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COMMUNICA TIONS RECEIVER 

Yaesu has serious listeners 
for the serious listener: 

Yaesu's serious about giving you 
better ways to tune in the world 
around you. 

And whether its for local action 
or worldwide DX, you'll find our 
VHF /UHF and HF receivers are the 
superior match for all your listen- 
ing needs. 

The FRG -9600. A premium 
VHF /UHF scanning communi- 
cations receiver. The 9600 is no 
typical scanner. And it's easy to 
see why. 

You won't miss any local action 
with continuous coverage from 60 
to 905 MHz. 

You have more operating modes 
to listen in on: upper or lower 
sideband, CW AM wide or narrow 
and FM wide or narrow 

You can even watch television 
programs by plugging in a video 
monitor into the optional video 
output. 

Scan in steps of 5,10,121/2, 25 
and 100 KHz. Store any frequency and 

CIRCLE 1 ON READER SERVICE CARD 

related operating mode into any of 
the 99 memories. Scan the memories. 
Or in between them. Or simply 
"dial up" any frequency with the 
frequency entry pad. 

Plus therds more, including 
a 24 -hour clock, multiplexed output, 
fluorescent readout, signal strength 
graph, and an AC power adapter. 

The FRG -8800 HF communica- 
tions receives A better way to 
listen to the world. If you want a 

complete communications package, 
the FRG -8800 is just right for you. 

You get continuous worldwide 
coverage from 150 KHz to 30 MHz. 
And local coverage from 118 to 174 

MHz with an optional VHF converter. 
Listen in on any mode: upper 

and lower sideband, CW AM wide 
or narrow and FM. 

Store frequencies and operating 
modes into any of the twelve chan- 
nels for instant 
recall. 

Scan the airwaves with a number 
of programmable scanning functions. 

Plus you get keyboard frequency 
entry. An LCD display for easy 
readout. A SINPO signal graph. 
Computer interface capability for 
advanced listening functions. Two 
24 hour clocks. Recording functions. 
And much more to make your 
listening station complete. 

Listen in. When you want more 
from your VHF /UHF or HF receivers, 
just look to Yaesu. We take your 
listening seriously. 

YAEBU 
Yaesu USA 
17210 Edwards Road, Cerritos, CA 90701 

(213) 404 -2700 

Yaesu Cincinnati Service Center 
9070 Gold Park Drive, Hamilton, OH 45011 

(513) 874 -3100 

Dealer inquiries invited. Prices and specifications subject to change without notice. 
FRG -9600 SSB coverage: 60 to 460 MHz. 
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Where's Your ELECTRONICS Career Headed? 

The Move You Make Today Can Shape Your Future 

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

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

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

INDEPENDENT STUDY, AT HOME 

Independent Home Study Can Prepare You 

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

Recognition and Quality Assurance 

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

All lessons and other study materials, as well as com- 
munications between the college and students, are in the 
English language. However, we have students in many 
foreign countries; about 80% of our students live in the 
United States of America. 

Grantham College of Engineering M-9-87, 

Free Details Available from: 

Grantham College of Engineering 
10570 Humbolt Street 

Los Alamitos, California 90720 

10570 Humbolt Street, Los Alamitos, CA 90720 

Please mail me your free catalog which explains your 
B.S. Degree independent -study program. 

Name Age 

Address 

City State Zip 
L 
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"Cruise Control" Cures Cursor Movement 
Problems. By Art Salsberg 

72 Electronics Notebook 
Experimenting With Hall- Effect Devices. 
By Forrest M. Mims III 

78 Communications 
Build a License -Free Transmitter for 1,700 Meters. 
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EXCITING PROGRAMS ON 
DISKETTE EV MONTH! ) 

"I never want to be without Magazines On Disk! I find each issue 
more helpful than the mot, and recommend them to my computing friends" 

GA.N. - Dal as TX 

MONTt Y DB 
N PROGRAMS INCLUDING* flift."%iir VIP 

Games Graphics Entertainment Educational Programs Util ties 
Home and Bus ness Applications Programming Hints and Tips 
Interactive Software Demos Hardware and Software Reviews 

PLUS special co.-.mercial programs usually on a second bonus (Ask! 

SPECIAL INTRODUCTORY OFFER! 
PLEASE RUSH THE LATEST ISSUE AT THE SPECIAL I'M SOLD ONTHE IDEA AND WANT AN ISSUE EVERY MONTH! 
INTRODUCTORY PRICE OF JUST $5.83! PLEASE START MY 12 MONTH SUBSCRIPTION FOR $69.95: 

Check one: BIG BLUE DISK LOADSTAR 
for IBM PC and compatibles for Commodore 64 and 
(256K required; color graphics recommended) 128 computers 

VISA 

Signature 

Name 

City State 

Zip Daytime Phone ( 

CALL TOLL FREE 800- 831 -2694 FOR CREDIT CARD ORDERS 
In Louisiana call 318 -221 -8718 

Or mail with payment to: 

MAGAZINES ON DISK 
DEPT ME9 / P.O. BOX 30008 / SHREVEPORT, LA 71130-0068 

M/C Am/Ex 

SOFTDISK 
for Apple II computers 
(64K required) 

Payment enclosed (U.S. funds) 

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

DIPMETER 1.5To250MHz 
AM Modulation 6 Plug -In Coils 
Xtal -osc 1 -15 MHz - 
9V battery 
DM4061 

A. 

I 
$109.95 Value 

ONLY $7995 
+$4 UPS 

Measure resonance of antennas and 
tank circuits. 
Check for Harmonic radiation. 
Use as OSC for Rec. alignment. 
More uses detailed in the RSGB Hand- 
book, 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 Hzto20KHz. 
Crystal OSC 1 - 15 MHz. 

ONLY $14995+ $4 UPS 

la 

- 

- ' 

$219.95 Value 

PM330 
RF POWER 

4; 
METER /LOAD 

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

ONLY $7995+ $4 UPS 
0 . 

$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 512995 + $4 UPS 
included with unit. 

IIIMMIllfi 
a , . ,_ ,, 

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 - 12 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. 

tvi .. 
SWR +/- 5 %; 

POWER +/- 101)/0 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. 
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Buying Confusion 

What and when to buy a home- entertain- 
ment product or computer becomes more 
challenging every year as new develop- 
ments continue to surface. It's an age -old 
story, of course: should you buy now and 
enjoy the benefits immediately or wait 
until the newest ballyhooed technically 
advanced models fill dealers' shelves . . . 

and then wait for their usual premium 
prices to drop? By the time this happens, 
there might even be another advance- 
ment to induce one to wait just a bit 
longer again. 

My own feeling on this is to buy now, 
at least in most instances. There's noth- 
ing wrong with products that are not 
right up to the leading edge of technol- 
ogy. They aren't obsoleted overnight, 
you know, and you can get many years of 
enjoyment at lower initial costs when you 
buy more matured equipment. Nor will 
you have to wait until source material 
catches up to the machine you've got. 

For example, S -VHS ( "S" is for "Su- 
per") VHS videocassette recorders and S- 

VHS video tape cartridges will be coming 
on the scene soon. So will a competitive 
offering from Sony called ED -Beta ( "ED" 
stands for "Extended Definition "). The 
former ups the horizontal resolution ca- 
pability you can see on a video screen 
from about 240 lines to 430 lines, while 
ED -Beta promises 500 lines. (They're not 
compatible, but that's a whole other 
story in making a buying choice.) 

Though I'd love to get one of them, if I 
was presently in the market for a VCR (I 

own three), I'd buy the standard type 
now for a few hundred dollars and reap 
its entertainment benefits. The super ma- 
chines, that will debut with $1,500 or so 
prices, would just have to wait for an ev- 

entual upgrade or additional machine 
purchase. Buyers of this latest techno- 
logy will have to pay premium prices 
(about three times more) for super tapes 
to garner its high -resolution capability 
(or even to record in the standard 
240 -line- maximum mode). Further, to 

gain higher resolution, you have to have 
a TV set or monitor that'll reproduce all 
the extra resolution lines. Additionally, 
to extract the best video quality from the 
super video machines and tapes, the TV 
set /monitor has to have separate in- 
put /output connections for luminance 
(brightness) and chrominance (color) sig- 
nals to be sent along their merry ways 
from the super VCRs. This minimizes 
crosstalk interference. The TV connec- 
tion is called a Y/C connector (for lumi- 
nance and chrominance, respectively), 
which is popularly called an "S" connec- 
tor (for "super "). 

Other obstacles to top -notch video 
from these machines is the fact that the 
TV broadcast industry transmits its video 
signals with 330 lines of horizontal reso- 
lution, which, unless you're buying pre- 
recorded super tapes (not yet available 
and you can be sure it'll take some time to 
build up a rental library), wastes the 
higher -resolution capability of the super 
machines. That is, until High Definition 
TV is adopted here (Japan will get it 
first). But that will require buying yet an- 
other TV receiver ... . 

Nonetheless, if you're really flush with 
discretionary money or you're one of our 
many readers who want to be first with 
the best, by all means, get yourself a 

"super" video recorder and all the trap- 
pings. You can still play back your old, 
less -sharp video tapes on the new ma- 
chine, as well as record in the old mode 
(with premium tape), until everything 
else catches up. 

For details on the Super VHS video re- 

corders, see Len Feldman's article in this 
issue, which also discusses digital audio 
tape recorders and Compact Disc ma- 
chines that play both audio and video. 

CIRCLE 100 ON FREE INFORMATION CARD 

4 / MODERN ELECTRONICS / September 1987 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


iiiiiiì LETTERS 1111111 

Auto Fan Improvement 
I find Mr. Caristi's article in your May 

1987 issue, "Automatic Fan Control for 
Small Cars," most interesting. The au- 
thor makes several worthy observations 
concerning the delicate load balancing 
act that is inherent with most small cars. I 

would like to offer an additional thought 
that might further extend the usefulness 
of his design. 

Increasingly, manufacturers are equip- 
ping their air -conditioned models with a 
"second" or "supplementary" electric 
fan to assist with the additional load im- 
posed by air conditioning. Such fans are 
often cycled by the cooling thermostat so 
that they run whenever the compressor is 

engaged. While this is desirable and nec- 
essary for city driving, the additional 
help is generally not needed at highway 
speeds or in mild temperatures. 

If the additional fan were disabled 
when not needed, the electrical load on 
the engine could be considerably lessened. 
To that end, I would suggest that the cir- 

cuit be constructed in the "relay version" 
with the contacts wired in series with the 
existing secondary air -conditioner con- 
denser fan. 

If the temperature and /or flow of am- 
bient air is sufficient to keep the liquid 
line temperature down, then the fan 
would not operate. If the liquid tempera- 
ture rose sufficiently to merit the addi- 
tional air flow, then the fan would be 
engaged. This would seem a logical ex- 
tension of this clever device that would 
bring its benefits to a wider range of vehi- 
cles. Keep up the good work! 

Dr. James W. Trott, Jr. 
Baton Rouge, LA 

$77.22 Per Chip 
Talk about a timely editorial! ( "Elec- 

tronic Surprises," Feb. '87). I needed 
256K RAMs to upgrade my computer, so 
I ordered nine chips from a mail -order 
house. The invoice was for $695.00!! 
That boils down to $77.22 for each chip! 
Needless to say, the ICs and bill went 
back. 

Outstanding magazine! Forrest Mims 
got me going five years ago because he 
stirred my interest, and now I'm going to 
college at night shooting for an electronic 
engineering degree. Keep it up guys. 

Dave Hamilton 
Toms River, NJ 

Billing for the RAMs was obviously an 
error. Someone probably got $695 worth 
of gear for peanuts. Our electronics ex- 
perimenting guru, Forrest, has inspired 
many people like yourself to pursue elec- 
tronics as a career. -Ed. 

Wrong Number 
In your May 1987 issue, "An Automatic 
Fan Control for Compact Cars" had in- 
side Fig. 4 an asterisk with the explana- 
tion "Install jumper wire for Fig. 5 cir- 
cuit only." There are only four figures in 
the article. 

James Oken 
Los Angeles, CA. 

Sorry for the typo. The circuit is shown in 

Fig. 3.-Ed. 

Youll Flip When You See Our Prices! 
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Ill/Ill/MODERN ELECTRONICS NEWS/luLl 

CONSUMER ELECTRONICS GROWS. The latest EIA statistical study indicates 
that sales of consumer electronics products grew again in 1987 with a 
projected total factory sales of $30- billion, up $1.3- billion from the 
previous year. The category that showed the greatest growth in terms 
of dollars was, surprisingly, "Related Products " - -blank tape cassettes, 
home computer software, video accessories, etc. It registered about 
an additional $1- billion. New product- buying trends coming up strong 
are reported to be do- it- yourself home security systems, which is pre- 
dicted to be in 20% of all U.S. households by 1990; personal copiers/ 
printers; and electronic typewriters. About 93% of households have at 
least one color television set, while home radios have a 98% penetration 
and audio systems an 89% penetration. On the latter, only 42% represent 
component systems, while compact disc players have reached only the 7% 
mark. Even video cassette recorders are not as ubiquitous as one would 
think since they are still in less than half the households with 45 %. 
And home computers reached only the 18% mark, nowhere near its promise. 

COMPACT DISC INTERACTIVE PROGRAMS. The public will soon be able to tap 
selected Smithsonian Institution publications that take advantage of 
compact disc technology. The library will be created under a publishing 
agreement by the Smithsonian and American Interactive Media. The discs 
will be able to be viewed on a new stereo system, with viewers interact- 
ing with the program by means of a joystick or pointing device, enabling 
users to enjoy high -quality sound, pictures and text. Moreover, optional 
programs may be chosen as well as the level of detail desired. The first 
publication to be issued as a CD -I title will be based on Treasures of 
the Smithsonian, which will cover 300 of the institution's most famous 
artifacts. 

LOW -COST VOICE RECOGNITION. Covox, Inc. (Eugene, OR) has introduced 
$29.95 "Voice Key" software for Commodore 64/128 Computers, designed to 
work with the company's $89.95 "Voice Master" hardware. The machine - 
language voice -recognition program resides behind BASIC in the machine's 
memory, leaving the language's workspace available. Spoken program 
commands can be applied to a variety of application programs, says Covox, 
boosting productivity. 

VIDEO GAMES REBOUND. According to game maker Nintendo of America, video - 
game sales reached $430 -million in 1986. Projected 1987 sales are ex- 
pected to hit $825- million, with Nintendo claiming it will account for 
$650- million of it. At its peak in 1982 and 1983, overall video -game 
sales were $3- billion, dropping to a low of $100- million in 1985, so 
there's reason for optimism. 

NEW MERCHANDISING MOVES. Heath /Zenith retail stores will be carrying 
the Fischertechnik Corp.'s line of plug- together models, which includes 
robotics simulations that can interface with most personal computers.... 
LeviTM jeans will soon be merchandised through ByVideo's transactional 
video merchandising centers in ten retail stores. By touching the 
center's video screen, customers can view audio and video presentations 
of different Levi clothing lines, make a selection, and get a print- 
out of the item's description, price, and order and stock number. The 

jeans are then delivered to the customer's home within two weeks. 
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0o YOU 

REALLY 
GET THE BEST BUY 

FROM 

THEM? 
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 5199007 
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 PacilicCable 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) 8000 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 8900 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 58.00 

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) 2400 14.00 

`M -35 B Combo unit (Ch.3 output only) 99.00 7000 *Eagle PD -3 Descrambler (Ch3 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! 

MastlrCard - J 

VISA 

Pacific Cable Co., Inc. 
73251/2 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 

California Penal Code #593 -D forbids us from 
shipping any cable descrambling unit to anyone 
residing in the state of California. 
Prices subject to change without notice 

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 Money Order C.O.D. 

Acct. # Exp Date 

Signature 

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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V PRODUCTS /1111111111MIMME 
For more information on products 
described, please circle the appro- 
priate number on the Free Informa- 
tion Card bound into this issue or 
write to the manufacturer. 

48- Channel Logic Analyzer 
A low -cost 48- channel logic analyzer 
that operates with IBM PC and com- 
patible keyboards and monochrome 
video monitors has been introduced 
by Waterloo Distance Education, 
Inc. (Waterloo, Ontario, Canada). 

The LA48C analyzer is claimed to 
provide highly flexible timing and 
state analysis at clocking speeds up 
to 20 MHz. Menu -driven setup and 
operation simplify use, and the data 
display format is user defined. 

Featured in the analyzer are an 
RS -232 serial port and a high -speed 
parallel port. The latter allows the 
LA48C to be operated with an IBM 
PC computer when used with an op- 
tional interface card and cable. 
$1,495. 

CIRCLE 82 ON FREE INFORMATION CARD 

Electronic Still Camera 
An electronic still camera capable of 
both recording and playback of im- 
ages on a standard TV receiver has 
been announced by Casio. Unlike 
photographic cameras that use film 
on which to "record" an image, the 
new VS -101 electronic camera uses 
2" reusable video floppy disks that 
require no chemical processing for 
development and printing. There- 
fore, you can view stills immediately 
after shooting them. 

RFI -Free Choke Kit 
A kit to eliminate rfi (radio- frequen- 
cy interference) problems in TV re- 
ceivers, stereo systems and other 
electronic devices has been intro- 
duced by MFJ Enterprises (Stark- 
ville, MS). The new MFJ -701 rfi -free 
choke kit consists of four ferrite to- 
roids and instructions for their use in 
eliminating rfi. Designed to have the 
right properties for eliminating rfi, 
each toroid separates into two halves 

that make it easy to wind around it 
nearly any kind of wire or cable. Af- 
ter a computer ribbon cable, coaxial 
cable, power cord, etc. has been 
wound on a toroid, the halves then 
mount in a snap- together plastic 
frame. Individual toroids can also be 
snapped together into a stack ar- 
rangement to increase the effective- 
ness of large- diameter wires when 
only a few turns can be wound on a 
toroid. $14.95. 

CIRCLE 83 ON FREE INFORMATION CARD 

The camera has a % " MOS image 
sensor that has a 280,000 -pixel reso- 
lution. It uses an f/2.8, 11 -mm lens 
with fixed 1.0- mm -to- infinity focus. 
Its output can be connected directly 
to a standard TV receiver or monitor 
for playback. Built in is a high -reso- 
lution automatic -exposure system 
with lock function. You can snap up 
to five frames per second and place 
up to 50 frames on a single floppy 
disk. An erase function permits flop- 
py disks to be reused. 

Supplied with the camera is a wire- 
less remote controller that controls 
forward, reverse and direct track ac- 
cess for playback of any frame. Pow- 
er options include rechargeable bat- 
tery pack and through an ac- line -op- 
erated adapter /battery charger. On 
full charge, the battery allows you to 
take up to 800 still frames and runs 
the camera in playback mode for 
about 30 minutes. The camera mea- 
sures 6''h "D x 37/ "W x 3 %'H and 
weighs just 2.1 lbs. About $1,000. 

CIRCLE 84 ON FREE INFORMATION CARD 
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CB Transceivers 
Regency Electronics has reentered 
the CB market with two new Inform- 
er Series transceivers that are fully 
synthesized (no crystals needed) and 
feature phase -locked -loop circuitry 
for transmitting and receiving on all 
40 channels. The lower -cost ($69.95) 
INFO CB -1 features a highway /city 
switch for adjusting sensitivity set- 
tings according to receiving condi- 
tions, automatic gain control, hand 
microphone, digital channel display, 
large volume and squelch controls, 
and a LED signal- strength /r- f -out- 
put display. 

INFO CB -2, the company's deluxe 
model ($159.95), has all the features 
of the INFO CB -1, except that it sub- 

stitutes a signal- strength /r -f- output 
meter for the LED display. In addi- 
tion, the INFO CB -2 has a switch for 
instantly accessing emergency chan- 
nel 9; rear -panel jacks for adding a 
PA system; a noise blanker that is 

said to eliminate ignition noise and 
static; dual -level digital display; and 
a microphone gain knob. 

CIRCLE 85 ON FREE INFORMATION CARD 

8 -mm Camcorder 
A two -speed electronic high -speed 
shutter, piezoelectric auto -focus sys- 
tem, improved % " CCD imaging de- 
vice and new construction combine 
to make Olympus's new Model 
VX -802 a 2.6 -1b. 8 -mm movie - 
making system for all occasions. The 
Movie 8 camcorder can record up to 
two hours of action that can be 
played back directly through a TV 
receiver or monitor or through the 

camera's built -in %" B &W electronic 
viewfinder. Features include: auto 
focus (with manual override), power 
zoom, auto exposure, auto while bal- 
ance and low -light shooting capabili- 
ty. Two user -selectable auto -focus 
zone modes, manual focus and focus 
lock are provided. The 6 x power 

zoom lens has a focal -length range of 
from 9 to 54 mm, and there is a mac- 
ro setting for close -ups. The lens/ 
CCD image sensing system gives the 
camcorder a low -light shooting ca- 
pability of 7 lux. 

Electronic high -speed shutter set- 
tings are %00 or ' /,000 second. Three 
video heads reproduce detailed im- 
ages in standard playback and jitter - 
free stills in freeze frame and frame 
by frame advance. A flying erase 
head produces smooth transitions 
between scenes and when editing 
with special effects, and an insert 
button permits editing in scenes from 
another video source. 

Movie 8's FM recording system 
makes possible hi -fi sound reproduc- 
tion. Two rotary heads produce a 
wide dynamic range with minimum 
interference. The unidirectional 
microphone is switchable between 
normal and high sensitivity, and an 
external microphone jack is provided. 

Provided are an ac adapter /bat- 
tery charger that enables playback 
through a conventional TV receiver 
or monitor; a quick- charge battery 
pack (provides up to one hour of 
continuous recording); a remote - 
control unit to operate the record and 
pause modes; and a shoulder strap. 

CIRCLE 86 ON FREE INFORMATION CARD 

Smart GPIB Controller Card 
A plug -in card that turns IBM PC, 
XT, AT and compatible computers 
into GPIB (IEEE 488 bus) control- 
lers able to operate up to 14 indepen- 
dent test and measurement instru- 
ments and other devices has been an- 
nounced by ICS Electronics Corp. 
(San Jose, CA). The 488 -PCT"' card 
has all required software in EPROM 
and provides 2K x 8 static RAM for 
extra work space. All GPIB control- 
ler functions are on -board to make 
the card independent of the comput- 
er's operating system. It does not re- 
quire space in the computer's RAM 
or on its disks, which are used only to 
store test and measurement programs. 

Supplied is a battery- backed time - 
of -day clock for precise measure- 
ment and control operations. The 
user can change the standard mne- 
monics of the GPIB command set, 
which consists of 21 IEEE 488 com- 
mands, into words of any program- 
ming language or spoken language. 
The commands have few arguments, 
which makes it easy to initialize full 
IEEE 488 functionality. 

Operating speed is claimed to be 
three times faster on sample routines 
and significantly faster on individual 
commands when compared to other 
leading controller cards. Data trans- 
fer rate is up to 67K baud on I/O and 
up to 300K baud on DMA opera- 
tions. The card accepts standard 
IEEE 488 cabling. Powered from the 
host computer, it draws 600 mA at 5 

volts dc. In its standard version, it 
supports IBM BASIC, BASICA and 
compiled BASIC. Other versions are 
available to support a variety of lan- 
guages, including C and Turbo Pas- 
cal. $395. 

CIRCLE 87 ON FREE INFORMATION CARD 
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NAM RADIO 

IS FliNt 
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 

Name 

Address 

City State Zip 

THE AMERICAN RADIO RELAY LEAGUE 
225 MAIN ST. 

NEWINGTON. CT 06111 

CIRCLE 94 ON FREE INFORMATION CARD 

NEW PRODUCTS 
Electronic Circuit Analysis 
ACNAP3 from BV Engineering 
(Riverside, CA) is a general -purpose 
program that analyzes electronic cir- 
cuits containing up to 200 compo- 
nents and 50 nodes in a single pass. 
Larger circuits can be analyzed by 
chaining. Features include unlimit- 
ed- length user -definable macro op- 
erations, double -precision accuracy, 
unattended AUTO execute and 
BATCH mode operations, subcir- 
cuit capability, iterate component 
value capability, execution of exter- 
nal programs from within ACNAP3 
and component libraries. The pro- 
gram automatically computes mag- 
nitude, phase and delay at any node 
in the circuit and includes Global 
Worst Case. Monte Carlo, Input and 
Output Impedance calculations, 
Noise Equivalent Bandwidth and 
Sensitivity analyses. 

Free -format input, interactive 
menus and input error trapping are 
said to make ACNAP3 easy to learn 
and use. Low -cost graphics modules 
can be added to upgrade the program 
to drive high -resolution graphics 
screens, graphics printers and pen 
plotters. The ACNAP3 program is 

available for both PC /MS -DOS and 
Apple Macintosh computers. $125. 

CIRCLE 88 ON FREE INFORMATION CARD 

"Disguise" Mobile Antennas 
A new series of 800 -MHz mobile an- 
tennas covering trunk, conventional 
and cellular applications has been 
announced by The Antenna Special- 
ists Co. Each antenna is a cosmetic 
match for standard -equipment AM/ 
FM broadcast antennas and has a 
31 " taper- ground stainless -steel whip 
on look -alike mounts. Different 
models are available for Ford (Series 
ASP -1827) and Chrysler (Series 
ASP -1828) cars. Also, available are 
the Series ASP -1829 compact univer- 
sal mount for fenders only 1 " wide 
with up to 15- degree slope and the 
Series ASP -1823 fully universal 
mount. The Ford versions include an 
806 -to- 866 -MHz model and two 821 - 

to- 896 -MHz cellular models. 
All of the new antennas can ac- 

commodate up to 50 watts of power 
and are designed for universal appli- 
cation with swivel mounts in 7/8" 

holes. The Ford and Chrysler ver- 
sions are adjustable for up to a 
35- degree slope on the mounting sur- 
face. Each antenna is furnished with 

15 feet of low -loss Proflex 800TM ca- 
ble for maximum signal from the 
2.3- wavelength high -angle radiators. 
An optional broadcast coupler, 
Model ASP -929, permits two -way 
and AM /FM equipment to be used 
on the same antenna. 

CIRCLE 89 ON FREE INFORMATION CARD 
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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 Crystalless AC /DC 
Frequency range: 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 $139.95 /SPECIAL 
7-Band, 45 Channel No-crystal scanner 
Bands: 30 -50, 118 -136, 144-174, 440-512 MHz. 
The Regency Z45 is very similar to the Z60 model 
listed above however it does not have the commer- 
cial FM broadcast band. The Z45, now at a 
special price from Communications Electronics. 

Regency® RH256B -RA 
List price $799.95/CE price $329.95 /SPECIAL 
16 Channel 25 Watt Transceiver Priority 
The Regency RH256B is a sixteen -channel VHF land 
mobile transceiver designed to cover any frequency 
between 150 to 162 MHz. Since this radio is 
synthesized, no expensive crystals are needed to 
store up to 16 frequencies without battery backup. 
All radios come with CTCSS tone and scanning 
capabilities. A monitor and night/day switch is also 
standard. This transceiver even has a priority func- 
tion. The RH256 makes an ideal radioforany police 
or fire department volunteer because of its low cost 
and high performance. A 60 Watt VHF 150 -162 
MHz. version called the RH606B -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* VC001 
for $14.95 and also order optional garette lighter 
cable part # PSO01 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 -RL01 O -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 NOAH weather is availablefor $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, /36-174 406 -5 12 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 
I1-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 your 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. 
PRO31 0E -RA Uniden40 Ch. Portable /Mobile CB... $85.95 
N I NJA -RA PRO310 E with rechargeable battery pack.$99.95 
B -1 O -RA 1.2V AA Ni-cad batt. for Ninja (set of 101 .... $20.95 
PRO52OE -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. 
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Bearcat° 800XLT -RA 
List price$499.95 /CE price$289.95 /SPECIAL 
12 -Band, 40 Channel No-crystal scanner 
Priority control Search/Scan 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. Size91 /." x4'/2" 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 7OXLT -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 21 OXLT -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 Regency 45 channel scanner $148.95 
UC102- RA RegencyVHF 2 ch. 1 Watt transceiver ... $117.95 
P1412-RA Regency 12 amp reg. power supply... $189.95 
MA549-RA Drop -in charger for HX1200& HX1500 ... $84.95 
MA518-RA Wall charger for HX1500 scanner $14.95 
MA553 -RA Carrying case for HX1500 scanner $19.95 
MÁ257 -RA Cigarette lighter cord for HX12 /I 500 $19.95 
MA917- RA Ni-Cad battery pack for HX1000/ 1200 $34.95 
SMMX7000 -RA Svc. man. for MX7000& MX5000 $19.95 
B -4 -RA 1 .2 V AAA Ni-Cad batteries (set of four) $9.95 
B-8- RA 1.2 V AA Ni-Cad batteries (set of eight) $17.95 
FB- E- RA Frequency Directory for Eastern U.S.A... $14.95 
FB -W- RA Frequency Directory for Western U.S.A ...$14.95 
ASD-RA 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 lntelligenct, 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 
USAK -RA '4" 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 backorderautomatically 
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. 
3 Bearcat is a registered trademark of Uniden Corporation. 
t Regency and Turbo Scan are registered trademarks of 
Regency Electronics Inc. AD #080187 -RA 

Copyright o 1987 Communications Electronics Inc. 

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

MCOMMUNICATIONS 
ELECTRONICS INC. 

Consumer Products Division 
P.O. Box 1045 D Ann Arbor, Michigan 48106 -1045 U.S.A. 
Call 800 -USA -SCAN or outside U.S.A. 313- 973 -8888 
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Train for the Fastest Growing Job Skill in America 

Only NRI teaches you to 
Serviceall computers as you 
build your own fully IBM 
compatible microcomputer 
With computers firmly estab- 
lished in offices -and more and 
more new applications being 
developed for every facet of 
business -the demand for 
trained computer service tech- 
nicians surges forward. The 
Department of Labor estimates 
that computer service jobs will 
actually double in the next ten 
years -a faster growth rate than 
for any other occupation. 

Total systems training 
No computer stands alone .. . 

it's part of a total system. And 
if you want to learn to service 
and repair computers, you have 
to understand computer 

systems. Only NRI includes a 
powerful computer system as 
part of your training, centered 
around the new, fully IBM PC 
compatible Sanyo 880 Series 
computer. 

As part of your training, 
you'll build this highly- rated, 
16 -bit IBM compatible corn - 
puter system. You'll assemble 
Sanyo's "intelligent" keyboard, 
install the power supply and 
disk drive, and interface the 
high- resolution monitor. 
The 880 Computer has two 
operating speeds: standard 
IBM speed of 4.77 MHz and a 
remarkable turbo speed of 8 

MHz. It's confidence - building, 

real -world experience that in- 

cludes training in programming, 
circuit design and peripheral 
maintenance. 

No experience necessary - 
NRI builds it in 

Even if you've never had any 
previous training in electronics, 
you can succeed with NRI 
training. You'll start with the 
basics, then rapidly build on 
them to master such concepts as 
digital logic, microprocessor 
design, and computer memory. 
You'll build and test advanced 
electronic circuits using the 
exclusive NRI Discovery Lab®, 

professional digital multimeter, 

Learn Computer Servicing Skills with NRI's "Hands -On" Training .. . 

Using NRI's unique Action Audio Cassette, you are talked 
through the ooppeeration and practical application of your 
handheld digital multimeter -the basic, indispensable 
tool for the computer specialist. 

You'll set up and perform electronics experiments and 
demonstrations using your NRI Discovery Lab. You'll even 
interface the lab with your computer to "see" keyboard 
generated data. 

After you build this digital logic probe, you'll explore the 
operation of the Sanyo detached "intelligent" keyboard 
and its dedicated microprocessor. 
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Your NRI total systems training 
includes all of this: NRI Discovery 
Lab- to design and modify circuits 
Four -function digital multimeter with 
walk -you -through instruction on audio tape 

Digital logic probe for visual examination 
of computer circuits Sanyo 880 Series 
Computer with "intelligent" keyboard 
and 360K double- density, double -sided 
disk drive High resolution monochrome 
monitor 8K ROM, 256K RAM Bundled software 
including GW BASIC, MS DOS, WordStar, CalcStar Reference mewls, schematics, 
and bite -sized lessons. 

and logic probe. Like your 
computer, they're all yours to 
keep as part of your training. 
You even get some of the most 
popular software, including 
WordStar, CalcStar, GW Basic 
and MS DOS. 

Send for 100 page free 
catalog 

Send the post -paid reply card 
today for NRI's 100 -page, 

full-color catalog, with all the 
facts about at -home computer 
training. Read detailed descrip- 
tions of each lesson, each exper- 
iment you perform. See each 
piece of hands -on equipment 
you'll work with and keep. 
And check out NRI training in 
other high -tech fields such as 
Robotics, Data Communi- 
cations, TV /Audio /Video 
Servicing, and more. 

If the card has been 
used, write to NRI Schools, 
3939 Wisconsin Ave., N.W., 

Washington, D.C. 20016. 

MKC HOO LS 

McGraw -Hill Continuing Education Center 
3939 Wisconsin Avenue, NW 
Washington, DC 20016 i / 
We'll. Give You Tomorrow. 
IBM is a Registered Trademark of International Business 
Machine Corporation. 

as You Build Your Own Sanyo 880 Computer System. 

The power supply is assembled in the main unit of the com- 
puter. You check out keyboard connections and circuits with 
the digital multimeter included for training and field use. 

Next, y to install the disk drive. You learn disk drive operation 
and adjustment, make a copy of MS-DOS operating disk and 
begin purexploration of the 8088 CPU. 

Using the mmitor, you focus on machine language program- 
ming, an indispensa ble troubleshooting tool for the tchni- 
cian. You cortinue by learning BASIC language programming. 
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Computers 

Process Control 
with Personal Computers 

(Part 1) 

How electronics /computers can be used to provide real -world 
process control, data acquisition and automated test measurements 

By Dr. H. Edward Roberts 

Automation systems have a 
grand old history, starting 
out with pure mechanical 

rrw, yo 
1100.111. 

methods, such as the use of cams. 
These controllers were unable to 
make complex logical decisions 
based on a variety of inputs, of 
course. The use of relays and other 
electromechanical devices, which 
blossomed after World War II, im- 
proved the situation somewhat. But 
it was not until electronics, digital 
computers and appropriate software 
were blended in the mid -Sixties that 
sophisticated process or continuous 
control methods developed. 

To underscore the importance of 
this combination, consider that more 
than 500,000 relays would have to be 
used to do the same work that a lowly 
standard IBM PC can accomplish 
and that a printed- circuit board larg- 

er than a football field would be 
needed to emulate 640K of memory 
with relays. Of course, most people 
think of computers as machines used 
for word processing, spread sheets, 
data bases and super calculating. But 
computers, in one form or another, 
are the basis for high -tech advances 
in a variety of non -business uses. Ap- 
plications here range from automatic 
home lighting and security to con- 
trolling the amount of sugar mixed 
with another substance during a man- 
ufacturing process to logging data 
from instrument measurements. 

Many things that are easily feasi- 
ble to control today were essentially 
beyond control from a practical 
standpoint not too many years ago. 

,.,. .. .. .... .'. .. 
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This series of articles will explore 
how modern electronic and comput- 
er equipment can be used for a varie- 
ty of non -business purposes in home 
and work environments. It will em- 
body control with various physical 
devices such as stepping motors, sen- 
sors, test instruments, etc., to handle 
applications such as alarm systems, 
energy management, robotics, auto- 
mated testing, data logging and re- 
port generation, among others. 

Computerized Control 
Equipment 
A collection of computer types are 
available for control purposes. They 
may be broken down into three cate- 
gories: programmable controllers 
and industrial computers, single - 
board computers (SBC), and person- 
al computers. 

The first group comprises rugged 
computer controllers specifically 
geared to industrial use. They come 
in all sizes and capabilities. Many 
employ relay -ladder programming, 
which uses electrical /mechanical re- 
lay symbols instead of mnemonic 
words. This is a carry -over from an 
era when relays were set up to per- 
form logical sequences. Use of pro- 
grammable controllers is burgeon- 
ing, especially since their makers of- 
ten provide applications support. 
Some companies, such as Pro -Log 
Corp. (Monterey, CA) have devel- 
oped industrial computers for multi- 
tasking industrial control that pro- 
vide the added flexibility of running 
standard MS -DOS software as well 
as the relay language system. Ma- 
chines in this category are especially 
durable and incorporate high -reli- 
ability components. They don't 
come inexpensively, though. 

The second group, single -board 
computers, belies its name. They of- 
ten require more than one board to 
make up a system. The STD bus 
structure is commonly used here, 
which is a standard that has wide- 
spread support. A Z -80 processor is 

IBM BUS 

B1 
62 
B3 
B4 
B5 
B6 
B7 
B8 
39 
310 
311 
B12 
313 
314 
B15 
316 
B17 
B18 
319 
B2O 
B21 
B22 
B23 
B24 
B25 
B26 
B27 
628 
629 
B30 
B31 

GND 
+ RESET DRV 
+5 V 
+IR02 
-5 V 
+DR02 
-12 V 

-CARD SLCTD 
+12 V 
GND 
-MEMW 
-MEMR 
-IOW 
-IOR 
-DACK3 
+DR03 
-DACK1 
+DR01 
-DACKO 
CLK 
+IR07 
+IR06 
+IR05 
+IR04 
+IR03 
-DACK2 
+T/C 
+ALE 
+5 V 
+OSC 
+GND 

A1 -I/O CH CK 
A2 +07 
A3 +06 
A4 +05 

+04 
A6 +03 
A7 +02 
A8 +D1 
A9 +DO 
A10 +I/O CH RDY 
A11 +AEN 
Al2 +A19 
A13 +A18 
A14 +A17 
A15 +A16 
A16 +A15 
A17 +A14 
A18 +A13 
A19 +Al2 
A20 +A11 
A21 +A1O 
A22 +A9 
A23 +A8 
A24 +A7 
A25 +A6 
A26 +A5 
A27 +A4 
A28 +A3 
A29 +A2 
A30 +A1 
A31 +AO 

Fig. 1. The 62 -line PC bus. 

routinely employed, though 16 -bit 
CPUs with an STD -8088 standard 
bus have now been introduced so 
that MS -DOS software can be used. 
Hallmarks of these computers, 
which generally require a card cage 
with bus slots and power supply to 
form a comprehensive control sys- 
tem, are large memory capacity, 
powerful input /output capabilities, 
and great application design flexibil- 
ity that makes use of a wide assort- 
ment of plug -in boards. (Common- 
place on -board features include 
128K EPROM, RS -422 high -speed 
serial ports, real -time clock, IEEE - 
488/GPIB ports, and CMOS ver- 
sions.) A variety of computer lan- 
guages can be used here, depending 
on the manufacturer's product. The 
FORTH System language is popular, 
as is BASIC. Some SBCs have lan- 

guages incorporated into ROM. SBC 
prices start at a few hundred dollars 
and may extend to the cost of high - 
end controllers for a full -blown, ex- 
tensive system. 

Lastly, we have personal comput- 
ers -IBM PC /XT /AT and compati- 
bles, Apple II + and IIe, Apple Mac- 
intosh, and Commodore 64 /128. 
Such general -purpose microcomput- 
ers are prevalent today. There ap- 
pears to be much more hardware 
plug -in board and software choices 
for the IBM -type computer at this 
time in the control and data acquisi- 
tion area. Moreover, PC clones for a 
system's heart are priced at amazing- 
ly low figures. 

In addition to the foregoing, there 
are computer -control systems that 
are, in a sense, hybrids. These em- 
ploy interface boards that plug into a 
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computer's expansion slot or an I/O 
port and establish a proprietary ex- 
ternal bus to which application 
boards or modules are connected. 
Thus, they're a cross between SBC 
and personal computer configura- 
tions. Among makers of this type are 
Burr -Brown Corp. (Tucson, AZ) 
and DataBlocks (Glenwood, GA). 
We'll be using such a controller sys- 
tem here. 

The Modern Electronics 
Controller 
For the sake of convenience and eco- 
nomy, the "Modern Electronics 
Controller" used in this series will 
consist of an IBM PC /XT /AT or 
compatible and a DataBlocks LINK 
system. The latter consists of two 
parts: a LINK board that plugs into 
any available PC slot and an A -II 
(Altair -II) external bus structure 
that's in a shielded case. (The combi- 
nation retails for only $187, assem- 
bled and tested, while a kit version 
costs $118; plans for rolling your 
own are available, too.) 

This adds 2,048 addresses to the 
computer's committed or reserved 
1,024, thereby providing the user 
with the potential of more than 2,000 
I/O ports. These are fully supported 
by the computer's microprocessor, 
which can address 65,536 ports. Ad- 
ditionally, one still has full use of the 
computer for normal computing 
purposes. Moreover, the external 
bus permits use of Datablocks' A -II 
line of encased control modules, 
which number more than 30 models 
at this time. These unique circuit 
building blocks, which are in electro- 
magnetic- shielded cases, can be 
stacked neatly atop each other. In 
doing so, its A -II bus connections are 
automatically made as contrasted to 
plugging boards into the limited 
number of bus slots available inside 
the computer. The modest -cost sys- 
tem operates in the familiar MS- 
DOS environment, with modules 
available for A/D and D/A conver- 

sion, IEEE -488 (GPIB) bus, parallel 
I /O, and so on. 

The PC Link boards are double - 
sided with plated- through holes; the 
computer side's plug -in board has 
gold- over -nickel plating on the edge - 
connector contacts. Full schematics 
and pc art are available from the man- 
ufacturer for $8 (DataBlocks Inc., 
P.O. Box 449, Alamo, GA 30411). 

The LINK card, which plugs into 
any of the computer's slots, com- 
pletely buffers all signals on and off 
the bus using CMOS logic. This buf- 
fering accomplishes two things: (1) It 
makes sure that no additional loads 
are placed on the PC's bus by any ex- 
ternal cards and (2) it "cleans up" 
any noise from the system bus by use 
of Schmitt -triggered inverters. The 
A -II side of the LINK is connected 
through a 37- conductor cable to the 
LINK card's connector that's on the 
back of the computer. It performs 
three functions: (1) It re- inverts in- 
coming signals from the PC; (2) re- 
moves any cable noise; and (3) it con- 
verts incoming PC addresses to ad- 
dresses 0 -255 for the stack. Each A- 
II bus allows for 256 input /output 
(I /O) ports. By making this conver- 
sion, programming and set -up of the 
stack addresses are simplified. 

There are no special electronic de- 
vices used in the system, and they 
should be widely available. They 
should be assembled on pc boards 
using standard MOS static precau- 
tions, of course. No adjustments or 
special alignment techniques are re- 
quired, so it's simple to build. A 
switch on the LINK card is used to 
select which of the 8 available spaces 
the LINK is to address. Each address 
space contains 256 ports and up to a 
maximum of 8 spaces can be defined. 
Accordingly, once the foregoing is 

done, you are now ready to start add- 
ing function blocks to the stack. 

Note that the FCC requires r -f 
emissions from all digital equipment 
to be within certain limits. The LINK 
meets these requirements and is, in- 
deed, certified. However, this ap- 

plies only if it is installed within a 
computer that complies with FCC re- 
quirements and that the A -II side of 
the LINK is inside its shielded case. 

Control Concepts 
When a printed- circuit board is 
plugged into a PC's expansion slot 
it's connected to 62 wires by the 
board's edge connector. These wires 
contain all the signals required by the 
central processor for communica- 
tion with the added card(s). Collec- 
tively, the wires or lines are known as 
the system bus. Included in the PC 
bus are 20 address lines, 8 data lines, 
control signals and power lines, as 
shown in Fig. 1. We need only con- 
cern ourselves with a few of these 
lines, specifically the address, data 
and I/O ones. 

A computer "moves" a variety of 
information on the bus lines, such as 
memory read and write signals, in- 
terrupt commands, input /output 
data, etc. Only one type of data is 
transferred at a time, however. For 
example, input operations will not be 
mixed with memory reads. Each op- 
eration is called a cycle; an example 
would be an output cycle. Since a 
wide variety of different cycle types 
share the bus, controls must be pro- 
vided so that each device connected 
to the bus can determine if the data 
being sent is meant for it. Since our 
major interest is in input /output op- 
erations, let's look at this area. 

A computer "talks" to the outside 
world through these input and out- 
put (I /O) ports. They can be thought 
of as a private telephone system, in 
fact, with each port being the same as 
a phone in the system. In a phone 
system, each instrument has a unique 
address or number and each phone 
can either talk or listen. A computer 
operates in much the say way: each 
port has a unique address and can ei- 
ther talk (output) or listen (input). 

In order to determine if the current 
cycle on a bus line is an I/O opera- 
tion, we look for the presence of a 

18 / MODERN ELECTRONICS / September 1987 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com
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Fig. 2. A staircase generator is often used for A/D conversion. 

logical "0" on either the IOW or 
IOR lines. If the IOW line is a "0," 
this cycle is an I/O cycle and specific- 
ally an I/O write (output). Similarly, 
a "0" on the IOR line indicates that 
the current cycle is an input /output 
read cycle (an input). 

Next, our I/O controller must de- 
termine if the input or output is cor- 
rect. The easiest way to do this is to 
use a comparator to compare the ad- 
dress on the bus with the address of 
the device. If they match, the con- 
troller reads the data on the bus for 
an output cycle or writes onto the bus 
for an input cycle. 

If all conditions are met, the data 
transfer takes place in a flash and the 
cycle is completed. The IBM PC uses 
a data bus that contains 8 bits or 
lines. Therefore, each I/O operation 
either reads or writes 8 bits of data 
each cycle. If we wish to read more 
than 8 bits of data, say, 16 bits, then 
we must make two transfers or have 
to read two cycles. 

Sampled Data. Digital control sys- 
tems, due to their discrete nature, 
must operate on sampled or period- 
ically read data as compared to con- 
tinuously changing (analog) signals. 
The sampled rate must be signifi- 
cantly faster than the rate at which 
the data changes value for it to be of 
value. To illustrate, let's assume that 
we wish to control the steering of a 
car moving at 60 mph. Further 

assume that we are adjusting the 
steering based on a light sensor 
pointed at a white line on the road. 

To control the car, we design a 
photodetector that measures the 
car's location relative to a white line 
painted on the road. If we measure 
our location sample at the rate of 
once per second, the car will travel 88 
feet between samples. 

This sample rate obviously isn't 
fast enough. Now let's assume that 
we increase the sample rate to 10,000 
samples per second, (that is, we'll 
provide the computer with new data 
every 100 microseconds). This will 
update the car's location each time it 
travels 0.1 inch. As a practical mat- 
ter, this sampling rate will be as good 
as having continuous data in this 
application. 

As a general rule, to get high ac- 
curacy the system should sample at 
least 7 to 10 times faster than the 
fastest component in the signal. (Re- 
construction of an analog signal can 
be obtained if the sampling rate is 

only twice the highest frequency, 
however, per Nyquist's theorem.) 
For example, if we wished to accur- 
ately control a signal that varied 60 
times a second, a sample rate of 600 
would be desirable. No matter how 
fast your conversion rate, however, 
you still have to process the sampled 
data with the computer. The time re- 
quired to process each sample is de- 

pendent on the complexity of the cal- 
culations to be made. But about 
10,000 samples per second is a rea- 
sonable upper limit to expect from 
an IBM PC. An IBM AT, in turn, 
would operate two or three times fas- 
ter than this. 

An electrical . analog may be 
thought of as a signal that by its mag- 
nitude, frequency, etc., represents 
some physical quantity such as tem- 
perature or pressure. For instance, 
the resistance of a photoresistor de- 
creases as the light striking the resis- 
tor increases. Therefore, the resis- 
tance of the photoresistor is an ana- 
log of the light striking it. Note that 
this resistance will change continu- 
ously as the light changes. 

Regrettably, most analog signals 
are of a nature that can't be directly 
used by a digital computer, which 
works with discrete on /off -type sig- 
nals. The good part is that we can 
take care of this problem by using an 
analog -to- digital converter. 

An A/D converter circuit converts 
incoming analog signals into digital 
code numbers that can be used by a 
computer. A number of clever tech- 
niques have been developed to per- 
form A/D conversions. The most 
straightforward method samples the 
incoming signal and then compares it 
with a digitally generated staircase 
voltage. When the two signals are 
equal, the digital staircase is 

stopped. The count of the staircase 
generator corresponds to the digital 
value of the analog signal. See Fig. 2. 

This procedure often has to be re- 
versed to enable a computer to con- 
trol a physical device, so digital -to- 
analog conversion is frequently 
needed. Examples are varying the 
brightness of a lamp, varying the 
speed of a motor, etc. This is rela- 
tively easy to accomplish using the 
staircase generator concept cited pre- 
viously. In this case, the computer 
simply presets the staircase generator 
to the appropriate count. This results 
in a dc voltage that corresponds to 
the number output by the computer. 
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Fig. 3. A master /slave bit pattern is shown above. Address bits are preceded by 
a start bit. Logic pulses are below. 

These converters are designed to 
convert dc voltages, which is the type 
device we'll be working with. You 
should be aware, though, that there 
are other types of converters. For ex- 
ample, a frequency -shift keyer, used 
in modems, converts frequency to 
"l's" and "0's." 

Feedback. Understanding basic 
feedback principles is necessary in 
order to design any control system, 
analog or digital. Feedback is the 
process where the device being con- 
trolled tells the controller what it's 
doing. This allows the controller to 
make adjustments in its drive signals 
to correct for errors in the control 
system. The implication is that the 
controlled device doesn't perform in 
a totally predictable manner, which 
of course is correct. An example will 
help to illustrate the problem and the 
feedback solution. 

Let's say that we have a radio -con- 
trolled toy car that we wish to drive 
through an obstacle course. We 
know how to control the car: one 
switch makes it go forward, one 
right, one left, and so forth. If we 

tried to drive the car through the 
course with our eyes closed, how- 
ever, we would be unsuccessful. Our 
sight provides us, the controller, 
with the feedback necessary to con- 
trol the car and successfully get 
through the obstacle course. 

This doesn't mean that every con- 
trol function must have feedback. 
For example, suppose we wish to 
turn on a security light at night in a 
home burglar protection system. 
This particular application might op- 
erate perfectly okay without feed- 
back. But the addition of feedback 
might significantly improve the sys- 
tem's reliability. For instance, if we 

added an independent light sensor to 
the above example, we could detect a 
system failure, such as a burned out 
bulb, or defective wiring. Control 
systems without feedback are known 
as open -loop systems. In general, 
open -loop systems are used in rela- 
tively crude or non -critical applica- 
tions. 

Remote Control. A remote device 
may be connected to the computer 
with a wide variety of techniques, 
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such as wire, radio link, light beam, 
etc. We will look at a typical remote - 
control system using plain wire as the 
connecting link, but the basic tech- 
niques apply to any type of link. 

A typical A -II Master /Slave sys- 
tem consists of a master connected 
directly to the computer and up to 
128 slaves located remotely from the 
computer. Each master is connected 
to all of its slaves with the same single 
pair of wires. The computer supplies 
the master with three pieces of infor- 
mation: the address of the slave with 
which it needs to communicate, 
whether it's to read from or write to 
the slave, and, lastly, the data it 
wishes to transmit if the current op- 
eration is a write. This is essentially 
the same principle used by the com- 
puter when communicating with its 
internal I/O ports, though a comput- 
er uses dozens of wires instead of just 
a single pair. 

Such a system is able to operate 
with a single wire -pair by converting 
all of the bus's parallel signals to seri- 
al data. The master normally main- 
tains a "1" on the interconnecting 
cable. Each slave unit is connected to 
the same wire and, as long as the in- 
coming signal is a "1," nothing hap- 
pens. When the master wishes to 
communicate with peripherals, it 
sends a sequence of "0's" and "l's" 
over the single wire pair connected to 
the slaves. The first change from a 
"1" to a "0" starts the communica- 
tion sequence. This change from a 
"1" to a "0" is called the start bit. 
The next seven bits that are trans- 
ferred are the address bits. 

All slaves attached to the master 
continually monitor the incoming 
address. If a slave detects its address, 
it monitors the remainder of the 
transmission: otherwise, it ignores 
the rest of the data. Next comes the 
bit which identifies whether the mas- 
ter is going to send information or if 
it expects the slave to transmit data 
to it. Now the eight data bits are sent, 

(Continued on page 89) 
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DESCRAMBLER ARTICLE PARTS 

February 1984 Issue 
We stock the parts, PC Board and AC 
Adaptor for an article on building a cable TV 
descrambler appearing in Radio -Electronics. 

#701 Parts Package* $29.00 
Includes all the original resistors, capacitors, 
diodes, transistors, integrated circuits, coils, 
IF transformers (Toko BKAN- K5552AXX). 

#702 PC Board* $8.95 
Original etched and drilled silk- screened PC 
Board used in the article. 

#704 AC Adaptor $7.95 

Original (14 volts DC @ 285 ma) AC Adaptor 
used in the article. 

FREE reprint with Purchase Above 

#708 Toko Coil Set $6.95 
Includes (2) BKAN- K5552AXX, (1) E52OHN- 
300023, (1) 144LY -120K and BFQ -85 
Replacement 2SC2369. 

February 1987 Issue 
We stock the parts, PC Board and AC 
Adaptor for an article on a tri -mode cable TV 
descrambler appearing in Radio -Electronics. 

#301 Parts Package* $39.00 
Includes all the original resistors, capacitors, 
diodes, potentiometers, transistors, 
integrated circuits, LED's, Toko coil 
(E52OHN- 3000023) and Plessey Saw Filter 
(SY -323). 

#302 PC Board* $8.95 
Original 5 x 8.8 etched and drilled silk - 
screened PC Board used in the article. 

#304 AC Adaptor $7.95 
Original (14 to 18 volt DC @ 200 ma) AC 
Adaptor used in article. 

Free Reprint with Purchase Above 

#308 Plessey & Toko Set $6.95 
Includes (1) Plessey SY323 Saw Filter plus 
(1) Toko E52OHN- 300023 Coil. 

Add $2.50 Shipping & Hand ing; $4.50 Canadian Orders 

72- CHANNEL MC -702 CONVERTER 

CABLE CONVERTER $79.95 
WITH INFRA -RED REMOTE CONTROL 

V.,.. 

Add $3.50 Shipping and Handling 
$4.50 on Canadian Orders 

72- channel capability 
Wireless, Infra -Red remote control 
Channel output 2 or 3 switchable 
Microprocessor controlled PLL 
operation 
Skip channel memory eliminates 
unused channels 

Parental control for all channels 
Last channel recall 
Fine tune memory 
UL listed /FCC approved 
Simple installation with any TV 
Includes battery and 3 foot coax 
cable 

ORDER TOLL FREE W 
1- 800-227 -8529 CLECTROflICS, InC. Inside MA: 617 -695 -8699 
VISA, MASTERCARD OR C.O.D. 

MEMBER 

Not available to Massachusetts residents due to state law. 

P.O. BOX 800 MANSFIELD, MA 02048 

©copyright 1987 by J &W Electronics, Inc. 

CIRCLE NO. 105 ON FREE INFORMATION CARD 
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Audio /Video 

What's New 
In Consumer Electronics 

A detailed report on recently introduced revolutionary and 
evolutionary home -entertainment equipment such as 
super-VHS VCRs, digital audio tape recorders, and a 
video disc /compact disc combination 

By Len Feldman 

This has been one of the busi- 
est years in the history of 
consumer electronics tech- 

nology. At least three major new 
product categories have been intro- 
duced; one is an audio break- 
through, another a video break- 
through, and a third innovation in- 
volves both audio and video in a new 
integration of those two home enter- 
tainment media. The new audio de- 
velopment is called R -DAT, or just 
plain DAT, and it stands for Digital 
Audio Tape recorders. The new vid- 
eo format is called S -VHS, or Super 
VHS, and it runs rings around all 
previously available home video re- 
cording formats as far as video qual- 
ity is concerned. The third important 
development in home entertainment 
electronics is called CD -V, which 
combines the technologies of laservi- 
sion video discs with that of digital 
compact discs. 

Digital Audio Tape Recorders 
In late March of 1987, the first digi- 
tal audio tape decks went on sale in 
Japan. As of now, however, you still 
can't buy a Digital Audio Recorder 
in any store in this country. (To un- 
derstand the delay, see "What's 
Holding Up DAT," accompanying 
this article.) Before discussing how 

TDK Electronics Corp. is prepared 
for the U.S. future with its new Digi- 
tal Audio Tape cassette that mea- 
sures a compact 79 x 55 x 10.5 mm. 
No price or availability has been 
made for the new DAT format, 
though it is being marketed in Japan. 

DAT machines work, let's review the 
brief history of DAT. 

Anyone who has listened to the 
new digital compact discs knows that 
the digital method of recording au- 
dio signals offers a much wider and 
more realistic dynamic range, ruler - 
flat frequency response, low distor- 
tion and the total absence of any 
background noise or hiss. The same 
advantages apply to digital audio 
tape recording. But there's one add- 
ed benefit. That's the ability to make 
your own digital recordings at home 

or anywhere else for that matter! 
That's something you can't do with 
Compact Discs -at least not yet. 
And, of course tape recordings, 
whether analog or digital, can be 
erased and the tape can be used over 
and over again. 

Professional recording studios 
have been using digital tape record- 
ers for many years to make the multi- 
track master tapes from which ana- 
log LPs and now Compact Discs or 
CDs are ultimately pressed. Such 
machines used in studios cost thou- 
sands, even hundreds of thousands 
of dollars. Thus, those of us who like 
to record our own high -quality music 
at home have, in fact, also been able 
to realize the advantages of digital 
tape recording for nearly a decade, 
though very few people are aware of 
the technique. 

Today, in the United States, if you 
want to record audio digitally, out- 
side of a professional recording 
studio, you have to use two separate 
pieces of equipment: a video record- 
er and an add -on device called a 
PCM processor. Available from 
such companies as Sony and Sansui, 
PCM processors convert analog au- 
dio signals into a stream of digital in- 
formation (number samples or 
values) in accordance with an 
agreed -on formula. The resulting 
millions of pulses per second are not 
unlike video signals. Both require a 
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storage medium that can record such 
a high density of signals. The VCR is 
ideal for both purposes, thanks to its 
rapidly rotating head drum. Al- 
though the tape itself moves very 
slowly from reel to reel within its cas- 
sette housing, the rotating head 
drum spins across the surface of the 
tape at 1,800 rpm. In effect, the rela- 
tive tape -to -head speed is not one 
inch or less per second, but more 
nearly 35 to 40 feet per second! Giv- 
en this fast tape "writing speed," the 
high pulse rate of digital audio (or 
high frequency content of video sig- 
nals) is easily accommodated on 
video tape. Therefore, the PCM pro- 
cessor adds these digital signals to a 
standard video signal format and the 
combination is recorded using a 
VCR. Instead of pictures, the tape 
stores digital "bits" or number sam- 
ples that, during playback, are con- 
verted back into high -quality analog 
audio signals. 

Although this VCR /PCM proces- 
sor approach works quite well, engi- 
neers felt that a dedicated audio tape 
recording system would make more 
sense. Such a system would not need 
two separate pieces of equipment. 
The need to superimpose the digital 
data onto a video -format signal 
could be eliminated. (Right now, the 
digital data must be chopped up into 
small blocks that fit between the hor- 
izontal and vertical synchronizing 
pulses of a standard TV picture for- 
mat.) A new and much more com- 
pact tape cassette package could be 
standardized for such a dedicated 
DAT system. Finally, the quality and 
dynamic range of a dedicated system 
could be improved. After all the 
technology of PCM processor /VCR 
combination recording was intro- 
duced more than a decade ago, and a 
lot has happened in digital technol- 
ogy since then. 

It's been more than three and a 
half years since representatives from 
84 companies sat down in Japan to 
try to establish new standards for 
home digital audio tape recorders. 

After the experience of having to live 
with multiple formats for video tape 
recording (Beta, VHS and now 8 mil- 
limeter), no one wanted to see multi- 
ple DAT formats evolve. Despite the 
need for a single DAT standard, the 
members at the June 1985 DAT Con- 
ference (including 60 Japanese com- 
panies and 24 companies from Eu- 
rope, North America and elsewhere) 
compiled tentative specifications for 
two types of DAT recorders after all. 
But don't despair! One of the two 
systems, known as S -DAT (for 
Stationary -Head Digital Audio 
Tape) will more than likely be used 
only for professional or studio appli- 
cations. The other one, known as R- 
DAT (for Rotating -Head Digital 
Audio Tape) is the one that's been 
selected for use in home recorders. 
It's also the one that the manufactur- 
ers are already offering for sale in 
Japan and in Europe. 

Digital -to- Digital Copying 
Some recording enthusiasts who 
learned about DAT when it was still 
being discussed by the 84 company 
committee known as the DAT Con- 
ference were excited at the prospect 
of being able to transcribe their CDs 

onto Digitally Recorded tape. They 
assumed that it would be possible to 
do this within the digital domain. 
That is, they expected to be able to 
take the digital output from a CD 
player (some CD players do provide 
such a direct digital sub -code output) 
and to copy that digital code right 
onto a digital tape without having to 
go through the digital -to- analog 
decoding process and the ana- 
log-to- digital re- encoding process. 
Such a direct digital -to- digital re- 
cording would, of course preclude 
any degradation of audio quality 
that might be caused by the analog 
steps in the process. Well, if that's 
what you were hoping for, you'll be 
out of luck. 

With all the fuss that audio record- 
ing companies have been making 
lately about so- called private "pirat- 
ing" of copyrighted music onto ana- 
log cassette tapes by individuals, the 
DAT committee probably wanted to 
ensure that owners of CD players 
would not be able to plug into their 
R -DAT recorders and transcribe 
their CDs onto digital cassette tapes. 
One way of preventing this is by us- 
ing a different digital sampling rate 
for home DAT recorders. The rate 

Table 1. R -DAT System Specifications 
NUMBER OF CHANNELS 
SAMPLING FREQUENCY 

(CH) 
(kHz) 

2 1 2 2 4 I 2 

48 I 44.1 32 
QUANTIZATION (BIT) 16 I 16 I 16 I 12 

TAPE WIDTH (MM) 3.81 ( +0/ -0.02) 
TYPE OF TAPES MP I OXIDE I MP 
TAPE THICKNESS IPM) 13 + 1 

TAPE SPEED (MM /S) 8.15 12.225 8.15 I 8.15 I 4.075 
TRACK PITCH (PM) 13.59 1 20.41 i 13.59 
TRACK ANGLE (TAPE RUNS) (DEG) 6 °22'59.5" 
RECORDING TIME (MIN) 120 1 80 J 120 1 120 I 240 
HEAD GAP AZIMUTH ANGLE (DEG) t20 
RECOMMENDED CYLINDER SPECIFICATIONS 0 30, 90° WRAP 2000 RPM 1000 RPM 

WRITING SPEED (M /S) 3.133 f 3.129 1 3.133 I 3.133 1.567 
MODULATION SCHEME 8 - 10 
RECORDING DENSITY 61kBPI 

ERROR DETECTION AND CORRECTION CODE DOUBLY- ENCODED RSC 
(C, 32, 28 5 

7 ) C :32 26 
REDUNDANCY ( %) 37.5 1 42.6 I 58.3 I 37.5 37.5 
TRANSMISSION RATE (MBPS) 2.46 1.23 
SUB- CODING (CAPACITY) ikBPSL 273.1 136.5 
TRACKING SYSTEM ATF 
DIMENSION OF THE CASSETTE (MM) 73 X 54 X 10.5 (W X D X H) 
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chosen is 48 kHz as against 44.1 kHz 
used for Compact Discs. The corn- 
mittee also agreed upon an alternate 
sampling rate of 32 kHz where the ul- 
timate in fidelity is not required. 

When this sampling rate is used 
along with a lower number of bits - 
per- sample (12 instead of 16), maxi- 
mum recording time can be extended 
to 240 minutes as compared to the 
120 minutes available at the higher 
sampling and higher "bit" rate. Na- 
turally, using the lower sampling rate 
reduces the bandwidth or frequency 
response of the system back to 
around 15 kHz; about the same cut- 
off frequency that the 8- millimeter 
video -tape format provides when 
used for digital audio recording. A 
second inhibition against digital -to- 
digital copying was also provided. A 
special "bit" flag (in what's known 
as the sub -code area of the digital 
data block recorded on tape) signals 
the recorder that the material you are 
attempting to record is copyrighted. 
The result is that the recorder will not 
go into the record mode when that 
"bit" flag is present! 

Despite major recording compa- 
nies' current boycotting of the DAT 
format, you can expect some small, 
enterprising recording companies to 
begin to issue prerecorded digital au- 
dio tapes just as soon as there are a 
substantial number of DAT ma- 
chines out there that can play them. 
For such prerecorded fare, the sam- 
pling rate will be -you guessed ít- 
44.1 kHz, exactly the same as it is for 
Compact Discs. Owners of such 
tapes won't be able to copy them ei- 
ther (at least not digital -to- digital) 
because of the difference in sampling 
rate. Even if someone gets around 
the sampling rate disparity, as al- 
ready mentioned, the special copy - 
prohibit flag code can be added to 
prerecorded DAT software just as it 
is on CDs. 

How R -DAT Works 
Table 1 summarizes operating sys- 
tem specifications for the R -DAT 

0.5 
13.591 TAPE MOTION 

VT 

4 

OPTIONAL TRACK I 

MAIN TRACK TO OPTIONAL 
TRACK GUARD 

AZIMUTH 

20° 

0 5 

AZIMUTH 

MAIN TRACK TO OPTIONAL 
TRACK GUARD 

NREFFFRE NCE EDGE OF TAPE OPTIONAL TRACK II 

(DIMENSION mm) 

Fig. 1. An R -DAT track pattern (simplified). 

digital audio tape recording format. 
Figure 1, in turn, shows the R -DAT 
track layout and dimensions. A 30- 
millimeter- diameter rotating drum, 
spinning at 2,000 rpm, is equipped 
with a pair of record /playback 
heads. The "gap" of one of these 
heads is angled at + 20 degrees, while 
that of the other is angled at - 20 de- 
grees. That way, adjacent "tracks" 
don't cause any crosstalk or in- 
terference with each other. 

You will notice that several op- 

tions and combinations of sampling 
frequency, digital quantization and 
recording or playback times are pro- 
vided for in the standard. The man- 
datory record /play mode calls for a 
48 -kHz sampling rate, which means 
the frequency response could actual- 
ly extend beyond the 20 -kHz limit 
imposed by the 44.1 -kHz sampling 
rate of Compact Discs. (Highest re- 
corded frequency in any digital re- 
cording system can never exceed half 
the sampling rate.) In the playback- 

Tape Guide Drum 

Magnetic Tape 

Cassette Lid 

Tape Cassette 

Rotary Head 

Pressure Roller 

Tape Drive Capstan 

Fig. 2. A schematic diagram of R -DAT. 
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DAT recorders have been available in 
Japan and elsewhere for many months. 
Yet you still can't walk into your local 
audio shop and buy one. The reason for 
this has to do with a controversy that 
has made its way right up to the Con- 
gress of the United States. Major rec- 
ord companies, represented by the 
RIAA (Record Industry Association of 
America) maintain that the introduc- 
tion of DAT machines would encour- 
age people to make copies of recordings 
using DAT recorders so that they 
wouldn't need to buy the records. 

Despite the fact that digital -to- digital 
"cloning" has already been prohibited 
in the DAT standard and in machines 
now being offered for sale overseas, 
these record companies want to make it 
impossible to record copyrighted re- 
cordings (future releases of CDs, LPs, 
pre- recorded analog audio cassettes 
and, perhaps, even radio and TV 
broadcast audio programming) via the 
analog inputs of DAT players. Such re- 
cordings could not really be considered 
"digital clones" anyway. Furthermore, 
home recording for non -commercial 
purposes has been recognized as a legal 
activity time and time again. 

Holding back the new DAT technol- 
ogy, the RIAA endorsed a system de- 
veloped some years ago by the former 
CBS Technology Center. While the 
Technology Center was closed last year 
as an economy measure at CBS, the 
anti -copy system developed by them is 

now being refined and championed by 
the researchers at CBS Records Divi- 
sion of CBS. Simply stated, the system 
works as follows: recording companies 
would, if they so desire, introduce a 
narrow -band filter in the signal path 
during mastering of a recording. This 
filter would "notch out" or remove a 
narrow band of musical frequencies 
centered around 3,838 Hz, well within 
the audibly frequency range. The exact 
width and depth of the notch seems to 
be a jealously guarded secret of its pro- 
ponents, though some two years ago, 
when the system was fully revealed, the 
notch had a bandwidth of 250 Hz, as 
shown in Fig. A. 

Two pieces of legislation currently 

What's Holding Up DAT? 
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Fig. A. Approximate characteristics of the "anti- copy" notch that would be 
"encoded" in future recordings if record companies have their way. 

before the Congress (5506 in the Senate 
and HR1384 in the House of Represen- 
tatives) would require that any DAT 
machines imported into the U.S. be 
equipped with a scanning circuit that 
would sense the absence of program 
material in the frequency band if an at- 

tempt were made to copy program ma- 
terial containing this notch. In order to 
avoid shutdown during soft passages or 
silent moment of program material, the 
scanner would also need to find pro- 
gram material above or below the fre- 
quencies of the notch. The proposed 
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Fig. B. Notes of piano keyboard shown with cross -hatched pattern would be af- 
fected, to greater or lesser degree, by presence of frequency "notch " in record- 

ings. Relative level of the effect is shown graphically below keyboard. 
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legislation would actually make it a cri- 
minal offense to import or sell DAT 
units that are not equipped with the 
anti -copy circuit and would also make 
it a criminal offense to try to defeat this 
special circuitry. 

Opponents of the scheme, besides 
maintaining that the right to make a re- 
cording in one's own home for non- 
commercial purposes is no different in 
the case of DAT recorders than it has 
been for analog reel -to -reel or cassette 
tape decks, have demonstrated repeat- 
edly that the "notch" would affect 
overall sound quality, since it falls with- 
in the audio range. Figure B shows a pi- 
ano keyboard and illustrates which 
notes would be directly affected (the 
uppermost A -sharp and B- natural) and 
which would be affected in terms of 
their harmonics or overtones. CBS rep- 
resentatives, on the other hand, main- 
tain that the system would not be audi- 
ble. Then, in an apparent contradic- 
tion, they point out that if indeed it is 

audible, the recording company would 
have the option of not putting the notch 
in at all, or of turning it off intermit- 
tently during those moments when it 
might have an adverse effect upon mus- 
ical accuracy. 

While the debate goes on, makers of 
DAT recorders have been understand- 
ably reluctant to start selling the prod- 
uct in the United States, despite the fact 
that to do so would be entirely legal at 
this time. In fact, it is common knowl- 
edge that many visitors to Japan, eager 
to obtain these incredibly good record- 
ers, have been bringing them back with 
no customs restrictions whatsoever. 

As of the time this is being written, 
the debate as to audibility or inaudibili- 
ty of the "notch" is being turned over 
to the National Bureau of Standards, at 
the request of members of Congress. It 
may take months before this organiza- 
tion can complete its tests and, even 
then, there is no guarantee that Con- 
gress will act based upon the outcome 
of the tests. Meanwhile, the rest of the 
world is beginning to enjoy the benefits 
of DAT while we, and the makers of 
DAT machines, wait impatiently for a 
resolution of the debate. 
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Fig. 3. A detailed cross -section look at R -DA T's track pattern. 

only mode (reserved for prerecorded 
cassettes that will be available some 
day), a recording time of 80 minutes 
will be available in addition to the 
longer 2 -hour recording time. 

Notice, too, that there are two 
playback modes for prerecorded 
tapes. The "Normal" mode is for 
tapes recorded in real -time with a 
44.1 -kHz sampling rate. The "Wide" 
mode is for tapes duplicated at high 
speed. The high -speed duplicating 
process fast -winds a blank tape to- 
gether with a similarly fast winding 
master tape. At the point of contact, 
using specialized magnetic field fo- 
cusing, the blank tape assumes the 
same magnetic pattern as the master 
tape. This makes it possible to dupli- 
cate tapes at about 200 times normal 
playback speed! 

The resulting signal level that will 
be available using the contact meth- 
od is not as great as that on a tape 
dubbed in real time. So, the track 
width is made 1.5 times that of the 
normal mode to compensate for that 
decrease in output level. Since the 
track width is higher, the recording 
square density will be lower, allow- 
ing for use of ferric -oxide tape, as 
opposed to pure metal -particle tape 
that must be used for the other re- 
cording and playback modes. 

One of the most important advan- 

tages of the of the R -DAT format is 

its high recording density. The sys- 
tem will use similar heads and tape as 
the current 8- millimeter video sys- 
tems, though the cassette package 
size itself will be unique. Tape thick- 
ness is the same as that of a C -90 ana- 
log audio cassette, and the same 
width as well. 

A diagram illustrating how the 
tape travels across the spinning head 
drum is shown in Fig. 2. Because the 
tape wrap around the drum is only 90 
degrees and the rotating drum has 
only two heads mounted on it, the 
signal must be time -compressed dur- 
ing recording. The recorded signal 
goes into a temporary buffer mem- 
ory, and is released to the head in 
blocks when either of the two heads 
is in contact with the tape. During 
playback, a similar buffer circuit is 

used to stretch the data back into a 
continuous digital bit stream. 

The R -DAT system has a dedicat- 
ed tracking correction method. Fig- 
ure 3 shows the cross -section of the 
tape indicating five basic data fields 
per track. The sub -code portions 
(upper- and lower -most along each 
track) include data for tape time, 
music selection, indexing, etc. On 
either side of the main digital PCM 
data block are two additional por- 
tions, labeled ATF, for Automatic 
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Track Finding. These are dedicated 
to head -to -tape positioning. During 
tracking, the head overscans the 
main track so that a small portion of 
the adjacent tracks is read. This 
overscan is detected by the ATF por- 
tion. The intensity of the signals on 
the two adjacent tracks is compared. 
If one is different from the other, a 
voltage will be detected and the 
tracking mechanism adjusts the 
head's positioning accordingly. 

Error correction, so important in 
CD players, is even more important 
in DAT recorders. As shown in Fig. 
3, full detection and correction is 
possible over a region on the tape en- 
compassing a diameter of 2.6 mm 
and a tape width of 0.3 mm, while in- 
terpolation (inserting approximate 
data based upon previous and subse- 
quent digital data when dropouts are 
too great for full correction) can ex- 
tend over a tape length of 8.8 mm 
and 1.0 mm wide. 

Machines already on sale in Japan 
have many of the convenience fea- 
tures found on CD players, such as 
direct access to a desired selection on 
a tape, either by number or by time, 
display of time, remaining time, se- 
lection number, etc. Wireless remote 
controls are generally supplied with 
these machines, and they usually 
duplicate most of the control and ac- 
cess functions that are available on 

Maxell's Super VHS videocassette has a prominent "S "preceding the VHS on 
its label, denoting its suitability for use in the new S -VHS machines. It is avail- 

able in ST -120, ST -60 and ST -30 lengths. 

the front panels of the machines. 
Prices for the first generation of 
DAT recorders are around 200,000 
Yen. At a conversion rate of 145 Yen 
to the dollar, that puts the cost at 
around $1,380. By the time you add 
shipping costs, import duties and lo- 
cal distributor profit, it means that 
you can expect to pay somewhere be- 
tween $1,500 and $2,000 when those 
first DAT players finally arrive in 
this country. 

Are they worth it? That depends, 
of course, on what you plan to (and 

are able to) record with a DAT ma- 
chine and how important flawless, 
distortion -free, noise -free, wide dy- 
namic range recordings are to you. 

S -VHS -A Video 
Breakthrough! 
The video industry was completely 
taken aback last winter when, during 
a consumer electronics trade show in 
Las Vegas, JVC in Japan announced 
development of a new VHS video re- 
cording and playback format called 
Super VHS, or S -VHS. At that time, 
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Fig. 4. Comparing VHS and S -VHS recordings, illustrating super -VHS's higher resolution, signal -to -noise ratio and 
wider bandwidth. 
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few details of the new system were 
disclosed other than its ability to re- 
cord and play pictures having 400 
lines or more of horizontal resolu- 
tion. This is far greater resolution 
than is available on any home video 

recording format and better even 
than the resolution offered by NTSC 
TV broadcasts. JVC also conceded 
during its initial disclosure that the 
system was only one -way compati- 
ble; new VCRs or camcorders em- 
ploying S -VHS can play "old" VHS 
tapes, but older VHS machines are 

unable to handle S -VHS tapes made 
on S -VHS machines. 

Several months later, additional 
technical specifications for S -VHS 
have been released by JVC in colla- 
boration with Hitachi Ltd., Matsu- 
shita Electric Industrial Co., Ltd, 
Mitsubishi Electric Corp., and Sharp 
Corp. The tape used for S -VHS is of 
a higher grade than currently used in 
VHS equipment. Tape cassettes hous- 
ing this new tape are equipped with an 
identification hole so that S -VHS ma- 
chines will be able to automatically 
distinguish between them and ordi- 
nary VHS tapes. (The latter will also 
be playable on those new machines.) 
S -VHS machines will cost somewhat 
more than top -performing, conven- 
tional VHS machines. 

Only two tape speeds are foreseen 
at the present time. They are identi- 
cal to the current SP and EP speeds 
used on ordinary VHS machines and 
offer the same recording time (2 or 6 

hours for a T -120 cassette). 
It's when we get into details of the 

actual video signal recording method 
that major differences become obvi- 
ous. Video input and output signals 
may be either composite NTSC sig- 
nals, as in VHS systems, or they may 
be separated Y (luminance or bright- 
ness) and C (chroma, or color) sig- 
nals that, in combination, conform 
to NTSC signal standards. 

Although Super VHS will use the 
same frequency -modulated record- 
ing method used in the older VHS 
format for luminance signal record- 

Say You Saw It In Modern Electronics 

JVC's HR- S7000U Super VHS Hi -Fi Stereo videocassette recorder. 

ing, the FM frequency has been 
changed from the conventional for- 
mat's 3.4 -MHz to 4.4 -MHz range to 
a greater range -5.4 MHz to 7.0 
MHz -that has also been "shifted" 
up in frequency. A comparison be- 
tween the frequency and bandwidth 
of VHS and Super VHS is illustrated 
in Fig. 4. These are the most signifi- 
cant changes that contribute to the 
realization of more than 400 lines of 
horizontal resolution. Additional 
picture quality improvement is de- 
rived from the use of separated lumi- 
nance and chrominance signals, as 
shown in Fig. 5. This separation 
helps to eliminate interference that 
might otherwise take place between 
brightness and color signals. 

In order to see this additional, if 
minor, improvement, you will need 
to have a TV monitor or monitor /re- 
ceiver that incorporates a special 
multi -pin connector known as an S- 

connector. Some manufacturers of 
TV sets are already beginning to in- 
corporate this standard connector 
into their higher -priced sets. How- 
ever, you don't need that special con- 
nector to get most of the visible bene- 
fit of S -VHS. What you need is a di- 
rect video input jack on your TV 
monitor. If you connect a new S- 

VHS VCR to your TV set via the an- 
tenna input and tune to channel 3 or 
4, you will still see some improve- 
ment in picture quality, but the im- 

provement will be limited to the ap- 
proximately 330 -line horizontal res- 
olution of the broadcast NTSC sys- 
tem. That would still be better than 
the usual 240- to 250 -line resolution 
offered by standard VHS VCRs, but 
would fall short of the 400 -line reso- 
lution that the new S -VHS system 
can deliver. 

In further examining the diagram, 
comparing the recording signal spec- 
trum for VHS and S -VHS (Fig. 4), it 

appears as though no change has 
been made in the way the chromi- 
nance portion of the signal is record- 
ed; nor in its bandwidth, which ex- 
tends from 0 to 629 kHz in both for- 
mats. As for white -clip level, it is set 
at 210 percent, while dark -clip level 
is set at 70 percent. You may recall 
that higher white -clip level was one 
of the elements that were involved in 
the HQ enhancement system intro- 
duced by JVC (and subsequently by 
most other VHS licensees) some 
three years ago. 

As far as audio signal recording is 

concerned, there seems to be no 
change in technique compared with 
conventional VHS recording sys- 
tems. Ordinary ac high- frequency 
bias recording will continue to be 
used for linear track recording, while 
frequency -modulated "depth multi- 
plex" recording will continue to be 
used for recording Hi -Fi signals. 

S -VHS VCRs are equipped with 
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Y /C filtering technique incorporated under license from Faroudfa Laboratories Inc 

Head 

Fig. S. Super VHS's Y/C separated input /output. 

recording modes for both conven- 
tional VHS and S -VHS systems to 
enable users to select either mode. 
Furthermore, an S -VHS blank cas- 
sette will be usable with any conven- 
tional VHS VCR. 3M (Scotch), 
among other tape manufacturers, is 
already marketing Scotch Super 
VHS tape in standard full sizes and 
in the compact VHS -C package used 
by many camcorders. Quasar and 
many other manufacturers of cam- 
corders have announced availability 
of camcorders, or combination video 
camera /recorders, that are con- 
figured for the smaller S -VHS tape 
package. In describing its new tape 
formulation that is suitable for S- 
VHS, Mike Sheridan, of the 3M Lab- 
oratories, explained that tape suit- 
able for S -VHS recording and play- 
back has higher coercivity and higher 
magnetic retentitivy than standard 
VHS tapes. Increased surface 
smoothness is another property asso- 
ciated with the new S -VHS formula- 
tions. (S -VHS tape is only about a 
fourth as "rough" in its surface as 
standard VHS video tape!) This re- 
sults in more intimate heat -to -tape 
contact, which, in turn, results in im- 
proved picture quality. 

You have to see an S -HVS picture 
to believe it! Small details that were 
lost, even when reproduced during 
live broadcast or from the very best 
VHS tapes, suddenly are crystal clear 

and sharp. Of course, much of the 
success of S -VHS will depend upon 
how quickly producers of software 
(motion pictures and other prere- 
corded video programs) start issuing 
program material using the new for- 
mat. From all indications, however, 
S -VHS, unlike DAT, is a technology 
that has been engendered equal en- 
thusiasm from both hardware and 
software makers. 

Merging CD & Videodisc 

The third item on my list of new tech- 
nological innovations is called CD- 
V. To begin with, let's be completely 
hones about it. Unlike S -VHS or R- 
DAT, CD -V combines two technolo- 
gies that have been with us for sever- 
al years: CD technology and optical 
video laser disc technology. Further- 
more, the capacity to handle both of 
these software types -LV and CD- 
is not new, either. Nearly three years 
ago, Pioneer introduced its first com- 
bination CD /LV player, the Model 
CLD -900. This unit was able to play 
12 -inch laser video discs, then newly 
introduced 8 -inch laser video discs, 
and ordinary digital audio discs. 

Since laser optics were involved in 
both CD and LV technology, it 
seemed to make a great deal of sense 
to offer a single player that could 
handle both CDs and LVs. The fact 
is, however, that cost savings for 

such a combination player were min- 
imal. That's because once you get 
past the laser pickup and its servo 
motors, the rest of the electronics 
needed for digital audio decoding 
and reproduction is totally different 
from the electronics needed to trans- 
late optically read video signals (and 
the analog tracks associated with 
them) into picture and sound. Con- 
sequently, the first Pioneer CD /LV 
combination model as well as the sec- 
ond- generation Pioneer Model CLD- 
909 were fairly expensive. All the 
while, however, prices of dedicated 
CD players kept dropping as CD 
player production volume and sales 
increased geometrically. 

In an effort to revive interest in op- 
tical laser video, Philips, the inven- 
tors of the laservision system (and, 
for that matter, the co- inventors of 
the Compact Disc) decided to inte- 
grate the two types of software into a 
single disc in much the same way that 
Pioneer had decided to integrate 
hardware for playing video and com- 
pact discs. Taking the standard -size 
CD (12 cm in diameter or about 4'/. 
inches) they've divided the disc into 
two parts. The first part, recorded in 
complete conformance with the CD 
standard set more than five years 
ago, is recorded near the center of 
the disc and allows for about 20 min- 
utes of digital audio -only recording. 
That leaves enough room further to- 
wards the outer edge of the disc for 
about five minutes of full- motion 
video, together with a digital audio 
sound track. A diagram of the layout 
of these two segments and of the re- 
quired rotational speeds is shown in 
Fig. 6. 

One-Way Compatibility 
The audio program, near the center 
of the disc, is in every way compati- 
ble with audio recorded on regular 
CDs. In fact, you can take one of 
those new, gold colored CD -V sin- 
gles and play its audio portion on any 
CD player. But if you want to enjoy 
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the picture portion of the disc, you'll 
need a new, combination player. 
Even older Laservision players won't 
be able to decode and play that video 
portion. For one thing, the turntable 
must spin at a very high beginning 
rate of 2,250 rpm to play the video, 
decreasing its rotational speed as the 
laser pickup moves further and fur- 
ther out towards the perimeter of the 
disc in order to maintain constant 
linear velocity. 

Moreover, the video signal is ana- 
log in format, whereas the audio por- 
tion is digital. That explains why a 
CD player cannot deliver video pic- 
tures to your TV screen; it lacks the 
needed electronics as well as the 
higher rotational speed. As I men- 
tioned, while more recent vintage 
videodisc players can actually play 
CDs and some can decode the digital 
sound tracks of videodiscs, none can 
play the new short video program- 
ming of the CD -V single. In that 
sense, the CD -V may be said to be 
partly compatible or, as the folks at 
Philips like to think of it, "forward" 
compatible. 

There's also another aspect of 
compatibility that seems to have 
been overlooked by most of the en- 
thusiastic supporters of CD -V. One 
of the big advantages of the Corn- 
pact Disc is the fact that its format is 

a world standard. Any CD can be 
played on any CD player in any 
country in the world, so long as the 
power line voltage is correct for the 
player. That won't be true with the 
CD -V players -even the newer com- 
bination units -because of the dif- 
ferent TV standards used in different 
parts of the world. Manufacturers of 
software and hardware are going to 
have to supply NTSC system ma- 
chines and discs for the U.S. and Ja- 
pan, and PAL players and discs for 
much of Europe. Warren N. Liber- 
farb of Warner Home Video, com- 
menting on this matter during the 
Nethelands launch of CD -V some 
months ago, told us that this sort of 
multiple inventory problem has been 

(Continued on page 81) 
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circuits. 

Enter the BitWise logic analyzer, The 
Logic 10/8. New. Capable of sampling 
data at up to 10 Mhz, storing the data in 

high speed memory, and displaying up to 

eight digital waveforms on your computer 
screen simultaneously. Other Bit Wise 

models boast speeds of up to 100 Mhz and 
can display up to 32 waveforms. 

Logic analyzers have long been essential 

but expensive tools for professional 
designers with big budgets. Now Bit Wise 

makes a logic analyzer that YOU can 
afford. 

Bit Wise logic analyzers are available 
in kit form from Knight Electronics: 

KNIGHT ELECTRONICS 
10940 ALDER CIRCLE 
DALLAS, TX 75238 
(214) 340-0265 

By using the existing architecture of the 
IBM -PC, Bit Wise can bring the total 
functionality of a logic analyzer to your 
desk starting at the unheard of price of 

$495, Price includes all hardware, software, 
pods, leads, and documentation. And all of 

our units carry a 30 day, no questions 
asked, money back guarantee. 

Want to know more? Get our free booklet 
entitled "Introduction to Logic Analysis ". 

For more information and a demonstration 
disk call: (800) 367 -5906. 
In NY, call (518) 274 -0755. 

A-BIM-1111SE 

BITWISE DESIGNS, INC. 
297 RIVER ST. 

SUITE 501 
TROY, NY 12180 
TELEX: 710 -110 -1708 
FAX: 518- 462 -9637 

CIRCLE 70 ON FREE INFORMATION CARD 

September 1987 / MODERN ELECTRONICS / 35 

www.americanradiohistory.com

www.americanradiohistory.com


Technology 

Using Current-Differencing 
Operational Amplifiers 

A specialized op amp that can simplify circuit designs 
by eliminating the need for a second power supply 

By Bob Mostafapour 

Wide -range versatility, low 
cost and ease of use have 
made the op amp the most 

frequently used active element in 
both analog and digital circuits. 
Among the op amp's attractive char- 
acteristics are extremely high input 
impedance and gain and low output 
impedance. Ease of use is guaranteed 
by very simple gain and impedance 
equations (see Fig. 1), which elimi- 
nate the need for the user to be versed 
in higher mathematics to be able to 
use op amps. Even so, op amps are 
not a panacea. General -purpose op 
amps like the common 741 require a 
dual -polarity power supply. In some 
circuits (a 5 -volt dc TTL digital cir- 
cuit, for example) a separate nega- 
tive (V ) power supply must be pro- 

vided for any op amps being used - 
even if only one. The added supply 
increases the cost of the project, as 
well as its size, weight and circuit 
complexity -all needlessly, because 
there is a low -cost practical alterna- 
tive. It comes in the form of the Nor- 
ton operational amplifier, which re- 
quires just a single -polarity power 
supply, usually the same one used for 
the rest of the circuitry in the project, 
or at worst, a slight modification of 
the existing supply. 

In this article, we will explore how 
the Norton op amp works, discuss its 
relative advantages and disadvan- 
tages, and show a number of practi- 
cal applications for it. 

Technical Details 
Shown in Fig. 1 is the schematic dia- 

Fig. 1. Standard operational amplifier circuit with negative feedback requires a 
dual- polarity power supply. Simple gain (A) and input -impedance (Zi) formu- 

las simplify designing it into circuits. 

Fig. 2. Schematic symbol for single - 
polarity power supply Norton cur- 
rent- differencing op amp. Note ar- 

row symbol between inputs. 

gram of a common general -purpose 
operational amplifier with its input/ 
feedback network in place. With 
negative feedback, the gain of this 
circuit is calculated using the formu- 
la Gain = R1 /R2 and input impe- 
dance is simply the value of R2. The 
major significance of the Fig. 1 cir- 
cuit for purposes of this examination 
of the Norton current -differencing 
op amp is the existence of the V + 
and V terminals, both of which are 
referenced to a common circuit 
"ground" point. Now contrast Fig. 
1 with the current -differencing op 
amp shown in Fig. 2 (disregarding 
the input /feedback resistor net- 
work). Here you find that all that is 

needed is V + referenced to circuit 
ground. 

The Norton op amp is called a 
"current- differencing" amplifier 
because its output current is the dif- 
ference of the currents applied to the 
inverting ( ) and noninverting (+ ) 
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I1 

R1 

Fig. 3. Biasing for inverting Norton op amp circuit is slightly 
different from that of standard operational amplifier. 

inputs when the device is connected 
in an open -loop configuration. Con- 
versely, the conventional op amp is a 
vo/tage-differencing amplifier be- 
cause its output is the difference of 
the voltages applied to its two inputs. 

Obviously, because the Norton op 
amp does not need a dual -polarity 
power supply, its use can simplify 
circuits that otherwise do not need 
dual supplies. 

For proper operation, the Norton 
current -differencing op amp re- 
quires biasing, which is accom- 
plished very simply by applying a 
voltage through a single resistor, 
shown as R3 in Fig. 3. Both op amp 
input terminals are at one diode drop 
above ground, which is typically 0.6 
volt. Therefore, to bias the steady - 
state output voltage to half the pow- 
er- supply voltage, the value selected 
for R3 should be twice that of R1. 

If R3's value is 1 megohm, 13 will 
be 20 microamperes. The negative - 
feedback property of the Norton op 
amp makes the current going into the 
amplifier's input terminals equal. 
This is the analogy of the typical op- 
erational amplifier that has both in- 
put voltages equal with negative 
feedback. Hence, I3 will be equal to 

Fig. 4. Noninverting Norton op amp circuit. 

the same 20 microamperes of II. So 
output voltage Vo is set to 10 volts if 
121 is 500,000 ohms. It is easy to see 
that the Q point of this amplifier can 
be changed at will simply by chang- 
ing the value of R3. In this example, 
10 volts was chosen because it allows 
for a maximum swing of 10 volts 
peak -to -peak. 

Gain calculation is almost as 
straightforward and simple. Since 
the input currents to the Norton op 
amp must be equal, any fluctuating 
current through R2 must be compen- 
sated for by an equal but opposite 
fluctuation through R1. Therefore, 
the current through R2 is equal to 

but opposite of the current through 
RI. Mathematically, this works out 
to Vi /R2 = - Vo /R1, and gain is 

simply A = Vo /Vi = - R1 /R2, just 
as with the conventional operational 
amplifier. 

A noninverting amplifier is as sim- 
ple as a single connection change 
from the original Fig. 3 inverting cir- 
cuit, as shown in Fig. 4. Gain calcu- 
lation with the Norton op amp con- 
nected as shown is the same as for the 
inverting version. That is, changes in 
current through R2 are compensated 
for by changes through R1. This 
time, however, they are equal in 

magnitude and direction (they do not 

R2 

Fig. 5. Noninverting conventional op amp circuit. 

Say You Saw It In Modern Electronics September 1987 / MODERN ELECTRONICS / 37 

www.americanradiohistory.com

www.americanradiohistory.com


w 14 
V+ 

1 13 

12 

11 4 

5 

t 
1 C 

9 
A 

6 

7 
GNI 

Fig. 6. Pinouts and internal details 
for the LM3900 quad Norton cur - 

rent-differencing op amp. 

oppose each other). Therefore, gain 
is Vi /R2 = Vo /R1 or Vo /Vi = 
R1 /R2. The conventional op amp 
connected for noninverting amplifi- 
cation has a gain of (R1/R2) -1, as 
illustrated in Fig. 5. This gain formu- 
la is not nearly as "clean" as is possi- 
ble with the Norton op amp. 

Current -differencing op amps 
may not be as common as conven- 
tional op amps, but they are avail- 
able. A typical such one is the 
LM3900, which is a quad current - 
differencing op amp housed in a 14- 

pin dual in -line package (DIP). Pin - 
outs and internal details for the 
LM3900 are shown in Fig. 6. 

A wide supply voltage range that 
spans 4 to 36 volts dc is featured for 
the LM3900. Furthermore, the out- 
puts of each of its amplifiers are 
short -circuit protected to assure dur- 
ability. 

Practical Applications 
Typical applications for this device 
include inverting and noninverting 
amplifiers, voltage regulators, oscil- 
lators, Schmitt triggers, voltage 
comparators, logic gates and active 

Vi n 

1K 

MAI 
"WEI 

100 

Fig. 7. Norton op amp voltage regulator. 

filters. In the remainder of this arti- 
cle, we will explore these applica- 
tions. As you work with the Norton 
current -differencing op amp, other 
applications are almost certain to 
suggest themselves. 

Voltage Regulator. The schematic 
diagram of a very simple voltage reg- 
ulator built around the current -dif- 
ferencing operational amplifier is 

shown in Fig. 7. The zener diode pro- 
vides feedback for proper regulation 
and bias of the pass transistor whose 
base is driven by the output from the 
op amp. 

The input to the Fig. 7 circuit must 
be at least 2 volts greater than the in- 
tended regulated voltage to obtain 

proper operation. Also, the pass 
transistor must be a power type that 
can easily handle 25 percent greater 
than the maximum current you wish 
to obtain from the regulator. 

Voltage Comparator. Figure 8 

shows the schematic of a simple cur- 
rent- differencing voltage compara- 
tor circuit. Use of this circuit elimi- 
nates the need for additional inte- 
grated circuits in applications where 
a voltage comparator is required. 
Output voltage -swing range can be 
as wide as the supply voltage in this 
comparator circuit. 

High -Pass Filter. An active filter 
can provide gain as well as filtering 
and has traditionally used operation- 

V 

V+ 

C 

C 

500K 

500K 

V-1- 

3 VO 

Fig. 8. Norton op amp voltage comparator. 
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Fig. 9. High-pass active filter built around a Norton 
current -differencing op amp. 

al amplifiers as the active element. A 
passive filter, on the other hand, pro- 
vides no greater than unity gain from 
input to output (usually less, due to 
inherent circuit losses). Figure 9 is 
the schematic diagram of a high -pass 
active filter built around the LM3900 
current -differencing op amp. Its cut- 
off frequency is calculated using the 
formula: 

f = 2 R2 /R1 - R3 Hz 
47rR2C 

Feedback resistor R2 in Fig. 9 is set 
at 1 megohm due to the biasing re- 
quirements discussed above. This be- 
ing the case, the values of R1 and C 
determine the cutoff frequency (the 
frequency at which gain is very low 
below this value). Some common 
cutoff frequencies /R/ values (the 
value of C is 470 picofarads in all 
cases) include: 5 kHz /3,300 ohms, 3 

kHz /10,000 ohms and 1 kHz /47,000 
ohms. 

Different resistor and capacitor 
values will yield different cutoff fre- 
quencies. In fact, by judiciously se- 
lecting component values, you can 
tailor a cutoff frequency that is with- 
in a cycle or two of what you need for 
any given application. 

Square -Wave Oscillator. Figure 10 

Fig. 10. Norton op amp square -wave oscillator circuit. 

is the schematic diagram of a square - 
wave oscillator built around a cur- 
rent- differencing op amp. This oscil- 
lator's output can swing over the en- 
tire supply voltage range at the se- 
lected frequency. 

Frequency of oscillation of the 
square -wave oscillator is calculated 
using the formula: 

f= R3 -R1 -R2 Hz 
2irR1R2C 

The output voltage from the Fig. 
10 oscillator will swing from refer- 
ence ground to approximately the 
eniire level of the V + supply line. 
The values of R1 and R2 are 470,000 
and 30,000 ohms, respectively, for 
biasing purposes. Therefore, the 
values of R3 and C determine actual 
frequency of oscillation. 

In Summary 
The Norton current -differencing 

operational amplifier is a versatile 
building block with which everyone 
involved in circuit design should be- 
come familiar. Its broad range of ap- 
plications reach far beyond the few 
discussed here. Our coverage was 
geared more toward giving you an 
idea of this device's versatility than 
toward a run -down of actual practi- 

cal applications to which it can be 
put. In this light, our discussions are 
meant to get you started in using a 
practical alternative to the conven- 
tional op amp by providing the 
theory needed as a launch point. 

Our focus has been on the real - 
world extension of the current -dif- 
ferencing operational amplifier in 
the form of the LM3900 quad Nor- 
ton current -differencing op amp in 
an easy -to -use DIP package. In addi- 
tion to being readily available, this 
device is easy to use in terms of both 
physical hookup and biasing theory 
and practice. Having four current - 
differencing op amps in a single inte- 
grated- circuit package is a benefit, 
too, because it saves space in a circuit 
and reduces socket requirements in 
circuits where more than one op -amp 
stage is needed. 

So the next time you need an oper- 
ational amplifier in your circuit de- 
sign and cannot justify the added ex- 
pense, size, weight and circuit com- 
plexity of a second power supply, re- 
member that the LM3900 current - 
differencing op amp offers a low - 
cost, practical alternative to the con- 
ventional op amp. Its use also elimi- 
nates the need for more complex gain 
and biasing equations. AE 
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Audio Project 
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Building & Applying 
Active Minispeakers 
By installing a driving amplifier inside its 
aluminum enclosure, you can greatly 
enhance a minispeaker's versatility 

By Joseph O'Connell 

Aluminum minispeakers are 
generally characterized by 
good sound as well as com- 

pact size. Originally designed for use 
in home hi -fi systems, they have 
found their way into automobiles 
and other vehicles, where space is 

more at a premium than in the home, 
and attached to the sides of portable 
radios, where size and weight are im- 
portant. As versatile as they are, 
though, a pair of minispeakers can 
be greatly enhanced by building into 
each its own driving amplifier, as de- 
scribed here. This will make the 
speakers operate with signal sources 
that ordinarily cannot drive them, 
such as personal radio /cassette play- 
ers, portable CD players and similar 
low -power devices. The amplifiers 
boost the signals from these sources 
to drive the speakers to quite loud 
levels. With greater power and high - 
quality signal sources, these "ac- 
tive" speakers produce better sound 
at higher volume than do typical 
boom boxes. 

Applications for these active 
speakers are not limited to portable 
listening. For example these speakers 
can be used as the heart of a tempor- 
ary stereo system in a car or other ve- 
hicle without requiring a separate 
power booster. They are also simple 

to remove to prevent theft and can 
easily be moved around inside a vehi- 
cle to obtain the best acoustical ef- 
fect. Electronics enthusiasts can also 
use one on their testbenches as an 
audio signal tracer and hum detec- 
tor. Around the home, an active 
speaker can be used as an intercom 
station and for setting up a stereo 
system for best effect. 

Because power requirements are 
flexible, plenty of other uses suggest 
themselves. Finally, none of the mi- 
nispeakers' original usefulness is lost 
when amplifier circuits are added. 
These speakers can still be used with 
a stereo system the way they were de- 
signed to be simply by flipping a 
switch. 

About the Circuit 
Use of a pair of power integrated cir- 
cuits (ICI and IC2) greatly simplifies 
the amplifier circuit shown in Fig. 1. 

Few discrete components are needed, 
and the project is easier to build. 
Also, the low component count 
makes for an amplifier circuit that 
requires very little real estate. This is 

an important consideration when the 
amplifier is to be installed inside a 
tight enclosure from a mechanical 
point of view because the amplifier 
takes up less of the speaker's internal 
volume so that it has only a minimal 
effect on sonic characteristics. 
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A single LM383 power amplifier 
IC and a few passive components 
could have been used to make a simple 
amplifier circuit. However, the two 
shown in a bridged configuration al- 
low the speaker output to be taken 
from across the outputs of two near- 
ly identical amplifiers (instead of be- 
tween an output and ground) to pro- 
vide increased maximum power and 
eliminate the need for a bulky and dis- 
tortion- producing output capacitor. 

In the Fig. 1 circuit, the two ampli- 
fier ICs are connected so that they 
are out -of -phase with each other. 
When the output of one is positive, 
the output of the other will be nega- 
tive. Placing a speaker between the 
IC outputs allows current to flow 
from one to the other. The advan- 
tage of this arrangement is that the 
speaker can receive almost the full 
power supply voltage in either direc- 
tion on full- excursion input signals. 
This arrangement is necessary in mo- 
bile applications where the available 
supply voltage is relatively low (12 
volts dc) and must be carefully maxi- 
mized in an amplifier circuit. 

With a 12 -volt dc power supply, 
the unloaded output of the the am- 
plifier circuit can theoretically be 
± 10 volts, for a total swing of 20 
volts. Because they get a good deal of 
power from a low- voltage supply, 
bridged circuits like the one shown in 
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Fig. 1. Schematic diagram of amplifier required for each minispeaker. 

Fig. 1 are commonly used in car 
stereos and power boosters. 

Input signals are fed into the am- 
plifier circuit through J1 and are 
then capacitively coupled to the non- 
inverting ( + ) input of ICI through 
CI, which blocks dc and passes only 
the audio signal. After undergoing 
amplifications, the audio signal at 
the output of ICI is applied to the 
RI /R2 voltage divider. The divider 
feeds a portion of the amplified out- 
put signal back into ICI through its 
inverting ( -) input to set the gain via 
the usual negative- feedback method. 
Hence, the voltage gain of ICi is set 
by (R1 + R2) /R2. Capacitor C2 
blocks blocks ac and feeds back only 
the audio signal component. 

The voltage divider also applies a 

portion of ICI's output signal to the 
inverting input of IC2 through POTI 
and C5. Because the inverting input 
is now being used, the output of 1C2 
is out -of -phase with the output of 
IC1. Negative feedback that sets 
IC2's gain comes from the voltage 
divider made up of R4, POT1 and 
R2. During calibration, the gain of 
IC2 can be adjusted by POT1 to pre- 
cisely match the gain of ICI. 

Resistor R3 and trimmer potentio- 
meter POT2 apply a small dc bias to 
the noninverting input that is greatly 
amplified by and appears at the out- 
put of IC2. Potentiometer POT2 
provides a means for adjusting the 
amount of dc in IC2's output to al- 
low the dc offset between the two ICs 
to be nulled to zero. 

As designed, the amplifier's speci- 
fications make it suitable for port- 
able use. With a 13.8 -volt dc pow- 
er supply, which is typical for auto- 
motive electrical systems, the am- 
plifier will produce a clean 8 or 9 

watts of driving power into 4 ohms. 
The limitation on output power de- 
pends primarily on the supply volt- 
age -not the ICs. The ICs can safely 
accommodate up to 20 -volt dc power 
supplies. The greater the supply volt - 
age-up to the 20 -volt maximum, of 
course -the greater the power deliv- 
ered to the speaker load. 

At 13.8 volts dc, playing a music 
signal at maximum volume into 4 

ohms, the amplifier draws an aver- 
age of about 500 mA. Quiescent cur- 
rent (no input signal) is approximate- 
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PARTS LIST (for one speaker) 
Semiconductors 
IC1,IC2 -LM383 or TDA2002 audio 

amplifier (Radio Shack Cat. No. 
276 -703 or equivalent) 

Capacitors (25 -volt) 
Cl -l0 -µF electrolytic 
C2,C5- 470 -µF electrolytic 
C3,C6- 0.1 -µF disc 
C4- 100 -µF electrolytic 
Resistors (Y, -watt, 10% tolerance) 
R1 -220 ohms 
R2 -10 ohms 
R3 -1 megohm 
R4 -4,700 ohms 
POT1 -1,000 -ohm pc -mount trimmer 

potentiometer 
POT2- 100,000 -ohm pc -mount trim- 

mer potentiometer 
Miscellaneous 
J1 -Phono jack 
J2 thru J5 -5 -way binding post 
S -Spdt miniature toggle switch 

Two aluminum minispeakers (Radio 
Shack Realistic Minimus 7 or simi- 
lar -see text); printed- circuit board 
plus extra pc blank for switch panel 
(see text); materials for making port- 
able carrier (see text); machine hard- 
ware; audio cable; speaker cable; 
hookup wire; solder; etc. 

ly 125 mA. The low current drain 
makes the amplifier suitable for por- 
table use with rechargeable cells. 

Modifying the Speakers 
The first step in building the circuit is 
to open the speaker (or speakers if 
you are modifying a pair for stereo 
use) to gain access to the interior. 
With some minispeakers, you might 
be able to remove a few screws and 
drop off the back. However, the 
backs of the Realistic Minimus 7 

speakers specified in the Parts List 
are sealed. (If you use a minispeaker 
other than the Minimus 7, make sure 
it has an aluminum enclosure and 
has sufficient room inside to accom- 
modate the amplifier circuit assem- 
bly without interfering with the 
drivers, crossover network or any 

13 
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(rear view) 

External 

Active 

o 

[4_ 3 
a 

OQ -OQ 12-18 Vd, 
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binding 
posts 

@-0 Speakers 

Input 

o 

Fig. 2. Rear panel details of modified minispeaker. 

connectors there might be.) This 
means that all access to the interior 
of the enclosure must be through the 
holes in which the drivers are 
mounted. Therefore, you will first 
have to pry off the protective alumi- 
num grille. The following modifica- 
tion procedure is based on the Mini - 
mus 7 speaker; if you are using a dif- 
ferent speaker, make suitable adjust- 
ments in the procedure. 

The best place to start prying off 
the grille is at one of the corners 
where the risk of deforming the grille 
is minimal. Small pieces of sticky 
clay are all that hold the grille in 
place. So the grille should release 
without much persuasion. 

Once the drivers are exposed, care- 
fully remove them. As you remove 
each driver, make a note on a piece 

of paper its physical orientation and 
which color wire goes to which termi- 
nal. You will need this information 
to successfully reassemble the speak- 
er system. 

Set aside the drivers in a safe place. 
Then reach into the enclosure and re- 
move the fiberglass batting that 
serves as acoustical damping. It is a 
good idea to wear gloves for this 
step, especially if your hands are par- 
ticularly sensitive or have small cuts. 
The type of fiberglass batting used in 
minispeakers produces small splint- 
ers of glass when handled. If the 
splinters pierce your skin, they will 
be painful and difficult to remove. 

Inside the enclosure on the rear 
wall is a plastic plate on which are 
mounted the crossover components. 
Remove this panel, which will be re- 
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placed by the amplifier circuit -board 
assembly. Desolder from the panel 
the crossover capacitor and inductor 
coil and set both aside for mounting 
on the amplifier circuit board later. 
It is also a good idea to save the wires 
from the crossover network, since 
they are easily removed and have the 
proper connectors for the speakers. 

You might want to replace the ori- 
ginal crossover capacitor with a bet- 
ter- quality one. An audible improve- 
ment can be heard if you replace the 
nonpolarized capacitor that comes 
with the speaker with a polystyrene 
or film type of the same value. For a 

substantial improvement without 
going to extreme lengths, almost any 
type of replacement capacitor is bet- 
ter than the original. 

Referring to Fig. 2, drill four holes 
through the rear of the enclosure for 
mounting 5 -way binding posts. Size 
these holes to accommodate the 
threaded mounting screws and the 
shoulders of the insulating fiber 
washers that come with the binding 
posts. Set aside the enclosure. 

Building the Amplifier 
Printed -circuit board construction is 
highly recommended for the amplifi- 
er circuits. As you can see in the actu- 
al -size etching guide in Fig. 3, holes 
must be drilled only for the two po- 
tentiometers and the resistors. Since 
all components mount on the foil 
side of the board, no holes are need- 
ed for the leads of the larger compo- 
nents and wires that go on the board; 
these can simply be "spot" soldered 
to the copper lands in much the same 
manner as you would solder surface - 
mount components in place. 

Prepare a 3'/, " x 1'/, " x % " alumi- 
num plate by drilling the mounting 
holes for the ICs, phono jack J1 and 
switch, as illustrated at the bottom in 
Fig. 4. Then drill the holes for the 
mounting hardware that will secure 
the plate to the inside rear wall of the 
enclosure using the same locations 
used by the screws that secured in 

1/: in 
Fig. 3. Actual -size etching- and -drilling guide for printed- circuit board. 

place the plastic panel on which were 
mounted the crossover -network 
components. (Use the plastic cross- 
over- network plate as a template for 
locating and marking the mounting 
holes on the aluminum plate.) Also, 
drill a % " hole in one of the lower cor- 
ners of the plate. Locate the alumi- 
num plate so that it completely fills 
the opening in the enclosure and J1's 
and Si's holes are centered in the cut- 
out area. Loosely mount ICI and 
1C2, using 4 -40 x ''/ " machine 
screws lockwashers and nuts. Then 
solidly mount JI (along with its sol- 
der lug) and the switch on the alumi- 
num plate, using the hardware sup- 
plied with them. Do not use insula- 
tors between the ICs and the alumi- 
num plate. 

Once the board has been etched 
and is ready for wiring, mount the 
amplifier and crossover components 

on the foil side exactly as shown in 
Fig. 4. As you solder one lead of a 
component to the board's land, hold 
it in place with your fingers, without 
moving, until the liquid solder has 
set. Then solder the other lead into 
place. (Note: It will be easier if you 
pretin the land locations and compo- 
nent leads and wires to which they at- 
tach with solder prior and then 
"sweat" the connections as you go.) 

Secure the crossover coil to the 
surface of the board with double - 
sided tape, silicone cement or hot - 
melt glue. Pay close attention to elec- 
trolytic capacitors C2, C4 and CS as 
you solder their leads into place. Use 
small- diameter insulating tubing on 
all leads that cross more than one 
copper land and insulated hookup 
wire for the wire jumper between the 
ICI /J2 and IC2 /R3 lands. Mount 
the components with their bodies flat 
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Building a Portable Carrier 

An arrangement that has a handle 
and built -in battery power supply will 
let you use a Walkman -type radio/cas- 
sette player or portable Compact Disc 
player in a fully portable configuration. 
The portable carrier arrangement 
shown in the illustration provides vastly 
improved sound quality with lower dis- 
tortion and noise and greater volume 
level, allows the speakers to be sepa- 
rated by up to 12 feet for better stereo 
separation, and allows you to tilt the 
speakers for best sonic effect without 
removing them from the carrier. 

To be able to build the carrier, you 
need a pair of swivel -mount brackets 

for the Minimus 7 speakers (or what- 
ever minispeakers you use instead). 
These brackets should also be used 
in your home or vehicle. 

Since the power supply cells and sig- 
nal- source device will have a direct ef- 
fect on the size of the carrier, no dimen- 
sions are given in the drawing. Simply 
adjust the sizes of the elements that 
make up the carrier as needed for your 
particular combination of power sup- 
ply and signal -source device. 
Power Considerations. You want to 
build into the carrier a rechargeable bat- 
tery supply that can deliver at least 12 

volts to drive the active minispeakers. 

For reasonably long playing time, the 
cells selected should be no smaller than 
"D" size. If you use nickel -cadmium 
cells, you need 10 cells in all (each deliv- 
ers 1.2 volts) for a 12 -volt output. Spe- 
cific battery requirements depend on 
how loud and how long you wish the 
speakers to be able to play between re- 
charges. D -size Ni -Cd cells are available 
in different capacities, ranging on up to 
4 ampere -hours (AH), though most of 
the commonly available ones are rated 
at only 1.2 AH. The 4 -AH cells should 
keep the active minispeakers going for 
several hours but are quite expensive 
when you can find them. Lower-capaci- 
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4 "D" -cell holder 
Two required for 12 volts. 

Details of portable carrier show active minispeakers mounted via swivel brackets to both sides and spaces for battery power 
supply, signal- source device and power- switch /connector panel. 
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ty D -size Ni -Cd cells should be ade- 
quate for most applications. 

If you really need long playing time 
at loud volume, it is more economical 
to use a 12 -volt battery pack rather than 
make up a supply using individual cells 
and holders. Battery packs have other 
advantages, too. They are more com- 
pact, have higher current ratings and 
have fewer problem- causing contacts 
than do individual cells and holders. 
Common current ratings for battery 
packs are 1.8, 3, 5, 6 and 10 AH. Good 
sources for suitable rechargeable bat- 
tery packs are Mouser Electronics and 
other mail -order houses. 

If you want long playing time and do 
not mind the extra expense involved, 
you can use gelled lead- acid -or so- 
called "gel " -cells. These generally 
have higher current capacities than Ni- 
Cd cells. Each has an output of 1.5 
volts, reducing the number of individ- 
ual cells needed for a given power -sup- 
ply output voltage, and is available 
either singly or as part of multiple -cell 
batteries. Three 6 -volt gel cells in series 
make an 18 -volt battery that is near the 
maximum recommended voltage for 
the power lines to the active minispeak- 
ers. The only real difficulty with gel 
cells is finding a source for them. 

If you do not plan to use the mini - 
speakers as a portable sound system 
very often, separate cells (as opposed to 
a battery pack) is probably a better 
idea. When not in use, you can remove 
the cells from their holders and use 
them in other battery -powered devices. 
An advantage of separate cells is that it 
is easy to tap off a lower voltage be- 
tween cells (typically 3 to 6 volts) to 
power whatever is being used to drive 
the speakers. If you do use a low -volt- 
age tap for this purpose, make sure you 
take it from between cells referenced to 
the negative side of the battery to give 
the signal source and minispeakers' am- 
plifiers the same "ground" reference. 
Physical Considerations. The carrier il- 
lustrated in the drawing can be built 
from six pieces of aluminum. Two 

pieces of angle aluminum form the 
sides to which the speaker brackets at- 
tach. Each side piece can be supported 
by a 3 -inch "foot" made of angle alu- 
minum attached at a right angle to the 
bottom. The aluminum brackets at the 
bottom are the only points that provide 
support and can be equipped with small 
rubber feet to prevent marring any sur- 
face on which the carrier is placed. 

Four -cell battery holders attach front 
and rear to the side pieces, which can be 
moved closer together or farther apart 
to accommodate a battery pack, if de- 
sired. It is the size of the dc power sup - 
ply that has the most influence on the 
size of the carrier. 

In the middle of the carrier, a piece of 
pc board can be attached to provide the 
means for mounting the power switch 
for the battery supply (wire it in series 
with the supply's positive line) on the 
front and two more D cells on the rear, 
for a total of 10 cells with the two four - 
cell units attached to the side pieces. 
You can etch and drill the pc board to 
provide a convenient means for making 
the connections to the battery supply, 
power switch and speaker cables. Your 
signal source can also be hung off the pc 
board via its belt clip or be fastened to it 
more securely with machine hardware. 

For a handle, you can use a Ys-inch- 

diameter aluminum tube slid onto a 
length of aluminum bar stock mounted 
by its ends to the side pieces of the car- 
rier. Alternatively, you can shape a 
piece of wood into a comfortable han- 
dle or use a nylon or leather strap or 
even a door handle. 

Use 6 -foot lengths of standard speak- 
er cord to deliver power from the bat- 
tery supply to the speakers. When wir- 
ing the cord into the supply and fas- 
tening the connectors to the other end, 
make sure to observe proper polarity. 
Also, use 6- foot -long shielded audio 
cable with a phono plug at the speaker 
end and an appropriate connector to 
match the output of whatever device 
you are using to drive the active speak- 
ers at the other end. 

against the surface of the board. 
Trim away any pin length of the po- 
tentiometers and lead lengths of any 
other components whose leads plug 
into holes in the board flush with the 
bottom of the board. 

Orient the aluminum -plate assem- 
bly with respect to and about % " 

from the pc assembly as shown in 
Fig. 4, carefully spread the pins on 
the ICs so that they match up with 
the lands on the pc board, and solder 
the leads to the lands. Note that the 
center lead of each IC does not go to 
any land on the pc board. These 
ground leads are tied directly to the 
metal mounting tabs on the ICs and 
to each other through the aluminum 
plate and to circuit ground through 
the wire that connects J1's ground 
lug to circuit -board ground. 

Do not cut off the center pins of 
the ICs. Instead, bend them upward 
at a right angle to the ends of the ICs. 
Trim both leads of the two 0.1- micro- 
farad capacitors (C3 and C6) to % " in 
length. Form a small hook in one 
lead of each and wrap these leads sep- 
arately around the center leads of the 
ICs. Tack solder the other lead of C3 
to the J2 (lower -left -most) pad on the 
pc board. Similarly, tack solder the 
other lead of C6 to the pad to which 
R3 and the jumper wire connect. 

Now solder appropriate lengths of 
insulated hookup wire between the 
points indicated on the circuit -board 
assembly and the switch and J1's 
ground lug. Cut each lead of C1 to 1 " 

in length, slip over each a % " length 
of insulating tubing, and solder the 
capacitor between the indicated pc- 
board land and the center contact of 
J1. Solder the free ends -not the 
connector ends -of the wires re- 
moved from the speaker's crossover 
network to the indicated lands on the 
pc board. Then strip' "of insulation 
from both ends of four 5 " -long 
stranded hookup wires, twist to- 
gether the fine wires at both ends and 
tin with solder. Solder one end of 
each wire to the J2 and J4 lands on 
the pc board, the lower lug on the 
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switch and the solder lug on J1. 
Mount the four binding posts on 

the rear wall of the enclosure via the 
holes you drilled earlier. Three of 
these binding posts must be fully in- 
sulated from the metal of the enclo- 
sure with the shoulder fiber washers 
or plastic bushings supplied with 
them. If such washers or bushings 
are not supplied, you must obtain 
them separately. The fourth binding 
post should not be isolated from the 
metal enclosure. Eliminate its 
shoulder fiber washers or bushing, if 
any, and replace them with a pair 
of lockwashers. 

Adjustments 
Before an amplifier circuit can be in- 
stalled inside a speaker enclosure it 
must be adjusted so that it will work 
properly. For this step, you need a 
bit more heat sinking than the alumi- 
num plate on which IC/ and 1C2 are 
mounted can provide, which is the 
reason why you drilled that extra 
hole in one of the corners. Bolt the 
assembly to a metal object -even a 
much larger aluminum plate than 
you are using in the project -to as- 
sure good heat sinking. 

To perform the adjustment of the 
amplifier, you also need an oscillo- 
scope, audio signal generator, volt- 
meter and 8 -ohm power (say, 20- 
watt or more) resistors. You need 
two resistors for each amplifier you 
built, one for each speaker driver. 
The voltmeter and resistors should 
be easy to come by. If a signal gener- 
ator is not available, a signal source 
playing a slow piano will do. How- 
ever, there is really no adequate sub- 
stitute for the oscilloscope. 

Connect a power resistor to the 
amplifier circuit where each driver 
will be connected and plug the signal 
generator's output cable into the am- 
plifier's input. Set the signal for a 
50- millivolt rms output at about 
1,000 Hz (1 kHz). Then connect an 
adequate dc power supply to the 
amplifier circuit, observing proper 

4 1/4" X 2 3/4" 
PC board 

+ tweeter 

(blue) 

original 
crossover 

components 

(yellow 
+ woofer 

J4 

J2 

3 1/4" X 
1 1/4" 

1/8" aluminum 
O 

IC1 
IC2 

J3 J5 

2.3" 

- drivers 

1.8" 

Fig. 4. Wiring guide for pc board. All components mount on foil side of board. 

polarity. Turn on the signal gener- 
ator and use the oscilloscope to check 
each IC's output separately. 

When checking the IC outputs, set 
the oscilloscope for ac input, attach 
its ground wire to amplifier circuit 
ground and use the "signal" input 
probe to verify that the amplifier's 
output resembles its input. Adjust 
POTI so that the outputs of the two 
ICs are roughly equal in amplitude. 

Next, connect the oscilloscope be- 
tween the outputs of both ICs. Be- 
fore doing this, however, disconnect 
the scope's ground. Because neither 
output of a bridged amplifier is tied 
to ground, it should not be measured 
with a grounded device. Since the 

signal generator and oscilloscope 
probably share the same three -con- 
ductor ac power line, they will have 
the same ground. This being the case, 
connecting the oscilloscope across 
the amplifier's outputs in the next 
step would short out whichever IC 
got the scope's ground wire. To pre- 
vent this from happening, temporar- 
ily unground the oscilloscope at its 
power outlet. Use a three -conductor 
adapter with its third terminal not 
connected between the scope's line - 
cord plug and the ac receptacle. 
(Caution: Do not forget and leave 
the scope permanently ungrounded.) 

(Continued on page 90) 
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Computers 

PC Express Revisited 

Author illustrates how to break the 8 -MHz barrier 
and cures some reported boot -up problems 

By Crady VonPawlak 

Readers who implemented the 
"PC Express" (Modern 
Electronics, May 1987) on 

their personal computers have al- 
ready entered the world of "turbo" 
computing. To those of you who had 
difficulty obtaining the 8 -MHz 
8237 -2, your existing 5 -MHz version 
(i.e., an 8237 -5) of that integrated 
circuit will suffice. 

Since writing about the PC Ex- 
press, I learned that a very few of you 
had boot -up problems in the "tur- 
bo" mode, which will be addressed 
here. Also, some readers have ex- 
pressed interest in increasing operat- 
ing speed beyond the 8 -MHz barrier, 
which can be done, as you shall see. 

Boot -Up Problems 
It seems that some clone mother- 
boards utilize too brief a power -up 
reset delay, causing erratic boot -up. 
All PCs and compatibles have a 
"power -up reset circuit" that holds 
pin 21 of the microprocessor "high" 
for at least four clock cycles (usually 
one or two seconds, which is quite a 
few more than two clock cycles). 
This allows all the associated circuit- 
ry to "settle down" before accessing 
the system BIOS in ROM and getting 
under way. This being the case, why 
should anyone experience cold -start 
problems? 

The difficulty starts when this 
seemingly adequate reset period is 

still not long enough. When a system 
is designed to operate at, say, 4.77 
MHz and you push it to, say, 8 MHz 
or even 12 MHz, something must be 
modified to accommodate the higher 
clock rate. Often this is simply a mat- 
ter of upgrading key components, as 
was the basis of the PC Express. In 
some cases, however, we must go a 
step further. If you performed the 
PC Express modification precisely 
and your system boots properly only 
in the "slow" mode, the problem is 
likely to be in the power -up reset. 

The schematic shows one method 
of achieving a longer reset period on 
power -up. The components used are 
not critical, but they should at least 
be very close to those noted. Point - 
to -point wiring, Wire Wrap or 
etched -board construction are all 
fine. When completed, simply solder 
the three leads from your reset board 
with a 25- to 30 -watt grounded pencil 
soldering iron directly to the solder 
pads on the underside of your moth- 
erboard at the points indicated (keep 
in mind that when you look at the 
pins from the underside of the moth- 
erboard that their numbering scheme 
is the reverse of the top -view 
scheme!) and then carefully assem- 
ble your computer. 

As for installation, use care and 
work slowly. Motherboards are not 
cheap! The only advice I can offer as 
to the reset board location is to be 
sure that its components do not come 
into electrical contact with anything. 
You could enclose the finished as- 
sembly in a small plastic box and 

hide it between a disk drive and the 
power supply as one alternative. 

Breaking the 8 -MHz Barrier 
Once you get used to working at 8 

MHz that will seem slow, especially 
if you use Microsoft Windows or do 
any serious number crunching or 
graphics- intensive CAD work. One 
very practical alternative once you 
have completed the PC Express 
modifications is to push your system 
clock speed to 10 MHz or even 12 

MHz! It can be done! 
The extra mile you need to go to 

break the 8 -MHz barrier consists 
mainly of replacing your 8284A 
clock generator with the 8284A -1 

(this is the 10 -MHz version, which 
generally works very well up to 12.5 
MHz) version of that IC. These ICs 
are readily available at modest cost 
from a number of sources. If you 
have difficulty locating one, you can 
contact Intel PC products directly by 
calling 1- 800 -538 -3373 for a distribu- 
tor in your area. 

Next, replace your 24 -MHz Fox 
oscillator (or equivalent) with a 36- 
MHz version (as the 8284A -1 divides 
this frequency by three for stability, 
the output will be 12 MHz). If this 
proves to be too fast, then use the 
30 -MHz clock IC. (If you have diffi- 
culty getting this part, call Hamilton - 
Avnet at 203 -643 -3950, who assure 
me that they would sell it in single 
quantities.) 

If you followed my recommenda- 
tions for IC replacement in PC Ex- 
press, the only anchors that may pre- 
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Power -on reset circuit for PC Express speed -up. 

vent you from getting under way at 
10 or 12 MHz are: 

(1.) Your RAM chips, which may 
have to be upgraded from 150-nano- 
second -15s to 120-nanosecond -12s 

(2.) Your 8087 math coprocessor 
that now must be a -2 version (or -8 

version, depending on manufacturer) 
(3.) A NEC V20 -8 that will not go 

beyond 10 MHz (unlikely) 
(4.) You need the power -on circuit 

described above. This can be deter- 
mined by wiring a normally -open 
pushbutton switch between pins 20 

and 40 of the CPU. Hold the switch 
closed for a few seconds during boot - 
up and see if it clears the problem. 

Boosting speed to get full turbo 
power might take some experimenta- 
tion, but I highly recommend you 
make the effort. The end results are 
amazing! The time you save in com- 
puting will pay you back over and 
over. AE 

Motion Control & 
Data Acquisition 

LAP on your IBM PC orApple I I 

and all compatibles 

Smart 2 Axis Motion Controller: For many 
types of motors & encoders. New I.C. (from HP) 
allows changes & monitoring on the fly. Optically 
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Four Axis Stepper Driver: With SOFTWARE & 

motor for instant automation. $95. 
FastA/D Board: With programmed gain, 650 KHz, 
4 inputs, $220. Complete Scope hardware& SOFT- 
WARE $500. Also: 12 Bit ND, Relay Driver, Real 
Time Clock. Circuit developers Project Book $25. 

Circuit Development 
& Education 

Build your own 
applications 
circuits. 

Chips can con- 
nect directly to . 

Order our 
ProjectBook and 
disk with 10 chap- 
ters of circuit interfacing and SOFTWARE. 

How do you do it? Use our Local Applications 
Bus, LAB 40. One host adapter ($95.) supports 
up to 8 boards, like those above, on a 50 ft. 
ribbon cable. 

Please call (415) 755-1978 for free literature 

(omputer 
75 Southgate Ave.. Suite 6 
Daly City. CA 94015 
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By James H. Brown 

Many people practice shoot- 
ing at a target (with all 
safety precautions taken, 

we hope) that is located too far away 
to know if it was hit or not. Our Au- 
dible Target is designed to overcome 
this problem by sounding a piezo- 

_ 

Audible Target 
Sounds a tone when it detects a 

"hit" from a BB or pellet 

electric buzzer when a hit is score by, 
say, a pellet fired by a BB or pellet 
gun. Electronic circuitry that detects 
the hit is housed inside an enclosure 
that is, in turn, mounted on a block 
of wood that protects it from damage. 

About the Circuit 
The Audible Target's circuit (Fig. 1) 

is designed to respond to only sharp - 
attack sounds like those produced 
when a hard object like a BB or pellet 
strikes a block of wood. The sharp - 
attack sound produced by a single 
"hit" from a BB or pellet impacting 
the wood block travels through the 
block and is picked up by electret mi- 
crophone element MIC. The micro- 
phone element converts the sound in- 

R1 

1K 

MIC 

.. 
R3 

1M 

I 
Cl 

001iF 

R2 

47K 

R4 

1M 

Semiconductors 
D1 -1N914 switching diode 
IC1 -741 operational amplifier 
IC2 -555 timer 
Q1- 2N3053 medium -power npn 

transistor 
Capacitors 
Cl- 0.01 -µF disc 
C2- 2.2 -µF, 15 -volt electrolytic 
C3- 10 -µF, 15 -volt electrolytic 
C4- 220 -µF, 15 -volt electrolytic 
Resistors (1/4 -watt, 10% tolerance) 
R1-10,000 ohms 

1 C2 
2.2µF 

z 

IC2 

555 
7 

C3 

TF 

R5 
1M 

R6 
1K 

D1 T 1N914 

BUZZER 

Q1 
2N3053 

C4 
T 2200F 

B1 

9V - 

PARTS LIST 
R2- 47,000 ohms 
R3,R4,R5 -1 megohm 
R6 -1,000 ohms 
Miscellaneous 
B 1 -9 -volt transistor battery 
MIC -Electret microphone element (Ra- 

dio Shack Cat. No.270 -090 or 
270 -092 -see text) 

S1 -Spst pc -mount toggle switch 
Two -tone piezoelectric buzzer (Radio 
Shack Cat. No. 273 -070 or similar); pc 
board or perforated board and suit- 
able Wire Wrap and /or soldering 

hardware or solderless breadboarding 
socket (see text); sockets for ICs; hold- 
er and snap connector for B1; suitable 
enclosure (Radio Shack Cat. No. 270- 
233 or similar); 7" x 6" x 1 "wood 
block (see text); cable clamp; small rub- 
ber grommet; 1/2" spacers; 4 -40 x '/, " 

machine screws, nuts and lockwash- 
ers; 6 -32 x 1'/. "machine screws, nuts 
and flat and lockwashers (see text); 
color -coded stranded hookup wire; 
solder; etc. 

Fig. 1. Full schematic diagram of Audible Target project. 
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Fig. 2. Actual -size etching- and - drill- 
ing guide for fabricating printed cir- 

cuit board. 

to an electrical signal that is then 
coupled through capacitor CI and 
fed into the inverting ( -) input of 
operational amplifier IC/ at pin 2. 
The negative peak of the amplified 
signal at ICI's pin 6 output is then 
passed to the pin 2 "trigger" input of 
timer IC2, which is configured as a 
monostable multivibrator. The trig- 
ger pulse delivered to IC2 is then in- 
ternally stretched to about 2 seconds 
in duration. 

Triggering IC2 causes a positive 
output to appear at output pin 3. 
This positive signal sends transistor 

Project 

Fig. 3. Wiring guide for pc board. 
Use this for component layout if you 

wire on perforated board. 

QI into conduction to complete the 
electrical circuit from the positive 
side of battery BI through the two - 
tone piezoelectric buzzer to circuit 
ground. The result is that the buzzer 
sounds to audibly register the hit. 
Once pin 3 of IC2 goes high, ICI's 
noninverting ( + ) pin 3 input is taken 
more positive through diode DI. 

When IC2 times out, DI becomes 
reverse biased, causing QI to stop 
conducting and silencing the piezo 
buzzer. With Dl reverse biased, the 
voltage at pin 3 of ICI starts to dis- 
charge through the RC network 

made up of R3, RS and C3. The volt- 
age at pin 3 of ICI will remain high 
long enough to allow the buzzer to 
completely turn off. The RC net- 
work and capacitor C4 prevent the 
piezo buzzer from falsely triggering. 

Construction 
Since there is nothing critical about 
circuit layout, assembly of the Audi- 
ble Target can be accomplished using 
any traditional wiring technique. If 
you wish, you can etch and drill a 
printed- circuit board on which to 
mount and wire the majority of the 
components that make up the proj- 
ect, using the actual -size artwork 
shown in Fig. 2. Alternatively, you 
can mount the components on a 
piece of perforated board with 0.1" 
hole spacing and use Wire Wrap, sol- 
dering or a combination of the two 
types of hardware to wire the circuit. 
As a final choice, you can assemble 
the circuit on a solderless bread- 
boarding socket. 

Whether you use a printed- circuit 
board or a perforated board and 
hardware, it is a good idea to use 
sockets for the integrated circuits. 
(No sockets are needed or desirable if 
you assemble the project on a solder - 
less breadboarding socket.) When 
you are ready to install the compo- 
nents on the board, follow the wiring 
guide given in Fig. 3. You can also 
use Fig. 3 as a rough guide to compo- 
nent placement if you are assembling 
the circuit on perforated board. In- 
stall the components exactly as shown, 
paying particular attention to the or- 
ientations of the integrated circuits, 
transistor and electrolytic capacitors. 

Start wiring the board by plugging 
in and soldering into place the IC 
sockets. Use only enough solder on 
each pin to assure a good mechanical 
and electrical connection. Avoid us- 
ing excess solder; otherwise, you 
might create short -circuiting solder 
bridges between the closely spaced 
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SAFETY FIRST 

Any target- shooting game in which a 
BB or pellet is propelled at high velocity 
should be given the same respect one 
would give to a firearm. Though a BB or 
pellet fired by spring or compressed air 
(CO2) or launched by heavy -duty elastic 
bands might not have the same power be- 
hind it as a bullet fired by an explosive 
charge, it can be dangerous nevertheless. 
Therefore, you should never fire these 
devices at anything but a properly set up 
target, such as the Audible Target de- 
scribed in this article. 

Set up your target in the same manner 
as you would set up a firing range for true 
firearms. That is, make sure there is a 
safety backdrop to prevent off -target 
shots from going astray. Additionally, 
locate your "range" so that people can- 
not casually cross it and step into the line 
of fire. If your firing range is out of 
doors, post the area to alert others to 
its existence. 

Make it a practice to conduct your tar- 
get shooting with safety foremost in 
mind. Never fire at anything but your 
target. Never fire indiscriminately in- 
to the air. Always point your ready -to- 
fire gun or slingshot downrange, whether 
or not you are planning to fire it at 
the moment. 

A final word of caution: Never fire an 
explosively propelled bullet from a hunt- 
ing rifle or pistol at the Audible Target. If 
you do so, you will destroy the Target. 

copper pads on the pc board. Con- 
tinue populating the board by plug- 
ging in and soldering into place the 
resistors, the diode, and the transis- 
tor. Plug the 741 op amp into the ICI 
socket and the 555 timer into the IC2 
socket. Make sure these devices are 
properly oriented and that no pins 
overhang the sockets or fold under 
between sockets and IC bodies as 
you seat them solidly into place. 

Trim '/, " of insulation from the 
ends of both leads of the battery snap 
connector, piezoelectric buzzer and 

MIC and 
cable clamp 

' /s" hole for 
MIC clamp 

Size all circuit 
board and battery 
clip holes for 4 -40 
screws 

TOP VIEW 

Hole for 
buzzer wire 

Buzzer wires 

Battery clip 

Battery snap 
connector 

0 
Circuit board assembly 

IC2 

Buzzer wires 
BLACK 

BLACK 

HED 

O 

O 

0 

RED 

BOTTOM VIEW 

Fig. 4. Mounting details for components on lid of project box. 

microphone element wires. You have 
a choice between two electret micro- 
phone elements. The Radio Shack 
Cat. No. 270 -092 element has leads 
already attached to it, while the Cat. 
No. 272 -090 has no leads. If you use 
the leadless element, you can mount 
it directly on the board or solder wire 
leads to allow off -the -board mount- 
ing. If you go the latter route, pre- 
pare two 3 " lengths of hookup wire, 
preferably stranded and with differ- 
ent colored insulation, and solder the 
ends of the individual wires to the 
contacts on the element, as shown in 
Fig. 3. Prepare a 3 " length of red -in- 
sulated stranded wire by removing 

" of insulation from both ends. In 
all cases, tightly twist together the 
fine wires at all prepared ends and 
sparingly tin with solder. 

Plug one end of the red -insulated 
wire into the vacant hole near C4's 
positive lead and solder it into place. 

Similarly, plug the black -insulated 
lead from the battery connector into 
the vacant hole near C4's negative 
lead. Observing polarity, plug the 
positive ( + ) wire coming from the 
microphone element into the vacant 
hole between RI and R2 and the 
ground wire into the hole at the edge 
of the board just above C2's negative 
lead and solder both into place. The 
free ends of the red -insulated wire 
and the red battery connector lead 
will be connected later. Do not con- 
nect the buzzer leads into the cir- 
cuit until after the buzzer has been 
mounted. Then install and solder in- 
to place the wire jumper. 

Set aside the circuit -board assem- 
bly. Now prepare the metal lid of the 
enclosure in which you will house the 
project (see Parts List). First, use the 
circuit board as a template to mark 
the locations for and drill the four 
mounting holes. Similarly, drill the 
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holes for the buzzer and its leads, 
battery holder, microphone element 
clamp and mounting switch. 

Line the buzzer's lead entry hole 
with a small rubber grommet. Pass 
the buzzer's leads through the grom- 
met and mount the buzzer on the lid 
of the enclosure with appropriate 
machine hardware. Plug into the ap- 
propriate holes in the circuit -board 
assembly the buzzer's leads (black to 
vacant hole near 1 and red to vac- 
ant hole near lower -right with board 
oriented as shown in Fig.3) and sol- 
der both into place. Mount the cir- 
cuit -board assembly to the lid of the 
enclosure with ''/ " spacers and 4 -40 
x 3/, " machine screws, lockwashers 
and nuts. 

Place a cable clamp around the 
body of the microphone element and 
mount it with machine hardware. 
Mount the switch on the panel with 
its own supplied hardware. Locate 
the free end of the battery connec- 
tor's black wire and connect and sol- 
der this to one switch lug. The free 
end of the red -insulated wire coming 
from the board now goes to the other 
lug on the switch. See Fig. 4. 

Strike a line down the center of the 
plastic enclosure's bottom. Measure 
1 " in from both narrow ends of the 
enclosure and strike a cross line on 
the center line. Drill a'' /, "hole at both 
crossed locations. Then center the 
plastic enclosure all around on 7" x 
6" x 1 "wood block (you can use any 
solid hardwood or pine lumber or 
plywood, as long as it is 1 "or more in 
thickness) and mark the locations of 
the holes. Similarly, drill a '/8" hole 
through both marked hole locations. 

Place a flat washer on each of two 
6 -32 x 1' /, " machine screws and feed 
the screws through the holes in the 
wood block. Place the plastic enclo- 
sure over the wood block with the 
screw ends aligned with the holes. 
Drop onto each screw end a lock - 
washer and follow with a machine 
nut. Solidly tighten the hardware to 
secure the plastic enclosure to the 

Plastic 
enclosure 

/8 
machine screw 

/8 

machine screw 

Wood block 
1" mirlimum'thickness 

6" 

7 

Fig. S. Details for mounting project box on wood block. 

block of wood. See Fig. 5 for enclo- 
sure mounting details. 

Testing and Use 

Connect a 9 -volt transistor battery 
into the circuit by plugging it into its 
snap connector and flip SI to ON. 

The buzzer should immediately sound 
and, after about 2 seconds, should 
shut off. Now sharply rap the wood 
block with a hard object to produce a 
sharp- attack sound to which the cir- 
cuit can respond. If everything is 
working properly, the buzzer should 
cycle on and then off. If you get these 
results, the Audible Target is oper- 
ating properly. If not, power down 
the circuit and recheck all wiring and 

component orientations and all sol- 
dered connections. 

Once the circuit is operating as 
described, you can finish assembly. 
This done, all you have to do to put 
the project into service is set up the 
Audible Target in a safe location at 
the distance from the "firing line" 
you want it to be and turn it on. 

When using the Audible Target 
for target practice, always locate the 
project where there is a solid back 
wall to prevent BBs and /or pellets 
from going astray and where there is 

no access from the sides for casual 
pedestrians to pass as you are shoot- 
ing at the target (also see the "Safety 
First" box). AE 
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Project 

AM Broadcast -Band 
Loop Antenna 

Pulls in distant AM broadcast signals and lets you 
tune out strong interfering local signals 

By Brad Thompson 

Acentury ago, Dr. Heinrich 
Hertz made history by 
broadcasting radio waves 

across his laboratory. His spark -gap 
receiver detected the transmitted 
wave through a single -turn loop an- 
tenna. Ever since then, the loop an- 
tenna has been with us. 

The modern loop antenna, com- 
monly known as a "loopstick," con- 
sists of many turns of wire wound on 
a powdered -iron or ferrite core. 
Considering its small size, this type 
of antenna does a surprisingly good 
job of capturing radio signals. How- 
ever, a larger antenna is sometimes 
needed for pulling in weak and dis- 
tant AM signals. In this article, we 
will describe how the loop antenna 
works and show you how to fabri- 
cate a low -cost AM broadcast -band 
add -on loop that can improve your 
AM receiver's performance. 

Theory of Operation 
A loop antenna typically consists of 
a number of turns of insulated wire 
(usually enameled or so- called 
"magnet" wire) wound on a round 
or square insulating frame. Loop 
size and number of turns are govern- 
ed by the frequency range to be 
covered and assembly method used. 

The loop antenna is basically a 
large inductor. Adding a variable 
capacitor to it produces a resonant 
circuit. By tuning the loop with the 
capacitor, unwanted off -frequency 

MAXIMUM GAIN E--- 
(PEAK ) 

MINIMUM GAIN (NULL) 

A 

(PEAK) < 

(NULL) 

TOP VIEW 

SIDE VIEW 

(PEAK) 

> (PEAK) 

Fig. 1. Orientation of loop antenna for obtaining maximum gain. 

signals can be rejected to prevent 
overloading the receiver with which 
the antenna is being used. 

When an electromagnetic (radio) 
wave is intercepted by a loop anten- 
na, the wave induces a current in the 
antenna that, in turn, develops a 
voltage across the antenna's ter- 
minals. In general, the larger the 
loop, the more energy it intercepts 
and the greater the voltage it pro- 
duces at its terminals. 

If the loop is oriented broadside to 
an incoming radio signal, no voltage 

is developed across it because the 
amount of wire intercepting the 
signal energy is very small. By aiming 
the loop at the transmitting station, 
you can minimize the loop's pickup. 
Figure 1 shows the orientation of the 
loop antenna for maximum gain. 

Sometimes, you may be less inter- 
ested in obtaining maximum gain than 
in nulling out (eliminating) an inter- 
fering station's signal or a source of 
radio -frequency noise. The loop an- 
tenna produces a deep null when it is 

aimed broadside to the interfering 

56 / MODERN ELECTRONICS / September 1987 Say You Saw It In Modern Electronics 

www.americanradiohistory.com

www.americanradiohistory.com


TOWARD STATION < 

(PEAK) 

LOOPST I CK 

-- > TOWARD STATION 

TOP VIEW 

SIDE VIEW 

TRANSISTOR RADIO 

> (PEAK) 

Fig. 2. Simplest method of connecting a loop antenna to a radio receiver. 

signal source. By orienting the anten- 
na in this manner, a strong r -f inter- 
ference source's signal can often be 
reduced so that a weaker, more -dis- 
tant station's signal can get through. 

There are several ways to connect 
the loop antenna to a radio receiver. 
Figure 2 shows the simplest way. 
Here, you place a transistor radio in 
the center of the loop so that the ra- 
dio's loopstick antenna is aligned at 
a right angle to the external loop. 
Then you tune the radio to a station 
and adjust the loop's tuning capaci- 
tor for maximum signal strength, as 
indicated by an increase in volume 

and audio clarity. Be prepared for a 
surprise because the external loop 
antenna's much greater signal cap- 
ture area will produce a dramatic in- 
crease in signal strength. 

In this arrangement, the transistor 
radio's loopstick antenna serves as 
the secondary of a transformer 
whose primary is the external loop 
antenna. An incoming radio signal 
induces a current in the loop. The 
current creates an electromagnetic 
field that is then coupled into the ra- 
dio's loopstick antenna. 

Another way to couple the loop 
antenna to a radio uses an extra turn 

LOOP 
N TURNS 

I OR 2 TURNS 

TUNING 
CAPACITOR 

ANTENNA 
TO RECEIVER 

o GROUND 

Fig. 3. Loop antenna and radio's loopstick antenna form 
primary and secondary of a transformer. 

Fig. 4. One way of dealing with un- 
wanted signal pickup is to use elec- 
trostatic shield around antenna wind- 
ings. Note required gap in shield at 

top of drawing. 

or two on the loop itself as the secon- 
dary winding of the transformer, as 
shown in Fig. 3. The extra winding 
reduces the detuning effect, which 
results when a low- impedance receiv- 
er is connected directly across the 
high- impedance tuned loop. 

Unfortunately, adding a direct 
connection or even a pickup winding 
degrades the loop's performance. 
Stray capacitance from the loop 
to the grounded end of the pickup 

LOOP 
N TURNS 

1 OR 2 TURNS 

TUNING 
CAPACITOR 

I2 F - - -- >I2 ANTENNA 
TO RECEIVER 

r fY-f GROUND 
II' F---- 
BALUN XFMR. 

Fig. S. Another approach to dealing with unwanted signal 
pickup is to use a balun transformer. 
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winding bypasses some of the signal. 
The grounded side of the pickup 
loop receives more energy and be- 
haves as a short vertical antenna. 
The voltage developed by the verti- 
cal antenna distorts the loop's "fig - 
ure-8" reception pattern and de- 
grades performance. 

One way of dealing with unwanted 
pickup is to provide an electrostatic 
shield around the loop's windings, as 
shown in Fig. 4. The gap shown at 
the top of the shield is important be- 
cause without it, the shield would 
prevent any r -f energy from entering 
the loop. Adding an electrostatic 
shield to a loop antenna can be mech- 
anically messy, though, and usually 
more trouble than it is worth if you 
are building the antenna yourself. 

Another approach is to add a 
"balun" (for balanced input to un- 
balanced output) transformer to the 
antenna's cable, as shown in Fig. 5. 

Unwanted capacitive signal pickup 
develops a voltage across the entire 
antenna. Equal currents II and I2 at- 
tempt to flow into the antenna and 
ground terminals through the wind- 
ings of the balun transformer. If the 
transformer's two windings are iden- 
tical, current II induces current I2', 
which cancels out I2. Likewise, cur- 
rent I2 produces current II ', which 
cancels out I1. Voltage developed 
across the pickup loop's terminals 
passes through untouched. 

Adding a balun transformer 
makes a noticeable and worthwhile 
improvement in performance over 
an unshielded loop antenna and is 

the approach we will take here in 
building our loop antenna. How- 
ever, you will still notice some hand 
capacitance effects during tuning. 

Electrical Considerations 
The virtues of the loop antenna were 
fully recognized in the early days of 
radio, and many a primitive radio 
was equipped with a wood- and -wire 
spiderwork loop antenna. Making a 
duplicate of such a vintage antenna 

1 START wi 

LOOP ANTENNA C Cl 

13 TURNS 

PICKUP LOOP 

1 TURN 

10 -365 PF 
TUNE FOR PEAK 

411 

13 FINISH 

14 START 

Si 

. -- 
CLOSE FOR LOW-END 
BC BAND COVERAGE 

C2 

68 PF 

(SEE TEXT) 

14 FINISH 

PARTS LIST 

C1- 10 -to- 365 -pF tuning capacitor (see 
text) 

C2- 68 -pF, 100 -volt silver -mica or NPO 
ceramic capacitor (see text) 

S1- Miniature slide or toggle switch 
TI -Balun transformer (hand -wound on 

Fair -Rite Part No. 283002402 or equi- 
valent; see text) 

Misc.- Printed -circuit board or perfor- 
ated board and suitable Wire Wrap or 
soldering hardware (see text); two 14- 
pin IDC DIP plugs (3M Part No. 3406- 
0000 or equivalent); two 14 -pin DIP 
sockets; 18 "- diameter x 0.75 " -wide 
by about 0.5 " -thick wood embroidery 
hoop (see text); 60" of 14- conductor 

SHIELDED CABLE 
(10 FT. MAX.) 

ANT. 

GND. 

ribbon cable; 12" AWG No. 34 bifilar 
wire or two strands AWG No. 34 mag- 
net wire twisted together for balun 
transformer (see Fig. 10); insulated 
control knob; plastic or Masonite for 
control panel; ''h " or 1 " pine or ply- 
wood for base plate; two pieces 3X" x 
3/4 " x '/ " pine to secure sides of loop; 
double -sided tape; varnish; No. 6 x 

" woodscrews; miscellaneous hard- 
ware; hookup wire; solder; etc. 

Note: Details of the inductance calculation 
method and a 12" sample of AWG No. 34 

bifilar magnet wire are available free by sen- 
ding a SASE to: Brad Thompson, GMT In- 
terface Products., 56 -A Main St., Suite 233, 
Maynard, MA 01754. 

Fig. 6. Actual schematic diagram of loop antenna you can build from details 
given in text. 

required woodworking skills and a 
lot of experience and patience. For- 
tunately, a little ingenuity and use of 
modern materials eliminate the need 
for a shop filled with woodworking 
tools, the need to be a master wood- 
worker, and long construction time. 

The loop antenna whose construc- 
tion details follow is shown schema- 
tically in Fig. 6. Note that this circuit 
is made up of the basic multi -turn 
loop consisting of 13 turns of wire 
wound on an 18 "- diameter form, a 

secondary pickup loop consisting of 
a single turn of wire and connected to 
a balun transformer (TI), a 10 -to- 
365-picofarad tuning capacitor (CI). 
The purpose of the switch (SI) and 
capacitor (C2) arrangement will be 
made clear presently. 

Note in Fig. 6 that the basic anten- 
na actually consists of 13 turns of 
wire plus a one -turn loop that is used 
as a coupling link to a low- imped- 
ance receiver input. That one -turn 
coupling loop causes the antenna to 
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lose some inductance so that instead 
of tuning down 540 kHz as it should 
when CI is fully meshed, tuning will 
bottom out at about 574 kHz. To 
compensate for this, C2 adds an- 
other 68 picofarads in shunt with CI 
when Si is closed. You close Si when 
tuning the low end of the broadcast 
band and open it when tuning the 
high end of the band. 

Construction 
A wooden embroidery hoop, used as 
the frame on which to wind the turns 
of wire that make up the antenna, eli- 
minates the need for woodworking 
skills on your part, as well as the need 
for specialized tools. You can buy 
such a hoop in any sewing center and 
most housewares stores for about 
$8.50 or so, depending on make. 

The embroidery hoop consists of 
two separate wood rings, one contin- 
uous and the other split at one point. 
The latter is sized to fit around the 
former. At the split are blocks of 
wood through which a long bolt is 

passed so that tightening a wing nut 
clinches the larger ring tight around 
the smaller with fabric between the 
two. Neither the screw nor the wing 
nut are used in this application. 

The space between the inner and 
outer rings that make up the embroi- 
dery hoop provides a convenient 
protected place to locate the loop an- 
tenna's windings. While it would be 
possible to wind the antenna's loop 
with enameled magnet wire, keeping 
the wire under tension as you at- 
tempt to maintain proper turn -to- 
turn spacing is difficult to do. For- 
tunately, there is a better way to 
"wind" the turns. 

Multiconductor flat ribbon cable 
of the type commonly used as a 
means for interconnecting computer 
subassemblies can be used in place of 
the usual enameled magnet wire used 
for winding the loop antenna. The 
ribbon cable consists of a number of 
No. 28 tinned conductors that are 
separated from each other on 0.05 " 

Inductance vs. Number of Turns* 
Number of 

Turns 
Calculated Inductance 

in microhenries 
1 1.74 
2 5.56 
3 14.08 
4 24.07 
5 36.36 
6 50.82 
7 67.35 
8 85.84 
9 106.23 

10 128.43 
11 152.40 
12 178.07 
13 205.40 
14 234.33 

*With loop made from No. 28 ribbon cable 
wound on 18 "- diameter wooden form as de- 
scribed in text. 

centers by a coating of ridged PVC 
plastic insulation. By wrapping a 
length of ribbon cable around the 
wood hoop form, each conductor 
can be connected to provide a loop 
with the next. (By a fortuitous com- 
bination of circumstances, a loop of 
14- conductor ribbon cable wound on 
an 18 "- diameter circular form reson- 
ates over the entire AM broadcast 
band from 540 to 1,620 kHz when 
tuned with a 10 -to- 365 -picofarad ca- 
pacitor, as in Fig. 6. The Table de- 
tails the inductance of the antenna, 
loop by loop, when No. 28 ribbon ca- 
ble is used.) 

To make each successive turn, you 
simply connect the finish end of the 
first conductor to the start end of the 
second conductor, the finish end of 
the second conductor to the start end 
of the third conductor and so on un- 
til all conductor ends are connected, 
except the start end of the first and 
the finish end of the last. If properly 
done, you will end up with a series of 
continuous, equally spaced loops. 

If you were to simply twist to- 
gether the conductor ends at each 
point and solder each connection, 
you might run into difficulties. This 
is because once the individual con- 
ductors are separated (as they would 
have to be to prepare them for end - 
to -end connection), any attempt to 
solder the connections with a hot sol- 
dering iron would cause the insula- 
tion to melt and shrivel away from 
the wires. Once again, there is a sim- 
pler -and better -way to make the 
required connections. 

The 14- conductor cable used to 
make the antenna's windings makes 
it an easy proposition to use dual in- 
line package (DIP) plugs. These 
greatly simplify the connection task 
and eliminate direct soldering of the 
cable altogether. You simply attach a 
14 -pin plug to each end of the ribbon 
cable and then insert the plugs into 
matching sockets on a circuit -board 
assembly on which all soldering is 
safely performed. Assembly details 
for the loop and circuit board are 
shown in Fig. 7. 

Double -sided tape Inner hoop 

Ribbon cable 
Split outer hoop 

't" Wood block 

IDC plug 

I I 

n 

riiiiii yiiiiitiiiiiii 
DIP IC sockets 

Balun transformer 
Circuit board 

Fig. 7. Mechanical assembly details for loop and circuit -board assembly. 

Say You Saw It In Modern Electronics September 1987 / MODERN ELECTRONICS / 61 

www.americanradiohistory.com

www.americanradiohistory.com


To attach the connectors to the 
ends of the 60 ", 14- conductor ribbon 
cable required for this project, you 
will have to sacrifice a 14 -pin DIP in- 
tegrated- circuit socket. Before doing 
anything else, cut off the socket (not 
plug) pins flush with the bottom of 
the frame (or bend them flat against 
the frame). Plug a connector into the 
socket, place one end of the ribbon 
cable against the IDC pins on the 
socket and follow up with the socket 
cap. Holding the assembly firmly to- 
gether, place it in the jaws of a bench 
vise and slowly force the cap into 
place. When the cap snaps into place, 
the IDC (insulation -displacement 
connection) points in the plug will 
pierce the ribbon cable's insulation 
and make positive connection with 
the correct pins of the socket. Repeat 
with the remaining IDC connector at 
the other end of the cable, using the 
same 14 -pin IC socket to protect the 
connector pins from damage. 

If you prefer not to make your 
own connector -terminated cable 
yourself, you can have one made by a 

computer cable supplier or electron- 
ics wholesaler. Whether you order 
the cable ready -made or make it 
yourself, make sure that it measures 
60 " long between connectors. 

Balun transformer Tl consists of 
six turns of AWG No. 34 bifilar wire 
wound on a "binocular" core, as 
shown in Fig. 8. Similar cores can al- 
so be found on old vhf TV tuners, 
where a balun is used to match the 
300 -ohm twinlead transmission line 
from the antenna to the single -ended 
input of the tuner. Depending on the 
characteristics of the core used, you 
may have to wind more than six turns 
if the balun transformer does not ap- 
pear to be working during the check- 
out procedure. 

Once you have terminated the rib- 
bon cable in DIP plugs, make a 
printed- circuit board, using the actu- 
al -size etching- and -drilling guide 
shown at the top in Fig. 9. Alterna- 
tively, you can use perforated board, 
suitable Wire Wrap or soldering 
hardware and point -to -point wiring 
in place of the pc board. If you take 

SCHEMATIC DIAGRAM 

1 3 
2 t- 4 

WINDING DIRECTIONS: 

WIND 6 TURNS OF AUG #34 BIFILAR 

MAGNET WIRE ON A FAIR -RITE 

PRODUCTS CORP. BALUN CORE, PART. 

NO. 2843002402 

IF COMMERCIALLY -MADE BIFILAR 
MAGNET WIRE IS UNAVAILABLE, USE 

TWO LENGTHS OF AWG #34 MAGNET 

WIRE TWISTED TOGETHER, 

10 TWISTS PER INCH. CHECK 

WIRES FOR SHORTS AFTER TWISTING. 

CUTAWAY DRAWING 

Fig. 8. Balun transformer is wound on a "binocular " -shaped ferrite core using 
bifilar magnet wire. 

this route, make sure to carefully fol- 
low the conductor pattern shown in 
the etching- and -drilling guide when 
wiring the board. 

Install the IC sockets on the circuit 
board now and solder their pins to 
the copper pads. If you are using per- 
forated board, wire the pins of the 
sockets now, and install appropriate 
pins for the balun transformer (T1), 
ANTENNA and GND transmission -line 
tie points, tuning capacitor Cl and 
the S1 /C2 network. (In Fig. 9, the 
wiring guide at the center details 
component location, the drawing at 
the bottom how the ribbon cables are 
formed into a series of continuous 
loops when the DIP plugs are in- 
serted into the sockets on the board.) 

Separate the wooden rings of the 
embroidery hoop, remove and dis- 
card the bolt and wing nut and give 
each ring a couple of coats of varnish 
to seal out moisture. When the var- 
nish has dried, attach the ribbon ca- 
ble to the inner hoop by pressing 
4 " -long pieces of double -sided tape 
between the two, starting and ending 
where the ribbon cable ends come to- 
gether (see Fig. 7). 

Lay the cable /ring assembly on a 
flat surface and place the split outer 
hoop over the ribbon cable. Orient 
the opening so that the ends of the 
ribbon cable pass through the split 
and are of equal length. Then attach 
strips of wood to the sides of the out- 
er hoop's mounting blocks to hold 
everything solidly together. Use No. 
6 x 1/2" woodscrews to fasten the 
strips in place. 

Final mechanical assembly will de- 
pend on how you plan to use the loop 
antenna. Avid broadcast -band 
DX'ers will want to devise some sort 
of turntable so that they can easily 
rotate the antenna to orient it for 
best reception. Those who wish to 
receive only one station can mount 
the antenna in a fixed orientation. 
Keep in mind that your choice of tun- 
ing capacitor for Cl in Fig. 6 will af- 
fect final assembly details. 

Mount tuning capacitor Cl and 
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NRI's At -Home Training in Electronic Design 
Technology Can Put You in a High - Paying 
Career as an In- Demand Design Technician 
The best jobs in electronics today go to the 
people who have the skills to think and work 
creatively. Conceive and design circuits and 
equipment. Initiate ideas and carry them 
through. Now NRI can help you be one of 
these people- design technicians who 
command up to $22,000 as starting salaries 
earn $35,000 or more with experience. 

NRI's Electronic Design Techonology 
course starts you with the fundamentals and 
builds from there to prepare you for an 
electronics career with real growth potential! 

No Previous Experience Necessary 
Even if you've never had any 
previous training in 

Your hands on training includes 

all this: the unique NRI Circuit 
Designer, a solderless bread- 

boarding system you build and use 

for circuit design, prototype 

construction, component evaluation, 

and testing... the NRI Mode1250010 

MHz triggered sweep oscilloscope, 
invaluable in elctronic trouble- 

shooting ... a T130 calculator for fast, 

accurate computations... and 3 -1/2 

digit, hand -held digital multimeter you 

learn to use as professionals do to 

perform electronic tests and 
measurements. 

electronics, you can succeed with NRI training. 
You start with the basics, 
then rapidly build on 
them to master advanced 
electronics concepts. 

NRI Circuit Designer 
Gives You Invaluable Hands - 
On Experience 
The heart of your lab training is the 
exclusive NRI Circuit Designer you build. 
It's a totally unique instrument with full 
breadboarding capability, built -in multiple 
power supplies, and a multifunction signal 
generator for circuit testing. Fast, simple 

connections let you create prototype 
circuits, immediately check them out 
for function or faults. Your Circuit 
Designer will handle both linear and 

digital integrated circuits as well as 

discrete components such as 

transistors and diodes. 

Send for FREE Catalog 
Send the coupon today for NRI's free 
catalog that gives you all the derails about 
the Electronic Design Technology course. 
If the coupon is missing, please write to 

NRI School of Electronics, 3939 Wisconsin 
Avenue, Washington, DC 20016. 

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 s 

' 

STAND ALONE ENVIRONMENT WITH ALMOST -- .. t >C- 
ANY COMPUTER THAT HAS A RS232 SERIAL 
PORT. FEATURES ON BOARD AUDIO AMP OR 
MAY BE USED WITH EXTERNAL AMPS. F 

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. 1 

NEW! ASSEMBLED 
STEDD 

CANON 80 COLUMN PRINTER - $39.95 
ORIGINALLY MANUFACTURED FOR THE PC JR. BUT WITH OPTIONAL CONNECTOR 
WILL WORK WITH PC, XT, OR AT. REQUIRES SERIAL I /O. THIS THERMAL PRINTER IS 

QUIET AND USES EASY TO GET 8'h IN. ROLLS OF PAPER. 50 C.P.S., UPPER AND 
LOWER CASE, PLUS GRAPHICS. ORIGINAL LIST PRICE $199.00. ADD $3.00 FOR 
PC /XT CONNECTOR. ADD $5.00 UPS. 

r 

re le 

PC /XT EPROM 
PROGRAMMER - NFI 

$169 

* LATEST DESIGN * PROGRAMS UP TO 4 DEVICES AT ONE TIME * FEATURES EASY 
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS -DOS. * USES AN 
INTELLIGENT PROGRAMMING ALGORITHM FOR SUPER FAST (8X) EPROM 
BURNING. * THIS PLUG -IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS 
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MODULES 
REQUIRED * AUTOMATIC VPP SELECTION: 12.5V, 21V, OR 25V.* EPROM DATA CAN 
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE 
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128, 27128A, 27256, 27256A, 27512, AND 
27512A. * ASSEMBLED AND TESTED, BURNED. IN WITH MANUAL. $169 WITH 
SOFTWARE. 

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

, 

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

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 756 handling. No 
C.O.D. We accept Visa and MasterCard. Texas Res. add 6 -1/4% Tax. Foreign orders 
(except Canada) add 20% P 8 H. Orders over $50 add 854 for Insurance. 

CIRCLE 69 ON FREE INFORMATION CARD 

HEWLETT 
PACKARD 

N,SCHOOL OF ELECTRONICS 

McGraw -Hill Continuing Education Center 
3939 Wisconsin Ave. Washington, D.C. 20016 

Please send information about NRI training 
in Electronic Design Technology. 
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FREE 
HP -41 Advantage 

Module 
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of an HP -41 between 
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HP-28C 
$189.95 
HP-15C 
$75.95 
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FREE 
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DISCOUNTS 
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HP -41CV 
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HP -41CX 
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switch Si on a nonmetallic panel and 
install the panel near the base of the 
loop. Connect and solder one lead of 
C2 to one lug of the switch and the 
other lead, via a short length of insu- 
lated hookup wire if needed, to one 
side of Cl. Then connect and solder 
a short length of hookup wire to the 
other lug of the switch and the free 
end to the unused lug of C1. Finally, 
connect short lengths of hookup wire 
between the two lugs of Cl to points 
wl and W2 on the circuit board (see 
Fig. 9). Keep the wiring from the ca- 
pacitor to the loop connector panel 
as short as possible to avoid any "an- 
tenna" effects. 

Install an insulated tuning knob 
on the shaft of tuning capacitor C2. 
Then mount the circuit board assem- 
bly on a board and fasten the tuning 
panel to the board as illustrated in 
Fig. 10. Insert the loop's plugs into 
the sockets on the circuit board. 

Checkout and Use 

Tune a transistor radio to a weak sta- 
tion in the middle of the AM broad- 

Fig. 9. Actual -size etching- and -drilling guide for printed - 
circuit board (top), wiring guide for board (center) and 
how conductor pattern completes ends of ribbon cable's 

conductors to form multi -turn loop (bottom). 

Fig. 10. Mechanical details of final assembly. Use nonme- 
tallic control panel and keep all wiring as short as possible. 

Nonmetallic panel 

Tuning knob 

C1 

Variable capacitor 
Loop 

assembly 

Wood block 

11r 

cast band and place it in the center of 
the loop, as shown in Fig. 2. Now 
tune the loop antenna by adjusting 
its variable capacitor until you hear 
an increase in the radio's volume. 
You may have to reorient the loop 
antenna if it is not pointing toward 
the tuned station. 

If you hear no increase at any set- 
ting of the tuning capacitor, check all 
wiring for shorts and opens or poorly 
soldered connections. One potential 
trouble source is the mica tuning ca- 
pacitor located on the side of older 
variable capacitors. If the trimmer's 
adjusting screw has been over- tight- 
ened, the mica may be punctured, re- 

sulting in a shorted capacitor. 
To check the balun transformer, 

tune the radio to a weak station near 
the middle of the band, tune the 
loop's capacitor for maximum sig- 

nal, and move the loop until peak 
signal is obtained. If no peak is 

noted, wrap your hand around the 
loop; now if you note a significant 
drop in signal strength, the balun 
transformer has a reversed winding 
or lacks inductance. 

Once the loop antenna is working 
properly, tune the radio to a weak 
station at the upper end of the broad- 
cast band and retune the loop's tun- 
ing capacitor for maximum signal. If 
there is no increase in signal strength 
when the capacitor's plates are fully 
separated, loosen the capacitor's 
trimmer adjustment screw. 

Retune the radio and loop to a 
weak station at the lower end of the 
band. Use a well -shielded cable to 
connect the loop to the receiver, and 
close the switch to put shunt capaci- 
tor C2 into the circuit. For best re- 

sults, keep the cable to less than 10 

feet in length. Otherwise, signal 
pickup by the cable may defeat the 
loop's directional pickup character- 
istic. Retune the loop to compensate 
for cable capacitance. 

This easy -to -build loop antenna 
readily lends itself to experimenta- 
tion. Try using it as a tuning coil for a 
crystal or a regenerative receiver. Al- 
so, frequency range of the loop can 
be extended by cutting away turns to 
raise the range or adding tuning ca- 

pacitance to lower the range. NE 
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and you can too! 

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

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

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

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

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

AMERICAN RADIO RELAY LEAGUE Dept 
ingtOon, 

225 
Main 

Street 

This space donated by this publication in cooperation with the American Radio Relay League. 

www.americanradiohistory.com

www.americanradiohistory.com


///i/ SOFTWARE FOCUS I//Ill11MWM 
"Cruise Control" Cures Cursor Movement Problems 

By Art Salsberg 

Revolution Software's (Randolph, NJ) 
"Cruise Control" program promises to 
turn a sluggish- moving cursor into a 
speedy one and to provide dead stops 
when a key is released. The $50 RAM - 
resident program, which is not copy - 
protected in keeping with current soft- 
ware -maker philosophy, performs right 
up to the hilt of its claims, and adds a few 
extras as well. 

It's compatible with IBM PC, XT and 
AT computers and true compatibles that 
use DOS 2.0 or higher, supporting IBM's 
monochrome, color graphics and en- 
hanced graphics adapters, the Hercules 
graphics card, and AT &T and Compaq 
graphics cards. Also, it's not a mem- 
ory-hungry program, as so many RAM - 
resident ones are, using less than 5K of 
user memory. 

In -Use Experiences 
Installing Cruise Control is a simple 
chore. The only real consideration is to 
set up the proper "Control Strategy" for 
application programs to avoid operating 
conflicts that might occur due to differ- 
ent software schemes. To maximize com- 
patibility, therefore, one sets up a speci- 
fic Control Strategy that's labeled A, B 
or C. Virtually all popular programs use 
strategy A. 

The latest WordStar Professional ver- 
sion, 4.0, however, is listed on an update 
insert card under Control Strategy B, 
whereas a Readme file indicated that A 
was proper. Neither worked, however! 
Nor did C, under which the earlier Word- 
Star 3.31 was listed. Calling the company 
as a normal buyer, a courteous technical 
service person advised that all strategies 
listed were incorrect for WordStar. A 
new Control Strategy, Z3, had to be 
used. Typing in this choice, which did not 
change the listed configuration, which 
remained as A, did the trick. 

The cursor zipped along at breathtak- 
ing speed and stopped in its track when I 

released a cursor -arrow key! In fact, I 

chose to decrease the speed a bit, a modi- 
fication that can be done within an appli- 
cation. Control strategy can be changed 
any time. 

The "5" key on the keyboard's numer- 
ic section is used as the hot key to make 
any changes (Number Lock is off, of 
course). This key sits in the middle of the 
cursor arrow keys and doesn't activate 
anything under normal conditions. So it 
was a good choice by Cruise Control's 
software developers. 

Cruise Control has a bevy of other fea- 
tures, too. For example, the cursor key 
can be made to automatically move in any 
direction by pressing hot key 5 and the 
appropriate arrow key. Doing this, you 
don't have to hold down the key. The cur- 

sor continues to move until you press any 
key to stop it. It does the same for page 
up or down and for key repeating. It's all 
hands -free, which is a real pleasure. 

Another feature is screen dimming, 
which has a default of 30 minutes, at 
which time the screen blanks out. The 
"Auto Dimmer" can be set to activate 
from 1 to 60 minutes. Moreover, you can 
disable or enable this function at any 
time within an application. Cruise Con- 
trol in its entirety can be disabled and en- 
abled, too, or completely removed from 
memory at the DOS prompt. The pro- 
gram also includes a time and date stamp 
that allows you to insert either or both 
within an application by pressing hot -key 
5 and T or D. 

After working with Cruise Control for 
a few weeks, I have to conclude that it's a 
great little program that overcomes the 
frustrations of cursor run -on that plagues 
computer users due to keyboard buffer 
problems. The extra cursor -movement 
speed and automatic key operation are a 
boon, too, as are the extra features, such 
as screen dimming and time and date 
stamping. Furthermore, its operation ap- 
pears to be flawless and changes can be 
made with the utmost convenience. 

Coupled with Cruise Control's low 
price, absence of copy protection and 
fine customer service support, it's a pro- 
gram that every IBM -type computer 
owner should definitely have. AE 

On -Line Help Panel 

CRUISE 
CRUISE /(A -C) 

Cruise Control Panel 
Control Strategy 

(5] C+) 

(5)[-1 
Fester Cursor 
Slower Cursor 

CRUISE /(1 -60) Auto -Dimmer Delay [5]CDelete] Dim Display Screen 
CRUISE /O Disable Auto -Dimmer [5] CKeyl Cruise With [Key] 
CRUISE /X Remove From Memory (4.]/C-7 Alter Cruise Speed 
CRUISE /R Redefine [5] Key C5] (Tab] Control Strategy 
CRUISE /W(1 -8) Select Repeat Delay (5) C*PrtSc] Auto -Dimmer On /Off 
CRUISE /0(1 -8) Select Date Format (WM Insert Date 
CRUISE /0(1 -6) Select Time Format MET] Insert Time 
CRUISE /S(1 -8) Select Cursor Speed (5)CInsert] Program On /Off 

Cruise Control Version 3.02 

Auto -Dimmer delay is 30 minutes. Control Strategy is A. 

The (REV] key definition is (5] on the numeric keypad. 

For help type: CRUISE /H [Enter] May 13, '987 10:45 AM 

Screen printout of Cruise Control's options and default /user -selected parameters. 
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FREE 
One -Year Subscription 

Learn the Latest How -to Technology 
to Solve Your Interference Problems 

In regular articles like these, 
you get the latest techno- 
logy on how -to concep- 
tualize, design, test, 
manufacture, retrofit, 
and fix electronic sys- 
tems, devices, and 
components so they 
will perform as 
intended in any 
given electro- 
magnetic 
environment. 
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You'll find the most current 
technology, new products, 

updates and changes in 
regulations, and much 

more. Industry News, 
People, Places, Events, 

Standards and 
Regulations, and 

New Products 
are compiled 

into departments 
for easy 
access. 
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EMC TECHNOLOGY° 
Is the Magazine of EMI Solutions 

The Rules Are 
Changing Fast 
in today's densely 
populated electronics 
world, the importance of 
EMC (Electromagnetic 
Compatibility) cannot be 
overstated. High techno- 

logy -that exponentially expanding set of 
discoveries and advances in the areas of elec- 
tronics, computers, and communications is 

spreading into every industry, product, and facet 
of our lives. Today's engineers and technicians 
must be able to predict and control interference 
problems to manufacture and maintain the 
technology of today -free from EMI (elec- 
tromagnetic interference). 

The Only Magazine Dedicated to EMC 
EMC TECHNOLOGY is for electrical /electronic 
engineers; industry management; scientists; techni- 
cians; and bench design and test engineers. It is 
geared to the electronic, computer, industrial con- 
trol, test and allied industries. Today as never 
before, the control of EMI has far -ranging ap- 

plication not only to 
military and industrial pro- 
ducts, but also to commer- 
cial and consumer products. 
The harsh electromagnetic 

environment, 
sensitive 

electronics, 
and ever 

changing laws 
governing this 

field have 
demanded a 

forum for the 
exchange of informa- 

tion. A forum found only 
in EMC TECHNOLOGY. 

Real -Life Solutions 
EMC TECHNOLOGY is really a magazine of 
EMI solutions. It contains the latest technology 
on how -to conceptualize, design, test manufacture, 
retrofit, and fix electronic systems, devices and 
components so that they will perform as intended 
in any given electromagnetic environment. 

The pragmatic solu- 
tions we offer take the 
form of tutorials, case 
histories, hands -on 
reports, technical and 
design articles. Industry 
New, People, Places, 
Events, Standards and 
Regulations, and New Products are compiled into 
departments. In each issue you see how EMC 
technology actually works, what's involved, step - 
by -step, how each technology is applied, and how 
it can be transferred from theory to specific 
applications. 

Free 1-Year Subscription 
EMC TECHNOLOGY is published 7 times each 
year. Just complete and mail the qualification 
form below, and you can receive it Free if you 
have an engineering or management need to 
understand and control interference. It's an offer 
that doesn't cost you anything, but it could save 
you and your company thousands of dollars by 
conquering interference problems before they 
occur. 

EMC Technology' 
Circulation Department 
P.O. Box 1562 

Neptune, NJ 07754 U.S.A. 

QUALIFICATION 
FORM 

Take a moment and complete the questions listed below. Subscriptions are sent free 
to qualified individuals in North America working within the EMIRFI and related 
fields. Qualified subscriptions outside North America are $40 per year. All nonqualified 
subscriptions are $60 per year. Your subscriptionrenewal cannot be processed unless 
all questions are completed and this card has been signed and dated. (Subscriptions 
requiring payment must include payment and completed qualification form.) 

Name 

Job Title 

Company Name 

Dept /Div /Mail Stop 

Street or P.O. Box 

City State Zip 

Signature Date 

Do you wish to receive (continue to receive) EMC Technology? Yes No 

I. My principal responsibilities (please specify one only): 
I. Management 2. Engineering 3. Other 

II. My principal job function is (please specify one only): 
A. Carparuin,General Management G. QC /QZ /Reliability /Evaluation L. Calibration Lab Manager /Engineer 
B. Manufacturing, Production Manager H. Basic Research M. Process Control Manager /Enginecl 
C. Design Engineering Management Manager /Scientist /Engineer N. Operations /Maintenance 
D. Manufacturing /Production Engineer I. Test & Measurement Engineering /Management 
E. Design Engineering- Systems J. Engineering Support O. Marketing /Purchasing 
1-. Design Engineering K. Field Service Manager /Engineer P. Other 

III. Which best describes your company's end product (please specify one only) 
I. Computers 5. Navigation & Guidance Equip. 9. Aircraft, Missile, Space & Ground, 
2. Test, Measurement & 6. Industrial Controls Equip. Ground Support Equip. 

Instrumentation Equip. 7. Components & Sub -Assemblies 10. Medical Electronic Equip. 
3. Office & Business Machines 8. Materials & Hardware H. Government/Military Equip. 
4. Communication Equip. 12. Other 

IV. Your Purchasing Authority (please specify one only) 
A. Recommend B. Specify C. Approve 

V. Number of employees in your company (please specify one only) 
I. Under 20 3. 50 -250 5. 1,000- 5,000 
2. 20 -50 4. 250 -1,000 6. Over 5,000 

VI. Kind of technical articles of most interest to you (please specify one only) 
A. Tutorial D. Installation G. Developmental Testing 
B. Product Design E. Field Diagnostics H. QA /QC /Spec. 
C. System Design F. Case Histories Testing /Certification 

VII. Was this issue of EMC Technology addressed to you personally? 
Yes 2. No 

VIII. Of the technical magazines you read, how do you rate EMC Technology? 
A. Number one-Would not miss irr B. In the top 5 C. Of moderate interest Priority Code 7351 
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A Career Start in 
21st Century Electronics 

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

To begin a new career or to sharpen 
your current skills, call 1- 800 -B- BETTER 
or write us today for complete details: 
NTS, Dept. ME -410, 456 West M.L. 
King Jr. Blvd., Los Angeles CA 90037. 

Accredited by National Home Study Council 

CIRCLE 98 ON FREE INFORMATION CARD 

Need Quick 
Turnaround 

on CRYSTALS? 

Try Our E.O.D. 
(Emergency Order Dept.) 

and get 

JAN QUALITY 

and STABILITY 

PLUS Low Prices! 

You benefit from 21 years of 

manufacturing quality crystals 

for industry, military services, 

radio amateurs, citizen band 

and experimenters. 

To Get Free Catalog 

Call or Write 

JAN CRYSTALS 
P.O. Box 06017 

Ft. Myers, FL 33906 
(813) 936-2397 

CALL 1- 800 -237 -3063 
FREE (Except Florida) 

WJ!IiI/BOOKS//I/ll 

Electronic Connections by Martin Clif- 
ford. (Prentice -Hall. Hard cover, 429 
pages, $24.95.) 

"Electronic Connections," with the 
subtitle "Home and Car Entertainment 
Systems," is a long- overdue book that 
concerns interfacing home entertainment 
components. With an increasing number 
of components being integrated, such as 
adding a VCR to a TV set and then add- 
ing audio components, there are many 
in's and out's that have to be understood 
in order to make all the parts work to- 
gether properly as a system. 

The initial quarter of the book concen- 
trates on the electrical /mechanical con- 
nectors and wire used, as well as some 
theory such as voltage standing -wave- 
ratio and impedance calculations. With 
this as an underpinning, the wide variety 
of plugs and jacks used to interconnect 
today's equipment is examined in detail 
and complemented by excellent draw- 
ings. Here you'll be shown XLR and the 
DIN connections with pinouts, the BNC 
connector, VCR camera connectors, and 
so on. 

Following this, a variety of add -on de- 
vices are introduced, from baluns to 
block converters to interference filters. 
Then, in Chapter 4, TV and VCR con- 
nections are detailed, including a host of 
cable TV hookups, frequency conver- 
sion, etc. The next chapter digs into all 
manner of video connections: connecting 
a VCR and a TV set to a multiple anten- 
na, pay -TV connections, connecting a 
TV monitor for surveillance, connec- 
tions for closed captioning, and so on. 

Various connections required for car 
radio sound systems, high -fidelity com- 
ponents and satellite -TV connections are 
illustrated in the remaining chapters. 

This is a beautifully complete book 
whose very fine drawings and clearly 
written copy shows the reader just how to 
make all the proper connections between 
a variety of components in different cir- 
cumstances. It's highly recommended. 

Creative Sound Recording on a Budget 
by Delton T. Horn. (Tab Books. Soft 
cover. 210 pages. $11.95.) 

This book provides the reader with all 
the information needed to make profes- 
sional- quality sound recordings on a low - 
cost open -reel recorder with only a li- 
mited budget. Beginning chapters deal 
with the nature of sound, tape recorders 

in general and how signals are recorded 
on the magnetic tape medium. Then a 
chapter on dB and VU brings in impor- 
tant technical details. A later chapter dis- 
cusses the importance of microphones in 
taping live performances. 

About 75 percent of the book deals 
with the practical aspects of home re- 
cording, including setting up a home re- 
cording studio, making live recordings 
and caring for tapes and recorders. Pro- 
per splicing equipment and techniques 
come in for detailed analysis as well. 
Mixing covers sound -on -sound and 
sound -with -sound recording techniques, 
use of 4- channel decks and the multideck 
approach, overdubbing and editing a 
mix. Covered under special effects and 
accessories are such diverse topics as 
equalization, noise reduction, speed ef- 
fects, reversing tape direction, echo and 
reverberation, and creating simple ef- 
fects electronically. The book closes, ap- 
propriately enough, with a chapter on the 
types of tape available and which to 
use -and not use -for a given recording 
application. All in all, this is a well - 
rounded reference book for the serious 
tape recordist. 

Understanding CAD /CAM by Daniel J. 
Bowman and Annette C. Bowman. 
(Howard W. Sams & Co. Soft cover. 300 
pages. $15.95.) 

Another in the "Sams Understanding 
Series," this book is a general introduc- 
tion to computer -aided design and com- 
puter -aided manufacturing (CAD and 
CAM) for professionals. Its basic over- 
view of CAD and CAM is for those pro- 
fessionals who are not familiar with the 
disciplines. Starting with a brief history 
of CAD /CAM, the book quickly leads 
into a generalized discussion of what 
CAD /CAM is and what it can do for de- 
signers and manufacturers. 

Without going into actual step -by -step 
details on procedures used in CAD/ 
CAM, the book discusses automation, 
graphics workstations, input, output, 
data highways, artificial intelligence and 
how engineers communicate within the 
CAD /CAM environment. CAD and the 
personal computer, applications, and 
cost justification each have chapters of 
their own. The applications chapter in- 
cludes an interesting discussion on inte- 
gration of CAD and CAM with comput- 
er- integrated manufacturing. 

CIRCLE 99 ON FREE INFORMATION CARD 
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Well- written and informatively illus- 
trated, the text gives the reader a valuable 
insight into CAD /CAM as applied to 
modern design and manufacturing oper- 
ations. Each chapter begins with a para- 
graph or two that tells what will be cov- 
ered and ends with a series of quiz ques- 
tions, answers for which are at the back 
of the book. In keeping with the "profes- 
sional" nature of this book, extensive 
glossaries of standards and technical 
terms and a chapter -by- chapter biblio- 
graphy for further reading are included. 

NEW LITERATURE 
Supplies for Electronics Catalog. The 
1987 General Catalog from Contact East 
contains 108 pages of listings for prod- 
ucts for electronics engineers, techni- 
cians and hobbyists, including entries for 
more than 140 products new to this edi- 
tion. Featured are such test instruments 
as DMMs, oscilloscopes, counters, pow- 
er -line monitors, disk -drive testers, etc.; 
precision screwdrivers, pliers, wrenches, 
crimpers and other hand tools; soldering 
supplies; the latest in static protection; 
and the company's exclusive line of tool 
kits. All products are fully described by 
specifications, full -color photo and 
price. For a free copy of the General Cat- 
alog and one year of technical supple- 
ments, write to: Contact East, P.O. Box 
786, N. Andover, MA 01845. 

Oscilloscope Literature & Video Tape. 
Tektronix has just released a library of 
support material for its lowest -cost Mod- 
el 2225 50 -MHz portable oscilloscope 
that includes a free demonstration video 
tape, full -color brochure, 36 -page primer 
( "The XYZ's of Using a Scope ") and 
five technical briefs on oscilloscope mea- 
surements. The video tape gives action 
demonstrations of the 2225 scope in use, 
while the primer serves as a study guide 
that expands on all aspects of the scope's 
operation and use. The technical briefs 
provide further details on specific mea- 
surement methods. (An Operator's Vid- 
eo Tape, available for $60, provides full 
details on usage of the 2225.) For a copy, 
call the Tektronix National Marketing 
Center at 800- 433 -2323 (in Oregon, call 
503- 617 -900). 

Electronic Chemicals Catalog. Specifica- 
tions and applications information for 

more than 200 products for high -tech 
manufacturing and field service are in- 
cluded in a new catalog from Chemtron- 
ics. The colorful 1987 full -line catalog 
can serve as a comprehensive single 
source for most chemicals and related 
materials used in electronics. It provides 
detailed information essential to the pro- 
duction, reworking and maintenance of 

high -technology electronic equipment. 
In addition to describing cleaning agents, 
flux removers, conformal coatings and 
solder masks, the catalog introduces 
clean-room wipes, precision dusters, pre - 
moistened pads and swabs and instant 
adhesives. For a free copy, write to: 
Chemtronics, 681 Old Willets Path, 
Hauppauge, NY 11788. 

Your 152 -Page Guide to 
the parts, accessories 
and equipment you need! 

Unbeatable Selection 
Many New Items 
Money- Saving Prices 
Convenient Ordering 

You can always depend on MCM to keep you headed 
in the right direction! We back our catalog with 
courteous sales people, free technical advice plus 
fast, efficient delivery. 

For your FREE copy, call TOLL -FREE! 
1- 800 -543 -4330 
Ohio, 1- 800 -762 -4315 
Alaska and Hawaii, 1 -800- 858 -1849 

FREE CATALOG 
MCM ELECTRONICS 
858 E. CONGRESS PARK DR. 
CENTERVILLE, OH 45459 

A PREMIER Company 

CIRCLE 97 ON FREE INFORMATION CARD 
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VIII ELECTRONICS NOTEBOOK/il/IllIMM 

Experimenting With Hall -Effect Devices 

By Forrest M. Mims III 

Hall- effect devices are the principal 
solid -state sensors of magnetic fields. 
Last month, I discussed magnetic fields, 
the compass and the Hall effect in some 
detail. This month, I will present several 
experimental and practical applications 
for Hall- effect devices. 

Basic Magnetic Field Indicator 
It is sometimes necessary to know when 
a tool or other piece of hardware pos- 
sesses a magnetic field. For example, 
magnetized tools and hardware should 
ordinarily not be used near mechanical 
clocks and watches, instruments that 
have steel gears and both magnetic disk 
and tape drives. 

The presence of a magnetic field is ob- 
vious if small ferrous objects adhere to 
the implement in question. A small com- 
pass can also be used as a sensitive indica- 
tor of a magnetic field. 

A digital Hall- effect sensor can also be 
used to detect magnetized tools and im- 
plements. Figure 1 shows a simple circuit 
that turns on an LED when a magnetized 
object is placed near a Hall- effect sensor. 
This circuit can be assembled in a small 
plastic box and placed near a computer 
disk drive. Objects that might be magne- 
tized can then be checked before being 
placed near floppy disks. 

Using a Calibrated Hall Sensor 
Several makers of Hall- effect sensors sell 
specially calibrated devices designed to 
measure magnetic flux densities. These 
devices can be used to make calibrated 
gaussmeters. One such device is the cali- 
brated version of Sprague's 3503U. 

The 3503U is a linear- output Hall -ef- 
fect sensor that includes a built -in ampli- 
fier. Figure 2 shows how the 3503U is 

connected to an external power supply 
and a voltmeter. A calibrated 3503U is 

supplied with a calibration curve, such as 
that shown in Fig. 2 for a typical 3503U. 
Calibration is performed in both a north 
and south 500 -gauss magnetic field. Ac- 
cording to Sprague, calibration can be re- 

Fig. 1. Simple magnetic field indicator. 

liably extrapolated to 1,000 G. There- 
fore, the flux density given in Fig. 2 ex- 

tends from + 1,000 G to -1,000 G. Be- 

yond 1,000 G, however, extrapolation 

may not be valid due to inherent non - 
linearities. 

A carefully regulated power supply is 

required for utmost accuracy when mak- 
ing magnetic flux density measurements 
with a calibrated 3503U. Sprague recom- 
mends a 5 -volt supply regulated to a tol- 
erance of ± 10 millivolts. Since Hall -ef- 
fect devices are temperature- sensitive, 
Sprague recommends that the ambient 
temperature be maintained within the 
range of 21 to 25 degrees Celsius. 

Before using the 3503U to make a flux 
measurement, the circuit should be pow- 
ered up and allowed to stabilize for at 
least a minute. The sensor can then be 
placed in the field to be measured. The 
output voltage can then be compared 
with the sensor's calibration curve to de- 
termine the flux density. 

Alternatively, the device's sensitivity 
coefficient (sens), which is printed on the 
calibration chart, can be used to deter- 
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Fig. 2. Typical calibration curve for Sprague 3503U Hall sensor. 
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mine flux density. First, the output volt- 
age when no magnetic field is present, the 
null voltage (Vap), is measured. The sen- 
sor is then placed in the magnetic field be- 
ing measured and the resultant output 
voltage (V0B) is measured. Flux density 
in gauss (B) can be calculated according to: 

B = [(Vos - V00) x 1,000] /sens 
The sensitivity coefficient for the de- 

vice whose calibration is plotted in Fig. 2 
is 1.087 mV /G. Its null voltage is 2.485 
volts. Therefore, an output of 2.83 volts 
indicates a magnetic flux density of 
317.39 gauss. 

Detecting the Earth's 
Magnetic Field 
The use of flux concentrators to increase 
the sensitivity of Hall- effect devices was 
discussed last month. A suitable flux 
concentrator will enable a Hall device to 
detect the Earth's magnetic field. The 
F.W. Bell Co. makes a high- sensitivity 
Hall device (Model BH -850) suitable for 
this purpose. The sensor is installed at the 
center of a 9- inch -long flux concentrator. 

Figure 3 is the schematic of a simple 
circuit that uses a linear- output Hall sen- 
sor to detect the Earth's magnetic field. 
A 2.5- inch -long steel nail or lag screw can 
provide sufficient flux concentration to 
cause the LED to switch off and on when 
the plastic breadboard on which the cir- 
cuit is installed is rotated. This high de- 
gree of sensitivity, however, is possible 
only with a very careful adjustment of 
the reference voltage via Rl. 

After the circuit is assembled, apply 
power and adjust trimmer 121 until the 
LED just switches off. Now the LED 
should switch on when the south pole of 
the magnet is placed within an inch or 
two of the front surface of the Hall - 
effect device. 

When the circuit is operating, move 
the magnet and all other ferrous mater- 
ials a foot or more away. Then place the 
circuit on a piece of cardboard that can 
be rotated on your workbench. The cir- 
cuit should be rotated until the front face 
of the Hall sensor faces north. Now care- 
fully readjust RI until the LED just 
switches off. When the pointed end of 
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Fig. 3. Earth's magnetic field sensor. 
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Fig. 4. Detecting the Earth's magnetic 

field. 

the steel nail is touched to the center of 
the front surface of the Hall device, the 
LED should switch on when the head of 
the nail points anywhere within a few 
tens of degrees of north (see Fig. 4). 

If the LED fails to glow, try readjust- 
ing RI. If the circuit still fails to respond, 
use a larger nail or try a steel lag screw 
with a pointed tip. A 5.5- inch -long steel 
lag screw having a pointed end should 
provide so much flux concentration that 
the LED will glow when the screw and 

Hall sensor are rotated as much as 60 de- 
grees from due north. 

A pair of Hall devices equipped with 
optimized flux concentrators can be used 
to make a solid -state compass. The hall 
devices should be arranged at right angles 
to each other and their signals fed into a 
phase- detector circuit. In the late 1960s, 
Airborne Navigation Corp. manufac- 
tured an early version of such a compass 
that was used in an aircraft inertial navi- 
gation system or autopilot. The flux con- 
centrators for this system were made 
of ferrite. 

Keep in mind that the basic circuit in 
Fig. 3 can be used for applications other 
than sensing the Earth's magnetic field. 
For instance, it can detect a magnet at a 
much greater range than can a Hall sen- 
sor alone. 

Nail Finder 
The simplest way to locate studs in a wall 
is to locate the nails that anchor the wall- 
board (or plaster lath) to the studs. The 
traditional method of finding these nails 
is a gadget called a stud finder. This sim- 
ple device consists of a small magnet 
mounted on a swivel or axle. As the stud 
finder is moved across a wall, the magnet 
will swing toward any nearby steel nails. 

Figure 5 shows how a Hall sensor can 

Say You Saw It In Modern Electronics September 1987 / MODERN ELECTRONICS / 75 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONICS NOTEBOOK .. . 

Fig. 5. Hall- effect stud finder circuit. 

be used as a sensitive solid -state stud 
finder. Of course, the circuit can also be 
used in many other applications where it 
is necessary to detect either magnets or 
ferrous materials. 

Referring to Fig. 5, a 741 operational 
amplifier is configured as a noninverting 
voltage comparator. Trimmer RI is con- 
nected as a voltage divider that supplies 
an adjustable reference voltage to the in- 

verting ( -) input of the comparator. The 
output from a linear Hall- effect sensor is 

connected to the comparator's nonin- 
verting ( + ) input. Normally, the refer- 
ence voltage is set just below the voltage 
from the Hall sensor. Therefore, the out- 
put of the comparator is high, and the 
LED is not forward biased. When the 
voltage from the Hall device falls below 
the reference voltage, the output of the 
comparator switches from high to low, 
thereby causing the LED to turn on. 

Note that this circuit requires that the 
south pole of a small bias magnet be 
placed behind the Hall sensor. Even a 

piece of inexpensive flexible magnet ma- 
terial will permit the circuit to detect a 

steel nail a centimeter away. 
Operation of this circuit can be re- 

versed by reversing the input connections 
to the comparator. The LED will then 
glow until the Hall sensor is placed near a 
nail. The advantage of this operating 

mode is that the LED doubles as an 
on /off indicator. A disadvantage is that 
the LED is continuously on, constantly 
drawing current from the battery. 

Another way to reverse the circuit's 
operating mode is to place the south pole 
of the bias magnet adjacent to the front 
of the Hall sensor, rather than its back 
surface. The back of the sensor will then 
sense the presence of a nearby nail. 

Hall -EffectPushbutton Switch 

Some computer keyboards use Hall -ef- 
fect devices at each keyswitch location. A 
small magnet inside each key actuates the 
Hall device when the key is pressed. An 
important advantage of this kind of switch 
is the total absence of the electrical 
bounce inherently produced by mechan- 
ical switches. 

Figure 6 shows how a simple bounce - 
less pushbutton switch can be assembled 
from a Hall- effect sensor and readily 
available materials. The plunger and bar- 
rel can be machined from plastic tubing 
and rod stock available from a hobby 
shop. Alternatively, the plunger can be 
cut from a length of solid rod and the 
barrel from a length of tubing. The pro- 
truding collars on the plunger and barrel 
can be formed from rings cut from plas- 
tic tubing and cemented in place. 

A small magnet should be cemented in 

a receptacle bored in the end of the 
plunger. A short section of inexpensive 
flexible magnet material should work 
fine, but be sure to test the magnet you 
select before completing assembly of the 
switch. The switch's return spring can be 
a disk of foam plastic or an actual spring 
slipped inside the barrel. 

Ideally, the lower end of the barrel 
should be threaded to accept a threaded 
retainer. If this is not practical, the re- 

tainer can be a disk cut from a solid rod 
that has the same diameter as the barrel. 
The disk should be cemented to the end 
of the barrel. 

Output Interfacing 
for Hall Sensors 
Each of the preceding circuits uses an 
LED to indicate the output status of a 
Hall- effect device. Often, it is necessary 
to interface Hall -effect sensors, especial- 
ly the digital- output kind, to other types 
of devices. 

The output of digital Hall- effect de- 

vices is often the collector of an npn tran- 
sistor. This type of output is very easy to 
interface. In the case of the output LEDs 

i 
r - -j 

UNGER 

FBARREL 

MPGN E.T 

4-FoAM PLAST1C 

NPLL SE1.1 SOR 
-c RETAINER. 

Fig. 6. Details of simple do -it- yourself 
Hall- sensor switch. 
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Fig. 7. Adding a relay to a magnetic field 
detector. 

used in the circuits discussed above, the 
open collector is connected to Vcc 

through a current -reducing series resistor 
and an LED. The output transistor then 
acts as a switch that either applies or in- 
terrupts the current through the LED. 

Figure 7 shows how a Hall- effect sensor 
with an open -collector output can direct- 
ly drive a small relay. This permits the 
Hall sensor to switch both dc and ac loads 
at much higher currents and potentials 
than can be safely handled by the output 
transistor alone. Diode DI protects the 
sensor from the voltage spike spontan- 

eously generated in the relay's coil when 
the output transistor is switched off. 

Figure 8 shows how to interface a Hall - 
effect sensor with an open- collector out- 
put to both CMOS and TTL logic ele- 
ments. In both cases, all that is necessary 
is a pull -up resistor of appropriate value. 
The values given in Fig. 8 for pull -up re- 
sistors are those recommended in Hall 
Effect IC Applications (Sprague Electric 
Co., 1986). 

Going Further 
Last month's installment of this column 
discussed the operating principles of 
Hall- effect devices. Sprague's Hall Ef- 
fect IC Applications is an excellent intro- 
duction to Hall- effect devices. A more 
detailed reference is Hall Effect Trans- 
ducers, a 280 -page book published in 
1982 by Micro Switch. AE 

MANUFACTURER ADDRESSES 
F.W. Bell 
6120 Hanging Moss Rd. 
Orlando, FL 32807 

Micro Switch 
A Honeywell Division 
Freeport, IL 61032 

Sprague Electric Co. 
70 Pembroke Rd. 
Concord, NH 03301 

LOGIC I.Pu 
TTL 10K 
CMOS 41K 

Fig. 8. Digital logic interfacing for a digital Hall- effect sensor. 
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A License-Free Transmitter for Meters A License -Free Transmitter for 1, 700 Meters 

By Chuck Steer, WA3IAC 

You may already know that the Federal 
Communications Commission has set 

aside a license -free band of frequencies 
on which anyone interested in radio com- 

munications can operate -whether or not 

he or she has a license. The frequencies lie 

between 170 and 190 kHz on the 1,700 - 

meter band. The only restrictions are that 
the transmitting antenna must be 50 feet 

or less in length and output power must 

be 1 watt or less, not to exceed 50 micro- 

volts per meter measured at 300 meters. 
Other than this, you're free to use any 

form of modulation and operate on the 
band for any purpose. 

Though the above operating guidelines 
must be rigidly adhered to on the trans- 
mitting end, no restrictions are placed on 

the receiving end. For example, you can 

use any length antenna for maximum sig- 

nal pickup. Unfortunately, most hf re- 

ceivers don't tune down to where you 
want to listen. If you have a newer ama- 

teur radio rig that tunes from 150 kHz to 
30 MHz, you're in business. However, if 

you have an older receiver that can't tune 
down to 150 kHz, you're not locked out 
of working this band. All you need is a 

converter that can go that low but put out 
a signal on 80 meters to which your re- 

ceiver can tune. One such converter is 

listed in the Heathkit catalog; and there 
are other sources, too. 

All converters cover from about 10 

kHz to 500 kHz. With them, and using 80 

meters as the output. Most hf rigs will al- 

low you to read the tuned frequency di- 

rectly from the dial. That is, if the dial 
reading is 200, for example, the tuned 
frequency is 200 kHz. 

Since receivers or /and converters for 

the 1,700 -meter experimenter band are 
readily available, the remainder of this 
column will be devoted to a low -cost 

transmitter you can build. This transmit- 
ter is built around two state -of- the -art 
components, one a CMOS integrated cir- 

cuit and the other a VMOS power transis- 
tor. Parts cost should be less than $20- 

less still if you have a well- stocked spare - 
parts box. 

As designed, the transmitter accepts a 

key for operating CW. However, with 
just a little bit of ingenuity, you can easily 
modify it to use a modulator for voice. 

Transmitter Details 
As shown in Fig. 1, two inverters in 

CMOS hex inverter ICl are cascaded to 
form a series oscillator that is crystal con- 
trolled by XTALI. The frequency of the 
crystal determines the operating frequen- 
cy of the oscillator and, hence, the trans- 
mitter. A third inverter is used for output 
buffering and inversion of the oscillator 
signal. The final three inverters in ¡Cl are 
tied together in parallel to provide 
enough drive for VMOS output power 
transistor Ql. 

CD4069 CMOS hex inverters are com- 

monly available. If you can't locate a 

VN66AF or VN67AF VMOS transistor, 
you can contact Siliconix at 1327 Butter- 
field Rd., Suite 620, Downers Grove, IL 
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470K 
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Fig. I. Schematic diagram of transmitter and dc power supply. 
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Fig. 2. The low -cost miniature crystal 
used in the transmitter's oscillator. 

60515 or GE Semiconductor Sales, One 
Micron Dr., Research Triangle Park, NC 
27709 (tel. 919 -549 -3100) and ask for a 
location of a distributor in your area. 

A CX -1X type crystal that's designed 
for rapid start -up and high reliability in a 
series oscillator is used in the transmit- 
ter's oscillator. Most crystals for this 
band cost about $20. However, Statek 
(512 N. Main St., Orange, CA 92668; tel. 
714 -639 -7810) makes the miniature size 
one shown in Fig. 2 that's ideal for this 
application and costs only $8. 

Component values given in Fig. 2 are 
for a frequency range of 120 kHz to 199.9 
kHz. This will keep the transmitter with- 
in the range specified by the FCC for the 
experimenter band, assuming you use a 
crystal of appropriate frequency. 

Power for the transmitter's circuit 
comes from a conventional regulated dc 
supply. This supply starts with 12 volts dc 
at its input, which can be any 12 -volt dc 
source from a simple battery arrange- 
ment to an automotive electrical system 
to a dedicated ac- operated power supply. 
The 12 volts is used directly to power the 
Ql VMOS amplifier stage. The 12 volts is 

also delivered through series -pass tran- 
sistor Q2 to voltage regulator IC2, which 
outputs + 5 volts to power the ICI 
CMOS section of the transmitter. 

Keying for the CW transmitter is pro- 
vided by biasing Q2 on and off with a 
standard Morse key. The transistor can 
handle 60 mA continuously, which is 

more than enough current to run the cir- 
cuit at full legal output. Closing the key's 

contacts biases on Q2 to power ICI, 
while opening the contacts cuts off the 
transistor. 

Building the Transmitter 
Though the transmitter can be built using 
perforated board and point -to -point wir- 
ing (an early version I built in this manner 
still works), it is far easier to use printed - 
circuit board construction. An actual - 
size etching- and -drilling guide for the 
board is shown in Fig. 3. 

Reactance of the crystal is capacitive in 
any series oscillator arrangement. There- 
fore, circuit layout requires care to avoid 
having circuit capacitance create a low -Q 
feedback path that can degrade oscillator 
performance. Any large value of stray 
capacitance will reduce loop gain and 
lower circuit stability. In a pc layout, no 
circuit traces should be longer than 1 inch 
and none should be paralleled. As you 
can see from my pc guide in Fig. 3, I 

strayed a bit from good layout practice. 
However, I built two different versions 

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

of the basic transmitter circuit using this 
guide and have experienced no ill effects. 

Wire the board exactly as shown in 
Fig. 4. Use a socket for ICI and make 
sure that the electrolytic.capacitors, ICs 
and transistors are properly oriented be- 
fore soldering them into place. Also, in- 
stall 2 -inch insulated hookup wires at the 
locations labeled KEY, ANTENNA, + 12V IN- 

PUT and GND; the free ends of these wires 
will be connected later. 

No heat sinking was used in my trans- 
mitter prototype for Ql , though the 
VMOS transistor does run warm. During 
one test of the transmitter, I used an 
XR2209 as a 1 -Hz, 50- percent duty cycle 
oscillator to see if 2N4036 transistor Q2 
or VN66AF VMOS transistor QI would 
become hot in operation. Running the 
circuit in this manner for about 30 min- 
utes yielded very good results. 

The Antenna 
As mentioned earlier, antennas for trans- 
mitting on the 1,700 -meter experimenter 
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Fig. 4. Wiring diagram for pc board. 
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band of frequencies must be no longer 
than 50 feet, though those for receiving 
can be any length you desire. The easiest 
way to go in a transmit /receive system is 

to use a single 50 -foot maximum antenna 
suitable for transmitting and receiving. 
This will keep the antenna to legal length, 
though reception might suffer. 

An alternative is to use a loop antenna, 
which some enthusiasts use to receive on 
160 meters. If you go this route, you'll 
have to tune the antenna for vlf recep- 
tion. A Navy direction -finding antenna 
might also be okay to use as -is. 

An active antenna is a good choice. 
You can get one that operates on 1,700 

meters from MFJ and Palomar, among 
others. Not all active antennas will be 

suitable for use on the 1,700 -meter band. 
For example, Heath's covers 300 kHz to 
30 MHz. So keep this in mind when 
you're shopping for an active antenna. 

Best results are obtained with a dedi- 
cated 50 -foot wire for transmitting and 
any other antenna that will provide maxi- 
mum signal pickup for receiving. Since a 
long- receiving antenna for 180 kHz at '/4 - 

wavelength will be 1,300 feet long, it's 
better to use a base -loaded inverted L or a 
top -loaded vertical antenna for receiving. 

Tuning & Testing 
With the transmitter powered, the first 
thing to do is use an oscilloscope or fre- 
quency counter to check the oscillator to 
ascertain that it's operating. If you don't 
have access to either instrument, don't 
despair; you can listen for the oscillator 
signal with a nearby receiver or convert- 
er /receiver arrangement tuned to the 
proper frequency for the tone that indi- 
cates proper operation. 

With an SWR or watt meter in the an- 
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Fig. 5. The finished 1,700-meter experi- 
menter's transmitter. 

tenna line, adjust 250 -pF trimmer capaci- 
tor C2 for maximum indicated output. 
Then check the current in the antenna cir- 
cuit to be sure that it doesn't exceed 100 

mA. Remember that power is equal to 
voltage times current. 

When you're satisfied that the trans- 
mitter is operating as it should and is 

properly tuned, house it inside a suitable 
enclosure. As shown in Fig. 5, this can be 
an ordinary plastic project box with a re- 
movable aluminum panel. Drill holes in 
the panel for and mount a phono jack for 
the antenna input and a suitable connec- 
tor for the 12 -volt dc power source you 
plan to use with the transmitter. Drill a 
third hole, in one of the box's walls, and 
mount in it a phone jack for the key 
you'll be using. 

Use the circuit -board assembly as a 
template to mark the locations of its 

mounting holes on the floor of the box. 
Drill the holes at the marked locations 
and mount the board with spacers and 
machine hardware. Finish up by connect- 
ing and soldering the free ends of the 
wires coming from the circuit board to 
the jacks, referring to Figs. 1 and 4 for 
details. AIE 
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What's New in Consumer Electronics? from page 35) 
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with the record and motion -picture 
companies right along. For example, 
at Warner they have had to issue their 
motion pictures in dozens of differ- 
ent languages, with different sub- 
titles and even with multiple forms of 
sound dubbing. So having to deal 
with a couple of incompatible video 
systems really won't be anything new 
to many such software suppliers. 
Nor should TV system incompatibi- 
lity really worry U.S. future pur- 
chasers of these new players and the 
new CD -V discs. After all, we never 
worried much about the fact that our 
TV sets wouldn't operate properly if 
we plugged them in in Europe, either. 

The video portions of these CD -V 
singles need not be confined to pop 
and rock music videos, of course. In 
early demonstrations of the system it 
was clear that other subject matter, 
such as a short ballet sequence in the 
video portion of a CD -V demonstra- 
tion disc or an excerpt from an or- 
chestral classical work, could be 
shown. The fact that you can see the 
performers -even if only for about 
five minutes -really helps you to en- 
joy the rest of the disc even more . 

Since the new format is a play -only 
medium, its success will, of course, 
depend upon simultaneous availa- 
bility of program material ( "soft- 

Yamaha's CDV -1000 combination CD video player. 

ware ") and universal CD -V players 
( "hardware "). Most of the world's 
largest record companies have con- 
firmed their support for the new 
Compact Disc Video format and 
plan to have music video titles avail- 
able before the end of the year. Poly- 
gram, A &M, Capital, EMI, Manhat- 
tan, Angel, Chrysalis, Island, MCA, 
RCA /Ariola, Virgin and the Warner 
Communications Group plan to re- 
lease music video titles on the new 
CD Video 5 -inch configuration. The 
CBS Record group is also interested 
in CD Video and is actively partici- 
pating in the launch of the new discs. 

As for CD -V players, at least three 
different types of players are now en- 
visioned. The first of these to be- 
come available is the so- called com- 
bination or "combi" player because 
it can handle all four types of discs: 
CDs, CD -V 5 -inch singles, 8 -inch la- 
servision and 12 -inch laservision vid- 
eo discs. In addition to this type of 
player (already available from Ya- 
maha, Pioneer and others), manu- 
facturers will more than likely offer a 
dedicated player that will play digital 
audio compact discs as well as CD- 
Video singles. We can also forsee a 
CD -Video "boom box" that will play 
5 -inch CD digital audio and CD Vid- 
eo single discs and incorporate a 
radio or a cassette deck as well. 

Is there any chance that we might 
see a "portable" CD -V player in the 
future -one that might be analogous 
to the portable CD players that can 
be carried along outdoors, in cars, 
on the beach? Very likely. CD -V por- 
tables may well be on the market 
sometime in 1988. As envisioned 
now, they will have some form of 
pop -up screen -perhaps an im- 
proved sort of LCD display -for the 
video portion of a CD -V and the reg- 
ular circuitry for the digital audio 
section, just as we have now in port- 
able digital audio Compact Disc 
players. As for how much such a CD- 
V portable might cost, that's still 
anybody's guess. AE 
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IIih/NEW DEVELOPMENTS I/lilt i 

By Art Salsberg 

New liquid -crystal display (LCD) tech- 
nology from Raychem Corp. (415 -361- 
6248) is said to make possible a host of in- 
novative applications for detecting elec- 
trical charges. 

The film offers high impedance while 
requiring only a small amount of operat- 
ing energy. Consisting of a liquid -crystal 
emulsion spread between layers of con- 
ductive film, some or all of the cells be- 
come activated in the presence of static 
electricity or voltage. They undergo an 
optical change to reveal their existence. 
Prototype systems developed use two 
types of LCD film. One changes from 
opaque to transparent only temporarily, 
while the other stays changed when the 
electric field is removed. 

Raychem has combined its new LCD 
with a simple electronic circuit to achieve 
an economical insulated "hot stick" that 
shows the presence of line voltage and its 
amount when held several inches away 
from the line. The device doesn't require 
batteries, amplifiers or similar elements 
and performs under extreme high -volt- 
age conditions without a voltage divider 
or transformer. 

Analog Devices (617- 329 -4700) has 
introduced a high -speed monolithic op 
amp with an extremely fast settling time 
of 12 ns. The AD5539 has a typical gain - 
bandwidth product of 1.4 GHz, slew rate 
of 600 V /µs and full -power response of 
82 MHz. It's claimed that these specs ex- 

Raychem's new LCD film contains an array of connected liquid -crystal cells that under- 
go a visual change from opaque to transparent in the presence of ac and dc electrical 
fields when a strip of the film is held close to the source. Here it's being used to determine 

electrostatic discharge capacity that might damage sensitive electronic devices. 

cel against GaAs amplifiers, which are 
expensive, noisy and have poor dc per- 
formance .... Uses include fast pulse 
amplification, video signal processing 
and use in r -f oscillators, as well as for 
video displays where the device is opti- 
mized for 75 -ohm and 150 -ohm input 
and output impedance .... Cost is $1.65 
in 100's. 
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Analog Devices' AD5539 high -speed op amp offers a typical 220MHz small signal bandwidth. 

Eltec Instruments (800- 874 -7780) 
has introduced its Model 420 pyroelectric 
laser detector, which senses medium- to 
high -power pulsed or modulated laser 
energy from the UV to 1000- micron in- 
frared .... It's packaged in a TO -5 case 
and uses a special element mounting 
method to heat sink the sensing element 
.... $44 each or $14.95 in 100's. 

Eltec's Model 420 Pyroelectric Laser De- 
tector in a TO-5 package. 
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 Intersil, Inc. (owned by GE) has a 
new CMOS 3% -digit digital multimeter 
chip with more than half the normally re- 
quired external components built into it. 
Designated the ICL7139, the 40 -pin de- 
vice is directly compatible with a duplex 
liquid -crystal display. 

According to Intersil, the IC elimin- 
ates noticeable "range hunting" in the 
display, with the first reading said to al- 
ways be on the correct range. Low power 
dissipation of less than 20 mW gives 
1,000 -hour typical battery life. There's a 
piezoelectric beeper that sounds for con- 
tinuity and a display annunciator for on- 
chip detection of low battery voltage. 
$13.50 in 100 quantities .... Also an- 
nounced by Intersil are new families of 
enhanced chopper -stabilized operational 
amplifiers. The two basic devices are 
ICL7650S, a super chopper- stabilized op 
amp, and the ICL7652S, a low -noise ver- 
sion. The "S" designation is for "su- 
per." It's claimed that the devices pro- 
vide the lowest guaranteed maximum in- 
put offset voltage specs over all tempera- 
ture ranges among competitive devices, 
and offer a minimum output source and 
sink current guarantee. Both have a very 
high gain of 150 dB. Applications that 
the devices are headed for include preci- 
sion amplifiers for instrumentation, pro- 
cess control and medical instruments. 

Linear Technology Corp. (408 -942- 
0810, Ext. 361) introduced the LT1088 
wideband rms -to -dc converter. It can 
convert rms voltages up to 9.5 V at fre- 
quencies up to 300 MHz to their dc equi- 
valents .... Previous monolithic circuits 
that converted rms waveforms to dc equi- 
valents used logarithmic methods that 
limit waveforms to below 1 MHz and a 
crest factor of 10:1. The LT1088 is a di- 
rect- acting, thermoelectronic analog 
computer with a crest factor of 50:1 and 
an accuracy of one percent from dc to 50 
MHz; two percent at 100 MHz .... The 
14 -pin side -brazed DIP is priced at $28.65 
in 100 quantities. 

Motorola Semiconductor Products' 
(512 -440 -2035 for microcomputer IC; 
602 -244 -4911 for discrete IC) microcom- 
puter and discrete ICs are being used in 
new Canon 35mm cameras. The surface - 
mount- packaged devices incorporated 
are the MC68HC 11 8 -bit microcomputer 
unit, which enhances the camera's meter- 
ing programs; two MPC 1710 smart pow- 
er motor controllers, one for shutter - 
spring rewind and the other for film ad- 
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A functional diagram of GE /Intersil's new autoranging multimeter IC. 

vance and rewind functions; and the 
SFX10 custom TMOS power FET to 
control the camera's power bus. 

National Semiconductor's (408 -721- 
3982) first analog- output detector for 
non -flammable fluid levels, the LM1042, 
uses a thermo- resistive probe sensor. The 
device can perform single -shot or re- 
peated measurements and is designed for 

a power -supply range of 7.5 to 18 V. Ac- 
cording to National, the LM1042 can be 
built as a fluid -level sensor with the ad- 
dition of only a wire probe with a high 
temperature coefficient and low thermal 
time constant, passive components and 
an indicator .... Supplied in a 16 -pin 
plastic DIP, it's priced at $1.25 each in 
25K quantities. AE 

The innards of a new Canon 35mm camera reveals the important uses of electronic de- 
vices for photographic equipment. In this case, the various surface -mount devices high- 

lighted are from Motorola's semiconductor sector in Phoenix. 
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lllll'PC PAPERS /1111111 

Consumer Products, Portables and Personal Favorites 

By Eric Grevstad 

Except for compact discs that play five - 

minute MTV videos as well as songs (who 
needs them ?) and a Casio watch that not 
only stores but dials telephone numbers 
(I need it), June's Consumer Electronics 
Show for the trade was memorable main- 
ly for MS -DOS. PC clone prices continue 
to fall, past discount -store levels and 
heading for the sub -basement. 

I hadn't heard anyone complaining 
that Korea's Hyundai -built Blue Chip 
computer was too expensive -in fact, the 
one I tried a few months ago was the first 
computer I'd describe as too cheap or 
vaguely flimsy -but importer Blue Chip 
Electronics must think so. Blue Chip's 
new PC Popular runs at 8 MHz as well as 

the old- fashioned 4.77 MHz; its a phe- 
nomenal $549 with 512K, one floppy 
drive, parallel and serial ports, two slots, 
and a mouse. 

An extra $49.95 buys a graphically 
cute but basically crummy (no word 
wrap) notepad, calculator, and game 
disk along with demo programs from Mi- 

croPro, WordPerfect, and other publish- 
ers. A second floppy drive is $139.95 and 
a Hayes -compatible 1,200 -baud modem 
is $99.95, or you could wait another year 
and get one free in a box of Cheerios. 

You think I'm kidding? Epson makes 
the Equity I Plus, one of the best low -cost 
clones, but the Equity is sold in computer 
stores. To break into mass -market out- 
lets, Epson came to the show with the 
Apex. It's got the same 8088 -2 chip, 512K 
of memory, and two free slots as the PC 
Popular, but it comes with two disk 
drives and truly usable beginner's soft- 
ware, PFS:First Choice. Expect dealers 
to knock something off its list $899. 

Leaving Korea and Japan, don't over- 
look Hong Kong, where Video Technol- 
ogy and its U.S. affiliates have upset Ap- 
ple and devastated Franklin with a re- 
markably cheap, well- equipped Apple 
IIe compatible, the Laser 128. They've 
now squeezed a PC clone with 512K, one 
drive, one expansion slot, parallel, serial 
and external disk ports, CGA color and 
Hercules monochrome video, and an 8088 

The 1'C Popular; Brother, can you spare $549? 

running at 10 MHz, all into the same Ap- 
ple IIc -style case. 

The Laser Compact XT costs $599; the 
Laser XTE has 640K, EGA color graph- 
ics, a clock, and a built -in EMS expanded 
memory card for $649. If the Lasers hold 
together, they could shake up an already 
riotous consumer market. Let corporate - 
office types worry about IBM and the 
Personal System /2; there's a street fight 
going on. Any bets on Tandy's doing 
something about this Asian invasion? 

Portable Wars 
In other news, international electronics 
giants are scrambling like puppies trying 
to get into your lap. I mean the metaphor 
literally, as one look at the MS -DOS 

portable market will indicate. NEC, 
hearing that an ordinary LCD screen was 
the only fault with its wondrous Multi - 
Speed, installed a backlit display and re- 
newed my laptop lust with the Multi - 
Speed EL ($2,499). 
Meanwhile, archrival Zenith has heard 
raves for the Z -181's backlit LCD, but 
boos for everything else. For the Z -183, 
Zenith improved the keyboard, boosted 
the speed, and added a battery -powered 
10- megabyte hard disk. Unfortunately, 
the keyboard layout is still second -best 
and the price has soared to $3,339. 

The battling duo has taken attention 
from the former category champion, the 
still highly desirable Toshiba T1100 Plus, 
but Toshiba's latest machine might slip 
into a nice niche below the proud por- 
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The Laser Compact XT: A desktop with a carrying handle. 

tables. Yes, the T -1000 has a non -backlit 
display and only one 3.5 -inch drive, but it 
has something I've been waiting for all 
portable makers to supply -MS -DOS in 
ROM, so one drive is enough. It also 
weighs only 6.4 pounds, half as much as 
its competitors, and costs a lot less 
($1,199). Compared to other portables, 
the T1000 looks easier on your thighs and 
easier on your back pocket. 

Park Hard Disk, End Session 
It's been two years, 24 columns, and 
nearly 60 hardware and software prod- 
ucts plus remarks and wisecracks about 
many more. This is my last "PC Papers" 
column, and time to thank the Modern 
Electronics editors for their support and 
tolerance of a series that's gyrated be- 
tween enthusiasm, cynicism, and month- 
ly harangues against high -priced gadgets 
that few users really need. 

It's been too much fun for mushy 
goodbyes. I'm still using an even paid for 
a printer, two expansion cards, and sev- 
eral pieces of software from past col- 
umns; since there are many more com- 
puters and programs I wish I could pay 
for, I'll stick around as a freelancer for 

occasional "Software Focus" or hard- 
ware evaluations. Still, I can't resist a fi- 
nal step onto the soapbox. 

Pundits will tell you that the last two 
years in personal computing have been 
marked by the triumph of the Apple 
Macintosh, but don't overlook the power 
of plain old PC thinking. The Mac didn't 
take off until it gained expanded memo- 
ry, plug -in options, hard disks, and other 
features of obsolete MS -DOS systems. 
As for software, I've spent three years lis- 
tening to sages scream that PC owners 
can't wait for Mac -style windows and 
icons. Meanwhile, PC owners have made 
monochromatic old Lotus 1 -2 -3 a titanic, 
unbeatable institution -from applica- 
tion to complete operating environment 
with add -in accessories and word proces- 
sors; from operating environment to 
myth or legend. 

Similarly, shouts of "The new DOS is 

coming!" and "The 80386 is here!" dis- 
tracted people from what was really the 
biggest trend, the plunge of hardware 
prices to supermarket levels. I down- 
played the Amiga in my first column and 
wrote "You've had it, Commodore" last 
summer; today, the Laser and Blue Chip 
are only the latest signs that the word at 

5000 RESISTORS! 

RESISTOR KIT 

Great for electronic 
hobbyists, R &D labs. 

$49.95 
plus $4.00 

postage & handling 

5000 quality 1 /4w 5% carbon 
film resistors in a durable 50 

drawer cabinet, 50 popular values 
(100 each) from 10Q to 1 MQ. 

ORDER LINE 
1- 303 - 593 -7779 

OR 
Send check or money order to: 

P.O. Box 26094 
Colorado Springs, CO 

80936 
(sorry no C.O.D.'s) J 
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Our New and Highly Effective Advanced- Place- 
ment Program for experienced Electronic Tech- 
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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 
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PC PAPERS... 

Light weight, low price, DOS in ROM? Sounds good to me. 

Wal -Mart, where home and game com- 
panies used to make the C64 their first 
priority, is MS -DOS. 

As an affordable workhorse with lots 
of family or educational software plus 
expansion slots for upgrades and hack- 
ers, the PC is precisely where the Apple II 

used to be, with a big edge in powerful 
business programs to complement a 
home or school library rapidly matching 
the II's. Meanwhile, enthusiasts like us 
can now afford AT clones -no, the 
286 will probably never get the dream 
DOS they promised us in '84, but it sure 

HIGH TECH SURPLUS 
HACKER ALERT! 

5-100 backplanes, 8 8 12 -slot $50 

S -100 64K dynamic RAM cards $100 

Vector Graphic Z -80 SBC $100 

S -100 M cropolis cards CALL 

Vector Graphic static RAM cards $35 

Dynabyte S -1CO 64K dynamic RAM.... $100 

Dynabyte Z -80 CPU card $125 

Dynabyte floppy disk controller $100 

Dynabyte hard disk controller $125 

IBM -compatible 31/2" DSDD micro drives - 

upgrade your system to the new PC 

standard $50 
RS -232 terminals, working $50 

Intertec Superbrain II computer. 
complete $200 

'Complete line of IBM -compatible boards' 
XEBEC IBM hard disk controllers cards, 
as is $35 

Motorola VME 68000 CPU card $300 

Power Supplies -WAREHOUSE CLEARANCE! 

High -powered switching power supplies, very 

small, multi -voltage: +5, -5. +12, -12. 
More than 750 watts total. Great for S -100 

cabinets, home -brew systems . $50 

WE BUY, SELL, AND TRADE' 
Inventory of over 5,000 complete parts and 

systems ... just too many to list. 

CALL for your specific needs. 

Motorola Versobus cards available. 

Please call for quantity 8 pricing. 

Add a drive to your Atari ST series or 

AMIGA - simple kludge for 31/2" DSDD 
drive . .. $50 
Many complete, running CP /M 2.2 
systems available - from $100 

Intel Multibus development systems, from 

$300 to $800, w /software 
Multibus complete enclosures, w /back -plane 

and power supply: 4 -slot $400 
8 -slot $600 

2716 EPROMs $1.50 
2732 EPROMs $2.00 

Huge selection of "as is" S -100 boards at $25 

each. Fantastic deal - great boards! 

5 -MHz Z-80 SBC computer w /2K static RAM, 

2K ROM. With schematics $25 
New and Used Computer Boards, Parts, and 

Systems. ALL TYPES AVAILABLE, including: 
VME Versabus S -100 Multibus Atari AMIGA 

IBM -compatibles and MUCH MORE! 

HACKER ALERT! 

COMPLETE REPAIRS AVAILABLE - 

for odd or hard -to -fix equipment 

CALL or write for free catalog! 

Intel Multibus 64K dynamic RAM cd.... $150 

Intel Multibus ROM cards $150 

Intel Multibus I/O cards $125 

Intel Multibus floppy disk controller, 
part #208 $200 
Intel hard disk controller, #'215 $300 

Intel SBC 8030 CPU $150 

Intel SBC 8020 CPU $130 

Intel SBC 8024 CPU $130 
Intel SBC 8010A CPU w /ROM5 $120 

Intel SBC 80108 CPU $130 

Intel SBC 8612A CPU w /CP /M 86 boot 

ROMs $300 

REPAIR DEPARTMENT 

Have a computer no one can fix? Let us 

help. Many hard -to -find ROMs and PALs / 
Complete service on most out -of -date 

equipment 

(203) 723.5694 
Or 

(203) 723.5316 
CALL OUR BBS - For up -to- the -minute product listings. 300/1200 baud 

Call 6PM to 8AM Eastern time: (203) 723 -5316 
TERMS: Money Orders, Checks, COD's. CT residents add 7'/ % tax. 

HIGH TECH SURPLUS 490 Wooster St. Naugatuck, CT 06770 
(203) 723 -5694 CIRCLE 80 ON FREE INFORMATION CARD 

runs our old software fast while we wait 
for the OS /2 and PS /2 furor to sort it- 

self out. 
What's the worst computer I've seen 

these two years? The IBM PC Convertib- 
le, going away. The best? The NEC Mul- 
tiSpeed. The worst software? JumpStart, 
Able One, and Lotus' upgrade prices and 
copy protection in the face of honorable 
competition like SuperCalc 4 and Words 
& Figures. The best software? Tornado 
Notes, edging out Framework II, Textra, 
and PFS:First Choice. All four support 
my creed that you don't need graphics 
and mouse control, just fast perfor- 
mance, a simple, keystroke- minimizing 
menu structure, and an ingenious idea. 

There are lots of ingenious ideas in this 
industry. Thanks for letting me examine 
some of them with you, and stay skepti- 
cal about the loudly hyped ones. AE 

NAMES & ADDRESSES 

Blue Chip Electronics 
7305 W. Boston Ave. 
Chandler, AZ 85226 
(602) 961-1485 

Epson America Inc. 
2780 Lomita Blvd. 
Torrance, CA 90505 
(800) 421 -2526 

Video Technology Computers 
400 Anthony Trail 
Northbrook, IL 60062 
(312) 272 -6760 

NEC Home Electronics 
1225 Michael Dr. 
Wood Dale, IL 60191 
(312) 860 -9500 

Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 391-9849 

Toshiba America Inc. 
9740 Irvine Blvd. 
Irvine, CA 92718 
(714) 380-3000 
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Process Control with Personal Computers (from page 20) 

followed by a parity bit. The master 
then pulls the line back to a "1" and 
holds it there, indicating the end of 
the "word." This last bit is known as 
the stop bit; its width is variable from 
one bit time to infinity. Figure 3 

shows the Serial Data Format bit 
pattern. 

The computer controls each mas- 
ter by using four of its I/O ports. 
Since the PC LINK adds 2048 ports 
to the system, at least 512 masters 
could reside on a PC. If these mas- 
ters were each connected to 128 slave 
relay blocks, a total of 524,288 relay 
contacts could be controlled with a 
single PC. As a practical matter, you 
would not assign a task that large to a 
single machine, but it does give you 
an idea of the enormous power of the 
IBM /LINK combination. 

The major disadvantage of the 
master /slave concept is speed, which 
is inhibited as compared to a parallel 
system because only one conductor is 
used to carry data. Also, since the in- 
formation may have to travel over a 
great distance, the data rate is de- 
signed to be significantly lower in or- 
der to minimize noise problems. (Us- 
ing plain telephone wire, we've reli- 
ably transferred signals a thousand 
feet away using National Semicon- 
ductor's MM54240 pulse -width seri- 
al data string.). The net effect is that 
a serial data system, such as the one 
used here, will operate at rates 10 to 
100 times slower than the equivalent 
parallel bus system. 

Nevertheless, when designing 
these types of remote -control sys- 
tems, I find that it useful to remem- 
ber that radio control for model air- 
planes operates at data rates as low 
as 10 updates per second. This rate is 

rapid enough to easily allow preci- 
sion control of a model doing high- 
speed aerobatics. The blinding speed 
that we normally associate with com- 
puters is not required in many cases 
involving mechanical devices. 

As a result, it's more than suffi- 
ciently fast for control applications 
such as temperature sensing, timing 

Say You Saw It In Modern Electronics 

events such as for security monitor- 
ing, controlling personal robots, etc. 
It would not be satisfactory for, say, 
controlling a factory milling ma- 
chine used for precision work, how- 
ever, nor for analyzing fast transient 
signals. For very high speed control, 
costlier direct memory access (DMA) 
controllers are needed. 

Next month we'll discuss the role 
of various external devices, such as 
sensors and stepping motors, as well 
as software control, that are typical- 
ly used in computerized control sys- 
tems. We'll also design and build two 
process control systems. One will be 
for controlling the environment and 

security in a home, and the other for 
automatic testing and data logging 
while using the IEEE -488 interface. 

The author, H. Edward Roberts, de- 
veloped and produced the Altair comput- 
er that sparked the personal computer 
revolution. The company that he found- 
ed, MITS, was sold to Pertec in 1977, 
whereupon Roberts entered medical 
school. He's now an M:D. and is practic- 
ing medicine as an internal- medicine resi- 
dent. The energetic and creative physi- 
cian hasn't forsaken his electrical engi- 
neering /computer background, however. 
He founded and is president of Data - 
Blocks, Inc. AE 
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VIDEO TAPE COPY 
PROTECTION 

GOT YOU DOWN? 

STABILIZE YOUR PICTURE 
WITH THE NEW, IMPROVED 

LINE ZAPPER 
Bothered by brightness changes, vertical jumping 

and littering, and video noise? Tired of renting or buy- 
ing tapes and being forced to watch an unstable 
washed out picture? Solve your problems with the Line 
Zapper II. 

The Line Zapper II accepts direct video from any 
VCR and monitors the signal, line by video line. When 
it sees the copy protection signal it Zaps It, giving you 
a normal, clean signal at the output. just connect it in 
the direct video line between two VCR's or between a 

VCR and a monitor. 
Available in both kit form and fully assembled. The kit 

Is only 569.95 (Not recommended for the beginner) plus 
53.00 shipping. Assembled, tested units with a 90 day 
warranty are only S124.95 plus 53.00 shipping. 

Arizona residents must add 6.7% sales tax. Please 
allow 6 to 8 weeks for delivery. Dealer inquiries 
welcome. 

ELEPHANT ELECTRONICS INC. 
BOX 41865-V 
PHOENIX, AZ 85080 
(602) 581 -1973 
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YOU NAME IT. 
WE'VE GOT IT! 
At Consolidated Electronics Inc. we carry over 10,000 
parts and products such as: fuses, semiconductors, 
batteries, capacitors, resistors, wire, cables, connectors. 
antennas, chemicals, speakers, test equipment, solder- 
ing equipment, styli and cartridges. video heads, 
telephone accessories, and more. Consolidated 
Electronics is an authorized distributor for: 

Action® O.C. White® 
Amperes® O.K. Tools* 
Amphenol® Panavise® 
Argos® Pedro® 
Beckman TM Philips® 
B &K Precision TM Plumb® 
Bogen® SAMS TM 
Burgess® Simpson® 
CTS® Tech Spray TM 
Electro- Voice® Thordarson® 
Fluke® Ungar® 
GE® Vaco® 
LPS® VIZ TM 
Loctite® Waber® 
Kester® Wahl® 
Mercer TM Weller® 
Nicholson® Xcelite® 
All part orders shipped In 24 hours. 

2 Year warranty on all parts. 
Call toll free today. 

1- 800 -543 -3568 
CONSOLIDATED 

E L E C T R O N I C S 
705 Watervliet Ave., Dayton, Ohio 45420 -2599 

Tel. (513)252.5662 Telex 288.229 FAX 513 -252 -4066 
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Building and Applying Active Minispeakers (from page 48) 

Once you have ungrounded the os- 
cilloscope, connect it across the out- 
puts of the amplifier. Adjust POT] 
for maximum undistorted output as 
observed on the scope's CRT screen. 
Increase the input level of the signal 
source until the output waveform 
just begins to clip. Readjust POTI 
for maximum output level without 
clipping of either positive or nega- 
tive peaks. 

Finally, connect a dc voltmeter 
across the amplifier's output and ad- 
just POT2 for a 0 -volt reading. Be- 

cause of the presence of C4, the me- 
ter may take a few seconds to settle 
down after each change of the pot's 
setting. With patience, you should be 
able to trim the offset to 10 mV or 
less. If a large offset adjustment 
must be made, it will be necessary to 
go back and readjust POTI for max- 
imum undistorted output level. 

Once the amplifier has been pro- 
perly adjusted, disconnect the oscil- 
loscope, meter and signal generator. 
Then power down the amplifier and 
remove the power resistors con- 
nected across its speaker outputs. In- 
stall the amplifier in the speaker 
enclosure. 

Before mounting the amplifier in 
the enclosure, however, connect and 
solder the free ends of the wires corn- 
ing from the pc board lands to the 
appropriate binding posts, since the 
latter will not be accessible after the 
amplifier board is installed. Refer to 
Fig. 4 for wiring details. 

Slip the board into the speaker en- 
closure through the hole in which the 
woofer mounts. Mount the circuit - 
board assembly to the rear of the en- 
closure with the three screws that ori- 
ginally held the crossover network 
in place. 

Minispeakers are mostly acoustic - 
suspension types that depend on an 
airtight enclosure of fixed volume to 
work properly. To obtain maximum 
possible benefit from them, you 
should strive to maintain the original 
conditions. Therefore, to maintain a 
good air seal between the aluminum 

plate on which the ICs are mounted 
and the enclosure, seal the perimeter 
of the cutout with a small amount of 
Plasticine or other sticky clay. Also, 
to assure an airtight enclosure when 
J1 is not being used, plug into the 
jack a dummy phono plug (stop up 
the hollow center pin with solder). 

After mounting the amplifier as- 
sembly, replace the fiberglass batting 
in the enclosure. Pull the ends of the 
four speaker wires attached to the 
amplifier board through the fiber- 
glass and their respective speaker 
holes (yellow for woofer, blue for 
tweeter and one each black "driv- 
ers" for each -see Fig. 4). When all 
the fiberglass batting has been re- 
placed, connect the free ends of the 
wires to the speakers. Either slip the 
attached connectors onto the speak- 
er lugs or -if you are a purist who 
believes that such connectors detract 
from the quality of the sound -clip 
off the connectors and solder the 
wires to the speaker lugs. 

Observing the original orienta- 
tions, reinstall the speakers in their 
respective holes, using the original 
screws to secure them into place. Re- 
place the protective aluminum grille, 
gently tapping it with a mallet or 
through a board with an ordinary 
hammer until it is fully seated. You 
can discard the sticky clay that origi- 
nally held the grille in place because 
it is not really needed. The grill will 
be held in place by friction. 

Accessory Inputs 
Obviously, any audio signal source 
that has line -level outputs can be 
used to drive the active minispeak- 
ers, including the preamp outputs of 
a home hi -fi system, the outputs 
from a tape or CD player, the head- 
phone outputs of a portable radio/ 
tape player, etc. Additional input de- 
vices and accessories can extend the 
usefulness of the active minispeak- 
ers. For example, a telephone pickup 
coil plugged into the input of one mi- 
nispeaker can be used to enable more 
than one person to share in a phone. 
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conversation. Substituting a crystal 
microphone for the pickup coil turns 
a minispeaker into a continuous 
sound monitor for a baby's room. 

With a probe and alligator clip 
connected across a potentiometer's 
outer lugs and a shielded cable con- 
nected between the pot's center and 
either outer lug and terminated at the 
other end in a phono plug, you have 
a convenient means for tracing an 
audio signal in an audio circuit. 
When using the minispeaker in this 
manner, always start with the pot set 
for minimum output signal into the 
amplifier circuit and adjust as need- 
ed for a loud enough signal from the 
speaker. 

You can also use an active mini - 
speaker to trace magnetically in- 
duced hum to its source by using a 
coil -type pickup. Again, start with 
minimum signal going into the 
speaker's amplifier and adjust accor- 
dingly with the potentiometer. 

One or both active minispeakers 
can be used to amplify the audio out- 
puts available from some computers. 
Additionally, these speakers can 
temporarily replace headphones at a 
test bench when it would be too 
much effort to build a dedicated 
amplifier (make sure to include the 
attenuator potentiometer). 

As a final note, do not overlook 
non -portable applications for the ac- 
tive minispeakers. If you plan to use 
the minispeakers where ac power is 
available, it is a good idea to use an 
ac- line -power instead of a battery 
supply. You can easily put together 
such a supply using a 12.6 -volt 
transformer, four rectifier diodes, a 
filter capacitor or two and a bypass 
capacitor in a classical unregulated 
circuit. Due the wide range of supply 
voltages that can be used and the low 
current drain of the amplifier /speak- 
er arrangement, no regulation is 
needed. Properly designed, such a 
power supply will yield an 18 -volt or 
so dc output that is near the max- 
imum recommended for the active 
minispeakers. AE 
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HITACHI SCOPES AT DISCOUNT PRICES! 
. 
01. ' s' o 20MHZ ° 100MHZ 

Model V212 $475 
Model V -212 20MHZ Dual Channel (1mV Sens.) $475 
Model V -422 40MHZ Dual Channel (1mV Sens.) $699 
Model V -425 40MHZ Dual Channel (with cursor) $795 
Model V -660 60MHZ Triple Channel (Delayed Sweep) $990 
Model V -1060 100MHZ Quad Channel (Delayed Sweep) $1,340 
All above scopes have a 3 year guaranty on parts and labor 

Model V1060 $1,340 

15-25% 
OFF LIST 

PRICE 

ELENCO PRODUCTS AT DISCOUNT PRICES! 

TWO 
100MHz 

SWITCHABLE 
PROBES 

INCLUDED 

20M!Hz DUAL TRACE OSCILLOSCOPE 

$359 MO -1251 

..` _ 

35MHz DUAL TRACE OSCILLOSCOPE 

$498 MO-1252 
Top quality scopes at a very reasonable price. Contains all the desired features. Elenco's 2 year guarantee 
assures you of continuous service. Two 1 x , 10 x probes, diagrams and manual included. Write for specs. 

100MHz test probes, swltchable lx, 10x, Ref. (Complete WI 5 accessories) Fits must scopes $22 

MULTIMETER with TRUE RMS 41/2 

DIGIT MULTIMETER 

Model 
M7000 

$135 
.05% DC Accuracy 
.1% Resistance 
with Freq. Counter 

- & Deluxe Case 

Auto Ranging 
.I+r CAPACITANCE AND 

TRANSISTOR plus 
TESTER 

Model t R 
CM -1500A $58 

Reads Volts, Ohms, 
`.ö,(e, e e Current, Capacitors. 

Transistors & 

Manual Ranging 
3V2 Digit Meter 
28 Functions ,, Fully protected 

:;.ai,,.. -- M-1180.7% Acy $36.95 
M-1182 .25% Acy $39.95 
M- 1181.1% Acy $42.95 

........6.- 
Diodes WiCase 

GF- 3016 FUNCTION GENERATOR 
with Freq. Counter 

10MHz OSCILLOSCOPE 

$199 
Model elfillTrre 5 -3000 

Triggered 
DC or AC 

Triggered Sweep 
Calibrated Vert & Hor 
Reads Volts & Freq 

BREADBOARD 

Model 
9436 

Shown `d 

GF 

$239 
Pins, ,Rap, Triangle 

- Pulse, Ramp, .2 p, .2 to 2M Hz 
Frequency .1 thru 10MHz 

-f1015 without Freq. Meter $179 

9430 1 100 ins P $1 
9434 2,170 pins $25 
9436 2,860 pins $35 

DIGITAL 

Fully 
Limit 
XP -880 

TRIPLE POWER SUPPLY 
Model 

XP -765 

404- z.. , $195 
wwr et , 

® II- ' 0 -20V ®tA '" 0 -20V 1 A 
5V @ 5A 

Regulated, Short Circuit Protected with 2 Y 9 
Cont. 3 Separate Supplies 

with Analog Meters $159.50 

DIGITAL LCR METER 

1.156 

8 
Model 

LC -1600 
Measures: 
Inductors, 
Capacitors, 
Resistors 

50MHz LOGIC PROBE 
20 nsec with memory 
LP -700 

$23 
Logic Pulsar 
LP-800 $23 

DIGITAL 3 AMP POWER SUPPLY 
Model 
XP -750 

+ 

t I $165 
-= Ma 

I 0 -40V ® 1.5A I " 0 -20V @ 3A 

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

MULTI -FUNCTION COUNTERS 

F -1000 $245 
1.2GH 

1 

F-100 $169 
Frequency, Period, Totalize, Self Check with High - 

Stabilized Crystal Oven Oscillator, 8 Digit LED Display 

C &S SALES INC., 8744 W. North Ter., Niles, IL 60648 s- p 15 DAY MONEY 
800-292-7711 (312) 459-9040 ASK FOR CATALOG BACK GUARANTEE 

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax 
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RF TEST EQUIPMENT 

PSA -35A Portable Spectrum Analyzer $1965 
Battery or line operated with frequency coverage from 
10 - 1750 MHz and 3.7 - 4.2 GHz. Measure and docu- 
ment satellite communication system performance after 
installation or service. Troubleshoot system problems 
by observing output signals from LNA's, BDC's, line 

amplifiers and splitters, and other RF signal com- 
ponents. Measure block system signal balance. Identify 
and resolve terrestrial interference problems quickly 
and precisely by displaying offending signals on the 
PSA -35A. Numerous accessories are available. 
STA -70D Test Analyzer $1960 

Displays SCPC and FM signals over a frequency 
range of 50 to 110 MHz, including audio demod. 

STA -10D Test Analyzer 51965 
Frequency coverage 50 KHz to 10 MHz, observe 
and listen to audio subcarriers including SCS and 
data transmissions. 

MSG-800 Microwave Sweep Generator 51565 
1 MHz to 800 MHz, CW, 1 KHz FM Modulation, AC 
& Battery. 

MSG -5 Microwave Sweep Generator $1087 
3.7 to 4.2 GHz, CW, 1 KHz FM Modulation, AC & 

Battery. 
MSG -1750A Microwave Sweep Generator $1275 

950 to 1750 MHz, CW, 1 KHz FM Modulation, AC & 

Battery. 
MSG -2000A Microwave Sweep Generator 51282 

1000 to 2000 MHz, CW, 1 KHz FM Modulation, AC 
& Battery.. 

Other Sweep Generator frequency ranges available, 
call with your requirements. 

MTG -3600 Microwave Tracking Generator 51865 
Turns your HP 8566 in to a network analyzer with 
scalar frequency response. (Tracking Generators 
for other spectrum analyzers available, inquire.) 

AI VVlrlm R CHMOND, VIRGINIA 2 236 
TELEPHONE 804- 794 -2500 TELEX 701 -545 FAX 804- 794 -8284 

CIRCLE 95 ON FREE INFORMATION CARD 

Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 

Earn up to 
$30 an hour 
and more! 

Learn ai home in spare ume. 
No previous experience needed! 

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

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

commanD PRODUCTIOns 
FCC LICENSE TRAINING, Dept. 220 
P.O. Box 2223, San Francisco, CA 94126 
Please rush FREE details immediately! 
NAME 
ADDRESS 
CITY STATE ZIP J 

NEW (from page 10) 

Garage Door Opener 
Safety Light Control 
LightMakerTM is a new series of au- 
tomatic garage door openers from 
Stanley that allows the user to con- 
trol both indoor and outdoor light- 

on as it triggers the door -opening 
system) to the opener powerhead, 
then through existing house wiring to 
any preselected incandescent light. 
Using house wiring to control light- 
ing eliminates costly radio receivers. 

The system comes with a plug -in 

ing. LightMaker is available in ''' /- 
and % -hp versions that can be in- 
stalled by the buyer. It can be used 
with both track -type and trackless 
doors up 18 ft. wide by 7.5 ft. high. 

Stanley's lighting control system 
uses line -carrier technology in which 
signals are sent from the hand -held 
transmitter (that turns house lights 

module to control a lamp. A Signal - 
BlockTM security feature electroni- 
cally shuts off the opener from the 
car. Three built -in door closing safe- 
ty features include the new Safe -T- 
CloseTM option. Other features are 
variable light time delay, lighted 
wall- mounted pushbutton switch 
and steel chain drive. 

CIRCLE 90 ON FREE INFORMATION CARD 

11 -MHz Function Generator 

New from Iwatsu Instruments is the 
Model SG -4111, an 11 -MHz func- 
tion generator that can simultaneous- 
ly display the oscillating frequency 
plus the output or dc offset. The gen- 
erator can output sine, triangle and 

both symmetrical and asymmetrical 
square waves over a 0.1 -Hz to 11- 
MHz range with a rated accuracy of 
within ± 20/o of programmed values. 
Features include wide oscillation 
bandwidth; vcf with 1,100 times fre- 
quency sweep range and variable 
waveform symmetry; less than 25 -ns 
square -wave rise and fall times; 
20 -volt peak -to -peak maximum out- 
put signal; and a sync output for 
TTL drive. 

All controls and output connec- 
tors are located up front be'ow a 
large (0.6 " -high) LED displr.y win- 
dow for convenient access. Tne corn - 
pact, lightweight instrume it has a 
bail that serves as a carryii tg handle 
and doubles as a convenien . tilt stand 
on the testbench. $995. 
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MODERN ELECTRONICS MART 
Classified Commercial Rates: 90C 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., S120; 2" x 1 col., $230; 3 " x 1 col., $330. Prepayment 
discount 5% 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 must be received by thz 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 
STRANGE Stuff. Plans, kits, items. Build 
Satellite Dish $69. Descramblers, bugs, adult 
toys. Informational photo package $3. Re- 
fundable. Dirijo Corporation, Box 212 -M, 
Lowell, NC 28098. 

Pay TV and Satellite Descrambling. 120 
pages. All systems. Theory, schematics, coun- 
termeasures. $14.95. Experiments With Vid- 
eocipher. Cloning, musketeering. $12.95. 
MDS /MMDS Handbook. For terrestrial mi- 
crowave hackers. $9.95. Cable TV. System de- 
sign, security. $12.95. Build Satellite Systems 
Under $600. $12.95. Scrambling News. 
Monthly. $24.95/yr. Sample $1. Catalog $1. 
Any 3/$26. Shojiki Electronics Corp., 1327P 
Niagara St., Niagara Falls, N.Y., 14303. 
COD's 716 -284 -2163. 

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. 

CABLE TV CONVERTERS. Scientific At- 
lanta, Jerrold, Oak, Zenith, Hamlin. Many 
others. "New" VIDEO HOPPER "The Copy 
Killer ". Visa, M/C & Amex Accepted. Toll 
Free 1 -800- 826 -7623. B &B Inc., 10517 Upton 
Circle, Bloomington, MN 55431. 

VCR owners don't damage video heads by us- 
ing abrasive cassette cleaners. Save money and 
time cleaning your heads the same as profes- 
sionals. For copyrighted instructions and free 
cleaning wand send $6.00 to Tunco, P.O. Box 
3147B, Shelby, NC 28150. 

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- 
MA, Washington Crossing, Pennsylvania 
18977. Credit card orders 24 HRS. (215) 
736 -3979. 

SELECT patents plus complete explanations 
of authorization, polarity status, audio, sync 
modifications. $14.00. Signal, Box 2512 -M, 
Culver City, CA 90231. 

ELECTRONICS 
$$$$$ SUPER SAVINGS $$$$$ 

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. 

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. 

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. 

!te,.. 

* QUALITY PARTS * DISCOUNT PRICES * FAST SHIPPING! 

RLL ELEtTnROnnA1CCS CO^1Rn¡¡P. 

L3J CiQÚIxOO LJIJQ LSLYO 
BLACKLIGHT ASSEMBLY 

Complete, 
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. 
CATO BITA $10.00 EACH 

RECHARGEABLE 
NI-CAD BATTERIES 

AAA SIZE 1.25V $2.25 
AA SIZE 1.25V $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 

NI-CAD CHARGEABLE / 
TESTER 
Will charge 
most every 
size Ni -cad 
battery available. 
CATO UNCC -N $15.00 each 

bIlStt:\J 

THIRD TAIL 
LIGHT 
Sleek 
high -tech 

asseulr. 
lamp 

usedd 
a 

se 
third au% 
tail 

light, 
emergency 

warning g light, or 
special -effects lamp. 
Red reflective lens 
is 

3/411 
' o 5 1/2 

lea 0 
4° high pedestal destal 
with up-down swivel 
adjustment. Includes 
12v replaceable bulb. 

each. CATO TLB 51.95 h. 

SWITCHING POWER SUPPLY 
Compact, well regulated sui cling 
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 trnsformer 
designed to power this supply. 
CATO PS -TX $5.00 / SET 

10 FOR $45.00 

power 

1 mA METER 
Modutec 0 -1 mA 
signal strength 
meter with KLM 
logo. 1/4" X 

1 3/4" X 7/8" deep. 
CAT* MET -2 $2.00 each 

I 

WE'VE MOVED1°OtltlyOO 
OUR NEW ADDRESS IS 

P.O. BOX 567 VAN NUYS, CA 91408 

TOLL FREE ORDERS 
800 -826.5432 

INFO (818) 904 -0524 
FAX - (818) 781 -2653 

=4ei,,nnrs LIMITED 
NINI,R.1 ORDERS S.110 

VIC 20 MOTHERBOARD 

26 IC's including 6502A and 
6560. 2 ea. 6522, 2 ea. 8128, 
2 ea. 901486, 3 ea. 2114. 
Not guaranteed but great for 
replacement parts or 
experimentation. 
CAT O VIC -20 $15.00 each 
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CONNECTION 
PROTECTION 

814//7-C,96, 

RFL9Y 

EDGE CONNECTORS 

PLUGS 
& SOCKETS 

POTENTIOMETERS 

CO 
NNECTING GABLES 

TERMINAL 
STRIPS 

GOLD PLATED 
CONNECTORS 

eAT rFRy CONTACTS 

CRAMOLIW 
Even the finest equipment in the world cannot guarantee noise -free operation. 
One "dirty" connection anywhere in the electrical path can cause unwanted 
noise or signal loss. 

"MORE THAN A CONTACT CLEANER" 

CRAMOLIN® is a fast -acting, anti -oxidizing lubricant that cleans and 

preserves all metal surfaces, including gold. 

When applied to metal contacts and connectors, CRAMOLINE removes 

resistive oxides as it forms a protective molecular layer that adheres to the metal 
surfaces and maintains maximum electrical conductivity. 

CRAMOLIN4® - USED BY THOSE WHO DEMAND THE BEST: 

Bell k Howell Hewlett Packard MCI(Sony) Nakamichi 

Boeing John Fluke Mfg. Motorola RCA 

Capitol Records McIntosh Labs NASA Switchcraft 

SINCE 1956 

CAIG 
1175 -0 Industrial Ave., (P. 0 Box J) - Escondido, CA 92025 -0051 U.S.A. (619) 743 -7143 
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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. 

111 
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. Ail orders shipped by U.S. Mail. 
COD add $4.00. Personal cheeks allow 21 days. 

DECO INDUSTRIES 
BOX 607, BEDFORD HILLS, NY 10507 

914. 232.3878 

CIRCLE 64 ON FREE INFORMATION CARD i SPEAKER CATALOGI 
1001 bargains in electronics. Save 

up to 50% call toll free 1- 800 -346- 

2433 for ordering only. Order by 
VISA/MC /AMX. No COD's. Missouri, MI 
Alaska, Hawaii call 1- 816 -842 -5092, I 
or write McGee Radio, 1901 McGee 

IN St., K.C., MO 64108. Postage for 
catalog $1.00. - ! U UUU 

FREE microprocessors, memory chips, etc. 
Free electronics magazine subscriptions. 
FREE education in computers. Learn how to. 
Get more Free details by writing MICRO -SAT 
CORPORATION, 2401 N.E. Cornell, Bldg 
133 Mail stop 130, Hillsboro, OR 97124. 

TUBES, Name Brands, New, 80% Off List, 
Kerby, 298 West Carmel Drive, Carmel, IN 
46032. 

COMPUTERS 
COMMODORE Chips, Distributor, Factory 
Fresh. Low prices. For ex., #6526- $9.95, 
#6581- $12.85, 901227- $10.95 and many, 
many others. New C128 Roms available . . . 

"THE COMMODORE DIAGNOSTICIAN ", 
a new inexpensive way to diagnose faulty chips 
on computers $6.95 ... HD Power Supply for 
C64-$27.95. Send for complete catalog. Ka- 
sara 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. 

"FREE Price List: We sell video game cart- 
ridges for: Atari, 2600, 5200, Coleco, Intellivi- 
sion, Nintendo. Software Atari XL /XE, 
Adam. Villa Villa, Box 17085, Milwaukee, WI 
53217. Modems call (414) 265 -5149 24 hrs, 
300/1200 baud. Distributors feel free to con- 
tact us, if you have games to sell." 
TI -99/4A Software /Hardware bargains. 
Hard to find items. Huge selection. Fast Ser- 
vice. Free Catalog. TYNAMIC, Box 690, 
Hicksville, NY 11801. 

BASIC Computers, 10 lesson correspondence 
course, $39.50. Certificate. Details free. 
AMERICAN TECHNICAL INSTITUTE, 
Box 201, Cedar Mountain, NC 28718. 

COMMUNICATIONS 
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. 

FREE information on designing and building 
your own antennas. SASE, Antenna Book, 
P.O. Box 254 -ME 1, Red Bud, IL 62278. 

INVENTORS 
INVENTORS! Have idea for product or in- 
vention, don't know what to do? Call AIM we 
present ideas to manufacturers - Toll Free 
1- 800 -225 -5800. 

INVENTORS 
INVENTORS! Can you profit from your 
idea? Call AMERICAN INVENTORS COR- 
PORATION for free information. Over a de- 
cade of service, 1 -800- 338 -5656. In Massachu- 
setts or Canada call (413) 568 -3753. 

AUDIO 
Amplifier plans- Quieter, freer from distor- 
tion, easier to construct, ideal for home build- 
ers. For Audio amps, all wattages, $15. Amplifi- 
ers Unlimited, Rt 2, Box 139, Highmore, SD 
57345. 

BUSINESS AT HOME 
HOME Assembly. Assemble PC boards for 
video accessories. We supply materials. No ex- 
perience needed. $7.50 per hour. Send self -ad- 
dressed, stamped envelope, to: Micron -Elec- 
tronics, Box 4716, Akron, OH 44310. 

The Amazing 

DH -101 
ROBOT 
Wrist, Grip, Elbow and three -action Shoulder 
move using silent, life -like contractions of 
BioMetalTm shape memory alloy wires. Picks up 
small objects. Interfaces to most PCs. Over 9 inches high. 
Clean, futuristic design - and no motors! It gets you 
involved in the shape memory alloy robotics revolution. 

Starter Package includes one fully assembled Robot Arm, 
Driver Box with joystick port, AC adapter, and manual. 

3-010 DH -101 Starter Package $299.00 

Complete package also has Memory Box to store and replay up to 
1000 moves, parallel interface, and an optical serial interface that 
receives signals via any PC screen. With sample BASIC programs. 

3-004 DH-101 Robot Package $425.00 

Get Moving with the DH -101 - Order Today! 
Send check or money order (sorry, no credit 
cards). CA orders please add 7% tax. 
All orders add $4.00 P & H. 
Mail to: 

Midi- tr.Iics 
20090 Rodrigues Avenue #1 

Cupertino, California 95014 
(408) 255 -7055 M - F 8 - 5 pm Pacific Time BioMetal is a trademark of Toki Company. 
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SUPER SAVINGS - SHOP G.E.I. 

POWER ONE POWER SUPPLY 
SPL 130- 4102 -P 
INPUT: 115 -240V 
OUTPUT: 
5V @ 20AMP 
12V @ 4AMP 
-12V @ 1.5AMP 
-5V @ 1_5AMP 

SPL200- 4100 -P 
INPUT: 115 -220V 
OUTPUT: 
5V @ 35AMP 
12V @ 4AMP 
-12V @ 1.5AMP 
-51/ @ 1.5AMP 

INSTRUMENT , 
CORDS á _ t,' 0) 

11E1 

PATCH CORDS 
3f1 dual RCA 

,ior r ,4e,04 coros 

çEach 

MINI FLOPPY DISK DRIVE 
uy Shugart 0SA465 -3AA 

height 
Quad Density 
5`. Inch $ 

F8 

OPEN FRAME 
MONITORS 
td monnor 40 8, 
column display 
composite Green 
screen 18 Mhz Bancw 

Pluq in WALL OuanlrtyPnc:ng 
Available 

TRANSFORMER 
9 5 VDC d 1 Amp $3 00 
19 VAC @ 300 MA $1 50 
25 4 VAC @ 1 Amp $1 95 
14VDC @200MÁ$100 

MODULAR WALL PHONE 
ADAPTER with 
FILTER $495 

PASSIVE INFRARED MOTION DETECTOR 
It can pick up any moving human body heat or 

moving vehicle with sensing range (40 x 60 ft). anc 
turn on the light 

GIANT G.E.I. ELECTRONICS INC. 
19 Freeman St., Newark, N.J. 07105 

TOLL 
FREE 800/645 -9060 

201/344 -5700 Fax #201/344 -3282 
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The Digi,Key volume 
-ND following t 

charge. We pay 
Hawaii. Canada 

WHEN 
You may pay h 
ed a returned wthin 

discount nd service charges are simple to apply. Most items sad by Digi-Key marks combined for a volume discount. Items that are not discountable are idenbhed by the sue, SERVICE CHARGES VOLUME DISCOUNT e part number. After writing your order, totala3 of the discountable items and apply the tppropri ne discount. To this subtotal, add the nomdiscountable items. Then add the serves all shipping and insurance to addresses in the U.S.A., Canada and Mexico when check Or mosey ads accompanies order. Dpi-Key only ships orders within the continental O. S.. Alaska. 8 0.09'39.99 Add 82.00 3 0.00- $99.99 NET 
and Mexico. 8 10.00- 325.00 Add 30.75 8 105.00 -3249.99 Less 101/4 

ORDERING BY PHONE, CALL 1.6003444531 IRK. call 2186846674). BY MAIL SEND YOUR ORDER TO: DIGIREY. P O. Bit 677, Thiel $6w F.US, MN 56701. 8 25.00- 319.99 Add 30.50 3 250.00 -6499.99 Less 15% 
check, money order . Master Charge. VISA or C. O.O OIGI -BEY GUARANTEE :: Any. pans or products purchased from Dwi. Key that prove tote defective will be replaced or refund- 850.00- 899.99 Add 60.25 4500.00- 3999.99 Less 2d0% 

90days from receipt with a copy ofyeur invoice -PRICES SUBJECT TO CHANGE WITHOUTNOTME" 810006 Up No Charge 310008 Up Less 2S% 
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SUBSCRIBER SERVICE 

CHANGE OF 
ADDRESS 

Planning to move? Please let us ATTACH LABEL HERE 
know six weeks in advance so 
you won't miss a single issue of 

MODERN ELECTRONICS 
Attach old label and print new 
address in space provided. Also 
include your mailing label 
whenever you write concerning 
your subscription to insure 
prompt service on your inquiry 

Modern Electronics 
76 N Broadway, 
Hicksville, NY 11801 

NEW ADDRESS HERE PLEASE PRINT 

NAME 

ADDRESS 

CITY 

DATE 

STATE 

ZIP 

Now! In America 
For the first time, the AR2002 is 

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

available to you exclusively through 
this offer. 

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

antenna connector with switchable 

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

Yet Convenient to Own 
The AR2002 is available exclusively 
through us - so call us direct, TOLL 
FREE. If you're like thousands of other 
monitor users the world over, we'll be 

shipping you an AR2002 within 48 
hours by surface UPS for only $455. 
Plus we pay all freight and handling 
charges. Remember to ask about our 
custom test and triple extended buyer 
protection warranty plans, our express 
shipping option, plus our Computer 
Interface accessory. If you're not 
satisfied within 25 days, return your 
AR2002. We'll refund your purchase 
and return shipping costs. There are 
no catches, no hidden charges. 

COMMUNICATIONS 
Monitor Division 

10707 East 106th Street, Indianapolis, IN 46256 

Call Toll Free 800 -445 -7717 

®Visa and MasterCard 
COD slightly higher 

In IN 317- 842 -7115 Collect 
Warehouse: 22511 Aspan Street, Lake Forest, CA 92630 

(77/8 "D x 55/16 "W x 31/8 "H Wt. 2 lbs., 10 oz.) 
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IBM -PC SOFTWARE 

CompMath Computer -Aided Mathematics, se- 
lections of general, complex, matrix, engineer- 
ing, statistic mathematics. Very educational. 
$59.95. (614) 491 -0832 Esoft Software, 444 Col- 
ton Road, Columbus, Ohio 43207. 

IBM -PC SOFTWARE 
CompDes Computer -Aided Circuit Design, se- 
lections from basic electricity to circuit designs. 
Very educational. $49.95. (614) 491 -0832 Esoft 
Software, 444 Colton Road, Columbus, Ohio 
43207. 

MISCELLANEOUS 
APEX Screwdriving Bits. Any Size. Precision 
machined, heat treated tool steel. Free litera- 
ture. Write. M. Shockey's, 5841 Longford, 
Dayton, Ohio 45424. 

AUDIO - Video - Computer Accessories, ca- 
bles, adaptors. You won't believe our great 
prices. Send SASE to Rogers, 27712 Pine 
Hills, Canyon Country, CA 91351 ! Or Phone 
805- 251 -2520. 

ASIAN LADIES want correspondence for 
friendship, marriage, SUNSHINE INTER- 
NATIONAL, Dept. TW, Box 260, North 
Hollywood, CA 91603. 

MILLION TUBES 
Includes all current, ob- 

solete, antigue, hard -to -find 
receiving, transmitting, indus- 
trial, radio /TV types. LOWEST 

PRICES. Major brands in stock. 

Unity Electronics Dept. M 

P.O. Box 213, Elizabeth, N.J. 07206 
Call Toll -Free 1 -800- 631 -7346 
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N 
EW 
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 

LS OM7C COtJNTER 

#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. 

EXCELLENT SENSITIVITY 
& ACCURACY 

AC -DC PORTABLE 
OPERATION 

#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 $137.50 

#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-100S 

#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 $10.00 

FLA (305) 771-2050 
ORDER FACTORY DIRECT 

1- 800 - 327 -5912 

OPTOelectronics inc 
5821 N.E. 14th Avenue 

Ft. Lauderdale, Florida 33334 

MasterCard 

AVAILABLE NOW! 
Orders to US and Canada add 5% of total S2 min., S10 max) 

Florida residents add 5% sales tax. COD fee S2. 
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Simpson Electric Company Introduces 

The Ultimate in Low -Cost Test Equipment 
At last! Here is your opportunity to take your pick from a new test equipment line that has a 
the features you need and more and at a price that is unbelievably low. 
Here are six digital and two analog instruments see them at your local 
distributor to make your choice. 

MODEL 9340 
Pocket size, 31/2 -digit 
DMM with 20 megohm 
range and 10 megohm 
input resistance 

MODEL 9670 
Digital capacitance 
tester covering 
0.1 pF to 

20,000 of 

$99" 99 

MODEL 9370 
31/2 -digit autorangin9. 
DMM with a memofy 
mode and D 54/o basic 
DC accuracy 

159" 

MODEL 9301 
3'h digit, hand --field 

DMM with 0.25 :4 

basic accuracy and 
2.000-hour battery life 

$69°° 

MODEL 9120 
Analog VOM with 
12 A DC range 
and output jack 
$3900 

MODEL 9401 
41/2- digit, full function, 
hand -held DMM with 
.05% accuracy and 
data hold 

$129" 

MODEL 9701 
digi- clampTM compact 
AC clamp -on volt -ohm- 
ammeter with data hold 
$6900 

mercer 
ELECTRONICS 
Division of Simpson Electric Company 

859 Dundee Avenue, Elgin, IL 60120 -3090 
(312) 697 -2265 Telex 72 -2416 
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MODEL 9101 
Compact VOM 

with 27 ranges, 
including a 100 
megohm range 
$29" 

Mercer E ectronics products reflect the design and quality standards 
established by Simpson Electric Company, an industry leader for over 50 
years and known worldwide for its integrity and product excellence. 
In Stock...Available Now! Stop in at your nearest distributor and see 
this new, complete line of Mercer test instruments. For the name of the 
MERCER distributor in your area, call (312) 697 -2265, or send for our 
new line catalog. 
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