $3.50 

CHET LAMBERT, W4WDR 
1704 Sam Drive Birmingham, AL 35235 

(205) 854.0271 

CIRCLE 44 ON FREE INFORMATION CARD 

CABLE T.V. CONVERTERS 
WHY PAY A HIGH MONTHLY 

FEE? 

All Jerrold, Oak, Hamlin, Zenith, Sci- 
entific Atlanta, Maganavox and all spe- 
cialized cable equipment available for 
shipment with 24 hours. For fast ser- 
vice MCNISA or C.O.D. telephone 
orders accepted (312) 638 -5320 60 
Day Warranty (Quantity Discounts) 9 
A.M. to 6 P.M. Monday through Fri- 
day Central Time. Stamp Envelope 
(60C postage) for FREE Catalog. 

Midwest Electronics Inc. 
5143 W. Diversey Chicago, IL 60639 

No Illinois Orders Accepted 

DETAILED PLANS: $4.95 

TV-SCOPE 
PENN RESEARCH, Box 3543 
Williamsport, PA 17701 

An interesting and worth- 

while project. This EAST - 
T0 -BUILD circuit lets you 

use any regular TV set as 

a simple OSCILLOSCOPE. 
Build for less than $10. 

NO MODIFICATIONS TO TV! 
Single or dual trace. 

Send for FREE CATALOG of 

other plans and kits. 

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. 

AUDIO 

Find out why we sell more high performance 
speaker kits than anyone in the U.S. For free cat- 
alog call: 1 800 -356 -2255 ext. 1122: AUDIO 
CONCEPTS INC., 1631 Caledonia, La Crosse, 
WI 54601. 

TEST EQUIPMENT 

TEKTRONIX Scopes - Free list of recondi- 
tioned 500- series. TEK 547 50 MHz dual - 
timebase delayed -sweep 5 -inch lab scope with 
type 1A2 dual-trace plug -in. Complete recon- 
ditioned & calibrated. Excellent condition. 
Shipped U.P.S. in 2 pkgs: $395 ppd. 10 -day 
money -back guarantee. RUBYTRON Instru- 
ments, 117 North Ridge Street, Port Chester, 
NY 10573 914- 937 -6376. 

CABLE EQUIPMENT 

CABLE TV DECODERS AND CON- 
VERTERS get your free catalog or order toll 
free 1 -800- 624 -1150. Information Call 
(402) -554 -0417. M.D. Electronics Inc., 5078 
So. 108th Ste #115, Omaha, Nebraska 68137 

DOIT YOUR E F 

REPAIR YOUR OWN TV ... ITS EASY. 
Write Research, Rt. 3, Box 601B, Colville, WA 
99114. 

MISCELLANEOUS 
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. 

SATELLITE and cable equipment schemat- 
ics, service manuals, booklets, diagrams, in- 
formation packages, construction material, 
covers, coverters, receivers, decoders. Catalog 
$3.00. Ponderosa Company, 3624 Citadel 
Drive North #289M, Colorado Springs, Colo- 
rado 80909. 

LASER LIGHT SHOW PROJECTORS 
starting at $350.00. RED LINE, 9737 Balboa 
Dr., St. Louis, MO 63136. 

Order Form 
Please print in block letters. 

MODERN ELECTRONICS 76 North Broadway, Hicksville, NY 1 1801 

Name 

Street 

City 

State Zip 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 

16 17 18 19 20 

21 22 23 24 25 

26 27 28 29 30 

31 32 33 34 35 
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 1 qq ,é _ . 
immir lis I. C 
C O R P O R A T I O N 

1- 800 -344 -4539 
AK, Puerto Rico - 218 -881.6874 Telex - 62827914 FAX - 218 -681 -3380 TW K - 9103508982 DIGI KEY CORP - NATIONAL SEMICONDUCTOR PANASON 

VISA OK MACHINE EWC, INC. NTERSIL AD 
-EAC INC. J. W. MILLER AAVIO ENG NEE 

- E. F. JOHNSON ATLANTIC SEMICONDUC' 

INTEGRATED CIRCUITS 

7.5 
74035 
74655 
74669 7.5 

241500 TT 

74: NNW 

aC00 CMOS 

9000 CMOS 
Fan 

4000 .18 
40020 
413054 

30 
38 

MIMIC/ 1 38 

39731.069C2 1 38 
1/179.1240.2 1 38 

40166 .08 
.26 

7431 COO 

634,4 .76 

Linear 

74091. 

4.6193, 

.545 

Mew. 

6 25 

7 88 
768 

Inter. ace 

4118 200 nseo 16,384x1 D Ram 

NEC Memory Chips 

NEC Mkroprocessof Chips 

256K (262,144 x 1) DRAM 15ONS $5.7011; $39.9519 ESD WINDUSOTRIDES.AMDEKGGE. 
Factory Firsts 4GAR YAGEO J. W. MILLER LUXO 

1414. 1414. 
3C CHEMICALS ARIES PLESSEY 

TI I.C. SOCKETS 

SOLDER TAIL 
DIP SOCKETS 

w40,114 

aanpN,.r. en 

.3O H.m.dae. r.n to 20 , 60 i; 
m 

00 

solaw.11 an 25 2 25 2, 00 

GOLD PLAT .o,06.Taa _Nw 
Moe" 1 10 104 

soMe, lad goal 70 6 60 . 00 

A mu soldo tad at. 29 7 50 73 CO 
40 on soltlee., gold 1 12 990 97 00 

P RA WIRE WRAP 
- WI SOCKETS 

as pos..61 to mm position of 016" pro 

Omt m ..asps 

7. MATEO WIRE WRAP no me mow... 
1 16 IN 

3 SO 00 
91 4 90 48 00 
57 5 60 55 00 
69 6 70 65 00 
76 7 50 74 00 

RAP 
1 10 

.80 11701 
179 1200 127 310 

Silicon Transistore 

5% Carbon Film Resistors 

:°' Á ,.me ro , 

045 060 060 
5913 Colson No Ratvelor Values to Ohms 0 lo 4 761 

PrIcIng 200 1001 

25 40 25 OP 

25 3.60 13 00 

25 3 50 16 03 

08112 5 ao. of 03473 stand. values in mom M.. 
1366 Iota/ pm 

..a.. má;° -- 
.NC..m.. Rim Amewsw. 

P6125 4mh of Ore elanclard velum in vom M.10 

.5 total ms I 

7019 

hvop Name 65. to 1509 

"o.r_ 
0 
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IF YOU BUY, SELL OR COLLECT 

OLD RADIOS, YOU NEED... 

ANTIgUE 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 ($24 by 1st Class). 

Canada & Mexico: $24 /yr. Other Foreign: $33 /yr. 

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

CIRCLE 22 ON FREE INFORMATION CARD 

NEw (from page 16) 

operate independently of the power 
line for up to 50 hours on a single 
charge. $595 for SR68; $59.95 for 
optional lead -acid battery for port- 
able operation. 
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Modem Data 
Interrupt Eliminator 
Data Spec (Chatsworth, CA) has an- 
nounced a line of "Data Interrupt 
Eliminators" for modems. These de- 
vices are said to prevent accidental 
loss of data when modems and tele- 
phones are used on the same line. 
Any extension telephone picked up 
while the modem (or phone) is in use 
is disabled. One Eliminator is needed 
for each telephone or modem shar- 
ing the same line. 

Operating like a switch, the Data 
Interrupt Eliminator sends signals to 
other Eliminators to electronically 
turn off any instrument on the line, 
except the first one used. In addition 

i UALITY PARTS *DISCOUNT PRICES *FAST SHIPPING! ° 

nn 
LL (ELECTROAICS CORnnPnn. 

15LNQffLIISULJLJOQ QOLt\SIYo 

BLACKLIGHT ASSEMBLY 

Complete, 1, 

functioning assembly 
includes ballast, on -off 
switch, power cord, 
sockets and F4T5 -BL black - 
light. Mounted on a 7 1/8" 
X 3 1 /8" metal plate. Use 
for special effects light- 
ing or erasing EPROMS. 
CATI BLTA $10.00 EACH 

E 
SWITCHING POWER SUPPLY 

Compact, well regulated switching 
power supply designed to power Texas 
Instruments computer equipment. 
INPUT: 14 -25 vac @ 1 amp 
OUTPUT: +12 vdc @ 350 ma. 

+5 vdc @ 1.2 amp 
-5 vdc @ 200 ma. 

SIZE: 4 3/4" square. 
Includes 18 vac @ 1 amp wall 
transformer designed to power 
this supply. 
CATI PS -TX $5.00 / set 

10 for $45.00 

1.1V-IrrP) 

VIC 20 MOTHERBOARD 

26 ICs including 6502A 
and 6560. 2 ea. 6522, 2 ea 
8128, 2 ea. 901486, 3 ea. 
2114. NOT GUARNTEED but 
great for replacement parts 
or experimentation. 
CATI VIC -20 $15.00 each 

XEON FLASH TUBE 
3/4" X 1 /8" dia. 
CATI FLT -1 2 for $1.00 

THIRD TAIL LIGHT 
Sleek 
high -tech 
lamp 
assembly. 
Could be 
used as a 
third auto 
tail light, emergency 
warning light, or 
special- effects lamp. 
Red reflective lens 
is 2 3/4" X 5 1/2" 
is mounted on a 4" 
high pedestal with 
up -down swivel ad- 
justment. Includes 
12 V replaceable bulb 
CATI TLB $3.95 each 

L.E.D.s 

Jum°° T 1 -3/4 
(5 mm) 

RED CAT I LED-1 
10 for $1.50 

GREEN 
CATI LED -2 

10 for $2.00 
YELLOW 

CATI LED -3 
10 for $2.00 

TWO PIECE 
HOLDERS 
FOR ABOVE 
L.E.D.S r7D 
CATI HLED 
10 for 65c 
100 for $5.00 

1 mA METER 
Modutec 0 -1 mA signal 
strength meter with KLM 
logo. 1/4" X 1 3/4" X 

7/8" deep. CATI MET -2 $2.00 

NI -CAD CHARGER /TESTER 
will charge most 
every size Ni -Cad 
battery available. 
CATI UNCC -N $15.00 

TOLL FREE ORDERS 
800-826.5432 

INFO (818) 904 -0524 
FAX - (818) 781-2653 

lama q 
QUANTITIES 

ORDERS 
CALIF ADO SALES TAX 

- SF OO %LIMN 
,acOAS I 

FOREIGN ORDERS 

SNIPPING 

OUR NEW MAIL ORDER ADDRESS IS 
P.O. BOX 567 VAN NUYS, CA 91408 

NI-CAD R TTTERIES 
AAA SIZE 1.25V 18OmAH $2.25 
AA SIZE 1.25V 500mAh $2.00 
AA WITH SOLDER TABS $2.20 
C SIZE 1.2V 1200mAH $4.25 
SUB-C SIZE SOLDER TABS $4.25 
D SIZE 1.2V 1200mAH $4.25, 
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to protecting modem data from in- 
terruptions, a Data Interrupt Elimi- 
nator can be used as a privacy device 
because when one telephone exten- 
sion is picked up, all others are dis- 
abled. 

Four different models are avail- 
able: Model MP600 ($9.95) is a 
stand -alone in -line unit; Model 
MP620 ($10.25) is a standard sur- 
face- mounted modular version; 
Model MP30 ($13.95) replaces the 
standard telephone modular wall - 
plate; and Model MP640 ($11.95) is 

for a wall- mounted telephone like 
those used in kitchens. 
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EXPAND YOUR CAREER HORIZONS... 

.. - :w...... . 
..-...011111111MM809.. 

START WITH CIE. 
Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 
electronics careers. 

We offer flexible training to meet your needs. 
You can start at the beginner level or, if you already 
know something about electronics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call toll -free 
1- 800 -321 -2155 (in Ohio, 1- 800 -362 -2105) or mail in 
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r 

The CIE Microprocessor Trainer helps you to learn how circuits with 
microprocessors function in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

CIE World Headquarters 
Cleveland Institute of Electronics, Inc. 
1776 East 17th Street Cleveland, Ohio 44114 

Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

AM O-94 

Print Name 

Address Apt. 

City State Zip 

Age Area Code /Phone No 

Check box for G.I. Bill bulletin on Educational Benefits 
Veteran Active Duty MAIL TODAY! 

Just call toll -free 1- 800 -321 -2155 (in Ohio, 1- 800 -362 -2105) 
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ICOM RECEIVERS 
The world at Your Fingertips 

Only ICOM brings the world into 
your living room... HF, VHF, UHF, and 
low band receptions. ICOM is the pro- 
fessional's choice to receive interna- 
tional broadcasts, aircraft, marine, 
business, emergency services, televi- 
sion, and government bands. Tune in 
with ICOM's IC-R7000 25- 2000MHz* 
and 1C-R71A 0.1 -30MHz commercial 
quality scanning receivers for full spec- 
trum coverage. 

Incomparable Frequency Control. 
Both the IC -R71A and IC -R7000 feature 
direct frequency access via their front 
keypad, main tuning dial, optional infra- 
red remote control and /or computer in- 
terface adapter. Flexibility of this na- 
ture can only be accomplished with an 
ICOM! 

Full Coverage, Maximum Perform- 
ance. The superb IC -R71A is your front 
row seat to worldwide SSB, CW, RTTY, 
AM, and FM (optional) communications 
and foreign broadcasts in the 100kHz to 
30MHz range. It features passband, IF 
Notch, low noise mixer circuits, and 
100dB dynamic range. The pacesetting 
1C-R7000 receives today's hot areas of 
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interest, including aircraft, marine, pub- 
lic services, amateur, and satellite trans- 
missions in the 25MHz to 2000MHz* 
range. It includes all mode operation 
low noise circuits plus outstanding sen- 
sitivity and selectivity. The combined 
IC- R71A /IC -R7000 pair creates a full ra- 
dio window to the world! 

The IC -R71A is a shortwave lis- 
tener's delight. Its 32 tunable memo- 
ries store frequency and mode informa- 
tion, and they are single- button repro - 
grammable independent of VFO A or 
VFO B's operations! This HF reception 
is further enhanced by a dual width and 
level adjustable noise blanker, panel se- 
lectable RF preamp, selectable AGC, 
four scan modes, and all -mode squelch. 

The IC -R7000 is a high band moni- 
tor's masterpiece. Its 99 tunable mem- 
ories are complemented by six scan- 
ning modes. It even scans a band and 
loads memories 80 to 99 with active fre- 
quencies without operator assistance! 
Additional features include selectable 
scan speed and pause delays, wide /nar- 
row FM reception, and high frequency 
stability. Many professional services use 
IC- R7000's as calibration references. 

Options. IC- R7000: RC -I2 remote 
control, EX -310 voice synthesizer, CK -70 
DC adapter, MB -I2 mobile bracket. 
IC -R7IA: RC-11 remote control, EX -310 
voice synthesizer, FM module, CK -70 
DC adapter, MB -12 mobile bracket, 
FL -32A 500Hz, FL -63A 250Hz, and 
FL -44A filters. 

See the IC -R7000 and 1C -R7IA at 
your local authorized ICOM dealer. 

" Specifications of IC -R7000 guaranteed from 
25- 100MHz and 1260- 1300MHz. No coverage frorn 
1000- 1025MHz 

41) 
Firs 

ICOM America, Inc., 2380 -116th Ave. N.E., Bellevue, WA 98004 Customer Service Hotline 454 -7619 
3150 Premier Drive, Suite 126, Irving, TX 75063 / 1777 Phoenix Parkway, Suite 201, Atlanta, r 30349 

ICOM CANADA, A Division of ICOM America, Inc., 3071 - #5 Road Unit 9, Richmond, B.C. V6X 2T4 Canada 
An stated specifications are approximate and subject to charge without nc. _ or obligation. All ICOM radios significantly exceed FCC regulations limiting spurious emissions. RCVRS587. 

ICOM 

www.americanradiohistory.com

www.americanradiohistory.com

