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FLUKE AND PHILIPS - THE GLOBAL ALLIANCE IN TEST & MEASUREMENT 

F LUKE PHILIPS PHILIPS 

The new 80 Series 
is a digital meter, 
an analog meter, 
a frequency counter, 
a recorder, 
a capacitance tester, 
and a lot more. 

It's the first multimeter that can truly be 
called "multi" ... not only standard 
features, but special functions usually 
limited to dedicated instruments. 

Plus, innovations only Fluke can bring 
you. Like duty cycle measurements. Or 
recording the minimum, maximum and 
average value of a signal. Or the audible 
MIN MAX Alert'" that beeps for new highs 
or lows. 

There's even Fluke's exclusive Input 
Alert'', that warns you of incorrect input 
connections. And a unique Flex -Stand'" 
and protective holster, so you can use the 
80 Series almost anywhere. 

Make sure your next multimeter is truly 
multi. Call today at 1 -800 -44 -FLUKE, 
ext 33. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 83 FLUKE 85 FLUKE 87 

Volts, ohms, amps. diode test, audible continuity. frequency and duty cycle, 

capacitance, Touch Hole, relative, protective holster with Flex -Stand'". 

$189' $219' 5259' 

0.3% basic dc accuracy 0.1% basic dc accuracy 0.1% basic dc accuracy 

5 kHz acV 20 kHz acV 20 kHz acV 

Analog bargraph 8 Analog bargraph 8 High resolution 
zoom zoom analog pointer 

Three year warranty Three year warranty True rms ac 

1 ms PEAK MIN MAX 

4'/z digit mode 

Back lit display 

Three year warranty 

'Suggested U.S. list price 

The new Fluke 80 Series 

shown actual size 

John Fluke Mfg. Co.. Inc., P.O. Box C9090 M/S 250C. Everen. WA 98206 

U.S. 206-356-5400 CANADA: 416-890.7600 OTHER COUNTRIES, 206-356-55C0 

Copyright 1988 John Fluke Mfg. Co.. Inc. All nghts reserved Ad No. 0581-F80 
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FLUKE 
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Once in a while we get to present 
a project that's so much fun to build 
and use that you hardly realize you're 
learning while you build. Our Light 
Beam Communicator is a good ex- 
ample. Built using a high -intensity 
LED, a sensitive photodiode, and 
some basic optics, it can be used to 
communicate over distances that 
you wouldn't believe possible using 
an LED! With a range of more than 
Y2 mile, it becomes much more than 
a toy. To get the full story, turn to 
page 31. 
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BUILD A SOLAR POWER SUPPLY 
Power devices from the sun even at night, using solar cells and nickel - 
cadmium batteries! 
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As a service to readers, RADIO -ELECTRONICS publishes available plans or information relating to newsworthy products. 
techniques and scientific and technological developments. Because of possible variances in the quality and condition of 
materials and workmanship used by readers. RADIO -ELECTRONICS disclaims any responsibility for the safe and proper 
functioning of reader -built projects based upon or from plans or information published in this magazine. 

Since some of the equipment and circuitry described in RADIO -ELECTRONICS may relate to or be covered by U.S. patents. 
RADIO -ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such 
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney. 

RADIO -ELECTRONICS, (ISSN 0033-78621 July 1989. Published monthly by Gernsback Publications. Inc.. 500-B Bi -County 
Boulevard, Farmingdale, NY 11735 Second -Class Postage paid at Farmingdale, NY and additional mailing offices. Second -Class 
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$23.97, all other countries $26.97. All subscription orders payable in U.S.A. funds only, via international postal money order or 
check drawn on a U.S.A. bank. Single copies $2.25. c 1989 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A. 

POSTMASTER: Please send address changes to RADIO -ELECTRONICS, Subscription Dept., Box 55115. Boulder. CO 
80321-5115. 

A stamped self-addressed envelope must accompany all submitted manuscripts and/or artwork or photographs if their return is 
desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or 
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Goldstar I 
THE GOLD STANDARD IN PRECISION 

ELECTRONICS 

177777-73OSCILLOSCOPE OS 

Precision. The essential quality for all measuring 
and testing instruments. Goldstar. The name that 
has come to mean value in over 80 countries around 
the world. 
Goldstar Precision manufactures a complete line of 
reliable measuring and testing instruments, 
including: 

oscilloscopes "signal generators 
function generators digital multimeters 
analog multimeters 'frequency counters 
power supplies 

o... 

s 81,60 

LENEL -9- 
.2n . ,O 

11, 

CAL 

Model OS -7040 

40MHz Dual Trace. 
Delayed Sweep. 
TV Sync. Seperation circuit. 
High Sensitivity X -Y mode, 
Z-axis (intensity modulation) 

In the field or at the bench, these instruments of- 
fer the precision technology you need. And the 
value you've come to expect from Goldstar. 
Goldstar measuring and testing instruments. Preci- 
sion at the right 
price. 

Model OS -7020 

20MHz Dual Trace. 
TV Sync, Seperation 
circuit. 
High Sensitivity 
X -Y mode, Z-axis 
(intensity modulation) 

GoldStar Precision 
in LUCKY GOLDSTAR Maim 

GoldStar Precision Co., Ltd. 
13013 East 166th Street, Cerritos, Ca. 9071 
Tel (213) 404-0101 Tlx.: (910) 583-5719 LGILA 
Fax.: (213) 926-0849, 404-0132 

19th FL, East Tower. Lucky -Goldstar Twin Towers 
#20. Yoido-Jong, Yongdungpo-gu, Seoul 150-721, Korea 
Tel.: 787-6835-6, 787-6844, Tlx.: GSRADAR K22838 
Fax.: (02) 784-1646 Cable: GOLDRADAR 

CIRCLE 180 ON FREE INFORMATION CARD 
www.americanradiohistory.com



WHAT'S NEWS 
New range opens for spectroscopy 

NEW MICROWAVE SPECTROSCOPY TECHNIQUE, developed by IBM scientists, uses 
picosecond optoelectronic antennas to measure a material's delay and loss charac- 
teristics over the microwave spectrum. 

Scientists at IBM's Thomas J. 

Watson Research Institute (York- 
town, NY) report a new spec- 
troscopy technique able to mea- 
sure the electrical properties of 
materials over the 10- to 125 -gi- 
gahertz range. Up to now, infor- 
mation in that area-the micro- 
wave spectrum-could be gained 
only by individual measurements, 
and only at frequencies for which 
the required measuring equip- 
ment was available. The new sys- 
tem developed by IBM scientists 
determines the delay and loss 
characteristics of a material at all 
points over that wide frequency 
band, including the electrical con- 
nections between high speed 
computer components. 

Circuits in today's computers 
can generate signals at about 1 

GHz. But signals over 100 times as 
fast are technically feasible. The 
broad frequency range generated 

by such signals interacts with sur- 
rounding materials, causing delay 
and distortion. Knowledge of the 
delay and loss characteristics of 
those materials is essential to suc- 
cess in designing future, ultra -fast 
computers. 

In operation, two op- 
toelectronic antennas-fairly new 
devices in which both electronics 
and optical components are inte- 
grated on a single IC-are posi- 
tioned 4 centimeters apart. They 
act as transmitter and receiver, 
with the material to be examined 
placed between them. A short 
laser -pulse photoconductively 
produces a broad-spectrum mi- 
crowave pulse in the transmitter. 
The microwave pulse is transmit- 
ted through the sample to the re- 
ceiver, where a laser pulse samples 
the signal and produces a record 
of the delay and loss as it passes 
through the sample. 

New imaging sensor doubles 
resolution 

Scientists at Eastman Kodak Labs 
have produced an ultra -high -reso- 
lution electronic image sensor 
with more than four million pic- 
ture elements (pixels). The new 
development has more than twice 
the resolving power of sensors 
now on the market. 

The four million pixels, each a 
tiny square measuring 9 x 9 mi- 
crons (millionths of a meter), are in 
a square of 2,048 vertical columns 
and 2,048 horizontal rows. Each 
pixel senses incoming light and 
converts it into electronic current, 
which is processed by the device 
to produce video signals. 

Efficient generators use hot gas 
instead of wires. 

A new method of generating 
electricity, using a generator with 
conductors of hot gas instead of 
copper, was announced some 
years ago. The new method- 
called magnetohydrodynamics, or 
MHD-was stated to be 50% more 
efficient than conventional sys- 
tems. Nothing further was heard 
about the method, and it was gen- 
erally supposed to have been an- 
other brilliant but impractical idea. 

Now a report comes of a pro- 
totype plant in Israel. It appears 
that the problem had been that the 
walls of the channel holding the 
hot gas would corrode and break 
down. Coating the vulnerable 
parts with a thin layer of platinum 
prevents the corrosion. 

The plant is said to burn hot coal 
at 5,000°F. The hot gas is treated 
chemically to increase its con- 
ductivity. It is then injected 
through a channel in a magnet, 
generating current. Next, the 
gas-now cooler-spins a turbine 
to power a conventional gener- 
ator, producing more current. That 
dual generation is said to convert 
50% of the coal's energy into elec- 
tricity, as compared with 34% 
achieved conventionally. R -E 
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SELECT 5 BOOKS 
for only $395 

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

BEGINNER'S 

TV REPAIR 

1897P $14.95 

Electronics projects ... ideas ... the latest technology 
all at up to 50% off publishers' prices! 

Membership Benefits Big Savings. In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 50% off the 
publishers' prices. Bonus Books. Starting immediately, you will be eligible for 

our Bonus Book Plan, with savings of up to 80% off publishers' prices. Club 
News Bulletins. 14 times per year you will receive the Book Club News, describ- 
ing all the current selections -mains, alternates, extras -plus bonus offers and 

special sales, with scores of titles to choose from. Automatic Order. If you want 
the Main Selection, do iothing and it will be sent to you automatically. If you prefer 
another selection, or no book at all, simply indicate your choice on the reply form 
provided. As a member, you agree to purchase at least 3 books within the next 
12 months and may resign at any time thereafter. Ironclad No -Risk Guaran- 
tee. If not satisfied with your books, return them within 10 days without obliga- 
tion! Exceptional Quality. All books are quality publishers' editions especially 
selected by our Editorial Board. 

All books are hardcover unless numbers are followed by a "P" for paperback. (Publishers' Prices Shown) 

1989 ELECTRONICS BOON CLUB, Blue Ridge Summit, PA 17294-0810 

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

ELECTRONJCS BOOK CLUB 
Blue Ridge Summit, PA 17294-0810 

Delt in T. horn's 
All -Time Favorite 

Electronic Projects 

Please accept my membership in the Electronics Book Club" and send the 5 volumes listed 
below, plus my FREE copy of Dalton T Horn's All -Time Favorite Electronic Projects (3105P), 
billing me $3.95 plus shipping and handling charges. If not satisfied, I may return the books 
within ten days without obligation and have my membership cancelled. I agree to purchase 
at least 3 books at regular Club prices (plus shipping and handling) during the next 12 months 
and may resign any time thereafter. 

Name 

Address 

City 

State Zip Phone 

Signature 

Valid for new members only. Foreign applicants will receive special ordering instructions. 
Canada must remit in U S. currency. This order subject to acceptance by the Electronics 
Book Club'' RE789 
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VIDEO 
NEWS 

What next for Vß3? Japan's VHS group 
hopes to continue the evolution of that format, 
and to keep it ahead of any competition. The next 
order of business is to try to cope with the 
problems of the small VHS -C cassette, which is 
currently being bested in the camcorder battle by 
the 8mm format. On the theory that the need for 
an adaptor to play VHS -C cassettes in standard 
machines is one of the basic problems, the VHS 
producers are studying the idea of a machine that 
will play both standard VHS cassettes and VHS -C 
tapes without requiring an adaptor. Currently, 
the best thinking is that the machine will be a 
standard VHS -type with a built-in adaptor, which 
would be pushed to the rear of the recorder when 
a full-sized cassette is inserted. 

The second priority is a digital stereo 
soundtrack. While the 8mm format has an 
optional digital -audio system, most 8mm 
camcorders use a mono AFM analog track that is 
recorded helically along with the video. The VHS 
group is working on a helical PCM digital track, 
but an official of JVC was careful to explain that 
the aim is compact -disc quality and a substantial 
improvement on the already excellent AFM. 

A longer -term goal is a digital -standards 
converter built into VHS recorders to eliminate 
the barriers imposed by different national 
television signal standards-PAL, SECAM, and 
NTSC-to make VHS a true wqrldwide medium. 
Such a converter would make it possible to play 
any tape on any TV set in the world, or to dub a 
recording from one standard to another. 
Although Matsushita has shown a prototype, it's 
considered a product for future years. 

Digital still videó. Although the high- 
priced analog still -vidéo cameras haven't exactly 
set the consumer market on fire, there's already 
discussion in Japan of a standard for a digital 
still system-which could become the world's 
first consumer product to employ digital video. 
The current electronic cameras use a 2 -inch 
"mini -floppy" to record and store analog picture 
information. Toshiba and Fuji now have proposed 
an "IC card" camera with virtually no moving 

DAVID LACHENBRUCH, 
CONTRIBUTING EDITOR 

parts. The credit -card -sized IC card currently can 
store up to 13 exposures, but the two companies 
are working on signal -compression technology to 
store at least 50 exposures on one erasable card, 
and to develop a card that doesn't require a 
battery backup to keep the picture in storage. The 
companies say that they're aiming at pictures 
with at least 400 lines of horizontal resolution, as 
compared with about 300 in the current video - 
floppy system. They say that digital images stored 
on an IC card would allow easy processing of 
color and the addition or deletion of images, and 
that their system would bring simpler, more 
compact and more reliable cameras. The first 
professional digital cameras could be on the 
market next year, with a consumer version 
coming two or three years later. 

The latest in Videodisc players. Now 
available in the U.S. under the Philips brand is a 
laser -disc player that will play six kinds of discs- 
including audio CD's and a new type of 8 -inch 
one-sided videodisc "single." It has separate color 
and luminance outputs, digital special effects, a 
remote controller with a jog -shuttle dial, and an 
LCD screen to identify different remote functions. 
The remote controller is capable of transmitting 
750 different commands to TV's, VCR's, and audio 
equipment in addition to the laser -disc player. 

A PAL-NTSC VCR. but Panasonic's latest 
high -end VCR for the European market helps to 
eliminate national -standards boundaries. It will 
play back NTSC tapes through most PAL TV's. It 
can't convert NTSC's 525 lines into PAL's 625 -line 
picture, nor ;can it change NTSC's 30 frames per 
second to PÁL's 25. However, it does take 
advantage of the fact that many PAL sets use the 
same chips as NTSC sets and adapt themselves to 
the type of signals they receive. This new set will 
give many Europeans access to the vast amount 
of NTSC prerecorded tapes and let them play 
home movies taped by American friends and 
relatives. Panasonic is selling the VCR with the 
warning that it can't play back NTSC tapes on all 
PAL sets. R -E 
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ENJOY CABLE TV MORE THAN EVER 
SNOOPER STOPPER/DATA BLOCKER $3995 

Prevent cable 
companies from 
spying on you to 
see how many 
cable converters 
you have 

Removes beeping 
sound from your 
FM when radio 
is connected to 
cable TV 

Cable TV descramblers 
are being sold by the 
thousands, but few peo- 
ple know descramblers 
can be detected on most 
addressable systems 

Maintain your privacy 
with a Snooper Stopper. 
For more detailed infor- 
mation, send $2.00 for 
our "Cable TV Snooper 
Stopper" article. 

MACROVISION ...NOW YOU SEE IT, NOW YOU DON'T 
MS1-KIT $2995 
Includes all the parts, pc board, AC adaptor, and 

instructions from a published construction 
article in Radio Electronics magazin 

Remove copy -protection from 
video cassettes 
Digital filter type; removes only 
Macrovision pulses 

JMAK-4 BLACK BOX $1495 
Original box as shown in ad with two feet and four 
holes to mount pc board. 

e. 

No adjustments; crystal controlled 
Compatible with all VCRs 
Uses automatic vertical blanking level 
Assembles in less than three hours 

SIGNAL ELIMINATOR $2995 
Works on cable or broadcast TV 
External adjustments allow 
precise tuning to any frequency 
#23 H -Tuneable to ch. 2 & 3 (50-66 Mhz) 
also 6 meter HAM TVI interference filter 
#46FM-Tuneable to ch. 4-6 (66-108 Mhz 
& FM Band) 
#713 -Tuneable to ch. 7-13 (174-216 Mhz) 
#1417 Tuneable to ch.14-17 [A -DI (120-144 Mhz) 
#1822 -Tuneable to ch. 18-221E Ji (144-174 Mhz) 

ELIMINATE a Channel 
that you find unsuitable for 
family viewing, but is poorly 
scrambled by your cable 
company. OR 
CLEAR UP a Channel 
that presently contains severe 
interference by ELIMINATING 
whatever signal is causing this. 

Note: If picture and sound are equally affected, this IS interference and CAN be removed by our product. 
If only picture is affected, this usually IS NOT interference and CANNOT be removed by our product. 

ADULT 
MOVIE' 

\\ 
BEFORE Ú ,r ` ̀K!J 

BEFORE 

AFTER 

FAVORITE 
CHANNEL 

AFTER 

72 Channel 

CABLE CONVERTER with Infra -Red Remote 

am- - 
MC -702 Converter 

$7995 
Microprocessor Parental control Fine tune memory Includes battery 
controlled PLL for all channels UL listed/FCC and 3 foot coax 
operation Compatible with approved Channel output 2 
Skip channel all external Simple installa- or 3 switchable 
memory elimi- descramblers tion with any TV Add $3.50 shipping & 
nates unused Last channel handling 
channels recall $9.50 Canadian orders 

ORDER TOLL FREE ANYTIME 
1-800-227-8529 3 Cr W 

Askside 

MA: 5onalfre 
informationo 

Fax: 
for additional free 

Add $3.00 shipping & handling on all orders 
unless otherwise noted. $6.00 Canadian orders. MEMBER 

Visa, MasterCard, or C.O.D. mom< P.O. BOX 800 MANSFIELD, MA 02048 
t4 
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AUDIO 
UPDATE 
How loud is real? 

DURING THE WILD AND CAREFREE DAYS 

of my youth, I once participated in 
a small psychoacoustic experi- 
ment. The object was to determine 
if there was a specific or minimum 
playback level necessary to 
achieve a reasonable simulation of 
"live" sound. After listening to a 
variety of selections from the best 
recordings of the day, the partici- 
pants agreed that there did, in- 
deed, seem to be a specific vol- 
ume level (that varied somewhat 
with the recording) at which the 
music suddenly sounded more 
"natural." Below that point there 
was nothing specifically wrong 
with the sound-it just wasn't 
right. After spending about an 
hour or so sampling different 
discs, we found that we generally 
agreed-within several decibels or 
so-on the volume setting that 
sounded best. I don't mean to sug- 
gest that the sound was perfect at 
any level, only that there was a 
specific volume level at which, for 
obscure reasons, the reproduced 
music seemed more realistic. 

Calibrating loudness 
In the past several decades, I've 

learned something about the way 
that the human ear/brain responds 
to sound levels. Psychoacousti- 
cians make a clear and necessary 
distinction between loudness and 
sound intensity. Loudness is the 
ear/brain's subjective auditory re- 
action to objective sound -pres- 
sure -level stimuli. It's necessary to 
distinguish between the subjec- 
tive and the objective simply be- 
cause our perception of loudness 
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lacks a one-to-one correspon- 
dence with the objective world. 

There are good evolutionary 
reasons why that is so. In respect 
to volume, for example, the noise 
created by a jet plane at take-off is 
about ten -thousand -billion times 
as powerful as the quietest sound 
that we can hear. If, on a linear 
scale, a quiet whisper was assign- 
ed one intensity unit, a jet engine 
would have an intensity of ten -tri- 
llion units! 

The ability to compress that 
enormous dynamic range into 
something that can be handled 
and evaluated by the human ear/ 
brain was originally investigated 
by a 19th -century physicist and 
philosopher, Gustave Theodor 
Fechner. In 1860, he published a 
ground -breaking work, Elements 
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of Pyschophysics, that attempted 
to establish a specific relationship 
between the outer objective world 
and the inner subjective one in all 
areas of sensation. Fechner's law 
states, for example, that each time 
the intensity of a sound is dou- 
bled, one step is added to the sen- 
sation of loudness. In Fechner's 
view, sensation increased as the 
logarithm of the stimulus. 

The decibel, which measures 
sound energy in logarithmic units, 
would seem to fit nicely into 
Fechner's law. But it soon became 
apparent to anyone who listened 
carefully, that a noise level of, say, 
50 dB, was not half as loud as 100 
dB. (Fifty dB is the background 
noise in a library reading room; 
the perceived loudness of 100 dB- 
equivalent to a jet plane heard 
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about 1,000 feet overhead-is 
about 30 times greater than 50 dB.) 
After much research effort, start- 
ing in the 1930's at the Psycho - 
acoustic Laboratory at Harvard 
University, Fechner's logarithmic 
approach to auditory perception 
was ultimately replaced by a true 
scale of loudness: the sone. The 
sone scale has a rather straightfor- 
ward rule: Each intensity increase 
of 10 decibels doubles the sensa- 
tion of loudness. Today, it's gener- 
ally accepted that sound levels 
have to be raised by 10 dB before 
they sound twice as loud. 

Loudness contours 
The names Fletcher and Mun- 

son are commonly invoked when 
amplifier -loudness controls are 
discussed. In 1933, they were 
among the first researchers to 
demonstrate the very non-linear 
relationships among the objective 
sound -pressure level of a sound, 
its frequency, and its subjective 
loudness. Aside from the fact that 
the research had conceptual and 
practical flaws, it also-at least in 
the audio -equipment area-was 
misunderstood and misapplied. 
Let's see where things went 
wrong. 

In the original experiment, lis- 
teners in an anechoic chamber 
were asked to match test tones of 
different frequencies and inten- 
sities with calibrated, 1,000 -Hz test 
tones produced at a variety of spe- 
cific levels. The general results are 
familiar to most of us; it was found 
that the ear looses sensitivity to 
low frequencies as the sound level 
is reduced. Later work, by Robin- 
son and Dadson in the mid -1950's, 
used superior instrumentation 
and produced a somewhat modi- 
fied set of loudness contours (Fig. 
1). Their results were subsequently 
adopted by the International Stan- 
dards Organization and are now 
known officially as the ISO equal - 
loudness contour curves. Despite 
the international acceptance of the 
R -D curves, keep in mind that the 
techniques used to derive them 
(pure tones in an anechoic cham- 
ber) do not correspond exactly to 
music listened to in a living room. 

Achieving reality 
Anyone who has been following 

my columns with any regularity 

should, by now, be convinced that 
realistic reproduction of music is 

no easy task. The basic problem is 

the need to present to the lis- 
tener's ears a three-dimensional 
acoustic simulation of the live mu- 
sical event. It has become obvious 
that the problem can't be solved 
by conventional, two -channel 
stereo, and digital "dimension 
synthesizers" are now becoming 
commonplace. Although adding 
the extra channels is a necessary 
step, it's not a sufficient one; the 
original playback level at the lis- 
tener's ears still has to be accu- 
rately reproduced. 

Why should that be so? Al- 
though the question may seem 
dauntingly complex and laden 
with philosophical booby -traps, 
some simple-if incomplete-an- 
swers are available. Setting aside 
the question of the absolute ac- 
curacy of the loudness curves dis- 
cussed earlier, we do know that 
the ear's frequency response 
changes in accord with the level of 
the impinging signal. For example, 
suppose that you were to make a 

good recording of a live dance 
band playing at an average level of 
70 dB. If you were to subsequently 
play back the recording at a 50 -dB 
level, the bass frequencies would 
automatically suffer a 13 -dB loss 
relative to the mid frequencies, as 
per Fig. 1. Obviously, not only 
would the bass line be attenuated, 
but the entire sound of the or- 
chestra would be thinned out. 

Other problems 
The ear has other loudness -de- 

pendent peculiarities. As a trans- 
ducer, it is both asymmetrical and 
non-linear and, therefore, reg- 
ularly creates (and hears) frequen- 
cies that are not in the original 
material. Known as aural harmon- 
ics and combination tones, they 
correspond to harmonic- and in- 
termodulation-distortion prod- 
ucts in non -biological audio 
equipment. Since the amounts of 
those acoustic artifacts generated 
by the ear depend on signal level, 
any level differences between the 
recording and playback are going 
to cause different reactions in the 
listener's ears. 

To complicate matters further, 
low -frequency sounds appear to 

continued on page 11 
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ASK R -E 

DELAY CIRCUIT 
I recently put an alarm system in 

my house and, to avoid making holes 
in the walls, I used digital switches 
inside the door. I'd like some simple 
circuit to provide a 15 -second delay 
from the normally open switches, so 
that I can get out of the house before 
the system is armed.-L. Holmquist, 
Whitman, MA. 

Whenever you need any simple 
time -delay circuits, the first thing 
to consider is the 555. Although 
there are lots of ways to generate a 

time delay, if your requirements 
aren't in the nanosecond range, 
the 555 is the way to go. 

Since the 555 was designed for 
general-purpose timing applica- 
tions, it can be configured to per- 
form a wide variety of different 
jobs. The schematic in Fig. 1 is the 
basic circuit arrangement for set- 
ting up the 555 to operate as a 

pulse generator. You haven't in- 
cluded enough details about your 
application for me to be sure 
about the values of the compo- 
nents to use, but the time -delay 
formula is simple enough for you 
to fill in the blanks yourself. 

The time delay is almost ex- 
clusively dependent on the values 
of R and C, and won't be affected 

FIG. 1 

much at all by temperature or rea- 
sonable variations in the supply 
voltage. All those good things are 
inherent characteristics of the 555. 
The trigger input is normally high 
and the 555 output will be nor- 
mally low. When the trigger is 
brought low momentarily, the 555 
will start the RC delay and the out- 
put will go high. When the 555 
times out, the output will go low 
again and stay there until it's retrig- 
gered by your digital switch. 

The two important things to re- 
member are that the 555 wants a 
low trigger and that it will put a 
high on the output for the delay 
time that's set by the resistor and 
the capacitor. You'll have to adapt 
that to your needs, because I don't 
know exactly what your setup is; 
but the 555 is so easy to use that 
you shouldn't have any trouble at 
all. 

LINEAR TO LOG 
Can you show me a simple IC - 

based circuit which would convert a 
linear -voltage input into a log- 
arithmic output that could drive a 
meter? It would be very useful for 
extending the range of VU and S 

meters.-J. Cable, Lehigh Acres, FL. 
Once upon a time, logarithmic 

amps were common circuit ele- 
ments, but as digital stuff started 
to take over, analog log amps were 
used less and less. That's really a 
shame because an analog log amp 
is a simple one -IC solution to a lot 
of circuit problems. You're quite 
right that it's a perfect addition to 
metering circuitry and, if you get 
into it, you'll also find that it's great 
in audio -signal processing as well. 
It used to be that every com- 
pressor and limiter on the market 

WRITE TO: 

ASK R -E 

Radio -Electronics 
500-B Bi -County Blvd. 
Farmingdale, NY 11735 

FIG. 2 

was built around a log amp, but 
digital signal processing has 
shown up in that area as well. But 
enough nostalgia. 

The circuit in Fig. 2 is a basic log 
amp built around a single op -amp. 
The configuration is often referred 
to as a "transdiode" circuit, since 
the output of the op -amp is equal 
to the base -emitter voltage of the 
transistor. The current in the feed- 
back loop of the op -amp is equal 
to the current flow at the input of 
the op -amp. Since the input cur- 
rent is proportional to the voltage 
across the input resistor, it's also 
proportional to the collector cur- 
rent in the transistor. The base - 
emitter voltage of the transistor is 
related logarithmically to the col- 
lector current so the output of the 
op -amp will vary logarithmically 
with the op -amp's input voltage. 

The circuit is built around a 741 

but you can use any op -amp you 
want. The transistor, however, 
should be a high -gain type, capa- 
ble of handling the power; since 
you're only using it to drive a 

meter, you can probably get by 
with something like a 2N3391. 

I'm sure you know that when- 
ever you build a meter amp, get - 
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ting the circuit working is only half 
the battle-you also have to cali- 
brate it. In a straightforward linear 
amp that isn't much of a problem, 
but log amps make it a bit more 
difficult. You can use the brute - 
force approach of putting known 
signals at the input and then pad- 
ding the output, but regardless of 
the method you use, you have to 
take into account the offset intro- 
duced by the op -amp. That's the 
purpose of the potentiometer 
across the offset adjustment pins 
of the op -amp. 

Since the log of one is zero, you 
should feed the amp with one unit 

of positive signal and tweak the 
potentiometer to get zero out of 
the op -amp. The amount of ac- 
curacy you get depends on the 
gain, the temperature, and the 
levell of the input. 

If you really want to get into this, 
you'll find that there's a lot of math 
involved in calculating the circuit 
parameters and there's just not 
enough room here to go through 
all the gory details. It's safe to say, 
therefore, that the success you're 
going to have with log amps in 
general is directly proportional to 
the number of hours you spend 
doing research. Good luck. R -E 

AUDIO UPDATE 

continued from page 9 

decrease in pitch when intensity is 
raised, while highs subjectively in- 
crease in pitch. Psychoacousti- 
cians know enough about that 
effect to chart it on what they call 
the mel scale. 

Those, and other, reasons help 

explain why music sounds correct 
only when played at the level (the 
original level, that is) that properly 
relates to the ear's peculiar inter- 
nal processing. I doubt that it's 
possible to design a loudness con- 
trol that really works. So for the 
present at least, we will just have to 
do the best that we possibly can, 
loudness-wise-neighbors and 
spouses permitting. R -E 
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LETTERS 

HDTV: A POPULIST'S 
VIEWPOINT 

Day of wonders, time of HDTV 
miracles! The California Cow- 
boys-who gave us Ronald Re- 
agan, Paul Gann, and the shirking 
of all public responsibility-snuf- 
fle up to the Federal trough in their 
BMW's for HDTV grants. 

We ought to let the Japanese pay 
for one of those boondoggles for a 
change: 99% of the national net- 
work/cable-show library is a trashy 
waste of time, and most of the re- 
mainder would gain little from 
being shown in HDTV format. 
When I can get an HDTV set for 
120% of the price of a regular one 
then, maybe, I will buy one. 

The comparison to compact 
discs is way off base. Most people 
buy CD's because LP's are so sick- 
eningly easy to damage. Most like- 
ly, the recording will be dubbed 
onto cassette and played in a car, 
which is crawling on the freeway at 
20 mph because the local govern- 
ment followed Don Lancaster's ad- 
vice and tore up all those streetcar 
tracks. The headroom between 
background noise and gross ear 
damage will be maybe 40 dB, so 
who cares about fidelity? And, 
with today's longer work hours 
and slower commutes, who has 
time to listen at home? 

I might be willing to fund the 
California Cowboys' toy develop- 
ment-in proportion to their will- 
ingness to fund items that are 
actually needed. (Even then, as a 
condition, I would require them to 
desist permanently from lecturing 
about "free enterprise," "boot- 
straps," and so on.) The public and 
semi-public services of this coun- 
try-schools, housing, transporta- 
tion, etc.-are disgraceful, and for 
the most part, cannot hold a can- 
dle to European and Japanese ser- 
vices. Until that is remedied, toys, 
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however fashionable, deserve no 
public funding at all. 
PAUL SCHICK 
Madison, WI 

HDTV: ANOTHER OPINION 
Thank you for your clear sum- 

mary of HDTV proposals (Radio - 
Electronics, January 1989). Don Lan- 
caster's view in "Hardware 
Hacker" was well done, except 
that he suggested junking existing 
equipment. 

Leave channels 2 through 13 
alone, forever, so that folks with 
ordinary TV sets can tune in as al- 
ways. Meanwhile, we can open up 
a brand new set of HDTV channels 
for the new sets-analogous to 
AM and FM radio. 

No bandwidth available? Pain- 
fully untrue. 470-890 MHz is va- 
cant, allocated for 69 little -used 
UHF channels-a massive piece of 
RF real estate, waiting for some de- 
cent usage. We'd only need half of 
it for HDTV; the rest could go to 
cellular and other uses. 

Why doesn't the FCC share my 
opinion? I think that they are too 
spineless to tell channel 22 to take 
their re -runs and get off the air, 
and that they gave in to the politi- 
cal dreamers who think that Amer- 
ican companies might manufac- 
ture VCR's, TV's, and camcorders. 
The Japanese did their homework 
and have their products ready; we 
didn't. We should just cooperate 
with their world standard, and en- 
joy their equipment. 

Even if the FCC won't allocate 
broadcast space, Japan will pre- 
vail. Their widescreen TV's and 
VCR's will sell for pre-recorded 
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movies and camcorder use. The 
cable networks can ignore the 
FCC. I'll bean early buyer, because 
I have no need for network -broad- 
cast garbage anyway. I rent video 
movies. 
NORMAN M. HILL 
Bellevue, WA 

AMPLIFIED SPEAKER 
MODIFICATIONS 

I enjoyed Gary McClellan's "Am- 
plified Speaker" article, which ap- 

peared in the September 1988 
issue of Radio -Electronics. I built 
two of the speakers, using the ex- 
act parts that were specified in the 
Parts List. Both units performed as 
suggested in the check-out re- 
marks at the end of the article. 
However, there's a problem pres- 
ent in both units that I'm hoping 
you can help me out with. 

After turning the power switch 
on, it is necessary to turn the loud- 
ness potentiometer (R2) one-third 
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to one-half a rotation before get- 
ting any volume. When the vol- 
ume control is turned fully up, I 

get a moderate amount of sound- 
approximately half the audio that I 

get from a 5 -watt amplifier that I've 
had for some time. Is there some 
slight change I can make that 
would put more audio into the cir- 
cuit that would influence the vol- 
ume potentiometer during the 
first one-third rotation? Could R1, 
or R12, or even R10 be reduced for 
more input to Pin 2 of IC1? Or, 
perhaps the one-third turn is nor- 
mal? Not having experience with 
IC amps, I hesitate to make 
changes on my own. 
T.E. DEWEY 
Caney, KS 

There are a few things that you 
can do to improve the sound level. 
If you think there is a low -volume 
problem, check the audio -input 
level, speaker system, and ampli- 
fier circuitry. 

This unit is intended for input 
levels above 150 mV, as provided 
by tuners, tape decks, etc. If your 
level is less, there are two things 
you can do. First, connect a 22-µF 
electrolytic capacitor across R5. 
That boosts preamp gain a bit. For 
more gain, build an amplifier and 
connect it between the line and 
the amplifier's volume control. 
Duplicate the Q1 circuitry from C3 
through R4, as shown on the sche- 
matic drawing, and power it from 
Dl. With that setup, a dynamic mi- 
crophone should drive the ampli- 
fier to full volume. 

The speaker system itself is as 
important as the amplifier. If you 
use a low -efficiency unit, the vol- 
ume will be low. I use a KLH model 
23 (8 -inch woofer, 2% -inch 
tweeter), and the volume is 
enough to drive most reasonable - 
minded people from my work- 
shop. The sound quality is also 
quite excellent. 

As for the amplifier, your vol- 
ume -control action is charac- 
teristic for the modified log -taper 
potentiometer specified. If you 
don't like it, substitute a 100K lin- 
ear -taper pot, leaving out C2-R1. I 
guarantee you will be startled by 
the difference! 

Before modifying the circuitry, 
make sure that all voltages are 
present and that there is about 5 
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Your NRI computer training includes 
all this: NRI's unique Discovery 
Lab' for circuit design and 
diagnosis NRI's hand-held 
digital multimeter featuring 
"talk -you -through" 
instructions on audio 
cassette A digital logic 
probe that lets you 
visually examine 
computer circuits 

The new Packard 
Bell VX88 computer 
with "intelligent" keyboard, 
360K double -sided, double - 

density disk drive, 512K 
RAM, 16K ROM 20 megabyte 
hard disk drive Bundled 
software including MS-DOS, 
GW-BASIC, word processing, 
spreadsheet, and database 
programs Packard Bell reference 
manuals with programming guidelines 
and schematics. 

the data storage capacity of your 
computer while giving you lightning - 
quick data access. Plus you work with 
exclusive word processing, database, 
and spreadsheet software, yours to 
use for your own professional and 
personal applications. 

As you build your computer, 
performing key demonstrations 
and experiments at each stage of 
assembly, you get the confidence 
building, real -world experience you 
need to work with, troubleshoot, 
and service today's most widely 
used computer systems. 

No Experience Needed, 
NRI Builds It In 

This is the kind of practical, hands-on 
experience that makes you uniquely 
prepared to take advantage of 
today's opportunities in computer 

service. You learn at your own 
convenience in your own home. 

No classroom pressures, no 
night school, no need to quit your 
present job until you're ready to 
make your move. And all 

throughout your 
training, you've 

got the full 
support of 

your personal 
NRI instruc- 

tor and the 
NRI technical 
staff, always ready 
to answer your 

questions and help you whenever 
you need it. 

FREE 100 -Page 
Catalog Tells More 

Send today for NRI's big, 100 -page, 
full -color catalog that describes 
every aspect of NRI's innovative 
computer training, as well as 
hands-on training in robotics, 
video/audio servicing, electronic 
music technology, security 
electronics, data communications, 
and other growing high-tech career 
fields. If the coupon is missing, 
write to: NRI School of Electronics, 
McGraw-Hill Continuing 
Education Center, 4401 Connecticut 
Avenue, NW, Washington, DC 20008. 

A/ElectrSchoo n 
Electronics 

McGraw-Hill Continuing 
Education Center 
4401 Connecticut 

Avenue, NW 
Washington, DC 20008 

IBM is a registered 
trademark of 
International Business 
Machines Corporation 

SEND TODAY FOR FREE CATALOG! 

McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue. NW, Washington, DC 20008 

For Career courses 
approved under GI Bill 

check for details. 

E1 CHECK ONE FREE CATALOG ONLY D Electronic Design Technology 
Computer Electronics 
TV/Video/Audio Servicing 
Robotics 
Electronic Music Technology 
Security Electronics 

D Digital Electronics Servicing 

Industrial Electronics 
Communications Electronics 

D Basic Electronics 
D Bookkeeping and Accounting 
D Building Construction 
D Automotive Servicing 

D Air Conditioning, Heating & Refrigeration 
Small Engine Repair 

D Electrician 
D Locksmithing & Electronic Security 

Travel Careers 
Computer Programming 
Paralegal 

Name (Please print) Age 

Street 

City/State/Zip We'll give you tomorrow. Accredited by the National Home Study Council 3-079 
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EQUIPMENT REPORTS 

Tektronix 222 Handheld 
Digital Storage 
Oscilloscope 

10 -MHz performance in a 

compact package. 

CIRCLE 40 ON FREE INFORMATION CARD 

THE IDEA OF A HANDHELD Os- 
cilloscope has always been attrac- 
tive. Unfortunately, the idea for 
the product has been, more often 
than not, more attractive than the 
final result. But we recently exam- 
ined a handheld, dual -channel, 10 - 
MHz scope that we could live 
with: the model 222digital storage 
oscilloscope from Tektronix (P.O. 
Box 500, Beaverton, OR 97077). 

First off, let's define what we 
mean by "handheld." The 222 
measures about 31/2 x 6 x10 inches. 
It has a side -mounted strap and 
rubber -coated grip, so it is indeed 
designed for handheld operation. 
However, the scope weighs in at 
41/2 pounds, so you're not likely to 
hold it very long without tiring. 
Fortunately, Tektronix supplies a 

great carrying case with a shoulder 
strap that makes portable opera- 
tion almost comfortable. 

We can imagine many applica- 
tions where the 222 could help the 
technician on the go. But if you're 
a field -service engineer, you can 
undoubtedly come up with doz- 
ens of your own applications that 
would be made easier with a hand- 
held scope. Will the 222 fit your 
needs? 

Specifications 
The vertical sensitivity of the 222 

is adjustable from 5 millivolts to 50 
volts per division, and the time - 
base is adjustable from 50 nanose- 
conds to 20 seconds per division. 

The scope's 8x10 -division grati - 
cule measures about 2.5 inches di- 
agonally. 

The 222 has a bandwidth from 
DC to 10 MHz and a digitizing rate 
of 10 megasamples per second. Its 
single -shot storage bandwidth is 1 

MHz, while it's repetitive storage 
bandwidth is 10 MHz. For those 
who are not familiar with digital 
scopes, some explanation is in 
order. Digital storage scopes use 
two digitizing techniques: real- 
time and equivalent -time sam- 
pling. In real-time sampling, all 
samples for a signal are acquired in 
a single acquisition period. In 
equivalent -time sampling, the 
samples from a repetitive signal 
are stored; the final display is built 
up by taking samples of the re- 
petitive signal over multiple sam- 
pling periods. Equivalent time 
sampling serves to extend the 
useful range of a digital scope. 

Digital scopes like the 222 can 
do lot of things that an analog 
scope cannot. For example, you 
can easily freeze any waveform on 
the screen so that you can examine 
it closely. For field service, the 
ability to store up to four wave- 
forms for examination-even 
hours or days later-can be a god- 
send. Conversely, you can arrive at 
the sight with four stored wave- 
forms with which you can com- 
pare your field results. 

Another example of where a dig- 
ital scope offers advantages over a 

similar analog model is in finding 
glitches. The 222's envelope ac- 
quisition mode accumulates 
positive and negative peaks on the 
display. Any peaks that fall outside 
of the envelope can be easily spot- 
ted. If you use a glitch as a trigger 
event, only a digital scope like the 
222 will let you see events that oc- 
curred before the trigger. 

Using the 222 
As you might expect, every 

effort was made to keep the 222 as 
small as possible. One of the ways 
Tektronix accomplished their goal 
was to use a menu system for se- 
lecting many functions. Four soft 
keys are used to select functions 
from a menu that is displayed 
alongside the keys on the CRT. For 
example, when the TRIGGER SOURCE 

key is pressed, the four soft keys 
are used to choose between inter- 
nal and external trigger sources. 

The top panel of the scope has a 
set of 8 frequently -used controls 
that are used to call up waveform - 
storage, mode, setup, auxiliary, 
and trigger -position menus. The 
rear panel includes such infre- 
quently used controls as intensity, 
focus, and trace rotation. 

The 222's auto setup function 
makes it easy to get a meaningful 
display on the CRT. When that 
function is selected, the scope au- 
toranges the vertical sensitivity, 
timebase, and trigger level. An- 
other time -saving feature is the 
ability to store and recall up to four 
front -panel setups. 

An RS -232 serial port is available 
on the rear panel of the 222. A 
computer can upload front -panel 
setups and waveforms to the 
scope and vice-versa. That feature 
is attractive because, among other 
things, it lets you do troubleshoot- 
ing from a remote location. 

The Tektronix 222 is priced at 
$2350. It would be tough to find 
more scope for less money in a 
package this small. R -E 
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COUNTERING THE RF THREAT 
COUNTER/COUNTER SERIES FREQUENCY COUNTERS 

AND RF DETECTORS 
Affordable, compact, and ultra -sensitive. More and more people are using CC Series 
Instruments than ever before for RF detection. Now widely used for personal security, 
safety and peace of mind, these instruments can locate, identify, isolate, and counter low 
power radio frequency transmitters that may be concealed in offices, automobiles, 
conference rooms or are being carried inside clothing, pocket books, etc. 

Range From: To: Price: Sensitivity @ 150 MHz 

CCA 10 MHz 550 MHz $299 0.1 mV 

CCB 10 MHz 2.5 GHz $99 1 mV 

Model CCA Frequency Counter/RF Detector-Ultra sensitive frequency counter optimized for 
picking up low power RF transmitters. Features include an RF Indicator LED to confirm presence 
of RF source nearby. RF Indicator has variable threshold sensitivity control that is adjustable from 
top of instrument. CCA has 8 digit red .28" LED displays. Internal Ni -Cad batteries provide 2-5 
hour portable operation with continuous operation from AC line charger/power supply supplied. 
Model CCB RF Detector-Useful for locating exact position of RF source. Will indicate presence of 
a 1 milli watt transmitter within a twenty foot distance. Ten segment LED display will successively 
illuminate segments as the distance to transmitter decreases. Powered by 9v alkaline battery 
for up to 4 hours continuous operation. Front panel switch selects between bar graph and 
power saving moving spot display. Front panel zero and full scale adjustment pots are provided. 
Both instruments require an antenna. Order the model TA -100S Telescoping RF pick up 
antenna, $12, for maximum sensitivity. The flexible model RD -100 Rubber Duck is $20. 
Model CC12 vinyl zipper carrying case is $10. Aluminum cabinet is 3.9" H x 3.5" W x 
One year parts and labor guarantee. Add 5% shipping (mininum $2) all orders. 

ORDER FACTORY DIRECT 

1-800-327-5912 
OPTOELECTRONICS INC. 

5821 N.E. 14th Avenue 
Fort Lauderdale, Florida 33334 

FLA (305) 771-2050 
FAX (305) 771-2052 

MasterCard 

vISA® 

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

Foreign orders add 15% 
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NEW PRODUCTS 

CIRCLE 10 ON FREE INFORMATION CARD 

OSCILLOSCOPES. Beckman's 20 - 
MHz model 9202 and 40 -MHz 
model 9204 (pictured) os- 
cilloscopes feature on -screen 
readouts of cursor positions and 
scale settings. The "Numeric 
Readout Display" has two special 
sets of cursor pairs. Each set has a 
reference and a delta cursor, both 
of which can be moved individu- 
ally or as a pair in eight different 
directions. The cursors measure 
amplitude, time, frequency, duty 
cycle, and phase shift. Voltage and 
frequency readings can be taken 
simultaneously. 

The scopes are recommended 
for general electronics- and video - 
service applications, as well as 
production tests, quality control, 

and engineering research and de- 
velopment. Both models feature 
"A" and "B" sweeps, with delayed 
sweep and segment magnifica- 
tion; TV -sync coupling for easy 
video service; and camera -mount 
CRT bezel, variable -scale illumina- 
tion, and single-step operation for 
waveform photography. A variable 
hold -off control ensures proper 
triggering on complex signals. 
Two switchable x 1/REF/ x 10 pro- 
bes are included along with each 
scope. 

The 9202 and 9204 oscilloscopes 
cost $865.00 and $1095.00 respec- 
tively.-Beckman Industrial Corpo- 
ration, Instrumentation Products 
Division, 3883 Ruffin Road, San Di- 
ego, CA 92123-1898. 

PORTABLE CD SOUND SYSTEM. 
Soundesign's model 4955 offers 
on -the -go music lovers a choice of 
listening to CD's, cassette tapes, 
or AM/FM radio, through 2 -way 
stereo speakers with "Extra Bass 
Sound (XBS)" or, more privately, 

via a headphone jack. The light- 
weight unit measures 241/z x 8 x 6 
inches, and has a black, granite- 
like finish. It runs on AC power or 
D -size batteries, and has a fold- 
away carrying handle. 

The front -loading CD player 

uses 3 -beam, 1 -laser pick-up, and 
features a 16 -item, random-access 
memory for standard -size discs. 
The smaller CD singles can be 
played with the use of an adapter. 
Track number, total time, time re- 
maining, program number, pause, 
and repeat are displayed on a 6 - 
digit LCD. 

The 4955's dual tape deck, with 
high-speed or normal dubbing, al- 
lows users to record from the 
other cassette deck, the CD player, 
the radio, or live (microphone not 
included). The cassette deck plays 
continuously from tape to tape. 
The AM/FM radio's sound is ad- 
justable with slide controls on the 
3 -band graphic equalizer. The ra- 
dio has automatic frequency con- 
trol for improved reception, and 
PLL-MPX circuitry for better stereo 
separation. 

CIRCLE 11 ON FREE INFORMATION CARD 

The model 4955 portable CD 
sound system has a suggested re- 
tail price of $229.95.-Soundesign 
Corporation, Harborside Financial 
Center, 400 Plaza Two, Jersey City, 
NJ 07311. 

CAR CD SYSTEM. Pioneer's DEH -55 
is a high -power, one-piece com- 
bination CD player, amplifier, and 
AM/FM tuner that provides the 
convenience of direct in -dash re- 
placement. The audio package can 
be installed as either a front- or 
rear -mount DIN -sized replace- 
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SELECT 5 BOOKS 
for only $395 
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Counts as 2 
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KEYBOARD 
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Computer Languages 
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When it's new and important in business or personal computing, 
The Computer Book Club' has the information you need .. . 

at savings of up to 50% off publishers' prices! 
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.A, M(:e.^.<..^.."N'lrl7> 
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y 
?arc 
81-81M1,15150$ j 

3101 $29.95 
Counts as 2 

3128P $22.95 3109 $28.95 
Counts as 2 

3026 522.95 

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

1989 THE COMPUTER BOOK CLUB' , Blue Ridge Summit, PA 17294-0820 

Th CompLIAr ßooti CIuh 
Blue Ridge Summit, PA 17294-0820 

Please accept my membership in The Computer Book Club' and send the 5 volumes listed 
below, billing me $3.95 plus shipping and handling charges. It not satisfied, I may return the 
books within ten days without obligation and have my membership canceled I agree to pur- 
chase at least 3 books at regular Club prices (plus shipping/handling) during the next 12 months 
and may resign any time thereafter 

Name 

Address 

City _ _ 

State _-. - Zip _. Phone 

Signature 
Valid for new members only Foreign applicants will receive special ordering instructions Canada must remit 
in U.S currency This order subject to acceptance by The Computer Book Club RPIC789 
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Radio - 
Electronics DILi1UL3 

CABLE TV CONVERTERS IN STOCK. 
Stocking all types of converters: Panasonic, 
Jerrold, Tocom, Pioneer, Scientific Atlanta, 
Zenith, Oak, Hamlin, Eagle, and others. Call 
or write for FREE CATALOG Mon - Fri 10 to 6 
Eastern Time. VIDEO -LINK Enterprises, 
Inc., 165 W. Putnam Ave., Greenwich, CT 
06830, (203) 622-4386. 
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SIMPLY SNAP THE WAT 50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 

mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 1- 

$1.50 S + H. Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 
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FREE CATALOG OF HARD -TO -FIND 
TOOLS is packed with more than 2000 
quality items. Your single source for precision 
tools used by electronic technicians, engi- 
neers, instrument mechanics, schools, labo- 
ratories and government agencies. Also 
contains Jensen's line of more than 40 tool 
kits. Send for your free copy today! JENSEN 
TOOLS INC., 7815 46th St., Phoenix, AZ 
85044. (602) 968-6231. 
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THE E.T.A. VIRTUALLY TESTS ALL COM- 
PONENTS IN OR OUT OF THE PC -BOARD 
by allowing the user to compare impedance 
sweeps. It tests; ICs analog and digital, re- 
sistors, capacitors, transistors, S.C.R., and 
diodes. USE THE AUDIO BY ITSELF or with 
the X -Y mode of your oscilloscope. E.T.A. 
$245. with DIP pin sequencer $425. M.O. 
VISA MC to STAR TEST CO., P.O. Box 
50067 Denton, TX. 76206 (817) 387-8847. 
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PASSIVE INFRARED DETECTOR Used in 
alarm system, moving detection Super sen- 
sitive Exchangeable lens Very reliable 
Analog Pulse Count RK4000PCA $59.- 
DIGITAL VOICE MODULE Low cost 
Super quality Selectable banks 1 W amp 
4 sampling rates DRAM operation DVM-1 
$49-(without RAM). MING ENGINEERING, 
515 S. Palm Ave., #5 Alhambra, CA 91803. 
(818) 570-0058. 
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91! 
ULTIMATE UHF FRINGE AREA RECEP- 
TION, receive snow free Uhf/Vhf/Fm signals. 
Uhf system includes 144 element antenna, 
37db low noise pre amp (booster) for 
$219.95. Complete documentation and one 
year limited warranty. Tunnel -Vision pre amps 
for use in interference areas $159.95. Vhf/Fm 
long yagis and pre amps. STL pre amps 
$209.95. Visa- Master card and approved 
CODs. Dealer inquiries accepted. DX -TELE - 
LABS, 6601 E. Clinton St., Scottsdale, AZ 
85254 (602) 998-3966. 
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Toner e cartridge Tte e 
Kits Supplies 

GET YOUR RECHARGE CATALOG 
FREE...EARN BIG $$ IN YOUR SPARE 
TIME-All supplies and Do -It -Yourself kits 
with complete instructions available. Sup- 
plies cost from $9.95 in qty and you can sell 
recharged toner cartridges for $40.00 to 
$55.00 each. Printers include HP LaserJet 
and Series II, Apple LaserWriter, QMS, etc. 
Canon PC -25 Copier also. CHENESKO 
PRODUCTS, 62 N Coleman Rd., Cen- 
tereach, NY 11720, 516-736-7977, 
800-221-3516, Fax: 516-732-4650 
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CALL NOW 
AND 

RESERVE 
YOUR SPACE 

6 x rate $890.00 per each insertion. 
Fast reader service cycle. 
Short lead time for the placement of 
ads. 
We typeset and layout the ad at no 
additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini -ADS, RADIO -ELECTRONICS, 500- 
B Bi -County Blvd., Farmingdale, NY 
11735. 
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ment unit; all it requires are a pair 
of digital -ready speakers and a 
dashboard opening. 

The CD player offers a variety of 
playback modes, including track 
search, track scan, music repeat, 
and random play. The two-times 
oversampling unit with three - 
beam laser pick-up also offers fast - 
forward and reverse functions 
with sound; and power disk -load, 
power -eject, and auto -play fea- 
tures included. 

The AM/FM tuner uses PLL- 
quartz electronic digital tuning, 
with Pioneer's "Supertuner Ill." It 
has 24 station presets (18 FM and 6 
AM), preset scan for finding local 
stations, and "best stations memo- 
ry" that accesses and stores the 6 

strongest stations in a designated 
area. A built-in pulse -noise sup- 
pressor eliminates ignition and 
static noise received through the 
antenna. 

The unit's amplifier delivers 20 - 
watts per channel, and has elec- 
tronic volume/balance controls, 
separate bass and treble controls, 
and an electronic preamp fader 
control. 

The "euro -style" unit has a digi- 
tal multi -function level display that 
shows volume, bass, treble, bal- 
ance, and fader settings in numer- 
ic values, rather than bar -graph 
level indicators. A large LCD with a 
clock readout is easy to read. 

The DEH -55 car -audio package 
has a suggested retail price of 
$600.00.-Pioneer Electronics 
(USA) Inc., 2265 E. 220th St., P.O. 
Box 1720, Long Beach, CA 
90801-1720. 

PORTABLE SPECTRUM ANALYZER. 
The Model PSA-65A from Avcom is 
a portable microwave spectrum 
analyzer that covers frequencies 
through 1,000 MHz in one sweep, 
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with greater than -- 90-dBm sen- 
sitivity at narrow spans. The light- 
weight instrument can be used for 
2 -way radio, cellular, cable, LAN, 
surveillance, production, and 
R&D work. 

The PSA-65A measures 111/2 x 51/2 

X 131/2 inches, and weighs 18 
pounds. It runs on batteries or AC 
power. Options include audio de- 
modulators for monitoring, log - 
periodic antennas, a carrying case, 
and frequency extenders that en- 
able the instrument to be used at 
Satcom and higher frequencies. 

The PSA-65A portable spectrum 
analyzer costs $2,675.00.-Avcom 
of VA, Inc., 500 Southlake Blvd., 
Richmond, VA 23236. 

With Just One Probe Connection, You Can Confidently Analyze Any 
Waveform To 100 MHz, 10 Times Faster, 10 Times More Accurately, 

Absolutely Error Free, Guaranteed -Or Your Money Back! 

SC61 Waveform Analyzer TM 

Patented 

$3295 

There are other digital readout oscilloscopes, but none of 

them completely eliminate graticule counting and calculations 
like the SC61 Waveform Analyzer. The innovative, time -saving 
AUTO-TRACKINGTM digital readout automatically gives you every 
waveform parameter you need for fast troubleshooting. 

The SC61 Waveform Analyzer is a triple patented high 
performance scope that provides you with a digital LCD read-out of all 

key waveform parameters (DC volts, peak -to -peak volts, and 
frequency) at the push of a button, and all with one probe connection. 

Other time -saving features include exclusive ECL sync circuits 
that allow you to lock quickly onto waveforms up to 100 MHz. Plus, 

with 3000 volts of input protection, you never have to worry about an 

expensive front end repair job. 

Call 1-800-843-3338 to find out more about what the SC61 

can do for your service business. In Canada call 1-800-851-8866. SNCOR 
3200 Sencore Drive, Sioux Falls, SD 57107 100% American Made 
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Be an FCC 
LICENSED 
ELECTRONIC TECHNICIAN! 
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Earn up to 
$30 an hour 
and more! 

/ow,- 

Learn at home in spare time. 

n t . \ No previous experience needed! 

No costly School. No commuting to class. 
The Original Home -Study course pre- 
pares you for the "FCC Commercial Radio- 
telephone License". This valuable license 
is your "ticket" to thousands of exciting 
jobs in Communications. RadioTV, Micro- 
wave, Computers, Radar, Avionics and 
more! You don't need a college degree to 
qualify, but you do need an FCC License. 
No Need to Quit Your Job or Go To School 
This proven course is easy, fast and low 
cost! GUARANTEED PASS - You get your 
FCC License or money refunded. Send for 
FREE facts now. MAIL COUPON TODAY! 
r 

COMMAND PRODUCTIONS 
FCC LICENSE TRAINING, Dept. 90 
P.O. Box 2824, San Francisco, CA 94126 

Please rush FREE details immediately! 
NAME _ 

ADDRESS 
CITY STATE ZIP 

J 

New Scanner 
by AOR 
100 Channels 
800 MHz 

i 

Includes antenna, 
rechargeable battery. 

charger / adaptor & belt 
clip. Full range of optional 

accessories available. 

Covers 2754 MHz, 108-174 MHz, 
406-512 MHz, and 830-950 MHz. 

AR900 5 Scan Banks and 5 Search Banks. 

Total Price. Freight Prepaid 25 Day Satisfaction Guarantee, 
( Express Shipping Optional) Full Refund if not Satisfied. 

$299°° s 

SizFee 

z x sum 

2 cut out 
wt 

COMMUNICATIONS 
10707 E. 106th St. Indpls., IN 46256 

Toll Free 800-445-T11T 
Visa and MasterCard Il[i (COD slightly higher) 

In Indrana 317-849-2570 Collect FAX (317) 849-8794 
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OUTSIDE CONNECTOR. The WPO 
Window Coupler from Electron 
Processing provides a novel way to 
connect an outside antenna to an 
indoor television, scanner, or 
UHFNHF transceiver. The coupler, 
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which consists of two boxes, 
mounts on a window using dou- 
ble-faced tape, and completely 
eliminates the need to drill holes 
in the window frame to route the 
antenna line-even coaxial cable. 
Each 3- X 3- X 11/2 -inch, 
weatherproof box contains either 
a BNC, UHF (PL -259 mate), or type - 
F connector for antenna and re- 
ceiver (or transmitter) hookups. 

The Window Coupler is avail- 
able in three models. The WPO- 
VHF is for use in the 140 -160 -MHz 
range, and the WPO-UHF is for the 
440 -460 -MHz range. Both of those 
models are rated for 25 watts and 
provide a 1.5:1 VSWR across a 10 - 
MHz section of their bands with a 

loss of 2 dB or less on most win- 
dows. The third model, the WPO- 
TV covers the entire 60 -800 -MHz 
band, with only 8 -dB loss. It is for 
TV, FM, and scanner receiving 
only. 

The WPO-UHF and WPO-VHF 
cost $59.95 apiece, and the WPO- 
TV costs $49.95. An optional suc- 
tion -cup mounting bracket (SC -4) 
is available for $20.00.-Electron 
Processing, Inc., Sales Department, 
P.O. Box 708, Medford, NY 11763. 

2400 -BAUD MODEM. The MET 
2400X "Smart Modem" eliminates 
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the need to purchase an additional 
serial port. Because the modem 
incorporates two RS -232 ports, a 
printer, mouse, or other pe- 
ripheral can be linked to the com- 
puter through the modem. The 
modem's "Pass Thru" feature auto- 
matically connects the peripheral 
and the computer when the 
modem is turned off. 

Designed for high-speed syn- 
chronous and asynchronous com- 
munications, the MET2400Xworks 
with all microcomputers that have 
a serial RS -232 port, and is Bell -103 
and 212A compatible. It automat- 
ically detects and adjusts to a 2400, 
1200, or 300 baud. 

The MET 2400X costs $295.00. 
Volume discounts are available, as 
are packages including specially 
priced Mirror III (for IBM compati- 
bles) and Microphone (for Apple 
Macintosh PC's) communications 
software.-Micro Electronic Tech- 
nologies Inc., Computer Products 
Division, 35 South Street, Hopkin- 
ton, MA 01748. 

MAGNETIC WRIST BAND. If 
you've ever had to watch a tiny 
screw roll out of reach under your 
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workbench while assembling a 
project, you'll appreciate the 
Handy -Dandy Wrist Magnet from 
Yale Audio. Presenting a simple, 
convenient solution to such di- 
lemmas, the product resembles a 

wristwatch-but where you'd ex- 
pect the face to be, there's a thin, 
square, flat -surfaced magnet fitted 
in a durable polymer mounting. 
Wearing the wrist magnet allows 
you to keep nails, screws, or tiny 
metal parts close at hand, leaving 
both hands free for working. 

The Handy -Dandy Wrist Magnet 
costs $5.49, plus $1.25 shipping (in 
U.S.).-Yale Audio of Florida Corp., 
2702 Azeele St., Tampa, FL 33609; 
813-876-6789. 
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NEW 

LITERATURE 

TOOL & TEST CATALOG. Contact 
East's sourcebook of instrument 
products for testing, repairing, 
and assembling electronics equip- 
ment features new products in 
such categories as analog/digital 
oscilloscopes, static -protection 
devices, soldering supplies and 
solder stations, test equipment, 
precision hand tools, and tool kits. 

contact east 
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Other expanded lines include 
voice/data-communications test 
instruments, wire and cable aids, 
electronic adhesives, and inspec- 
tion equipment. All products are 
described in detail, guaranteed, 
and mailed via the company's 
"Same -Day Shipment" policy. The 
1989 General Catalog, which in- 
cludes one year of technical sup- 
plements, is free upon request.- 
Contact East, 335 Willow Street 
South, P.O. Box 786, No. Andover, 
MA 01845. 

TEST/MEASUREMENT CATALOG. 
The third edition of Grainger's cat- 
alog contains more than 2,000 
products from 45 leading manufac- 
turers, including B&K Precision, 
Simpson, Pomona, Fluke, Beck- 
man, Hitachi, and A.W. Sperry. 
Nine product categories-General 
Testing, Precision Measuring, 
Electronics, Electrical, Tem- 
perature/Humidity Measuring, 
HVAC/Refrigeration, Environmen- 
tal, Auto Diagnostics, and Ac - 
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cessories/Reference-are in- 
cluded in the 156 -page manual. 
The catalog is free upon request.- 
W.W. Grainger, Inc., 1250 Busch 
Parkway, Buffalo Grove, IL 60089. 

CONFIGURATION PLANNER. The 
Heath/Zenith planner is a fully -il- 
lustrated flow chart that proceeds, 
step by step, through logical 
choices in planning individualized 
data -acquisition and process -con- 
trol systems. 

The planner, designed for man- 
ufacturing and processing person- 
nel, is a "guided tour" of digital or 
analog input, output, and I/O sys- 
tems. It highlights the main fea - 
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tures of Heath/Zenith's modular - 
instrument products, helping de- 
signers to quickly identify the cor- 
rect components to convert a 

manual data -gathering or system - 
control operation into an interac- 
tive management -information sys- 
tem, or to make adjustments in an 
existing system when operations 
change. The System Configuration 
Planner is free upon request.- 
Heath/Zenith Computer Based In- 
struments, P.O. Box 21, St. Joseph, 
MI 49085. R -E 

If You Fix VCR's, 
Ask Yourself 

These Questions 
Q Are Most VCR Problems Mechanical? 

A Yes, most agree more than 3 out of4 
VCR problems are due to a mechanical 
malfunction. 

Q Are There Universal Test Tools Available 
Or Do You Have To Buy All The Different 
Tools Shown In Service Manuals? 

A TENTEL provides easier to use, universal, 
more powerful gauges than all factory 
tools combined. 

Q What Mechanical Measurements Should 
Be Made To Properly Check Out A VCR? 

A Hold back tape tension, tension servo 
check reel table heights, carriage align- 
ment, tape guide height; take up torque, 
restoring torque, brake torques, FF/REW 
torques & video head wear. 

N EV1/- Just released 68 minute 

Video Training Tape covering over 
28 mechanical VCR tests and 
measurements $24 95 
INTRODUCTORY 

PRICE Shipping Included 

TENTEL® Corporation 
1506 Dell Avenue Campbell, CA 95008 
(800) 538-6894 / (408)379-1881 
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LEARN VCR 
CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 
NO Special 

Tools or 
Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able 
to use voltmeter, understand DC electronics)... . 

IF you possess average mechanical ability, and have a 

VCR on which to practice and learn. ...then we can 
teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due to 
simple MECHANICAL or ELECTRO -MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 
tos and illustrations) and AWARD -WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair-"real world" information that is 
NOT available elsewhere! 
Alse includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service op- 
eration! 

FREE INFORMATION 
CALL TOLL -FREE 1-800-537-0589 

Or write ta: Viejo Publications 
3540 Wilshire BL. STE 310 

Los Angeles, CA 90010 Dept RE 
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DRAWING 
BOARD 
A complete circuit 

OVER THE LAST COUPLE OF MONTHS 
we've gone through the steps. 
needed to design custom - 
character generators and looked 
at some simple ways to use them. 

Now let's turn all the pieces into a 

useful circuit. 
The handiest thing to come up 

with is a way to use one character 
generator to drive several digits. 

D/G/T /LIL/LT/PLE-X.R 1 

CON7 POL- LoG/G cLocK 

OAT -4 /NPL/T /YJUL T/PL.L=XE,e 
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&E/YE/Z.47-OR 

FIG. 1 

fsy 

CffARfiGT SEC7- 

p/G/T, 
SELECT o 

fi2 2/ 

7 

s 

3 
2 

AC2 v vPP Aia 
A/ A.7 
AZ 27/6A 
/13 C'f/A,PAC TE.e A 7 

6E U eATO OE 
As cEE /8 
A60o 0/0203LoSG16 OT 0 

22 
z3 
/ 
20 

q /0 // /3 /9 /S /7 

A B C D.E F G oG 
5/ L -ED D/G/T 

c/ Cz c3 C5L 

// 
/0 

/3 /5- /2 

9 

ç'/ 22 23 
B 
c 

-t v / Iv 

EN 

o 
GD 

/6 G 

7 

8 

FIG. 2 

ROBERT GROSSBLATT, 
CIRCUITS EDITOR 

257#/ 
OE SEL 

257#.2 
DE SEL 

D/SPLAYED 
O/(e/T 

L L H X /NPU T / 
L H H X /NPLJ T 2 

X L L /NPUT 3 
h/ X L f/ //VP./ -1 T 

F G. 3 

OE SEL#/ SEL82 D /SPLAY 

L L X /Not! T / 

L H X /NPU T 22 

X L /NPL/T 3 

N X N /NP//T 5L 

FIG. 4 

The basic idea here is to build a 
general-purpose display circuit. 

Let's lay down some criteria: 
1. The circuit will drive four digits. 
2. Each digit will have its own set of 
inputs. 
3. Only one character generator 
will be used. 
4. The circuit will display all the 
hex digits from 0000h to FFFFh. 

Even though we've been design- 
ing a character generator that can 
handle a lot of the ASCII charac- 
ters, limiting our display to hex 
will keep the circuit simpler. If you 
absolutely must display ASCII 
characters, the circuit will be 
basically the same, but you'll need 
more bits assigned to each of the 
digits. A hex display only cares 
about the lower four bits while a 
full ASCII display has to deal with 
seven bits. 

When you come right down to 
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it, we want the display circuit to be 
your basic black box with sixteen 
inputs-four for each of the four 
digits we'll be driving. Since we're 
actually building something that 
can be used elsewhere, we can 
eliminate some of the parameters 
we put into the EPROM. We're al- 
ready disregarding the ASCII stuff 
and now we'll make the decision 
to use common -cathode displays. 

That last decision is no big deal 
because it's a relatively trivial thing 
to convert the circuit to work with 
a common -anode digit...but we're 
getting ahead of ourselves. 

The block diagram of the circuit 
we'll be designing is shown in Fig. 
1. The heart of the circuit is really 
the control logic because it has the 
job of keeping everything in sync. 
We have to be sure that when 
we're sending character number 1 

to the input multiplexer, that we're 
also turning on seven -segment 
LED number 1. If things get out of 
sync you might have something up 
on the display but it's not going to 

FIG. 5 

be anything useful. 
The starting point of the circuit 

is shown in Fig. 2. It's similar to the 
circuit that we looked at in May, 
but there are two main dif- 
ferences. The first is that we're 
only using A0-A3 on the EPROM 
and the second is that the 4051 is 
going to drive only four digits so 
the "C" input (pin 9) is tied low. 
The same thing is done with all of 
the unused EPROM address lines. 

We've already decided on the 
4051 as the digit multiplexer so let's 
take a look at the input multiplexer 
as well before getting to the con- 
trol logic. After all, you can't de- 
sign control logic until you know 
what you have to control. 

Just as the 4051 will sequentially 
turn on one digit after another, the 
input multiplexer has to select the 
corresponding digit data to be dis- 
played. What we need is the elec- 
tronic equivalent of a four -pole, 
four -position rotary switch, and 
one way to do that is to use a pair 
of 74LS257's. You can use the TTL 

version of the chip or the 74HC257 
or 74HCT257 pin -equivalent 
CMOS parts. 

The inputs that will appear at the 
outputs depend on the state of the 
SEL input. Making that pin low will 
select the first set of inputs and 
making it high will select the 
others. What makes the 257 a good 
IC for our application is that it also 
has an OUTPUT -ENABLE pin so that our 
output can have three states. 

Now that we know what multi- 
plexers we'll be using, we can 
work out what we need for control 
logic. Designing this kind of cir- 
cuitry can be a really brain -bend- 
ing exercise but one way to cut it 
down to size is to use a truth table 
like the one shown in Fig. 3. 

It may seem a bit confusing at 
first glance, but one thing it tells us 
right away is that the OUTPUT -ENABLE 

pins of the 257's are always op- 
posite each other. When one is 
high, the other is low, and vice ver- 
sa. That means we can tie them 

continued on page 85 
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HITACHI SCOPES AT DISCOUNT PRICES 

C V-212 
#a; 

$419 

List $560 
Save $141 

20MHz Dual Trace Oscilloscope 
All Hitachi scopes include probes, schematics 
and Hitachi's 3 year guaranty on parts and 
labor. Many accessories available for all 
scopes. 

V-425 
List $995 

DC to 40MHz 
Dual Channel 
CRT Readout 
Cursor Meas 
DC Offset 
Alt Magnifie- 
Compact Size 

DC to 100MHz 
Dual Channel 
Delayed Sweep 
CRT Readout 
Sweep Time 
Autoranging 

V-1060 $1,325 Trigger Lock 

List $1595 
Sensitivity 

LIST PRICE SAVE 
V 223 20MHz D.T., m V sens, Delayed Sweep. DC Offset, Vert Mode Trigger $770 $695 $75 
V-422 40MHz D.T., 1mV sens, DC Offset Vert Mode Trigger, Alt Mag $875 $725 $150 
V 423 40MHz D.T., 1mV sens. Delayed Sweep, DC Offset, Alt Mag $955 $825 $130 
V 660 60MHz D.T., 2mV sens, Delayed Sweep, CRT Readout $1.195 $1,025 $170 
V-1065 100MHz D.T., 2mV sens, Delayed Sweep- CRT Readout, Cursor Meas $1,895 $1,670 $225 
V 1100A100MHz O.T.. 1mV sens, Delayed Sweep. CRT Readout, DVM, Counter $2.295 $2,045 $250 
V-1150 150MHz Q.T., 1mV sens, Delayed Sweep. Cursor Meas, DVM, Counter $3,100 $2,565 $535 

ELENCO PRODUCTS AT DISCOUNT PRICES 
20MHz Dual Trace Oscilloscope 

$359 
MO -1251 c_--.3111111111 

° I # ! 

'.ë - I,tI - 

6" CRT 
Built in 
component tester 
TV Sync 
X -Y Operation 

Top quality scopes at a very reasonable price. Contains 

SCOPE PROBES 

P-1 65MHz, lx, 10x $19.95 

P-2100MHz, lx, 10x $23.95 

Fits all scopes with 

BNC connector 

all desired features 

,,-Zmilum. 

35MHz Dual Trace Good to 50MHz 

$495 
MO -1252 Ir 

e 
41 

`L._ 

6Ì7'11¿ 71 

High luminance 6'CRT 
1mV Sensitivity 
6KV Acceleration Voltage 
10ns Rise Time 
X -Y Operation Z Axis 
Delayed Triggering Sweep 

Two lx, 10x probes, diagrams and manua . Two year guarantee. 

Autoranging DMM ' True RMS 4'/2 
nt Digit Multimeter 

o_. M-7000 
$135 

.05% DC Accuracy 
.1% Resistance 

O ) `, with Freq. Counter 
and deluxe case 

Multimeter with 
me Capacitance and 

Transistor Tester 

$55 CM -1500 

Reads Volts, Ohms, - Current, Capacitors, 
®`.. : L3 Transistors and 

Digital Capacitance Meter 

1p -la CM -1550 

$58.95 
9 Ranges 

1 f 20,000ufd p 
.5% basic accy 
Zero control 
with case 

Digital LCR Meter 

LC 

- 

uc au -.a 

M-5000 

$45 

s Functions 
Memory and 
Data hold 
v2 % basic acc 3' digit LCD 

it;It -1801 

$125 
è. Measures 

Coils 1uH-200H 

"'11t a 
Caps.01-20M of 
Res .01-20M 

Diodes with case 

AC Clamp -On 

Current Adapter 

ST 265 

$22 
0-1000A AC 

tlitr4 Works with 
most DMM 

Bench DMMS 

móuaé 

SOLDERING STATION 
TEMPE TURE CONTROLLED 

SL-30iiiiMiniall 
$135 \....9434 

Digital display 
Temp range 

n. 300E -900F 
, ' Grounded tip 

.--'' Overheat prof 

Solderless Breadboards Low Cost Multimeter 
OM M-1600 

_ $25 
3'/z digit LCD 
1 % DC Accy 
10A Scale 

. ed Auto zero 
/polarity 

9430ri7s 

1.100 pins $15 

2,170 pins $25 
9436 
2,860 pins $35 
All have color 

M-3500 M-4500 
3v2 digit $125 4 ., digit $175 
t°: accu 05% cry 9436 SHOWN 

coded posts 

Wide Band Signa- Generators 31/2 Digit Probe Type DMM 

M-1900 - $39 
vim Bl 

Convenient one hand operation with batteries 
Measures DCV, ACV, Ohms and case 
Audible continuity check. Data hold 

Function Generator Decade Blox 
Blox 

#9600 
$28.95 

Provides sine,tri,squ wave 
From 1Hz to 1MHz 
AM or FM capability 

_ 

#9610 Resisto 
47 ohm to 1M 
#9620 Capacitor 
470 to 10MFD 

9610 or 
9620 

$18.95 
Blox 

6 100K pot 
Blox 

SG -9000 $129 
RF Freq 100K-450MHz 
AM Modulation of 1KHz ¡ Variable RF output 

-' - 
SG -9500 with Digital Display 
and 150MHz Zuilt-in Freq Ctr $249 

Digital Triple Power Supply XP -765 

$249 

Quad Power Supply XP -580 

$59.95 - 
- 2A 2-20V 

10MHz XT 100% IBM' Compatible 
5 Year $595_ Warranty --- MODEL 

- PC -1000 

, 

5/10MHz Motherboard 256K RAM 
8 Expansion Slots Expandable to 640K 
Math Compressor Slots Monochrome Monitor 

360K Floppy Drive Monographic Video Card 
AT Style Keyboard Parellel Printer Port 

FREE spreadsheet and word r p processor 
3.XXMS DOS and GW Basic add $75 

-- 
+#A#4 1197 0-20V at 1A tom« sac, dewsiill 0-20v at 1A 

5V at 5A 
Fully Regulated, Short circuit protected with 
2 Limit Cont.. 3 Separate supplies 

XP -660 with Analog Meters $175 

_ at 
°"°'°`^ 12v at 1A - - - Fully regulated and - 5V at 3A 

short circuit protected -SV at 5A 

XP -575 without meters $39.95 

Four -Function Frequency Counters 
-' '- F-1000 1.2GH 

$259 

GF -8016 Function Generator 
with Freq. Counter 

r $239 
' Sine, Square, Triangle 

Pulse, Ramp, .2 to 2MHZ 
gr r Ito! F-100 120MH 

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

Freq Counter .1 - 10MHz 

GF -8015 without Freq. Meter $179 

WE WILL NOT BE UNDERSOLD! C & S SALES INC 15 Day Money Back Guarantee 
UPS Shipping: US 5% 1245 Rosewod. Deerfield. IL 60015 2 Year Warranty 
($10 Max) IL Res., 7% Tax (800)2927-7711(312) 541-0710 WRITE FOR FREE CATALOG 
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LIGHT BEA 
COMMUNICA 
Now, using Sur top-secret device, you and a 

partner can communicate across E voit, 
speed of fight-on a beam of 'ight! 

e 
if 

ROGER SONNTAG 

IF YOU RE LACKING FOR A 

purely fun project, then this 
light beam oowmunciator is for 
you It not orly contains the 
usual electronics, it also has an 
ingenious mechah.cal assembly 
whose operation is interestirg 
in its own nigh:. You're sure to 
find it a refreshing change from 
the usual board -in -a -box proj- 
ect. Bu: don't think that this 
light -beam communicter is just 
for fun. The powerful transmit- 
ter and extremely sensitive re- 
ceimer take this project out of 
the realm of toys-you can do 
some pretty serious work with 
our device! 

A complete Light -Beam 
Communicator (LBC) consists 
of a transmitter and a receiver, 
installec inside 2 tube -like as- 
semblies, along with various 
optical components. Two com- 
plete LBC's are required for 
two-way communication, but 
you will need only one trans- 
mitter and one receiver for one- 
way commun:cation. Full -du- 
plex operation is provided, 
meaning that .you can talk and 

listen a_the same tine- e " 

no trammn_ttreceive swi . 

Figure 1 shows the 
agram of the trans r 
transmitter houses a 
sity LED, p _were. 
stant-ci sou -- 
the cir itry ulateanai- 
crophorie on . e igh 
output_ Using ., the 
modulated light from e LE 
is focused into al intense._ na 
row beam 

That narrow light bea 
travels a surprisingly long di 
tance. The standard unit h 
about e Ua-mile range. The 
high -power _hit tas ah amazing 
range of better thar. 1/2 -mile! 
(When testing th: range cf the 
ur_its, w, Lsed small ` toy" 10C- 
mW walkie talkies to assist with 
setup and aiming the walkie 
talkies 'rar oui of gas" long 
before the LBC did!) At the end 
of its crave_, the beam is re- 
ceived by another identical 
LBC that tLms the modulated 

t. t beam back in:o the origi- 
audio signal. The receiver' 

blc diagram is shown ii Fig_ 
the, individual 

_ions more c sal 
The difference between 

standard LBC and the high - 
power LBC is the LED that i= 

used. The standard snit has a 
high -intensity 3-caìcJla-sower 
(3,00C milli -candela or mcd) 
LED manufactured by Hewlett 
Packard (a candela, formerly 
candle, is a measLre of lumi- 
nocs intensity). The high -dower 
uni: has a very -high -intensity 
12 -candela (12,000 mod) LED, 
also manufactured by Hewlett 
Packard Both of those LED's 
are much brighter tl-an a normal 
LED, and they have a focusing 
rather than a diffusing lens_ 
However, any LED will work 
but the useful range o: the LBC 
will be greatly reduced if a high 
intensity LED is net ased- 
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FIG. 1-BLOCK DIAGRAM OF THE TRANSMITTER. This circuit contains a high -intensity 
LED, powered from a constant -current source, and the circuitry necessary to modulate 
an audio signal onto the LED's liaht outout 

FRESNEL 
FOCUSING VIEWING 

LENS MIRROR 

VIEWING 
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EYEBALL 

fi 

- RECEPTOR 
DIODE 

TARGET PLATE 
WITH APERTURE 

FET 

VO LTAG E- 
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CURRENT 
CONVERTER 

GAIN 
STAGE 
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GAIN 
ONE 

ADJUST 

GAIN 
STAGE 

TWO 

GAIN 
TWO 

ADJUST 

PHONES 

FIG. 2-RECEIVER BLOCK DIAGRAM. This circuit turns the modulated light beam back 
into the original audio signal. 

The transmitter 
There are two stages in the trans- 

mitter: a microphone preamplifier and 
a constant -current modulator (see 
Fig. 3). Each stage uses half of a 
5532, which is an internally compen- 
sated, dual low -noise op -amp. After 
the microphone output is pre - 
amplified by ICI -a, the output signal 
from pin 1 is fed through C6 to pin 5 of 
ICl where it is further amplified. 

An adjustable constant -current 
source is fed to Ql, an NPN transistor 
capable of handling at least 3 amps. 
The audio signal at pin 7 of IC1 drives 
the base of Ql, modulating the signal 
onto the LED's light output. (An in- 
frared LED can be used for this proj- 
ect, and will, in fact, increase the 
range. Unfortunately IR light is invis- 
ible, so it is not easy to work with. 
However, among the interesting 
things you can "hear" with the LBC 
are IR remote controls and IR burglar - 
alarm sensors.) Basically, the AC sig- 
nal either adds or subtracts from the 
average DC level. Transistor Ql and 
LED1 are in the feedback loop of the 
op -amp, and the DC current flowing 

through the LED remains constant 
due to the setting of R9. The DC 
current can be adjusted via R9 
through a range from 1 to 50 mA. 

The transmitter assembly, shown in 
Fig. 4, is fitted inside one end of a 

rugged cardboard tube that has a col- 
limating lens at the other end. That 
lens focuses the light beam into a very 
narrow, intense beam, giving the light 
from an LED such an unusually long 
range. 

FIG. 4-THE TRANSMITTER ASSEMBLY. 
It is fitted inside one end of a rugged card- 
board tube that has a collimating lens at 
the other end. 

The receiver 
The schematic for the receiver sec- 

tion of the LBC is shown in Fig. 5, 
and the receiver assembly is shown in 
Fig. 6. The receiver assembly is 
mounted inside one end of a large 
tube, which has a fresnel lens at the 
other end. The fresnel lens concen- 
trates the light beam, and directs it to 
the photodiode, Dl. The photodiode 
provided in the kit is actually a Kodak 
part, and not available to the general 
public. That part is well suited for this 
application, and it is more sensitive to 
infrared light than most photodiodes; 
but if you don't buy the kit, any sil- 
icon photodiode or phototransistor 

J1 l 
V 00C12 

C2 

1 

R1 

47K 

+9V 

e 

MIC PRE -AMP 
GAIN -200 TO 800 

R2 

470K 

C5 

R5 R7 
3552 20K 

10NF 

CONSTANT CURRENT i MODULATOR 

LEDI 

01 
A7937 

FIG. 3-THE TRANSMITTER CONTAINS TWO STAGES: a microphone preamplifier and a 
constant -current modulator. Each stage uses half of a 5532 op -amp. 
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(SEE TEXT) 
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(SEE TEXT) 
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bV w 
= R4 R6 

35f2 5K 

C4 

10µF 

)I 
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R5 
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R7 

1MEG yy 

FIG. 5 -THE RECEIVER SCHEMATIC. 

S1 

V1 

IC1 

1 
B3 7 

1.5V 

I 
B4 i 

1.5V 

I 
C16 
10µF 

5534 

4 

V2 - 
05 

220pF 

FIG. 6 -THE RECEIVER ASSEMBLY. It is 
mounted inside one end of a large tube, 
which has a fresnel lens at the other end. 

should do. The small signal that is 
generated by Dl is fed to pin 3 of ICI 
via FET Ql. 

Op -amp ICI is the first gain stage in 

the receiver, and it amplifies the sig- 
nal from Ql 100 to 1000 times, de- 
pending on the setting of gain -control 
potentiometer R6. The signal from 
pin 6 of ICI is then fed through C6 to 
pin 3 of IC2, which is the second gain 
stage; the gain of the second stage is 
variable from approximately 10 to 100 

via gain -control potentiometer R8. 
Two gain -control potentiometers are 
used to help improve stability, be- 
cause stray oscillation is hard to avoid 

R10 
350 
NAA 

STAGE 1 

GAIN -100 TO 1000 

V1 t 

V2 

C11 - C13 + 

01 
-. 6.8µF ^ 

C12 _ C14 + 
.01 6.8µF 

C6 
1.2µF 

)I+ 

V3 

+ C9 ^ 100µF 

+ C10 
L2 '-'1001.1F 

560µH 

'00000` 

POWER SUPPLY DECOUPLING 

V3 C15 

-1(1-41F 

R9 
107K 

C7 

10µF 

R8 CS 

5K 220pF 

STAGE 2 

GAIN -10 TO 100 

7 

1C2 

5534 

4 

V4 

in a circuit with so much gain. 
The signal at pin 6 of IC2 is then 

fed to R12, which is connected across 
the base -emitter junction of both Q2 
and Q3. The voltage across R12 turns 
Q2 and Q3 on and off; those tran- 
sistors are capable of driving a pair of 
low -impedance headphones. 

Note that RI is listed as being 3.4 
megohms or 150 kilohms. That's be- 
cause, if you use a value near 3.4 
megohms, the receiver will be ex- 
tremely sensitive, resulting in the 
greatest possible range. On the other 
hand, a value near 150K will decrease 
the sensitivity while providing a wide 
bandwidth, giving the unit higher 
fidelity. You can use any value be- 
tween 3.4 megohms and 150 kilohms, 
but do not use a potentiometer, as it 
will be a source of noise in the circuit. 

Construction 
Let's start by building the transmit- 

ter board. Foil patterns for both 
boards are provided in PC Service. 
Figure 7 is the Parts -Placement di- 
agram for the transmitter. First install 
the resistors, then the capacitors 
(bend the leads, solder, and then 
trim), and then the potentiometers. 
Cut some ribbon cable into 6 2 -con- 
ductor pieces (3 for now and 3 for 
later), 11/2 -inches long, and then sepa- 
rate and strip the ends. (Any thin, 

V4 

R12 
2752 

904, 

S2 

P 
o 1+ 

61 7 
9V 

COM 

B2 ¡ 

9V 

o 
S2 

+9V 
02 

2N4410 

03 
2N4248 

- 9V 

AUDIO OUTPUT 
STAGE 

PARTS LIST-TRANSMITTER 

All resistors are 1/4 -watt, 5%, un- 
less otherwise noted. 

R1, R4-47,000 ohms 
R2, R3-470,000 ohms 
R5-35 ohms 
R6-33 ohms 
R7-20,000 ohms, PC -mount 

potentiometer 
R8-10,000 ohms, PC -mount 

potentiometer 
R9-1000 ohms, combination poten- 

tiometer/switch (incorporates S1) 
Capacitors 
C1-0.002 p.F, 50 volts, ceramic 
C2-0.1 µF, 50 volts, ceramic 
C3-180 pF, 100 volts, ceramic 
C4-10 µF, 10 volts. electrolytic 
C5-100 µF, 10-25 volts, electrolytic 
C6-1.2 µF, 20 volts, electrolytic 
C7-30 µF, 20 volts, electrolytic 
Semiconductors 
ICI-NE5532 dual low -noise 

op -amp 
01-7937 3 -amp NPN transistor 
LED1-high-intensity light -emitting 

diode, can be Hewlett Packard 
HLMP-8103 (3000 mcd) or 
HLMP-8150 (12,000 mcd), or any 
other high -intensity LED. 

Other components 
B1 -9 -volt battery 
S1-SPST switch (part of R9) 
J1-mono phone jack 
Miscellaneous: 9 -volt -battery clip, 

8 -pin DIP socket, wire, solder, etc. 

c 
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J1 
v-- 

R51 I 3 C6 07 

C41 R4 

t 

IC1 -d6_ 
R75R2 

C21 
C5i R8 -C7- -I- 

Cl 1 -1- -R1- 
if 

LEDI 

FIG. 7-TRANSMITTER parts -placement 
diagram. 

PARTS LIST-RECEIVER 

All resistors are 1/4 -waft, 5%, un- 
less otherwise noted. 

R1-between 3.4 megohms and 150 
kilohms (see text) 

R2-3.4 ohms 
R3-1000 ohms 
R4-35 ohms 
R5-100,000 ohms 
R6, R8-5000 ohms, potentiometer 
R7-1 megohm 
R9-107,000 ohms 
R10-35 ohms 
R11-10,000 ohms 
R12-27 ohms 
Capacitors 
C1-10 µF, 50 volts electrolytic 
C2, C11, C12-0.01 µF, 10 volts, 

ceramic 
C3-0.47 µF, 20 volts, ceramic 
C4, C7-10 µF, 10 volts, electrolytic 
C5, C8-220 pF, 100 volts, ceramic 
C6-1.2 µF, 20 volts, electrolytic 
C9, C10-100 µF, 15 volts, 

electrolytic 
C13, C14-6.8 µF, 20 volts, 

electrolytic 
C15, C16-10 µF, 25 volts, 

electrolytic 
C17-0.3 µF, 50 volts, ceramic 
Semiconductors 
IC1, IC2-NE5534 single low -noise 

op -amp 
Dl-Siemans BPW-33 silicon pho- 

todiode (see text) 
Q1-PF5102 field-effect transistor 
Q2 -2N4410 NPN transistor 
Q3 -2N4248 PNP transistor 
Other components 
L1, L2-560 µH 
Sl-SPST switch 
S2-DPDT switch 
B1, B2 -9 -volt battery 
B3, B4 -1.5 -volt N -size battery 
Miscellaneous: 2 9 -volt -battery 

clips, DIP sockets, wire, solder, etc. 

-C12-- -R5- - 
+-C14--- --C3- 

+ 

C4 I C5 

1 

R4 --- C16-- 
{ -- L2 - 

L 

R3 

-R9 -- 

C6 - } C15 

c9j 

+ 

CR1 
cá 

R,1 I 

DQ2 

-R121 
03 

FIG. 8-RECEIVER PARTS -PLACEMENT DIAGRAM. 

SHAFT 

POTENTIOMETER 

BATTERIES 

WIRE TO 
CIRCUIT 

SUPPORTS 
TO HOLD 

POTENTIOMETER BODY TO BOARD 

PC BOARD 

FIG. 9-YOU MUST USE PIECES of bus 
wire to attach potentiometers R4 and R6 
securely to the PC board. 

stranded wire will do if you don't have 
ribbon cable.) Then use one piece to 
connect the microphone jack, J1, to 
the pads indicated in Fig. 7, and two 
more to connect R8/S1. 

Connect a 9 -volt battery clip to the 
appropriate pads on the board, and 
then install ICI. (It's a good idea to 
use a socket for ICI.) Last, position 
LEDI (observe its polarity) so that it 
is standing perfectly straight off the 
PC board, then solder it in place. 

For the assembly of the receiver 
board, see Fig. 8. First install re- 
sistors R1-R12, and then install the 
capacitors observing polarity where 
indicated. Then install LI and L2, and 
sockets for ICI and IC2. Using pieces 
of bus wire, attach potentiometers R4 
and R6 securely to the PC board as 
shown in Fig. 9. Prepare B3 and B4 
by soldering a short length of bus wire 
to each terminal (see Fig. 9) so that 
each battery can be PC mounted. PC - 
mount S2 and solder it in place. Now 

83 

ORDERING INFORMATION 

The following are available from 
General Science and Engineering, 
P.O. Box 447, Rochester, NY 14603 
(716-338-7001): Kit of all parts, in- 
cluding all electronic and mechanical 
components, $98; Set of two PC 
boards, $12.00; 6 -inch Fresnel lens, 
$15.00; A headset with built-in micro- 
phone, $12.00; Telephone -type 
handset, $5.00; Siemans BPW-33 
photodiode, $3.50; HLMP-8150 12 - 
cd LED price to be determined (call 
GSE for information); Assembled 
and tested communicator, $198. 
Note: the spotting scope is not avail- 
able from GSE. 

turn the board over, and solder D1 (the 
photodiode) in place observing its pc 
larity indicated by a painted dot on it 
anode. 

Take two 9 -volt -battery clips and 
on one of them, clip the red lead dow 
to 1 inch and the black one to 2V: 
inches; on the other battery clip, ci 
the black lead down to I inch and th 
red to 2V inches. Solder the leads t 
the PC board as shown. Using thre 
more pairs of leads (as was shown i 

Fig. 8), connect JI, the headphon 
jack, and S2. 

Well, the boards are finished, bL 
that's all we have room for this monta 
Next month we'll finish the project b 
detailing the mechanical assemblie 
We'll also present a list of the necet 
saray mechanical components. R- 
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EXPAND YOUR CAREER HORIZONS... 

START WITH CIE. 
Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leader in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 

electronics careers. 
We offer flexible training to meet your needs. 

You can start at the beginner 'level or, if you already 
know something about electroniics, you may want to 
start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just call loll -free 
1-800-321-2155 On Ohio, 1-800-362-2105) or mail in 

CIRCLE 60 ON FREE INFORMATION CARD 

ï1r' 
The CIE Microprocessor Trainer helps you to learn how circuits with 
microproce: sors function in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

ECIE World Headquarters 
ARE -132 

Cleveland Institute of Electronics, Inc. 
1776 East 1711 Street Cleveland, Ohio 44114 

Please send your independent study catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. 

Check box for G.I. Bill bulletin on Educational Benefits 
P! Veteran Active Duty MAIL TODAY! 

Just call toll -free 1-800-321-2155 (in Ohio, 1-800-362-2105) 
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J 

DIGITAL 
CAPACITANCE 
METER 
Any test bench would love to have 

our hand-held capacitance meter! 

MICHAEL LASHANSKY 

TRIGGER 
MONOSTABLE 

\ 
-1 

TIMING 
MONOSTABLE 

ASTABLE 
CLOCK 

- 

--- 

MEASUREMENT BLOCK 

etEMIMN 

DISPLAY, 
4 -DIGIT, 

7 -SEGMENT 
LED. 1 

(SEGMENTS) 

(DIGIT/ 
DEC PT 

CONTROL) 

FIG. 1-BLOCK DIAGRAM of the capacitance meter. 

HOW MANY TIMES HAVE YOU RUMMAGED 

through your parts box for a capacitor 
with a particular value, only to find a 
handful with confusing color codes or 
numerical markings that look like 
weird hieroglyphics? If you're lucky, 
you might find one you can decipher. 
Otherwise, you'll have to guess its 
value, and decide if you can stand a 
mistake. That's not too professional, 
but we all do it from time to time. 

The problem is that most manufac- 
turers have separate marking nomen- 
clature for capacitors, causing total 
chaos for hobbyists. The military got 
smart and standardized their nomen- 
clature requirements a long time ago, 

but consumer capacitor values are still 
almost impossible to read. There's 
been a push toward total standardiza- 
tion of capacitor values, but don't 
hold your breath. 

So what do you do while the indus- 
try bickers over nomenclature? If you 
can't read your capacitors, you can 
either throw them out, or buy an ex- 
pensive commercial capacitance 
meter. But perhaps the best solution is 
to build our inexpensive hand-held 
capacitance meter. It's accurate 
enough for hobbyists, uses readily 
available components, and can be 
powered from either a common 9 -volt 
battery or 7.2 -volt Ni -Cd. 

TIMING 
MONOSTABLE 

ASTABLE 

MEASUREMENT 
PULSE 

-1/f . 

T 

FIG. 2-TIMING WAVEFORMS of the capacitance meter. The number of astable pulses in 
the measurement pulse is proportional to the value of the unknown capacitor within a 
factor of 10. 
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FIG. 3-COMPLETE SCHEMATIC of the capacitance meter. 

Circuit theory 
To determine the value ut an un- 

known capacitor, C, , the technique 
shown in the block diagram of Fig. 1 

is used. The unknown capacitor con- 
trols the width of the output pulse 

from the timing monostable. And 
since the pulse width is proportional 
to CX, its value can be determined by 
measuring the duration of the pulse. 

An independent astable multi - 
vibrator generates a clock waveform 

that is NAND -gated with the timing 
monostable's pulse to yield a mea- 
surement pulse (see Fig. 2). The 
number of astable pulses fitting with- 
in the "window" of the measurement 
pulse is counted and scaled to C, . 

C- 
C 

CO 
CD 
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THE 555 
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FIG. 1-THE BLOCK DIAGRAM of the 555 timer. 

The 555 is the most versatile IC 
timer ever developed for astable/ 
monostable operating modes, and it 
needs very few external components 
to use it. Figure 1 shows the 555's 
block diagram, with its threshold and 
trigger comparators, set -reset (S -R) 
flip-flop, NPN discharging transistor 
(Q), a noninverting buffer, and an in- 
ternal voltage divider R1/R2/R3 for 
comparator reference levels. The flip- 
flop is "set" if high, and "reset" if low. 
The comparators sense the variation 
in Cl 's voltage in either mode, and 
charges and discharges Cl between 
1/3 and 2/3 of Vcc, or about 5 volts. Cl 's 

voltage is not the output, but it does 
govern the 555's operation. 

Pins 2, 6, and 7 determine astable/ 
monostable operation. Figure 2 

shows the 555 set up for astable 
mode, using R4, R5, and Cl. Figure 3 
shows the monostable setup, using 
R4 and Cl, and an external down - 
going trigger pulse on pin 2. In both 
modes, pin 4 normally goes to Vcc; 
pin 5 is bypassed by C2 for added 
stability. In either mode, Cl charges 
through at least R4 toward Vcc, but 
R5 is present only in the astable 
mode, for which it varies the duty cy- 
cle. Figures 2 and 3 also show the 
outputs from pin 3 in relation to Cl 's 

voltage. 
In the astable mode, assume that 

pin 3 is high, Cl is discharged, and Q 
is off. Now, Cl charges through R4 
and R5 toward Vcc. When C1's volt- 
age reaches 2/3 Vcc, the threshold 
comparator sets the flip-flop, turning 

Q on, discharging Cl through R5 until 
its voltage reaches Y3 Vcc, driving pin 
3 low. The trigger comparator resets 
the flip-flop, turning Q off, driving pin 3 
high. This cycle repeats, yielding a 
rectangular waveform. If R4 is 0 ohm, 
charging/discharging is only through 
R5, giving a symmetric square wave. 
If R4 is greater than 0 ohm, an asym- 
metric square wave is generated. 

In the monostable mode, an exter- 
nal down -going trigger (needed for 
each cycle) on pin 2 causes the trig - 

OUT 
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R4 

R5 
CI 
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FIG. 2-ASTABLE MODE OF THE 555, 
showing the relation between the output 
on pin 3 and C1's voltage on pin 6. 

ger comparator to reset the flip-flop, 
turning Q off, charging Cl from the 
saturation voltage of Q (effectively 
ground) through R4 to 2/3 Vcc. The 
threshold comparator sets the flip- 
flop, turning Q on, discharging Cl, 
driving pin 3 low, ending the timing 
pulse. 

Frequencies and periods 

To determine the astable frequen- 
cy and monostable period, you have 
to know how Cl charges and dis - 

The value of the timing resistors for 
both the monostable and the astable 
were selected so that the number of 
astable pulses is always an exact mul- 
tiple of 10 times the value of the un- 
known capacitor. Finally, the trigger 
monostable is used to start a measure- 
ment, latch the count, and reset the 
meter. 

The time constants for the mono - 
stables and astable are exact. How- 
ever, each time an unknown capacitor 
is tested, variations in battery voltage, 
temperature, and comparator trigger 

levels will all contribute to vary the 
final reading for each trial. That's why 
you will get slightly different results 
each time you test the same C, . For 
example, when testing a 0.1 µF ca- 
pacitor, you may get a reading of 
0.094 µF the first time and 0.103 µF 
the second. 

The schematic 
Looking at Fig. 3, 555 timers are 

used for the monostables (ICI and 
IC2) as well as for the astable (IC3). A 
4011 quad NAND gate (1C4) provides 

gating, inversion, and buffering, and 
a 74C926 display driver (IC5) is used 
to drive the 4 -digit 7 -segment display, 
DSPI. 

Pressing S5 drives pin 3 of ICl mo- 
mentarily low, resetting IC5. A delay 
line (R3-R5 and C3 and C4) increases 
the rise time of ICI's output pulse, so 
that the triggering of IC2 is delayed 
until IC5 is reset. The switch array 
S1-S3 determines the capacitance 
range by adjusting the timing param- 
eters of IC2 and IC3. Only one of the 
three switches in the array can be 
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charges. Let REFF be the effective 
charging/discharging resistance in 
either mode. In astable mode, REFF is 

equal to R4 + R5 when charging, and 
REFF is equal to R5 when discharg- 
ing. The duty cycle in the astable 
mode must be the ratio of those, or 
the duty cycle is equal to [(R4 + R5)/ 
R5] x 100%, or equal to [1 + (R4/ 
R5)] x 100%. 

In monostable mode, REEF equals 
R4 when charging; there is no dis- 
charge path. If Cl is discharged and 
in series with REFF, with both con- 
nected to Vcc, Cl charges "exponen- 
tially" from ground toward Vcc. That 
basically means that Cl 's voltage 
never reaches Vcc, but gets very 
close. 

The "time constant" is always: 
T REFF x Cl, in secsonds. When 
speaking of a capacitor charging/dis- 
charging, one refers to the number of 
time constants that have elapsed. A 
capacitor charges to 63.2% of the dif- 
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FIG. 3-MONOSTABLE MODE OF THE 
555, showing the relation between the out- 
put on pin 3 and Cl's voltage on pin 6. 
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FIG. 4-NOMOGRAPHS FOR SELECTING 
component values for the 555 timer in the 
astable mode. 
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FIG. 5-NOMOGRAPHS FOR SELECTING 
component values for the 555 timer in the 
monostable mode. 

ference between its initial and target 
voltages in one T, and essentially fully 
charges/discharges to a target volt- 
age within 5T (99.33%). 

The voltage divider partitions the 
charge/discharge cycle so that there 
are two sets of target voltages; those 
created by the divider, and those of 

Vcc and ground. The Cl voltage 
stays between Y3 and 2/3 of Vcc in the 
astable mode. Since Cl either 
charges toward Vcc or discharges to- 
ward ground, the Vcc/ground target 

voltages are never reached in the as- 
table mode, being outside the charg- 
ing/discharging bounds created by 
the voltage divider. 

The intervals required to reach the 
voltages due to the voltage divider, 
both charging and discharging, can 
be determined exactly. This elimi- 
nates the problem that Cl can only 
charge/discharge arbitrarily close to 
a target voltage. 

In the astable mode, Cl cycles be- 
tween 1/3 and 2/3 of Vcc, always charg- 
ing/discharging to halfway between 
an initial and target voltage. When 
charging, the initial voltage is 1/3 Vcc 
and the target voltage is Vcc. When 
discharging, the initial voltage is 2/3 

Vcc, and the target voltage is ground. 
For Cl to charge/discharge 

through REFF from one divider volt- 
age to the other, it always takes: 
T -0.693xT=0.693xREFFxCl. 
In the astable, the charging interval 
is: 
TAC 0.693 x (R4 + R5) x Cl. 
The discharge interval is: 
TAD= 0.693xR5xCl. 
The total period is: 
TA= TAC - 

i TAD - 0.693 x [R4 + (2 x R5)] 
Cl 

And the frequency is: 
f =1 TA =1.44/[R4+ (2 x R5)]Cl. 

In the monostable mode, Q holds 
Cl at ground. After triggering, Cl 
charges through R4 to 2/3 Vcc. Both 
the charging cycle and the pulse are 
now ended by the threshold com- 
parator. as mentioned earlier. For rea- 
sons too lengthy to discussin the 
space we have, pulse duration will be: 
TM ---- 1.1xR4xC1. 

Figure 4 is a nomograph of C1 vs. 
f in the astable mode for different 
values of R4 + (2 x R5). Figure 5 is a 
nomograph of Cl vs. timing -pulse 
width TM in the monostable mode for 
different val'ies of R4. R -E 

pressed "in" at any given time, al- 
though all three can be "out" at the 
same time. 

Each DPDT switch in the array 
(S1-S3) has two sets of contacts. To 
simplify our discussion, we will call 
the "upper" set of contacts (the set 
closest to the top of the figure) "a," 
and the lower set "b" (see Fig. 3). 
Note that S3 doesn't have to be 
pushed "in" to serve a function; be- 
cause of the way in which it is wired, 
it does affect the circuit in the "out" 
position. 

Switches S1 -a, S2 -a, and S3 -a con- 
trol the capacitance -measurement 
range by switching in the appropriate 
potentiometer-R7, R8, or R9. The 
potentiometers control the duration of 
the pulse from IC2, with the ranges as 
shown in Fig. 3. Switches Sl -b and 
S2 -b control which decimal point is 
selected, and S3 -b controls the fre- 
quency of the astable 555,1C3. There 
are two potentiometers used to deter- 
mine the astable frequencies: R13 and 
R14. Pressing either S1 or S2 switches 
R13 into the circuit for both the 

999-1-µF and 1-0.001-µF ranges, for 
an astable frequency of 100 kHz. 
However, when S3 is pressed, R13 is 
removed from the circuit, and R14 is 
switched in for the 1000-1-pF range, 
for an astable frequency of 10 kHz. 

Counter/driver IC5, a 74C926, 
contains a 4 -digit negative -edge -trig- 
gered counter, a 4 -digit internal out- 
put latch, drivers for a 4 -digit 7 - 
segment LED display, an internal 
multiplexer with four outputs, and its 
own free -running oscillator. A high 
on pin 13 resets the counter to zero 
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FIG. 4-PARTS PLACEMENT DIAGRAM. 
soldered to the solder lugs on top of the 

and drives pin 14 (CARRY OUT) low. A 
low on pin 5 (LATCH ENABLE) latches 
the number in the counter using the 
internal output latches, whereas a 
high on pin 5 permits a flow -through 
condition in which the internal 
latches ignore future counts. A high 
on pin 6 (DISPLAY SELECT) displays the 
number in the counter, while a low 
displays the number in the output 
latch. In this application, pin 6 is 
grounded, permanently displaying 
the contents of the latch, and never the 
output of the counter. 

The pulse from IC2 is positive, and 

All resistors are 1/4 -watt, 5%, un- 
less otherwise indicated. 

R1, R8, R12, R16-R22-100 ohms 
R2, R4, R5, R27-100,000 ohms 
R3-10,000 ohms 
R6, R28-560 ohms 
R7-1000 ohms, PC -mount 

potentiometer 
R8-250,000 ohms, PC -mount 

potentiometer 
R9-2.5 megohms, PC -mount 

potentiometer 
R10-4.7 megohms 
R11-2.2 megohms 
R12-7.1 megohms 
R13-15,000 ohms, PC -mount 

potentiometer 
R14-150,000 ohms, PC -mount 

potentiometer 
R15-2200 ohms 
R23-R26, R29-1000 ohms 
Capacitors 
Cl, C7-O.1 µF, ceramic disc 
C2, C3, C5 0.01 µF, ceramic disc 
C4, C6 0.001 µF, ceramic disc 
09-1 µF, tantalum electrolytic 
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The jumpers shown in dashed lines are 
switches. 

after being NAND'ed (by 1C4 -b) with 
the output from IC3, the resulting out- 
put in inverted. The down -going pulse 
from IC4-a enables IC5 to latch the 
count of the astable pulses within the 
measurement pulse. Because pin 5 of 
IC5 goes low during the timing pulse, 
the new value in the counter is auto- 
matically latched each time a count 
occurs. 

The latched count is then converted 
into the value of the unknown capaci- 
tor by shifting the decimal point on 
DSPI via transistors Q1-Q5. IC4-c 
and IC4-d buffer the outputs from the 

PARTS LIST 
Semiconductors 
D1-D3-1 N4001 rectifier diode 
Q1 -05-2N3904 NPN transistor 
ICI -1C3-555 timer IC 
IC4-4011 CMOS quad 2 -input NAND 

gate 
IC5-74C926 CMOS counter/LED 

display driver 
IC6-7805 5 -volt regulator 
DSP1-NSB5881 4 -digit 7 -segment 

LED display 
LED1-red light -emitting diode 
Other components 
SO1, S02 -8 -pin SIP wirewrap 

socket 
PL1-8-pin SIP plug 
S1-S3-board-mounted 3 -pushbut- 

ton DPDT switch array, 3/16 -inch 
lead spacing, with PC -contact pins 
and solder lugs for wires 

S4-board-mounted pushbutton 
4P2T switch, 3/16 -inch lead spacing, 
with PC -contact pins and solder 
lugs for wires 

S5-board-mounted momentary 
pushbutton, 5/16 -inch lead spacing 

A and C digit drivers of counter/driver 
IC5, to provide sufficient logic swing 
for the display. When the counter in 
IC5 exceeds 9999, pin 14 goes high, 
lighting the range -overflow indicator, 
LEDI . 

Pin 7 of IC5 controls digit A, pin 8 
controls B, pin 10 controls C, and pin 
11 controls D. Pins 1-4 and 15-17 
drive each individual segment of each 
digit. ICS's internal clock scans the 
digit -control lines fast enough to 
avoid display flicker. The decimal 
point is selected by feeding pin 7 of 
IC5 (which controls digit A) back to 
SI -a for the 1-.001 µF range, or pin 10 
(which controls digit C) back to SI -b 
for the 999-1 µF range. The other two 
decimal points are not used. The dis- 
play format has no leading -zero 
blanking or external scaling. There- 
fore, 100 pF is displayed as 0100, 
0.001 µF is displayed as 0.001, and 
4.7 ¡IF as004.7. 

Switch S4 supplies power to the 
7805 voltage regulator, which pro- 
vides a steady 5 -volts DC to the cir- 
cuit. If you use a 9 -volt battery, you 
can ignore the optional charger/ 
adapter jack, J1. (Two pads labeled 
"AC" are provided on the PC board 
for J1.) A Ni -Cd battery can only be 
recharged when the meter is on; that's 
because S4 connects J1 to D1 and the 
battery to IC6. Charging the Ni -Cd 
battery pack normally draws about 
300 mA, so be sure that whatever 
you're using can handle that. 

B1 -9 -volt alkaline battery or op- 
tional 7.2 -volt rechargeable Ni -Cd 
(see text) 

J1-subminiature jack matching the 
plug of the charger/adapter (op- 
tional, see text) 

T1-optional charger/adapter, 
117/12 -volts AC, 300 mA 

Miscellaneous: Pacifitec Model 
HPL-000 project case, 9 -volt bat- 
tery clip, LED bezel, solder, wire, 
etc. 

NOTE: The switches for the pro- 
totype were obtained from Ac- 
tive Surplus Annex, 347 Queen 
Street West, Toronto, Ont., Cana- 
da, (416) 593-0967. A kit of all 
parts except resistors, capaci- 
tors, and PC board is available 
for $39.95, plus $5.00 shipping 
and handling. A PC board is 
available for $12.00. Contact Tri - 
stat Electronics, 66A Brocking- 
ton Crescent, NEPEAN, Ont., 
Canada K2C 5L1. 
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Construction 
The Parts -Placement diagram is 

shown in Fig. 4, and a foil pattern is 
provided in PC Service. Before sol- 
dering, it's a good idea to clean the 
foil side of the board with steel wool 
to remove oxides; that ensures a 
smooth solder flow. Use sockets for 
the IC's and various transistors. 

Figure 5 shows how to make the test 
socket, SOI, and its corresponding 
plug, PLI . SO1 is made from an 8 -pin 
SIP wirewrap socket, and PL1 from 
an 8 -pin SIP plug; the two are con- 
nected by a twisted pair. SO1 is epox- 
ied into its opening in the case, and 
PLI fits into S02. 

The display is connected to the PC 
board using 2 inches of No. 12 ribbon 
cable. Solder one side to the display 
and the other side to the PC board. 
(Be certain that pin 1 of the display 
goes to pad 1 on the PC board.) Only 
solder pins 1, 3, 4, 7, 8, and 10-16 of 
the display-the others are not used. 

Solder LED1 approximately 3/4 of 
an inch above the PC board, so that its 
top is flush with the case. You can use 
a mounting bezel for LEDI. 

Figure 6 is a photograph of the pro- 
totype meter. Study Figs. 3, 5, and 7 
for the relationship of all components 
to one another, as well as the position 
of all components. Note that the 7805 
is bent flat for case clearance, with its 
metallic side facing upward. 

If you decide to use Ni -Cd bat- 
teries, the most convenient way to in- 
stall the charging jack (J1) is to drill a 
hole in the meter case near the "AC" 
pads on the PC board. (Drill slowly to 
prevent damaging the plastic.) It's up 
to you to choose the type of jack for 
J1; it must, however, match the plug of 
the charger/adapter, and be small 
enough to fit in the case. 

Before installing the IC's or tran- 
sistors in their sockets, apply power to 
the board and check for correct volt- 
ages. Then, shut off the power, insert 
the IC's and transistors, and turn the 
meter on again; the display should 
now show a random 4 -digit number. If 
not, turn the meter off and check the 
wiring, looking particularly for a 
short in the display foils. 

Exact calibration 
To calibrate the meter, you should 

use an oscilloscope or frequency 
counter, and one precision unknown 
capacitor for each range. Connect the 
oscilloscope or frequency counter be- 
tween pin 3 of IC3 and ground. Then 
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FIG. 5-TEST SOCKET CONNECTORS. 
This assembly connects the capacitor un- 
der test to the PC board's test socket. 

FIG. 6-THE CAPACITANCE METER. 
Notice how the various parts are oriented. 

press either 51 or S2 and adjust R13 
for 10 kHz. Now press S3 and adjust 
R14 for a reading of 100 kHz. If 
you've got precision capacitors, in- 
sert a suitable one for the 999-1 µF 
range, press S5, and adjust R7 until 
the display reads the nominal value. 

Without precision unknown capac- 
itors, use an iterative (repetitive) ap- 
proach. Use three or four non - 
precision capacitors for each range, of 
the same nominal value. For the 
999-1 µF range, test an unknown ca- 
pacitor at random, adjusting R7 until 
Cx's nominal value appears on the 
display, and then set the capacitor 
aside. Next, without adjusting R7, 
test and record the other unknowns for 
that range, and average the results. 

Now, using the first unknown ca- 
pacitor tested (the one set aside), ad- 
just R7 so that the meter shows your 
average value, rather than the nominal 
value. Without adjusting R7, test the 
other unknowns and average the new 
values. Now, let the first unknown in 
the new average have the first average 
value that you came up with. Repeat 
until the average value no longer 
changes much. The accuracy of the 
meter will increase with the number 
of unknowns tested per range, and the 
number of iterations. Repeat the pro- 

cedures for the other two ranges, ad- 
justing R9 for the 1-0.001-µF range, 
and R11 for the 1000-1-pF range. 

Approximate calibration 
Without proper gear, you can get 

good but not perfect calibration. Use 
a nominal value of capacitor suitable 
for each range as an unknown, and set 
all potentiometers to mid -point. Se- 
lect a range, and insert a suitable un- 
known capacitor. Don't vary R7 or 
R9; adjust R11, R13, or R14 until the 
nominal value of the capacitor being 
tested appears on the display. Set the 
first unknown aside, and repeat the 
procedure, sampling the other identi- 
cal nominal value capacitors for this 
range without varying any of the po- 
tentiometers at this point, and average 
the display values. Using the first 
nominal -value capacitor tested, read- 
just R11, R13, or R14 for the first 
average value. Repeat the procedures 
for the other ranges. 

Using the meter 
Once calibrated, plug PL1 into 

SO2 on the PC board, and put the 
meter in its case. A polyethylene face- 
plate was epoxied to the prototype's 
case, but the front -panel design for 
your meter is up to you. 

The meter's stray capacitance is 
about 30 pF, and can't be zeroed on 
the pF range. If you press S5 with no 
capacitor attached, while in the pF 
range, the meter should read about 30 
pF. The stray capacitance is in parallel 
with the unknown, so it must be sub- 
tracted from any pF-range reading. 

When testing a capacitor, watch 
LED1 to get higher precision on the 
two lower ranges. For a nominal value 
of 0.01 µF, the meter might read 
0.010467 µF, in which case the pF 
range would overflow; the number of 
LED! flashes gives the overflow digit. 
On the 1-0.001-µF scale, the nominal 
0.01-µF capacitor might read 0.011. 
On the pF range, LED1 should flash 
once since the counter passed 9999 
once; the display should read 0467. 
However, LED1 flashes rapidly, and is 
hard to count. 

If LED1 flashes once, that means 
an overflow digit of one; then, Cx is 
10,467 pF or 0.010467 µF. If LED1 
flashes twice, the reading would be 
20467 pF, etc. Note that holding S5 
down doesn't increase accuracy, It 
just wastes current by repetitively test- 
ing a capacitor, and will prevent a 
reading from being displayed. R -E 
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WITH CIE, 
THE WORLD 

OF ELECTRONICS 
CAN BE YOUR 
WORLD, TOO. 

Look at the world as it was 20 
years ago and as it is today. 

Now, try to name another field 
that's grown faster in those 20 years 
than electronics. Everywhere you 
look, you'll find electronics in 
action. In industry, aerospace, 
business, medicine, science, 
government, communications- 
you name it. And as high 
technology grows, electronics will 
grow. Which means few other 
fields, if any, offer more career 
opportunities, more job security, 
more room for advancement-if 
you have the right skills. 

SPECIALISTS NEED 
SPECIALIZED TRAINING. 

It stands to reason that you 
learn anything best from a 
specialist, and CIE is the largest 
independent home study school 
specializing exclusively in 
electronics, with a record that 
speaks for itself. According to a 
recent survey, 92% of CIE 
graduates are employed in 
electronics or a closely related 
field. When you're investing your 
time and money, you deserve 
results like that. 

INDEPENDENT STUDY 
BACKED BY PERSONAL 
ATTENTION. 

We believe in independent 
study because it puts you in a 
classroom of one. So you can study 
where and when you want. At your 
pace, no somebody else's. And 
with over 50 years of experience, 
we've developed proven 
programs to give you the support 

such study demands. Programs that 
give you the theory you need 
backed with practical experience 
using some of the most 
sophisticated electronics tools 
available anywhere, including our 
Microprocessor Training 
Laboratory with 4K of random 
access memory. Of course, if you 
ever have a question or problem, 
our instructors are only a phone 
call away. 

r 

START WHERE YOU WANT, 
GO AS FAR AS YOU WANT. 

CIE's broad range of entry, 
intermediate, and advanced level 
courses in a variety of career areas 
gives you many options. Start with 
the Career Course that best suits 
your talents and interests and go as 
far as you want-all the way, if you 
wish, to your Associate in Applied 
Science Degree in Electronics 
Engineering Technology. But 
wherever you start, the time to start 
is now. Simply use the coupon 
below to send for your FREE CIE 
catalog and complete package of 
career information. Or phone us, 
toll -free, at 1-800-321-2155 (in Ohio, 
l-800-523-9109). Don't wait, ask for 
your free catalog now. After all, 
there's a whole world of electronics 
out there waiting for you. 

CIE 
Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Oh,o 44114 

Member NHSC 
Accredited Member National Home Study Council 

CIE Cleveland Institute of Electronics, Inc. 
1776 East 17th Street, Cleveland, Ohio 44114 

ARE -133 

YES... I want to learn from the specialists in electronics-CIE. 
Please send me my FREE CIE school catalog, including details about 
CIE's Associate Degree program, plus my FREE package of home 
study information. 

Name (print): 

Address: 

City: State: Zip: 

Age: Area Code/Phone No.: / 
Check box for G.I. Bill bulletin on educational benefits: MAIL 

Veteran D Active Duty TODAY! 

CIRCLE 60 ON FREE INFORMATION CARD 

www.americanradiohistory.com



L 

AMATEUR 
TV 

TRANSMITTER 
Get in the picture with our television transmitter. 

WILLIAM SHEETS and RUDOLF F. GRAF 

LAST MONTH WE ANALYZED THE TV 

transmitter circuitry in great detail, 
describing the function of virtually 
every transistor, capacitor, inductor, 
and resistor. Now we'll present the 
construction techniques in the same 
detail. They should pose no special 
problems, but your best bet is to du- 
plicate the author's prototype as close- 
ly as possible. That's because when 
working with ultra -high -frequency 
RF, such things as PC -board layout, 
component placement, and especially 
lead lengths become critical. 

Assembly hints 
As long as the author's design is 

exactly duplicated, you shouldn't en- 
counter any off the wall UHF prob- 
lems, so follow these suggestions 
without compromise: 
1. As you assemble this project, use 
only the parts specified in the Parts 
List because ultra -high frequency cir- 
cuits are sensitive to changes in com- 
ponent type and value. Also follow 
the author's parts placement as close- 
ly as possible. 
2. Lead lengths should be kept short. 
Handle the surface -mount compo- 
nents and ferrite beads with extra 
care. The Vio -watt resistors and mini- 
ature NPO ceramics should have short 
leads, and close component spacing. 
3. Wind your own slug -tuned coils 
with available materials, rather than 
using commercial, hard -to -get facto- 
ry -made types. That gets rid of the 
coil headaches. If the dimensions are 
followed, no problems should result. 

As shown in Fig 1, you'll find that the 
coils are easy to wind, and the largest 
ones have only eight or nine turns of 
wire. In fact, several are only loops or 
pieces of wire because the inductors 
required at 420-500 MHz are usually 
in the 0.01 to 0.1-microhenry range. 
Complete technical data is compiled 
in Table 1. 

4. Pay particular attention to supply 
bypassing. We have incorporated a 
tantalum chip capacitor to guarantee 
good bypassing. By keeping every- 
thing compact, and by using a 
shielded, double -sided PC board with 
good RF bypassing, all the possible 
"horrors" associated with VHF and 
UHF circuitry can be done away with. 
5. The PC board is compact and parts 
are small, so a small iron with a point- 
ed tip is recommended, especially for 
soldering the chip capacitors. 
6. Use only 0.062 -inch thick epoxy - 
fiberglass PC -board materials. Other 
materials and thicknesses could be 
used, but may result in different tun- 
ing conditions, and stray capaci- 
tances. Don't use paper -base phenolic 
materials; they're too lossy at UHF 
frequencies. 
7. Transistor Q12 must be heat-sinked 
because it must dissipate up to 3 
watts. The method shown in Fig. 2 has 
proven adequate if at least 1 -ounce 
copper is used. On the other hand, Q7 
is adequately heat-sinked if the metal 
case is soldered to the PC -board 
ground plane. 
8. Solder as many component leads as 
possible (that pass through the ground 
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plane) to the top and bottom of the 
board. In particular, the ground lugs 
on all trimmer capacitors should be 
soldered on both sides, and also the 
resistors that have one side connected 
to ground. The idea is to ground as 
much of the ground plane to the 
ground foil on the component side, in 
as many places as possible; that's es- 
pecially important around Q4-Q7. 
9. Use chip capacitors where spec- 
ified. Do not substitute ordinary lead- 
ed capacitors. 
10. Keep all component leads as short 
as possible, and as close to the board 
as possible. 
11. Take care to make coils as accu- 
rately as possible. While some errors 
can be tolerated, accurate work will 
make tuneup easier. 

Parts installation 
Figure 3 shows the Parts -Placement 

diagram for the TV transmitter. First 
install all resistors and then diodes Dl 
and D3. Don't forget the ferrite beads 
on R15, R17, R19, and R21. Next 
install all disc ceramics (0.01 µF and 
470 pF), and then the NPO capaci- 
tors. Now install potentiometers R22, 
R32, and R33, soldering the 
grounded side of R22 and R33 to both 
sides of the PC board. Install all trim- 
mer capacitors. Note that C18 and 
C40 are different from the rest. Solder 
ground tabs of all trimmers to both top 
and bottom of the PC board. Install 
transistors Ql through Q5, and Q8 
through Q11, but don't install Q6, Q7, 
or Q12 yet. 
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L11,113 (POWER AMP) 

1/6 

TIN 
LEADS 

WITH SOLDER 

11,L2, AND U 

I 

4 4444 

vAÄ,v 

No 22 ENAMELLED 
WIRE 

8-32 SCREW 
3 " OR LONGER 

1. WIND No.22 WIRE IN THREADS THE REQUIRED No. OF 
TURNS CLEAN, TIN,AND FORM LEADS AS SHOWN. 

2. REMOVE THE SCREW FROM COIL BY ROTATING IT. 

3. INSERT SLUG INTO COIL BY ROTATING IT. 

4. INSTALL IN PC BOARD. 

I _ L ),1 L4,1.5,17, AND 1.8 

No. 22 TINNED COPPER WIRE 

b 

WIND ON 
1. No.27 DRILL AND 

SLIP COIL OFF 

Vs" 

HIGH-- 
PC BOARD 

SOLDER 

PC BOARD 
SOLDER 

"-t--No.22-WIRE TINNED COPPER 

346 " 

L6 D - 3/n " 

L9 D= 6/ie " 

L10,1.12, AND L14 

FERRITE BEAD 

LOOPS 

TOROID 

CORE 

TIN 
LEADS 

WITH SOLDER 

d 

1. FOR COILS L10 AND L12. 

LOOP 3 TURNS OF No.32 
ENAMELLED WIRE 

THRU FERRITE BEAD -- 
NOT CRITICAL 

2. FOR COIL L14. 

8 TURNS OF No.22 
ENAMELLED WIRE 

ON TOROID. 

FIG. 1-IF YOU WANT TO CONSTRUCT THE COILS BY HAND, you have to wind them on 
the threads of a screw (a), the shank of a drill bit (b), using measured bends (c), or around 
a ferrite bead (d). 

% n 

1 3h " 

E 

INo33 DRILL 

4 

a 

MATERIAL 
062 DOUBLE SIDED 6-10 

OR .040 COPPER OR BRASS 

THIN MICA OR PLASTIC 
INSULATOR 

HEATSINK- 

SOLDER 

MAIN 
PC BOARD- 

1.MOUNT Q12 WITH %" 4-40 SCREW AND NUT. 

2.CAUTION - USE INSULATOR (MICA OR TEFLON) BETWEEN TRANSISTOR AND HEAT SINK. 

3. COLLECTOR (MIDDLE) TERMINAL 012 SHOULD SHOW NO ELECTRICAL CONNECTION TO HEAT SINK. 

b 

012 

4444 
,114o x +/i HARDWARE rrw 

012 

LEADS 

FIG. 2-THE ALUMINUM PLATE THAT IS USED AS A HEAT SINK FOR 012 also functions 
as an RF shield for transistors 06 and Q7. 

Wind and install Ll through L9, 
and L14. If you're building the low - 
power version, leave out any compo- 
nents associated with Q6 and Q7, ex- 
cept L9; go ahead with the modifica- 
tion shown in Fig. 4, and be sure to 
omit C22. Install chip capacitors 
C22, C24, C44, and C20. 

Check the PC board for shorts, sol- 
der bridges, and trim away any excess 
foil with a sharp knife (X -acto type or 
equal). Make sure that excess foil on 
the top side is not touching any com- 
ponent leads that are not intended to 
be grounded. Slight mis -registration 
of the top foil during PC fabrication 
may cause that. 

Now install Q12 and its heat sink. 
Note that the heat sink also serves as 
an RF shield for Q6 and Q7 (if used). 
Be sure to solder the heat sink where it 
butts against the PC board. Note that 
Q12's case should be insulated from 
the heat sink. Use a TO -220 insulator 
(cut to size), or a scrap of mica, my - 
lar, polyethylene, or teflon tape used 
in plumbing work. 

You are now ready to test the main 
part of the board. If you're construct - 
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ing the 2 -watt version, Q6, Q7, and 
any associated components will be 
installed only after the rest of the PC 
board is tested. 

Testing 
After checking your work, measure 

the DC resistance between Vcc and 
ground; it should be greater than 2(X) 

ohms. If it's lower than that, check 
your work again for the cause before 
proceeding any further. 

Next, install the slugs in Ll, L2, 
and L3 if you haven't already done so. 
The slugs should be initially set fully 
inside the coils. Set R22, R32, and 
R33 about halfway between extremes 
of rotation. Set trimmer C40 and all 
other trimmer capacitors to half 
mesh. Final settings will depend on 
the operating frequency, coil -con- 
struction technique, and application. 

Apply + 12 volts after connecting 
the negative -supply lead to the PC - 
board ground plane. Immediately ob- 
serve power -supply current; if it's over 
130 mA, there may be a problem. If 
anything smokes or gets too hot, im- 
mediately remove the power and find 
the problem before proceeding. 

BEAD 
Ri9G-- 

+12V 

C L_ 
b L9- 

C30 ee 
c -L10_ 

i 1,26 
C 7-- R20 

C 
L11 i 

-R21p 
c2seLiz 

c 

Q7 
L13 

r 
C34-- 

-- CI3 

25- Rjl 

OC24 Q5 f?BEAD -C32 

, 
c0 L7 

L8 
Ci24 

C23 R18- 

R35 R34 
e , LR32.1 

Ib)Q10 
b 

c Ri6 
C c 

e 011C h 

C44 

012 -R37- e 

SHIELD 

HEAT 

SINK 
FOR 

012 

f .12 

1_ RF OUTPUT 

--R16 - 

-CI9- 

.13 

VIDEO INPUT 

C16 

Q4 L5 -Cl]---- .l -C15- 
c(\b 

I - - - I 

,BEAD L4 

L6 __.,e 
R5 el 

R13 

-J h 

RI14 

R11-- 11 -1310- 
R114 -CRI 

I -C43 -- I -43 - 
-C10- 

R28 - C8Ç7 
C9 034 i C36 

1 
-R7- 

R9 C6 Q2 R6 

D1 
C37R2R24R26 i `C5_ec 

R6.- 
n 

R11 I --C38- 
-f129- i C46 

c b R23- R4 c3 
-R5' Ç2 

HF äR C35 - Ll - 

-R31-8Q9 D2 e' ^ 
Q1 0 

R30 Q-C40- 
L14 R2- 

b Ri- 
-C41 rR22, -C47-XTAL 1 

I 

C45 

.11 

AUDIO 
INPUT 

FIG. 3 -PARTS PLACEMENT DIAGRAM shows capacitor chips (C20, C23, C24, C26, C28, 
C29, C30, C31, C45) mounted on the solder side, as is Q6. 

If all seems OK, connect a VOM 
(preferably an analog meter) across 
R3, and then R7. You should read 
between 1.5 and 3 -volts DC. Next 

connect the VOM across resistor R12 
Q3;you should read I volt or less. 
Now connect the VOM between point 
A (emitter of Q12) and ground. Verify 

TABLE 1-COIL DESCRIPTIONS L1 -L14 

COIL FRED. RANGE MHz NO. TURNS & LENGTH WINDING 
FORM 

NOTES 

L1 

420-450 (HAM TV) 
450-500 (VIDEO LINK) 

91/2 
81/2 

8-32 
SCREW 
THREAD 

NO. 22 
ENAMEL 

WIRE 
L2 

420-450 
450-500 

4'h 
3'/2 

L3 
420-450 
450-500 

51/2 

31/2 

L4 ALL 3 TURNS 1/4" LONG 

NO. 27 DRILL 
(0.144" DIA) 

SPACE TURNS 

MADE WITH 
NO. 22 TINNED 

COPPER 

L5 ALL 4 TURNS 1/4" LONG 

L7 ALL 11/2 TURNS '/,s" LONG 

L8 ALL 21 TURNS '/9" LONG 

L6, L9, L11, L13 ALL PER FIG. 1 NONE 
(PC BOARD) 

L10, L12 ALL PER FIG. 1 FERRITE BEAD NO. 32 ENAMEL 
WIRE 

L14 4.5 MHz 
(NTSC SOUND 
SUBCARRIER) 

8 TURNS 
NO. 22 
ENAMEL 

TOROID NO. 22 ENAMEL 
WIRE 

NOTE: Due to individual winding technique and normal circuit tolerances, L1, L2, L3 and L14 may require one turn more or less 
than shown in Table 1. L4, L5, L7 and LS may have to be squeezed or spread lengthwise. All dimensions are taken from 
average of several working units. Individual units vary somewhat from given dimensions due to tolerances, winding 
techniques, and installation. 
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Q5 

4. !-L8 
C25 

C24 

IMPORTANT -DELETE C22 

C22 
C23 

470pF 

CHIP 

PICKUP 
LOOP 

No.22 ---a. 
HOOK UP 

WIRE 

R18 

CONNECT TO 

POINT A 

(EMITTER 012) 

TO J2 

ADDED 
PICKUP LOOP 1 TURN WIRE Y2 " DIA. 

" AWAY FROM 
L9 

a 

19A -PICKUP LOOP 
SOLDER TO GNO PLANE,ADJUS1 SPACING TO /4 " FROM L9 

J2 
(ALTERNATE) 

o 
MTG 
HOLE L9 

(V2 " WIRE)-§ 

HOLE FOR 

Q6 

(Q6 NOT USED) 

PC BOARD 

C24 

HEAT SINK ---- 

R17 

Q5 

c FERRITE BEAD 

-.-C22 REMOVE 

-s-(112 

1111U 

~C 
EMITTER 

R31 

MICA INSULATOR 

LEAVE R18 LEADS LONG, 
CONNECT TO EMITTER LEG 

OF 012 AND SOLDER 

FIG. 4 -TO OPERATE THE UNIT AT LOW POWER you should follow schematic (a) and 
assembly modification (b). 

FOT - E 
Cl 

100pF 

01 

1N914B 
GiVD 

ìMALL (1/2 " x 1") 

P ECE PC MATERIAL 

WIRE TIP 
h " LONG 

SMALL 
ALLIGATOR 

CLIP 

NAA 
R1 

10K C2 -L 01 

a 

COAX 

o Cl 

D1 

1111-1- 
(31 

e C2 

TO VOM, DVM, 
OR VTVM 

a COAX CABLE 

2» 

2 LEAD 
b 

,MoéäY^P é£ R'V'.èe 'ä2,2 E-::d"'e 

L 

PROBE 
TIPS TO FIT 

METER 
IN USE 

FIG. 5 -HERE'S AN RF PROBE YOU CAN BUILD for your DMM, VOM, or scope. It's helpful 
in adjusting the transmitter for peak power. 

that adjusting R33 through its full between less than 5 volts to greater 
range will vary the voltage at point -A than 11 volts. Set R3 for full voltage 

PARTS LIST 

All resistors are 1/8 or'/,o-watt, 5%. 
R1, R5-3900 ohms 
R2, R6, R11, R31-15,000 ohms 
R3, R7, R15-330 ohms 
R4, R9, R12, R14, R16 -R19, R35- 

100 ohms 
R8, R13-10 ohms 
R10--680 ohms 
R20-10 ohms, 1/4 -watt 
R21-22 ohms 
R22 -100,000 -ohms potentiometer 
R23-22,000 ohms 
R24, R29-100,000 ohms 
R25-33,000 ohms 
R26-4700 ohms 
R28-470 ohms, 1/4 -watt 
R30-2200 ohms 
R32, R33 -1000 -ohm potentiometer 
R34-15 ohm 
R36-1000 ohms 
R37-3300 ohms 
Capacitors 
C1-56 pF, NPO, ceramic disc 
C2, C12-33 pF, NPO, ceramic disc 
C3, C7, C19, C22, C38, C47 - 

0.01µF, ceramic disc 
C4, C6, C8, C13, C14-470 pF, NPO, 

ceramic disc 
C5 82 pF, NPO, ceramic disc 
C9, C11-15 pF, NPO, ceramic disc 
C10-2.2 pF, NPO, ceramic disc 
C15, C17, C19, C21, C25, C27, 

C33-2-10-pF, trimmer 
C16, C32-1 pf, NPO, ceramic disc 
C18-2-18 pF, or 2-20-pF trimmer 
C20, C23, C24, C45-470 pF, ce- 

ramic chip 
C26, C30, C31-100 pF, ceramic chip 
C28, C29-22 pF, ceramic chip 
C34-5 pF, silver mica 
C35 -C37-1 µF, 50 volt, electrolytic 
C39-10 µF, 16 volt, electrolytic 
C40-3-40 pF, trimmer 
C41-220 pF, NPO, ceramic disc 

(greater than 11 volts) at point A for 
now. 

Measure the voltage at Q8's collec- 
tor; about 4 to 7 volts is OK. Next 
measure the voltage across Dl; it 
should be between 8- and 10 -volts 
DC. If it is more or less, that indicates 
a problem in Q8, Q9, or the associ- 
ated circuitry. Check for 8- to 10 -volts 
across D2. If it reads 1 volt, D2 is 
installed backwards or is shorted. 

If all is good up to this point, install 
crystal XTAL1, connect a VOM 
across R7, and apply power. Tuning 
the oscillator is done as follows: Slow- 
ly back Ll's slug out of the winding. 
You'll find that the voltage across R7 
will suddenly increase, then slowly 
decrease as the slug is tuned. Adjust 
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C42-470 pF, NPO, ceramic disc 
043-220 p.F, 16 volt, electrolytic 
C44-10 p,F, 16 volt, chip tantalum 
C46-100 pF, NPO, ceramic disc 
C47 -0.01µF, ceramic chip 
Semiconductors 
01, Q2 -2N3563, transistor 
Q3-Q5-MPS3866, transistor 
Q6-MRF559 or MRF627 transistor 
Q7-MRF630, transistor 
Q8 -2N3565, transistor 
Q9-MPF102, transistor 
Q10 -2N3906, transistor 
Q11 -2N3904, transistor 
Q12-MJ E180, transistor 
D1-1N757A, diode 
D2-MV2112, varactor diode 
D3 -1N914, diode 
D4 -1N4007, diode 
Inductors 
L1 -L14 -See table 1 

Other components 
XTAL1-52,5-62.5 MHz 
Notes: The following kits are avail- 

able from North Country Radio, 
PO Box 53, Wykagyl Station, 
New Rochelle, NY 10804: Low - 
Power Kit w/ATV crystal for oper- 
ation on 439.25 MHz, $79.95 plus 
$2.50 shipping and handling; 2 - 

Watt Kit w/ATV crystal for opera- 
tion on 439.25 MHz, $104.95 plus 
$2.50 S/H; extra crystals for 
CH14, CH15 operation, $6.50 
plus $1.50 S/H; PC board only 
plus Cores, chip capacitors, and 
D2, (partial kit), $49.95 plus 
$2.50 S/H; Crystals can be pur- 
chased separately from Crystek 
Corporation, PO Box 06135, Fort 
Myers, FL 33906. Kits do not in- 
clude jacks, connectors, bat- 
teries, power -supply compo- 
nents, or case. 

the slug for maximum voltage (3 to 5 

volts), then back out the slug for about 
a 10% drop to ensure stable oscilla- 
tion. As a check, a frequency counter 
connected to the junction of C2 and 
C5 should indicate the crystal fre- 
quency. An unstable reading indicates 
that the crystal is not controlling the 
frequency. If that's the case, try re- 
adjusting Ll. 

Here's how to tune the 1st doubler. 
Connect the VOM across R12, and 
adjust L2 and L3 for maximum volt- 
age (about 1 to 2 volts). If adjusting 
the LI and L2 slugs doesn't peak the 
voltage, then add or subtract a turn 
from the coil as required, after first 
checking C9, C10, C11, and C12 for 
correct values. 

STEP 1: TIN ARFA WHERE CHIP IS TO BE INSTALLED 

SOLDER 

PC BOARD 

STEP Z: PLACE CHIP ON BOARD 

T 
CHIP 

STEP 3: TACK ONE SIDE WHILE HOLDING WITH 
SMALL PLIERS, TWEEZERS, ETC. BE QUICK 

IRON 

TWEEZER -- 
rr 

L 
CHIP 

STEP 5: INSPECT FOR GOOD CONNECTION 

GOOD JOINT 

\r -r í 
CHIP 

ROSIN 
BAD JOINT 

T r' 

NO CONTACT 

SOLDER HERE 

22, 100, 470pF CHIPS 
CERAMIC 

SMALL IRON 

WITH POINTED TIP 

TACK 

STEP 4: NOW SOLDER BOTH SIDES. DO NOT OVERHEAT 

SOLDER SHOULD BE SMOOTH AND 

FULLY BONDED TO CHIP 

CHIP 

L1 

SOLDER HERE 

SOLDER` HERE 

POINT 
IS POSITIVE 

ñ (NOTE POLARITY) 

10µF 15V CHIP 

TANTALUM 

FIG. 6 -IF YOU FOLLOW THESE STEPS when soldering the chip components to the PC 

board, you'll have no problems with them. 

Here's how to tune the 2nd and 3rd 
doublers. Connect an RF probe to the 
junction of L9 and R19, or to the 
junction of C25 and L9 if you're 
building the low -power version. Fig- 
ure 5 shows you how to build an RF 
probe if you don't already have one. 
Adjust C15, C17, C18, C19, C21, and 
C25 for a maximum reading. You 
should be able to obtain at least 1.5 
volts of RF energy at the junction of 
R19 and L9 for the high -power ver- 
sion, and about 2 volts at the junction 
of C25 and L9 for the low -power ver- 
sion. If everything looks good, that 
checks out stages Q1 through Q5. 

To adjust the RF output for the low - 
power version connect a 47 -ohm re- 
sistor to J2A (Alternate). Adjust C25 
and the position of L9A (Alernate) 
with respect to L9 for maximum out- 
put. Don't couple L9A too close to 
L9 just enough for about 1 volt 
across the 47 -ohm resistor. 

Final assembly 
If you're building the 2 -watt ver- 

sion, now is the time to install Q6 and 
Q7, and then L10 through L13. You 
may now install the chip capacitors 
C26, C28, C29, C30, and C31, but 

TOP 
PIECE OF G-10 

KEEP LEADS VERY SHORT 
VIEW 

'h '/e 
., 

BNC 
FLANGE MOUNT 

CONNECTOR 

TEN -4709 OR 51052 A WATT 

CARBON RESISTORS 

SOLDER TO COPPER 

a 

SIDE VIEW 

CONNECT 

_ 

RF PROBE 
HERE 

SOLDER 610 
TO CONNECT tr 

FIG. 7-A DUMMY LOAD SHOULD BE 
USED while adjusting the power output. 

don't overheat them! Make sure that 
the PC board is tinned in the areas 
where chips are installed. The best 
way to install them is to first tack - 
solder one side to hold it down, solder 
the other side, and then go back and 
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FIG. 8-THE FINISHED PC BOARD has a neat, clean appearance. Sloppy workmanship 
can not be tolerated on this circuit layout. 

FIG. 9-The AUTHOR'S PROTOTYPE USED 2 -Ni -Cd BATTERY PACKS, one on either side 
of the PC board, which makes the transmitter portable. You'll also notice a power 
transformer and associated circuitry used for running the transmitter off hoLsehold AC - 
line voltage. 

resolder the first (tack -soldered) side. 
Figure 6 shows you how to solder 

chip components. Use a 25 -watt iron 
with a pointed tip. Fine -point needle - 
nose pliers or tweezers should be used 
to manipulate the chip capacitors. 

finally, install C34 and a suitable 

length of small -diameter 50 -ohm 
coax to J2. Check all joints for solder 
bridges. Make sure that the metal case 
of Q7 is soldered to the ground plane 
(top side), and connect its leads to the 
PC -board underside using as little 
lead length as possible. 

Apply power and quickly adjust 
C25, C27, and C33 for maximum 
power into a 50 -ohm load connected 
to J2. You can use a 47 -ohm, 2 -watt 
carbon resistor, or the dummy load 
which can be assembled as shown in 
Fig. 7. An RF probe can be connected 
to the hot side of the resistors (center 
conductor of connector) to read the 
RF voltage, but an RF power meter is 
nice to have. 

You should get at least 1.5 watts 
(about 8.5 -volts RMS) into the 50 - 
ohm load, which should become 
warm when operating. Power -supply 
current will be about 500 mA. Now 
adjust R33 for an output voltage about 
half that, or a quarter the power as 
read on the power meter, if used. 
Leave the RF load connected as you 
proceed to the next step. 

For either the low- or high -power 
unit, adjust R33 for about + 6 volts at 
point A (emitter of Q12). Connect a 
frequency counter to point A, and ad- 
just C40 for exactly 4.500 MHz. Now 
apply video and audio signals to J3 
and Jl, respectively. Watch the trans- 
mitted image on a TV receiver tuned 
to the- transmitter frequency; adjust 
the video gain (R32) for best picture 
contrast and stability, then adjust the 
audio level (R22) until its level is 
comparable to a commercial station. 
Now alternately adjust R32 and R33 
for maximum video contrast without 
seeing any side effects such as in- 
stability, audio buzz, or other evi- 
dence of clipping. You may also wish 
to go over all tuning adjustments 
again for best results. The finished PC 
board is shown in Fig. 8 

Enclosure 
Mount the PC board in a shielded 

metal -case, as shown in Fig. 9, and 
connect leads from the board to suit- 
able jacks for J1, J2, or J2A, and J3. 
Also provide a suitable connector for 
the 12 -volt supply, if desired. The 
transmitter case can house an AC sup- 
ply, or batteries for portable opera- 
tion. Use the right size Ni -Cd 
batteries to handle the 100 -mA drain 
(low power), or 500 -mA drain (2 -watt 
unit). Use a BNC-type fitting for the 
antenna jack, J2. 

A suitable antenna would be a 6 - 
inch whip or a center -fed dipole, 12 - 
inches long. For amateur TV, a linear 
amplifier may be installed between J2 
and the antenna for greater power out- 
put. For the low -power version, use 
the 6 -inch whip antenna. R -E 
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OP -AMP 
(OSCILLATOR 

RAY MARSTON 

OP -AMPS CAN BE USED TO GENERATE SINE- 

wave, triangular -wave, and square - 
wave signals. We'll start by discuss- 
ing the theory behind designing op - 
amp oscillators. Then we'll examine 
methods to stabilize oscillator circuits 
using thermistors, diodes, and small 
incandescent lamps. Finally, our dis- 
cussion will round off with designing 
bi -stable op -amp switching circuits. 

Sine -wave oscillator 
In Fig. 1, an op -amp can be made to 

oscillate by feeding a portion of the 
output back to the input via a frequen- 
cy -selective network, and controlling 
the overall voltage gain. 

For optimum sine -wave genera- 
tion, the frequency -selective network 
must feed back an overall phase shift 
of zero degrees, while the gain net- 
work provides unity amplification at 
the desired oscillation frequency. The 
frequency network often has a nega- 
tive gain, which must be compen- 
sated for by additional amplification 
in the gain network, so that the total 
gain is unity. If the overall gain is less 
than unity, the circuit will not oscil- 
late; if the overall gain is greater than 
unity, the output waveform will be 
distorted. 

As Fig. 2 shows, a Wien -bridge 
network is a practical way of imple- 
menting a sine -wave oscillator. The 
frequency -selective Wien -bridge is 
constructed from the RI -Cl and R2 - 
C2 networks. Normally, the Wien 
bridge is symmetrical, so that 
Cl=C2=C and R1=R2=R. When 
that condition is met, the phase rela- 
tionship between the output and input 
signals varies from - 90° to + 90°, 
and is precisely 0° at a center frequen- 
cy, fo, which can be calculated using 
this formula: 

fo = 1/(2nCR) 

r 

Op -amp oscillators give good vibrations. 

FREQUENCY -SELECTIVE 

NETWORK WITH GAIN = A2, 

AND PHASE SHIFT= y° AT fo. 

AMPLIFIER WITH GAIN=AI 
AND PHASE SHIFT=x° AT fo. 

GAIN - 
CONTROL 
NETWORK 

CONDITIONS FOR OSCILLATION: 
x +yr=0' 

CONDITIONS FOR SINE -WAVE GENERATION 
A, xA2=1 

o OSCILLATOR 

OUTPUT 

FIG.1-STABLE SINE -WAVE OSCILLATION requires a zero phase shift between the input 
and output, and an overall gain of 1. 

Cl 
R3 # 

10.131"-- _ 
TC22 

R2 

+ V 

-V 

Cl -C2 -C 

R1-R2=R 

° 2-rCR 

R3 

z 

FIG. 2-BASIC WEIN -BRIDGE sine -wave 
oscillator. 

The Wien network is connected be- 
tween the op -amp's output and the 
non -inverting input, so that the circuit 
gives zero overall phase shift at fo, 
where the voltage gain is 0.33; there- 
fore, the op -amp must be given a volt- 
age gain of 3 via feedback network 
R3 -R4, which gives an overall gain of 
unity. That satisfies the basic require- 
ments for sine -wave oscillation. In 
practice, however, the ratio of R3 to 
R4 must be carefully adjusted to give 
the overall voltage gain of precisely 
unity, which is necessary for a low - 
distortion sine wave. 

Op -amps are sensitive to tem- 
perature variations, supply -voltage 
fluctuations, and other conditions that 
cause the op -amp's output voltage to 
vary. Those voltage fluctuations 
across components R3 -R4 will also 

cause the voltage gain to vary. The 
feedback network can be modified to 
give automatic gain adjustment (to in- 
crease amplifier stability) by replac- 
ing the passive R3 -R4 gain -determin- 
ing network with a gain -stabilizing 
circuit. Figures 3 through 7 show 
practical versions of Wien -bridge os- 
cillators having automatic amplitude 
stabilization. 

FIG. 3-THERMISTOR-STABILIZED 1 -kHz 
Wein -bridge oscillator. 

Thermistor stabilization 
Figure 3 shows a 1 -kHz fixed -fre- 

quency oscillator. The output ampli- 
tude is stabilized by a Negative 
Temperature Coefficient (NTC) ther- 
mistor RT which, together with R3 
forms a gain -determining feedback 
network. The thermistor is heated by 
the mean power output of the op -amp. 
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FIG. 4-LAMP-STABILIZED Wien -bridge 
oscillator. 
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FIG. 5-DIODE-REGULATED Wien -bridge 
oscillator. 
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FIG. 6-ZENER-REGULATED Wien -bridge 
oscillator. 

The desired feedback thermistor re- 
sistance value is triple that of R3, so 
the feed-back gain is x 3. When the 
feedback gain is multiplied by the fre- 
quency network's gain of 0.33, the 
overall gain becomes unity. If the os- 
cillator output amplitude starts to 
rise, RT heats up and reduces its resis- 
tance, thereby automatically reducing 

the gain of the circuit, which sta- 
bilizes the amplitude of the output 
signal. 

An alternative method of ther- 
mistor stabilization is shown in Fig. 
4.In that case, a low -current lamp is 
used as a Positive Temperature Co- 
efficient (PTC) thermistor, and is 
placed in the lower part of the gain - 
determining feedback network. If the 
output amplitude increases, the lamp 
heats up thereby increasing its resis- 
tance, reducing the feedback gain, 
and providing automatic amplitude 
stabilization. That circuit also shows 
how the Wien network can be modi- 
fied by using a twin -ganged potenti- 
ometer to make a variable -frequency 

peak -to -peak output of each circuit is 
roughly double the breakdown volt- 
age of its diode regulator element. 

In Fig. 5, the diodes start to con- 
duct at 500 mV, so the circuit gives an 
output of about 1 -volt peak -to -peak. 
In Fig. 6, the Zener diodes DI and D2 
are connected back-to-back, and may 
have values as high as 5 to 6 volts, 
giving a p -p (peak-to-peak)output of 
about 12 volts. Each circuit is set up 
by adjusting R3 for the maximum val- 
ue (minimum distortion) at which os- 
cillation can be maintained across the 
frequency band. 

The frequency range of Wein- 
bridge oscillators can be altered by 
changing the Cl and C2 values; in - 

R1 
C1 1 C2 J.. C3 ..L 
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FIG. 7-THREE DECADE 15 Hz -15 kHz Wien -bridge oscillator. 

oscillator over the range 150 Hz to 1.5 
kHz. The sine -wave output amplitude 
can be made variable using R5. 

A slightly annoying feature of ther- 
mistor-stabilized circuits is that, in 
variable -frequency applications, the 
output amplitude of the sine wave 
tends to "jitter" or "bounce" as the 
frequency control potentiometer is 
swept up and down its range. 

Diode stabilization 
The jitter problem of variable -fre- 

quency circuits can be minimized by 
using the circuits of Figs. 5 or 6, 
which rely on the onset of diode or 
Zener conduction for automatic gain 
control. In essence, R3 is for a circuit 
gain slightly greater than unity when 
the output is close to zero, causing the 
circuit to oscillate; as each half -cycle 
nears the desired peak value, one of 
the diodes starts to conduct, which 
reduces the circuit gain, automat- 
ically stabilizing the peak amplitude 
of the output signal. That "limiting" 
technique typically results in the gen- 
eration of I% to 2% distortion on the 
sine -wave output. The maximum 
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FIG. 9-DIODE-REGULATED 1 -kHz twin -T 
oscillator. 
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FIG. 10-RELAXATION SQUARE -WAVE 
oscillator. 
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FIG.11-500 Hz -5 kHz SQUARE -WAVE os- 
cillator. 

R3 R6 
4 10K 10K 

500Hz SQUARE WAVE 

9V R4 OUTPUT 

10K 

Cl 5kHz-' 
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1K 

FIG.12-IMPROVED 500 Hz -5 kHz square - 
wave oscillator. 

creasing Cl and C2 by a decade re- 
duces the output frequency by a 
decade. Figure 7 shows the circuit of a 
variable -frequency Wien oscillator 
that covers the range 15 Hz to 15 kHz 
in three switched -decade ranges. The 
circuit uses Zener-diode amplitude 
regulation, and its output is adjustable 
by both switched and fully -variable 
attenuators. Notice that the maximum 
useful operating frequency is re- 
stricted by the slew -rate limitations of 
the op -amp. The limit is about 25 kHz 
using a LM741 op -amp, or about 70 
kHz using a CA3140. 

Twin -T oscillators 
Another way of designing a sine - 

wave oscillator is to wire a twin -T 
network between the output and input 
of an inverting op -amp, as shown in 
Fig. 8. The twin -T network comprises 

R1 -R2 -R3 -R4 and Cl -C2 -C3. In a 
"balanced" circuit, those compo- 
nents are in the ratios 
R1 =R 2 = 2(R3 + R4), and 
Cl = C2 = C3/2. When the network is 

perfectly balanced, it acts as a notch 
filter that gives zero output at a center 
frequency (fo), a finite output at all 
other frequencies, and the phase of 
the output is 180° inverted. When the 
network is slightly unbalanced by ad - 

operation due to the difficulties of 
varying three or four network compo- 
nents simultaneously. 

Square -wave generator 
An op -amp can be used to generate 

square -waves by using the relaxation 
oscillator configuration of Fig. 10. 

The circuit uses dual power supplies, 
and the op -amp output switches alter- 
nately between positive and negative 
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FIG. 13-FOUR DECADE 2 Hz -20 kHz SQUARE -WAVE generator. 

justing R4, the network will give a 
minimal output at fo. 

By critically adjusting R4 to 
slightly unbalance the network, the 
twin -T gives a 180° inverted phase 
shift with a small -signal f0. Because 
the inverting op -amp also causes a 
180° input -to -output phase shift, there 
is zero overall phase inversion as seen 
at the inverting op -amp input, and the 
circuit oscillates at a center frequency 
of 1 kHz. In practice, R4 is adjusted 
so that oscillation is barely sustained, 
and under that condition the sine wave 
has less than 1% distortion. 

Figure 9 shows an alternative meth- 
od of amplitude control, which results 
in slightly less distortion. Here, D1 

provides a feedback signal via poten- 
tiometer R5. That diode reduces the 
circuit gain when its forward voltage 
exceeds 500 mV. To set up the circuit, 
first set R5 for maximum resistance to 
ground, then adjust R4 so that oscilla- 
tion is just sustained. Under those 
conditions, the output signal has an 
amplitude of about 500 mV p -p. Fur- 
ther R5 adjustment enables the output 
signal to be varied between 170 mV 
and 300 -mV RMS. 

Note that twin -T circuits make 
good fixed -frequency oscillators, but 
are not suitable for variable -frequency 
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FIG. 14-SQUARE-WAVE GENERATOR 
with variable duty -cycle, and frequency. 
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FIG. 16-RESISTANCE-ACTIVATED relax- 
ation oscillator. 

FIG. 17-PRECISION LIGHT -ACTIVATED 
oscillator alarm. 

R2 

10K 

R3 

10K 

FIG. 18-PRECISION over -temperature 
oscillator/alarm 

saturation levels. When the output is 
high, Cl charges via R1 until the 
stored voltage becomes more positive 
than the value set by R2 -R3 at the 
non -inverting input. The output then 
regeneratively switches negative, 
which causes Cl to start discharging 
via R1 until Cl voltage falls to the 
negative value set by R2 -R3. The out- 
put then regeneratively switches 
positive again, and the whole se- 
quence repeats ad infinitum. 

A symmetrical square wave is de- 
veloped at the output, and a non-lin- 
ear triangular waveform is developed 
across C1; those waveforms swing 
symmetrically on both sides of 
ground. Notice that the operating fre- 
quency can be varied by altering ei- 
ther the Rl or Cl values, or by altering 
the R2 -R3 ratios, which makes that 
circuit quite versatile. 

Figure 11 shows how to design a 
practical 500 Hz to 5 -kHz square - 
wave generator, with frequency varia- 
tions obtained by altering the attenua- 
tion ratio of R2 -R3 -R4. Figure 12 
shows how to improve Fig. 11 by using 
R2 to preset the range of frequency 
control R4, and by using R6 as an 
output amplitude control. 

Figure 13 shows how to design a 
general purpose square -wave gener- 
ator that covers the 2 Hz to 20 -kHz 
range in four switched -decade 
ranges. Potentiometers R1 to R4 are 
used to vary the frequency within each 
range: 2 Hz -20 Hz, 20 Hz -200 Hz, 
200 Hz -2 kHz, and 2 kHz -20 kHz, 
respectively. 

Variable duty -cycle 
In Fig. 10, Cl alternately charges 

and discharges via R1, and the circuit 
generates a symmetrical square -wave 
output. That circuit can be modified 
to give a variable duty -cycle output by 
providing Cl with alternate charge 
and discharge paths. 

In Fig. 14, the duty cycle of the 
output waveform is fully variable 
from 11:1 to 1:11 via R2, and the fre- 
quency is variable from 650 Hz to 6.5 
kHz via R4. The circuit action is such 
that Cl alternately charges through 
Rl -D1 and the bottom of R2, and dis- 
charges through R1 -D2 and the top of 
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FIG. 19-BASIC FUNCTION GENERATOR 
for both triangular, and square waves. 
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R2. Notice that any variation of R2 
has negligible effect on the operating 
frequency of the circuit. 

In Fig. 15, the duty cycle is deter- 
mined by C1 -D1 -Rl (mark), and by 
C1 -D2 -R2 (space). The pulse fre- 
quency is variable between 300 Hz to 
3 kHz via R4. 

Resistance activation 
Notice from the description of the 

oscillator in Fig. 10 that the output 
changes state at each half cycle when 
the Cl voltage reaches the threshold 
value set by the R2 -R3 voltage divid- 
er. Obviously, if Cl is unable to attain 
that value, the circuit will not oscil- 
late. Figure 16 shows a resistance acti- 
vated oscillator that will oscillate only 
when R4, which is in parallel with 
Cl, has a value greater than Rl. The 
ratio of R2:R3 must be 1:1. The fact 
that R4 is a potentiometer is only for 
illustration. Most resistance -activated 
oscillators use either thermistors or 
LDR's, which simulate the potenti- 
ometer action. 

Figure 17 is a precision "light -acti- 
vated" oscillator (or alarm), and uses 
a LDR as the resistance activating ele- 
ment. The circuit can be converted to 
a "dark -activated" oscillator by 
transposing the position of LDR and 
Rl. Figure 18 uses a NTC thermistor, 
RT, as the resistance -activating ele- 
ment, and is a precision over -tem- 
perature oscillator/alarm. The circuit 
can be converted to an under -tem- 
perature oscillator by transposing RT 
and Rl. 

The LDR or RT can have any resis- 
tance in the range from 2000 ohms to 
2 megohms at the required trigger 
level, and Rl must have the same val- 
ue as the activating element at the 
desired trigger level. Rl sets the trig- 
ger level; the Cl value can be altered 
to change the oscillation frequency. 

Triangle/square generation 
Figure 19 shows a function gener- 

ator that simultaneously produces a 

r 
FIG. 20-100 Hz -1 kHz FUNCTION GENERATOR for both triangular, and square waves. 
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FIG. 22-BI-STABLE with simple manual 
triggering. 
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FIG. 23-SINGLE SUPPLY BI -STABLE. 

Yet, in order to maintain a constant 
current through a capacitor, the volt- 
age across that capacitor must change 
linearly at a constant rate. A linear 
voltage ramp therefore appears across 
Cl, causing the output of IC1 to start 
to swing down linearly at a rate of 1/ 

Cl volts per second. That output is fed 
via the R2 -R3 divider to the non -in- 
verting input of IC2. 

Consequently, the output of ICI 
swings linearly to a negative value 
until the R2 -R3 junction voltage falls 
to zero volts (ground), at which point 
IC2 enters a regenerative switching 
phase where its output abruptly goes 
to the negative saturation level. That 
reverses the inputs of IC1 and IC2, so 
IC1 output starts to rise linearly until 
it reaches a positive value that causes 
the R2 -R3 junction voltage to reach 

9V 

VIN 

/R2 1K 

VOUT 

VIN 

VOUT 

FIG. 24-SCHMITT TRIGGER prevents output oscillations caused by triggering 
off a slow sine -wave. 

linear triangular wave and a square 
wave using two op -amps. Integrator 
IC1 is driven from the output of IC2, 
where IC2 is wired as a voltage com- 
parator that's driven from the output 
of ICI via voltage divider R2 -R3. The 
square -wave output of IC2 switches 
alternately between positive and 
negative saturation levels. 

Suppose, initially, that the output 
of IC1 is positive, and that the output 
of IC2 has just switched to positive 
saturation. The inverting input of IC1 
is at virtual ground, so a current IRI 
equals + VsAT/R1. Because R1 and 
Cl are in series, IRI and ICI are equal. 

the zero -volt reference value, which 
initiates another switching action. 

The peak -to -peak amplitude of the 
linear triangular -waveform is con- 
trolled by the R2 -R3 ratio. The fre- 
quency can be altered by changing 
either the ratios of R2 -R3, the values 
of Rll or Cl, or by feeding R1 from the 
output of IC2 through a voltage divid- 
er rather than directly from op -amp 
IC2 output. 

In Fig. 20, the current input to Cl 
(obtained from R3 -R4) can be varied 
over a 10:1 range via R1, enabling the 
frequency to be varied from 100 Hz to 
1 kHz; resistor R3 enables the full- 

scale frequency to be set to precisely 1 

kHz. The amplitude of the triangular 
waveform is fully variable via R5, and 
the square wave via R8. The output 
generates symmetric waveforms, 
since Cl alternately charges and dis- 
charges at equal current values deter- 
mined by R3 -R4. 

Figure 21 shows how to modify Fig. 
20 to make a variable symmetry 
ramp/rectangular generator, where 
the slope of the ramp and duty cycle is 
variable via R4. Cl alternately 
charges through R3 -D1 and the upper 
half of R4, and discharges through 
R3 -D2 and the lower half of R4. 

Switching circuits 
Figure 22 shows the connections 

for making a manually triggered bi - 
stable circuit. Notice that the invert- 
ing terminal of the op -amp is tied to 
ground via R1, and the non -inverting 
terminal is tied directly to the output. 
Switches Si and S2 are normally 
open. If switch Si is briefly closed, 
the op -amp inverting terminal is mo- 
mentarily pulled high, and the output 
is driven to negative saturation; con- 
sequently, when Si is released again, 
the inverting terminal returns to zero 
volts, but the output and the non -in- 
verting terminal remains in negative 
saturation. The output remains in that 
state until S2 is briefly closed; that 
switches the output to a stable 
positive saturation state until Si is 
closed again. 

Figure 23 shows how Fig. 22 can be 
modified for operation from a single - 
ended power supply. 

Finally, Fig. 24 shows how to con- 
nect an op -amp as a Schmitt trigger, 
which can be used to convert a sine 
wave into a square wave. Suppose, 

-initially, that the op -amp's output is at 
a positive saturation value of 8 volts. 
Under that condition the R1 -R2 divid- 
er feeds a positive reference voltage 
about 80 mV to the non -inverting in- 
put. Consequently, the output re- 
mains in that state until the input 
voltage rises to a value equal to 80 
mV. The op -amp's output will then 
switch regeneratively to a negative 
saturation level of -8 volts, thereby 
feeding a reference voltage of - 80 
mV's to the non -inverting input. The 
output remains in that state until the 
input falls to - 80 mV; at that point, 
the output regeneratively switches 
back to the positive saturation level. 
The switching levels can be altered by 
changing the Rl value. R -E 
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MORE PC SERVICE ON PAGE 84 
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Lp 

REPAIRING SICK AM/FM 

receivers is generally 
an easy, straightfor- 
ward job; that can all 
change when tackling 
the newer digitally 
tuned models. It's bad 
enough having to work 
with densely packed 
circuitry sprouting un- 
familiar components, 
no product documenta- 
tion, and a matchbook - 
size schematic; now 
you have to cope with 
fixing digitally tuned 
(synthesized) radios, 
too. 

But don't despair; 
we'll get you started in 
servicing those radios. 
You'll learn about syn- 
thesizer circuitry and 
the most commonly 
used IC's. We'll also 
take a look at some 
troubleshooting tech- 
niques that might be 
new to you. 

Synthesizer blues 
A lot of technicians 

have sung the syn- 
thesizer blues. Here 
are some real -life rea- 
sons why: One receiver 
had an annoying whine 
in the audio on AM. 
The sound got louder 
when a station was 
tuned in. Power -supply 
problem? Not quite; it 
turned out to be an 
open capacitor in the 
loop filter. Another ra- 
dio worked on AM but 
not on FM. Bad FM 
circuitry? Nope, a 
dead prescaler IC. And 
finally a third receiver 
was dead except for a 
rushing noise on both 
AM and FM. Bad power supply or 
any part in the synthesizer circuitry? 
You're getting close. That radio had a 
bad voltage regulator, which powered 
the synthesizer's controller IC. Let's 
examine the parts just mentioned a 
little closer, along with their typical 

Stop! Don't th.vw out that radio. 

We'll show you how to fix the new 

digitally tuned receivers. 

GARY McCLELLAN 

symptoms when they fail. 
Actually, the toughest symptom to 

troubleshoot is the "receives no AM 
or FM stations," because that fault 
could be in the synthesizer, the tuner, 
or even the power supply. Good news! 
Since the early 1970's, synthesizer ra- 

dios have gone from 
PC boards loaded with 
IC's to a four -IC set. 
That means that trou- 
bleshooting today's cir- 
cuits will be a lot easier 
than with the earlier 
monsters, although the 
broken -radio symp- 
toms remain the same. 

Radio circuitry 
Digital tuning offers 

the advantage of drift - 
free reception along 
with such features as 
station presets and sig- 
nal -seeking tuning. 
That makes radios 
easier for consumers to 
use, and highly profit- 
able for the manufac- 
turers. Modern car 
radios are a perfect ex- 
ample of synthesizer 
radios using presets; 
that's when you just 
push a button and the 
station you preset is au- 
tomatically tuned in. 
Of course, the old - 
fashion pushbutton car 
radios worked fine, but 
the manufacturer had 
the added costs of 
manually installing the 
mechanical pushbut- 
tons along with its 
pulleys and sliding 
pointer. Quality con- 
trol then depended on 
how the assembler felt 
that day. Now a ma- 
chine just picks up an 
IC and solders it in 
place 

Figure 1 shows a typ- 
ical synthesized AM/ 
FM stereo receiver. 
Notice that the AM/ 
FM front end uses con- 
ventional super- 

hetodyne circuitry-but with a few 
modifications. Instead of the familiar 
mechanical tuning capacitor, a set of 
varactor (variable capacitor) diodes 
control the tuning frequency. Varac- 
tors change their capacitance in direct 
proportion to the driving voltage. The 

L 
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AM 
ANTENNA 

BANDSWITCH 
FROM 

CONTROLLER 

BINARY 
DATA 

FROM 
CONTROLLER 

1 
XTAL o 

Z_. 

SYNTHESIZER IC 

AM/FM FRONT END SECTION 

SINE 

AM OSC 

990kHz 
TO 

2A50MHz 

I r 

, 

PRE SCALER 

t 
PULSE 

PROGRAM 
DIVIDER 

bAM 

FM 

FM OSC: 
98.7MHz 

TO 

118.7MHz 

TUNING 
VOLTAGE 

(VT) 

PH/ SE 

DETE7FOR 
OUT=UT 

WOE 

N01 
+ 

DC 

FILTER 

FIG. 2-THE RADIO'S SYNTHESIZER works closely with the AM/FP« front end. 

synthesizer monitors the AM- or FM - 
local oscillator and varies VT, the tun- 
ing voltage that drives the varactor 
diodes, thereby controlling the re- 
ceiver frequency. 

Unique to digitally tuned receivers 
is the controller, which accepts inputs 
from the keyboard (presets, AM, FM, 

Seek, Scan) or the tuner switch. The 
inputs are converted into a binary 
code that drives the synthesizer IC via 
the data lines-essentially, it tells the 
synthesizer what to do. Notice that 
the DATA output from the controller 
drives the synthesizer, and is also de- 
coded for the digital display. Under- 

stand that the digital display does not 
read the frequency that the receiver is 
tuned to; it is the frequency entered 
into the controller. That's an impor- 
tant fact to know when it comes to 
radio -tuning problems. The BAND-SE- 
LEcr output selects AM or FM opera- 
tion. Incidentally, if the receiver 
contains a clock, that function is also 
performed by the controller. Last, the 
controller also includes a MUTE 
output, which silences the radio dur- 
ing the tuning interval. 

Deluxe receivers may contain an 
additional pushbutton called seek/ 
scan stop tuning; when depressed, the 
controller forces the receiver to scan 
the radio band until a station is found. 
The radio's IF section then drives the 
SEEK/SCAN STOP line low, which stops 
the controller at the received station. 

Two power sources are used to run 
the controller. Memory power is de- 
rived from batteries, or a large -value 
capacitor charged by receiver opera- 
tion. System power (usually a 5 -volt 
supply) runs the rest of the controller 
circuitry while the receiver is operat- 
ing, including the display. 

As shown in Fig. 2, the synthesizer 
IC accepts AM and FM local -os- 
cillator signals from the front end. 
After receiving a divided -down signal 
from either local oscillator, a phase 
detector compares it with a signal de- 
rived from a crystal oscillator whose 
frequency is typically 10 kHz. The 
phase -detector output is an analog 
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tuning voltage that varies with the dif- 
ference between local -oscillator and 
crystal -oscillator frequencies. If the 
local -oscillator frequency is too low, 
the tuning voltage rises to a max- 
imum; if the frequency is too high, the 
tuning voltage drops to zero. When 
the two frequencies are exactly the 
same, the voltage reaches an equi- 
librium and the desired frequency is 
tuned in. That condition is known as 
being "in lock." 

Although all synthesizers directly 
accept the AM local oscillator, few 
work at FM local -oscillator frequen- 
cies. So, you'll find a prescaler IC 
nearby that divides the 98.7 -MHz to 
118.7 -MHz FM local -oscillator fre- 
quency down to a frequency that the 
synthesizer IC can handle. 

The analog tuning voltage from the 
synthesizer output must be filtered, 
and possibly level shifted (scaled) to 
suit the AM/FM front end. The filter- 
ing is simply a low-pass filter (dubbed 
a loop filter) that removes noise pulses 
generated by the phase detector for a 
clean DC output. Often, several tran- 

sistors or an op -amp is used to im- 
prove filter performance. 

Typical tuning voltages for AM re- 
ception range from 1.5 volts (540 
kHz) to 6.9 volts (1600 kHz) in car 
radios. Home receivers may increase 
that range from 3.0 to 21 volts, es- 
pecially in older models. On the other 
hand, FM -tuning voltages tend to be a 
little less than the AM tuning volt- 
ages. Note that the received frequen- 
cy increases with tuning voltage; that 
information is sometimes useful. 

Sought after IC's 
Figure 3 is a typical synthesizer 

radio that features AM/FM digital - 
tuning along with seek/scan modes, 
and five station presets per band. 
There is also a clock feature. 

The heart of the radio is the 
UPD1701 (ICI), manufactured by 
NEC of Japan. That device sports 
nearly all of the controller and syn- 
thesizer functions in one 28 -pin DIP 
package. It is widely used in both 
home and car receivers; you'll find it 
in expensive receivers from Japan and 

in the "no name" specials from Hong 
Kong. Another popular IC is the 
UPD1703, which is like the 
UPD1701, but without the clock. 

A popular FM prescaler is the 
UPB553 (IC2). It accepts the FM lo- 
cal -oscillator signal on pin 2, divides 
it by either 15 or 16, and outputs on 
pin 5 to the synthesizer. One interest- 
ing feature is the "divide by" pins 6, 
7, and 8, that are controlled by ICI. 
The division ratio depends upon the 
frequency programmed by the con- 
troller and other factors. 

The TD6250 (IC3) drives the dis- 
play segments, and the UPA53 (IC4) 
drives the display cathodes. Note that 
the common -cathode LED display 
has four digits, plus LED indicators 
for functions like preset number, AM, 
FM, and memory. Sometimes you'll 
find individual transistors replacing 
the TD6250, and five transistors sub- 
stituting for the UPA53. 

When the keyboard is used, the 
synthesizer (ICI) internally decodes 
the key pressed and performs the de- 
sired function. Incidentally, the knob- 
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FIG. 4-THIS IS WHAT THE INSIDE of a digitally tuned radio looks like. 

tuning feature found in car radios con- 
nects exactly like the keyboard. The 
tuning assembly uses two cam -driven 
SPST switches. One switch closes 
momentarily to tune down, and the 
other closes momentarily to tune 
up-a simple, but clever device. 

The phase -detector output is taken 
from pin 1 of IC1, through a loop filter 
consisting of a Darlington transistor, 
and a few capacitors and resistors. 
Sometimes you'll find a FET tran- 
sistor combination used instead. 
Some high -end receivers substitute 
op -amps, in their loop filters, for sup- 
posedly better results. 

The AM/FM tuner may be a collec- 
tion of discrete components on the 
board, or more likely a module from 
Alps or Mitsumi Corporation. It pro- 
vides buffered local -oscillator out- 
puts on the order of 100-400 mV, and 
accepts the tuning voltage. Some 
tuner modules also include IF circuit- 
ry; in that case, they can have a seek/ 
scan stop output, and audio -muting 
provisions. 

The increased desire for more pre- 
sets has forced receiver manufacturers 
to return to separate controller and 
synthesizer IC combinations. 
Chrysler, for example, uses a Nation- 
al COP -series controller and a 
DS8908 synthesizer -IC set in their re- 
cent -model car radios. Headphone 

AM 
FRONT-END 

SECTION 
AND IF 

portables use a single IC for control- 
ler, synthesizer, and display driver 
functions-available from Sharp or 
NEC. Should one of those parts fail, 
you can buy it only from the receiver 
manufacturer, and that often makes 
repairs uneconomical. 

Troubleshooting techniques 
Now let's look at some winning 

troubleshooting procedures. Well, 
OK, nothing can replace good of fac- 
tory training, full service data, plus 
five -years experience, but these tips 
will get you off to a good start. Figure 
4 is a typical digitally tuned receiver 
that you might come across in any 
repair shop. 

Here's the test procedure, which is 
simple enough. Before you do any- 
thing else, try all receiver controls 
and functions to verify and duplicate 
the customer's complaints. Doing 
that will help you avoid those prob- 
lems caused by customers who have 
trouble using electronic equipment 
and may simply be confused. Other 
problems you want to immediately 
rule out include the obvious: wiring 
disconnected, blown fuses, and tin- 
kering by Saturday mechanics. 

Just trying the controls can uncover 
digital -tuning defects like stuck key- 
boards and intermittent switches. 
Clean or replace the bad part and your 

work is done. Suffice to say, "Always 
fix the obvious problems first." 

Now let's evaluate receiver prob- 
lems to isolate a bad power supply or 
dead amplifier. Only when everything 
else is working should you turn your 
attention to the digital tuner. Many 
times, you'll find fixing the simple 
problems clears up over half of the "it 
won't get any stations" problems. 

As you might expect, to service the 
digital tuner, it helps to obtain the 
radio's service manual from the man- 
ufacturer; at least then you'll know 
what voltages to expect, and can iden- 
tify the parts on the board. 

To troubleshoot down to the com- 
ponent level in a digital tuner, the 
following tips should be helpful: 

The AM/FM front-end is good if 
you hear a rushing sound with the 
volume turned up. That can be ver- 
ified by connecting an antenna, and 
listening for any stations near 540 - 
kHz AM or 88.1 -MHz FM. If you 
have no local stations, try a signal 
generator. 

The controller is probably good if 
all keys work, and it stores the fre- 
quencies you enter. If you observe one 
or more bad keys, the keyboard is 
likely to be at fault-bridging the 
connections behind the bad key with a 
screwdriver blade will show that fault. 

The display has common prob- 
lems like missing segments, and are 
usually caused by an open connection 
between the display and driver. Look 
for an unsoldered connection or 
broken wire. 

The synthesizer IC is good if you 
can tune in AM or FM stations. If you 
can't get FM, check the prescaler cir- 
cuit. If you can't get AM, suspect 
either the local oscillator output from 
the AM/FM front end, or the syn- 
thesizer IC itself. 

The loop filter is good if you can 
tune in AM stations across the entire 
band, without a whine in the sound. 

The prescaler is good if you can 
tune in FM stations-either it works 
or it doesn't. 

The power supply is a common 
trouble spot. Typically that defect is 
obvious because the display is not lit. 

Test or substitute the major com- 
ponents in the area you isolated. Look 
out for the little things like broken 
parts and unsoldered connections. 

Next time we'll dig deeper into re- 
ceiver problems. And we'll top that 
off with tips on where to obtain those 
tough -to -find parts. R -E 
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CHOOSING 

THE RIGHT 

SHORTWAVE 

ANTENNA 

Boost your shortwave 
reception using 
a wire antenna- 
and a little know-how. 

JOSEPH J. CARR 

MOST ARTICLES ON HIGH -FREQUENCY AN- 

tennas are about transmitting, but 
there's also a body of knowledge 
purely about receiving antennas. Who 
can benefit from knowing about re- 
ceiving antennas? On top of the list is 
the shortwave listener (SWL); a close 
second is the amateur radio operator 
who wants a separate receiving anten- 
na to pull in those weak DX (distant) 
stations. 

Reciprocity 
Antennas possess a property called 

reciprocity. That's a fancy way of say- 
ing that antennas work as well on re- 
ceive as they do on transmit; that's 
usually taken for granted. For exam- 
ple, many hams use transceivers, 
which commonly use the same anten- 
na for both transmitting and receiv- 
ing. A half -wavelength dipole that 
works well as a transmitting antenna 
on 20 meters works equally well as a 
receiving antenna on 20 meters. An- 
tenna properties like directivity, gain, 
angle of radiation, and polarization 
do not vary between transmit and re- 
ceive at a given frequency. (Bear in 
mind, however, that simple wire an- 
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tennas suitable for reception of short- 
wave signals are not necessarily 
suitable for transmitting.) 

Antenna properties 
Assuming that you want more than 

a simple longwire antenna (which 
will be discussed shortly), you will 
want to explore the antenna properties 
best suited to your monitoring ap- 
plication. Is the antenna to be fixed or 
rotatable? Do you want omnidirec- 
tional or directional reception? In 
which polarized plane? What about 
gain? 

Because receiving antennas exhibit 
the same properties as transmitting 
antennas, any directional transmitting 
antennas are directional while receiv- 
ing, too. Therefore, any specifica- 
tions given for an antenna's transmit- 
ting characteristics can be applied 

z s.-ss_ i : é-ó1S 

toward receiving characteristics. The 
common terms you'll come up 
against when reading antenna specifi- 
cations are gain, directivity, and angle 
of radiation. Let's look at each. 

Antenna gain stems from the fact 
that the directional antenna can focus 
energy. Gain is expressed as the ratio 
in decibels of the power radiated in a 
given direction by a test antenna to the 
power radiated in the same direction 
by a reference. The two commonly 
used reference antennas are a dipole 
(which has a figure -8 radiation pat- 
tern) and a spherical point source 
(which is an isotropic radiator that has 
an omnidirectional radiation pattern). 
If an antenna gain is listed as 8 dB 
over isotropic then, in the direction 
specified, the radiated signal is 8 dB 
higher than that radiated by an iso- 
tropic antenna. 
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FIG. 1-AN ISOTROPIC ANTENNA is a the- 
oretical construct that receives equally 
well in all directions. 

si 

DIPOLE ANTENNA 

S2 

FEED 

FIGURE -8 

DIRECTIONAL PATTERN 

FIG. 2-A DIPOLE ANTENNA has a fig- 
ure -8 directivity pattern. 

So what good is antenna gain? By 
accumulating more signal, the appar- 
ent receiver sensitivity is increased. 
Note that the antenna gain does not 
create a higher powered signal, but 
merely increases the apparent signal 
power by focusing energy -like an 
electromagnetic lens-from a given 
direction. Note that antenna gain im- 
plies directivity. 

Directivity is often taken to mean 
horizontal directivity. But all anten- 
nas radiate in three dimensions, so 
both azimuth and elevation angle of 

radiation are important. Certain VHF/ 
UHF vertical antennas are listed as 
"gain antennas", yet the pattern in the 
horizontal direction is 360 degrees, 
implying omnidirectional behavior. 
In the vertical plane, however, lost 
energy is compressed into a smaller 
range of elevation angles, so gain oc- 
curs by refocusing energy that would 
have been radiated at a higher -than - 
useful angle. 

A second application of directivity 
is to suppress interfering signals. On 
the regular AM- and FM -broadcast 
bands, each station is allowed a chan- 
nel (called channelization), permit- 
ting receiver selectivity to overcome 
adjacent channel interference. But in 
the high frequency (HF) amateur ra- 
dio and international broadcast 
bands, channelization is either nonex- 
istent, poorly defined, or ignored al- 
together. In those cases, interference 
from adjacent channel signals can 
wipe out a weaker desired station. 

A similar circumstance occurs in 
co -channel interference when both 
stations are on the same frequency. In 
Fig. 1, two 9540 -kHz signals, Si and 
S2, arrive at the same omnidirectional 
vertical antenna; both will be heard, 
or the stronger will drown out the 
weaker. In Fig. 2, a dipole is used as 
the receive antenna, so a little direc- 
tivity is obtained. The main lobes of 
the dipole are wide enough to provide 
decent reception of Si even though 
the antenna is positioned in such a 
way that S1 is not along the maxima 
line (dotted). Better yet, the position- 

ing places interfering co -channel S2 
in the null (off the ends of the dipole), 
weakening response to S2. The result 
is enhanced Si reception. 

The idea is not to exploit the anten- 
na's gain to increase the response to 
Si, but rather to place the unwanted 
signal S2 into the null. Note that the 
notch is sharper than the peak of the 
main lobe. If the dipole is placed on a 
mast with an antenna rotator, the abil- 
ity to place undesired signals in the 
null is increased even more. 

Another antenna parameter of con- 
siderable interest is angle of radia- 
tion, which also means angle of 
reception. Because long-distance HF 
propagation is caused by skip, the an- 
gle of incidence for the signal with the 
ionosphere becomes extremely im- 
portant. Figure 3 shows two skip con- 
ditions from the same transmitting 
station. Here Si has a high angle of 
incidence a so skip distance DI is 
relatively short. For S2, however, the 
angle incidence a2 is low, so the skip 
distance D2 is much longer than D1. 

The angular range of effective radi- 
ation of an antenna is fixed by its 
design. The angle of refraction in the 
ionosphere is a function of 
ionospheric properties at the time and 
frequency of interest. For that reason, 
some well-equipped radio hobbyists 
use several different antennas. The ra- 
diation angle can vary with antenna 
height as well. 

Receiver connection 
It's rather naive to state, I suppose, 

IONOSPHERE 

ve A4424, 
*Al D2 

TRANSMITTING 
ANTENNA 

4 

FIG. 3-THE SKIP DISTANCE OF A RADIO WAVE depends upon the angle of elevation at 
which it's transmitted. 
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FIG. 4-A RECEIVER'S BALANCED an- 
tenna input can be converted to an unbal- 
anced input by connecting A2 and G 
(ground) together. 
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FIG. 5-USE A MINIATURE banana plug to 
connect your antenna's downlead wire to 
a standard SO -239 coaxial connector. 
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FIG. 6-MANY OLDER VACUUM -TUBE re- 
ceivers use power supplies that are not 
isolated from the AC power line. When 
working on such units, always use a 1:1 
isolation transformer-for safety. 

but let's do it anyway: An antenna 
must be properly connected to a re- 
ceiver to be effective. If your antenna 
uses coax, and the receiver accepts 
coax, simply attach the proper con- 
nector; however, in other cases, non - 
coaxial cable antennas are used. 

There are two major forms of an- 
tenna connectors used on shortwave 
receivers. One uses two or three 
screws for wrapped wire leads or 
spade lugs, while the other uses some 
type of coaxial connector. Consider 
first the screw -type connector (Fig. 4). 

If only two screws are found, then one 
is for the antenna and the other is for 
the ground. Those screws will be 
marked something like "A/G" or 
"ANT/GND," or with the schematic 
symbols for antenna and ground. 

Three -screw designs are intended 
to accommodate balanced transmis- 
sion lines such as twin -lead or ladder 
line. When balanced parallel lines are 
used, connect one lead to Al and the 
other to A2. Of course, the ground 
terminal G is connected to Earth 
ground. On the other hand, for single - 
lead antennas, connect a jumper wire 
or bar (a short piece of bare No.22 

also serves as the RF common. How- 
ever, on older AC/DC models the neu- 
tral AC power -line wire serves as both 
DC common and RF -signal ground. 
In Fig. 6, Cl sets the chassis at RF 
ground potential, while isolating the 
DC common from the 60 -Hz AC. A 
danger exists if either the AC plug is 
installed backwards, or someone 
wired the socket in the wall incor- 
rectly (which often happens)! 

Even if Cl is intact, you can get a 
nasty shock by touching the antenna 
ground (G or GND) terminal. The 
capacitive reactance of Cl is about 2.7 
megohms for 60 -Hz AC, so you'll get 
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FIG. 7-HERE S A TYPICAL LONG-WIRE INSTALLATION. Notice the insulator, rope, and 
spring mechanism, which helps holds the antenna steady when the wind is blowing. 

solid hook-up wire) between A2 and 
G to convert a balanced input to un- 
balanced. As an interesting aside, 
shortwave listeners sometimes use 
ordinary AC -line cord (called zip - 
cord) as a twin -lead transmission 
line. Zipcord has an impedance that 
approximates the 75 -ohm impedance 
of a dipole. 

On receivers that use an SO -239 
coaxial connector, there are two tech- 
niques to connect a single -lead anten- 
na. First, using a PL -259 mating plug, 
solder the antenna lead to the center 
conductor pin, and then screw the 
connectors together. An alternative 
that's easy enough, as shown in Fig. 
5, is to attach a (miniature) banana 
plug to the downlead wire, and then 
firmly to insert that banana plug into 
the SO -239 receptacle. 

Grounds that bite 
Danger! Certain low-cost re- 

ceivers, especially older vacuum -tube 
models, have a so called AC/DC 
(transformerless) internal DC power 
supply. On most modern receivers the 
DC common is the chassis, which 

SOLDER 

,roljelt7-7\-\11,1M1V8041,1«6 
ANTENNA WIRE 

INSULATOR 

INSULATED DOWNLEAD 

FIG. 8-A GOOD MECHANICAL connec- 
tion will keep your antenna from falling 
down prematurely. Solder will keep the 
electrical connection from corroding to 
quickly. 

INSULATOR 
FLATTOP ANTENNA 

INSULATOR 

FIG. 9-A FLATTOP ANTENNA is a long 
wire tapped in the center. 
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FIG. 10-A VERTICALLY POLARIZED an- 
tenna should be at least a quarter wave- 
length of the lowest frequency that you 
expect to receive. 

a "bite." But if that capacitor is short- 
ed, as is likely on older receivers, 
then the bite might prove fatal. The 
problem is that a reversed polarity 
AC -line will set the hot line from the 
AC socket on the ground lead. 

The usual advice given to owners of 
such radios is to make sure that Cl is 
intact before using the radio. A better 
solution might be to use a 110:110 
VAC isolation transformer to isolate 
your receiver from the AC power 
lines. Using such a transformer is 
standard practice in repair shops, and 
should be standard practice in your 
house, too. 

Wire antennas 
Figure 7 shows the common receiv- 

ing longwire. The antenna element 
should be 150 to 300 -feet long. Al- 
though most texts show it horizontal 
to the ground and, indeed, a case can 
be made that performance is better 
that way-it is not strictly necessary. 
If you must slope the wire, then it's 
doubtful that you will notice any re- 
ception problems. The far end of the 
wire is attached to a supporting struc- 
ture-a building, tree, or mast- 
through an insulator and rope. 

Wind will cause motion in the an- 
tenna wire, and its supporting struc- 

ture. Over time, the wind movement 
will fatigue the antenna wire and 
cause it to break. Also, if a big 
enough gust or a sustained storm 
comes along, then even a new antenna 
will either sag badly or break al- 
together. You can do either of two 
things to reduce the problem. First, as 
in Fig. 7, a door spring can be used to 
provide some variable wire slack. The 
spring tension is selected to be only 
partially expanded under normal con- 
ditions. When the wind begins to 
blow, the wire's tension will increase, 
thereby stretching the spring. Make 
sure that the spring does not become 
over -stretched, or it won't work. 

Another tactic is to replace the 
spring with a counterweight that's 
heavy enough to keep the antenna 
nearly taut under normal conditions, 
but light enough to move in wind. In 
other words, antenna tension should 
exactly balance the counterweight un- 
der normal conditions, and not stretch 
the antenna wire excessively. 

The antenna wire should be either 
No.12 or No.14 hard -drawn copper, 
or stranded wire. The latter is actually 
steel -core wire with a copper coating. 
Because of "skin effect," RF signals 
only flow in the outer copper coating. 
Soft drawn copper wire will stretch 
and break prematurely, and should be 
avoided. 

CROSSBAR 
o o - 
o 0, 

INSULATORS 

ROPE OR 

GUY WIRE 

ANTENNA 

ALL WIRES JOINED 
TOGETHER 

' .:; ; 
GROUND ROD 

- 
9111V-,/ . 

FIG. 11-TUNE IN THE WORLD with eight 
antennas in one. 

The antenna downlead should be 
insulated and stranded; stranded wire 
breaks less easily than solid wire. 
Again, use No.12 or No.14 wire, al- 
though No.16 could be used. The 
point where the downlead and anten- 
na wire are joined should be soldered 
to prevent the joint from corroding 
over time. Do not depend on the sol- 
der for mechanical strength, for it has 
very little. Instead, as shown in Fig 8, 
mechanical strength is provided by 
proper splicing technique. 

There are several ways to bring a 
downlead into a building. If you can 
tolerate a slight crack in the junction 
of the sash and sill, then run a wire 
underneath the sash and close the 
window. However, the job looks me- 
chanically nicer with a flat strap con- 
nector that passes under the window. 
Of course, you can always drill a hole 
in the wall, slip the coaxial cable 
through, then putty around the seam 
for a snug fit. 

Grounding 
The ground lead should be a heavy 

conductor, such as heavy wire, braid, 
or the shield stripped from RG -8 or 
RG -11 coaxial cable. For reception 
purposes only, the ground may be a 
cold -water pipe inside the house. Do 
not use either the hot-water pipes 
(which are not well grounded), or gas 
pipes (which are dangerous). Also, be 
aware that residential air -conditioner 
liquid lines look like copper cold - 
water pipes in some cases-don't use 
them. 

A lightning arrester is a safety pre- 
caution, and must be used. It provides 
a low resistance path to ground in the 
event of a lightning strike. Don't con- 
sider the arrester optional-it isn't. 
Besides the obvious safety reasons 
(which are reason enough), there may 
be legal and economic reasons for 
using the arrester. Your local govern- 
ment building and fire codes may re- 
quire one. Also, your insurance 
company may not honor your home- 
owner's policy if the lightning arrester 
required by local code is not used. 

Warning! Do not ever attempt to 
install an antenna by crossing a 
power line! No matter what you be- 
lieve or what your friends tell you, 
it's never safe-and it may very well 
kill you. 

What about antennas other than the 
receiver longwire? The flattop anten- 
na is shown in Fig. 9. That antenna is 
a close relative of the longwire, with 
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the exception that the downlead is in 
the approximate center of the antenna 
section. The flattop antenna should be 
at least a half wavelength (492/f MHz) 
at the lowest operating frequency. The 
advantage of the flattop antenna over 
other designs is that it allows max- 
imum use of available space in the 
configuration shown. 

It is also possible to build vertically 
polarized shortwave receiving anten- 
nas; Fig. 10 shows one such version. 
The support structure (a tree or build- 
ing) should be at least a quarter -wave- 
length high on the lowest operating 
frequency. The vertically polarized 
antenna is fed at the base with coaxial 
cable. The center conductor goes to 
the antenna element, while the coax- 
ial cable's shield gets connected to the 
ground rod at the base of the support 
structure. 

It's possible to install the wire (or 

FIG. 12-BY USING A SLANTED ROPE, 
you can tied together any number of an- 
tennas tuned to different wavelengths. 

(VIEW FROM ABOVE) 

1234567 
AtI``B 

BUILDING 

SEE DETAIL 

FIG. 13-SELECT THE DIRECTIONAL pat- 
tern of the antenna system by interchang- 
ing antenna elements of different wave- 
lengths and position. 

multiple wires of different lengths) 
inside a length of PVC plumbing 
pipe. The pipe serves as the support, 
and the conductors go inside. If you 
use a heavy pipe gauges of PVC, then 
the antenna support can be disguised 
as a flag pole (townhouse dwellers 
take note)! 

Different conductor lengths (L = 
246/f MHz) are required for different 
operating bands. In Fig. 11, several 
bands are accommodated from the 
same feedline using the same support. 
In fact, eight different antenna ele- 
ments are supported from the same 
tee -bar. Be sure that you insulate them 
from each other, as well as from the 
support; again, PVC piping can be 
used for the support structure. Figure 
12 shows a method for accommodat- 
ing several bands by tying the upper 
ends of each antenna wire to a sloping 
rope. 

Directional wire antenna 
A directional antenna has the abil- 

ity to enhance reception of desired 
signals, while rejecting undesired sig- 
nals arriving from slightly different 
directions. Although directivity nor- 
mally means a yagi beam, a wire - 
quad beam, or at least a rotatable di- 
pole, certain designs and techniques 
allow fixed antennas to be more or 
less directive. One crude but effective 
approach uses pin plugs or a rotary 
switch to select the direction of the 
antenna's reception. 

Figure 13 shows a number of 
quarter -wavelength radiators fanned 
out from a common feedpoint at vari- 
ous angles from a building. At the 
near end of each element is a female 
banana -jack. A pair of balanced 
feedlines from the receiver (300 -ohm 
twin -lead, or similar) are brought to 
where the antenna elements termi- 
nate. Each wire in the twin -lead has a 
banana plug attached. By selecting 
which banana jack is mated to which 
banana plug,. you can select the direc- 
tional pattern. If the receiver has a 
balanced antenna input, then connect 
the other end of the twin -lead directly 
to the receiver; for receivers with un- 
balanced inputs, you will have to use 
a balanced -to -unbalanced (balun) an- 
tenna coupler. 

Figure 14-a shows a balun antenna 
coupler tuned to the receiving fre- 
quency. The coil is resonantly tuned 
by the interaction of the inductor and 
capacitor. Antenna impedance is 
matched by selecting the inductor 

u 

b 

B 

II L 

FIG. 14-MATCH A BALANCED ANTENNA 
with an unbalanced receiver input using 
any of three methods, (a), (b), or (c). 

taps to which the feedline is attached. 
A simple RF broadband coupler is 
shown in Fig. 14-b. The transformer is 
wound over a ferrite core using 12 to 
24 turns of No.26 enameled wire, 
with more turns for lower frequen- 
cies, and fewer turns for the higher 
frequencies. Experiment with the 
number of turns to determine the cor- 
rect value. 

By combining the right antenna 
and matching network, the best of 
both worlds can be had. For example, 
the antenna in Fig. 13 works by phas- 
ing the elements so as to null or en- 
hance the reception in certain 
directions. 

The nulling operation becomes a lit- 
tle more flexible if you build a phasing 
transformer, like the one in Fig. 14-c. 
Windings Ll, L2, and L3 are wound 
trifilar style on a ferrite toroidal core 
using 14 turns of No.26 enameled 
wire. The idea is to feed one element 
from coil L2 (the A port), the same 
way all the time; that port becomes the 
0 -degrees phase reference. Port B is 
fed from a reversible winding, so it 
can either be in -phase, or 180 -degrees 
out -of -phase with port A. R -E 

C 

co 
co 
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H ARDWARE 

H ACKER 
Getting an oscilloscope 
THERE SURE WAS QUITE A BIT OF INTER - 

est in the digital audio front end 
we looked at last month. For those 
of you that missed it, Crystal Semi- 
conductor has a few reasonably 
priced AID converters and evalua- 
tion boards which can give you ev- 
erything you will need to input full 
16 -bit stereo digital audio into your 
personal computer or other digital 
recording system-in short, a 
plug -and -go digital audio front 
end. 

One possible recording device 
is a plain old SCSI hard -disk drive. 
In fact, they are approaching a gi- 
gabyte in storage capacity, which 
means that any old personal com- 
puter can record several hours of 
first-rate CD -quality stereo audio. 
That also means that the so-called 
"DAT controversy" is now totally 
moot, since there is now an in- 
stalled user base of several tens of 
millions of computer systems that 
can, at least in theory, do a com- 
pact -disc -quality digital au- 
diophile recording. 

It should also be easy to adapt 
the digital -audio front end to an 
ordinary VCR. That would make 
probably a very interesting con- 
struction project. 

What about the playback? Get- 
ting from digital to analog isn't 
nearly the hassle as going the 
other way. One obvious route is to 
use any old CD player and inter- 
cept and override the bits halfway 

ó 
through. Otherwise, the needed 

cc D/A chips are readily available 
o from Analog Devices, Sony, or 

from Burr -Brown. 
Naturally, we've opened up 

á some golden new opportunities 
cc here. All of the folks at Radio -Elec- 

tronics would be most interested 
in publishing some workable con- 
struction projects that you can 
come up with. 

As usual, this is your column, 
and you can get technical help and 
off-the-wall networking per that 
"Need Help?" box. Best calling 
times are 8-5 weekdays, Mountain 
Standard Time. 

We seem to have a mixed bag 
this month... 

Getting an oscilloscope 
I have long been a great fan of 

doing things on the cheap. The 
whole purpose of hacking is to get 
all the effects that you are after to 
show up reasonably well using the 
minimum possible time, cost, and 
effort. And I have seen countless 
projects ruined or changed into 
something entirely different and 
totally out of control by throwing 
far too much money at them far 
too soon. 

On the other hand, there are 
one or two essential tools to any 
endeavor that are best done on a 

positively first-rate and top-notch 
basis. 

As an obvious example, no pho- 
to -journalist would ever try to op- 
erate without a camera. And his or 
her camera choice will almost al - 

NEED HELP? 

Phone or write your Hardware 
Hacker questions directly to: 

Don Lancaster 
Synergetics 
Box 809 
Thatcher, AZ 85552 
(602) 428.4073 

Toner reloading tools 
More on digital audio 

Getting an oscilloscope 
Simple CMOS oscillators 
Some bar code resources 

DON LANCASTER 

ways be a Nikon. Instamatics need 
not apply. 

It amazes me how many hard- 
ware hackers out there do not own 
a personal oscilloscope or have no 
reasonable access to one. That is 
not only absurd, but it is even a 

contradiction in terms. Very sim- 
ply, you absolutely must own or 
have access to an oscilloscope if 
you are going to be at all serious 
about any hardware hacking. Al- 
most any other equipment can be 
faked. 

So which scope? So much has 
happened in the oscilloscope mar- 
ket in the past few years. Scopes 
have gotten better in terms of both 
performance and specifications, 
and prices have dropped dramat- 
ically thanks in part to increasing 
competition. Even Tektronix has 
some bargains. 

For instance, outstanding 
hacker choices would be either 
their $695 model 2205 or their 
somewhat fancier model 2225. I 

personally own and use their 
much older 455, which cost me 
around four times as much as to- 
day's instruments, besides being 
bulkier and heavier. All our begin- 
ning EAC electronics students use 
2225 scopes and similar worksta- 
tions, the stuff you didn't even 
dare dream of back when I was a 
student. 

Tektronix does have some free- 
bies that make life easier for you. 
Check out their Tek Direct catalog, 
or any of their many free video- 
tapes. They also have a good ABCs 
of Oscilloscopes experimenter 
book available. It's supposed to 
cost $3, but you can often talk 
them out of a free copy or two. 
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47K 

0.01 µF 

FIG. 1 -AN ELEGANTLY SIMPLE OSCILLATOR can be built using nothing but one re- 
sistor, one capacitor, and 1/6th of a CMOS hex Schmitt trigger. Your output is a full -supply 
square wave, while the input is a triangular wave that "saws" between the trigger's upper 
and lower trip points. 

74HC14 

74HC132 

FIG. 2 -THE PINOUTS for the two most popular CMOS Schmitt chips include the hex 
inverting 74HC14 and the quad r wo 74HC132. While intended for + 5 -volt use, they will 
work over a + 2- to + 6 -volt range. For higher voltages, use the older 4093 or 4584 devices 
instead. The chips are shown top view. 

2.2 Meg 

+5v 

0.1 µF 

47K 

1/2 74HC132 

T0.01 µF 

tone burst 
output 

FIG. 3-A GATED OSCILLATOR produces repeated tone bursts. The RC values on the 
right side set the frequency, while the ones on the left determine the repeat rate. 

My favorite circuit 
One recent hacker helpline call- 

er needed a tunable 10- to 15 - 

megahertz square -wave gener- 
ator -preferably in the next ten 
minutes. I got to thinking about it 
for a while, and realized that a fa- 
vorite circuit of mine could easily 
do the job, and then some. 

I always have liked elegant 
simplicity -any stuff that can do 

more with less at lower cost. And I 

know of no better circuit than this 
one to use as an example. 

Figure 1 shows you an oscillator 
that uses only 2Y6 components. 
One resistor, one capacitor, and 
one -sixth of a hex CMOS Schmitt 
trigger. 

Let's review a bit here. A CMOS 
Schmitt trigger is a digital -logic de- 
vice that will output a "1" when 

you input a "0," and vice versa. If 
you are using the usual +5 -volt 
supply, then the output "1" state 
will normally be +5 volts, and the 
output "0" state will normally be 
ground. 

Now, if we used an ordinary in- 
verter, any logic level above 2.5 
volts would be considered a "1" 
and will drive the output low. And 
any logic level below 2.5 volts 
would be considered a "0" and 
would drive the output high. As 
this is a CMOS device, essentially 
zero input current is needed, so 
you can treat the input as an open 
circuit. 

But, a Schmitt trigger has a built- 
in snap -action or hysteresis. A 
rising input level has to exceed an 
upper trip point, typically around 
+3 volts, before the output will 
suddenly snap low. Similarly, any 
falling input level has to go belowa 
lower trip point, usually around 
+2 volts, before your output will 
once again suddenly snap high. 
We can say that the device has a 
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Hardware Hacker Reprints II 
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CMOS Cookbook 
TTL Cookbook 
Active Filter Cookbook 
Micro Cookbook vol I or Il 

Enhancing your Apple I or II 

AppleWriter Cookbook 
Apple Assembly Cookbook 
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PostScript Prog. Design (Adobe) 

UNLOCKED SOFTWARE 

PostScript Show & Tell (Ile/Mac/PC) 
Intro to PostScript VHS Video 
PostScript Perspective Draw 
PostScript Beginner Stuff 
PostScript Technical Illustrations 
PostScript Work in Progress 
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NAMES AND NUMBERS 

Analog Devices 
One Technology Way 
Norwood, MA 02062 
(617) 329-4700 
AT&T Microelectronics 
961 Macon Blvd 
Allentown, PA 18103 
(800) 372-2447 
Burr -Brown 
6730 S Tucson Blvd 
Tucson, AZ 85734 
(602) 746-1111 
Caplugs 
2150 Elmwood Ave 
Buffalo, NY 14207 
(716) 876-9855 
Computer Shopper 
5211 S. Washington 
Titusville, FL 32780 
(470) 269-3211 
Crystal Semiconductor 
4210 S Industrial Drive 
Austin, TX 78744 
(512) 445-7222 
Custom Technology 
192 Lakeshore 
Texarkana, TX 75501 
(214) 838-0243 
EVCO 
3451 Lorna Lane 
Birmingham, AL 35236 
(205) 822-5381 
Fair Radio Sales 
1016 E Eureka St 
Lima, OH 45802 
(419) 227-6573 
Hewlett-Packard Manuals 
1320 Kifer Road 
Sunnyvale, CA 94086 
(415) 857-1501 
Jensen Tools Inc 
7815 South 46th Street 
Phoenix, AZ 85044 
(602) 968-6231 
Jerryco 
601 Linden Place 
Evanston, IL 60202 
(312) 475-8440 
Lazer Products 
12741 E Caley Ave #130 
Englewood, CO 80111 
(303) 792-5277 
Lindsay Publications 
PO Box 12 
Bradley, IL 60915 
(815) 468-3668 

Linear Technology 
1630 McCarthy Blvd 
Milpitas, CA 95035 
(408) 432-1900 
Merryweather Foam 
11 Brown Street 
Barberton, OH 44203 
(216) 753-0353 
NEC Electronics 
401 Ellis Street 
Mountain View, CA 94039 
(800) 632-3531 
Niagara Plastics 
7090 Edinboro Road 
Erie, PA 16509 
(814) 868-3671 
Nuts & Volts 
Box 1111 

Placentia, CA 92670 
(714) 632-7721 
Science Magazine/AAAS 
1333 H Street NW 
Washington, DC 20005 
(202) 326-6400 
Small Parts 
6891 NE Third Ave 
Miami, FL 31238 
(305) 751-0856 
Sony 
One Sony Ridge 
Park Ridge, NJ 07656 
(201) 930-1000 
Synergetics 
Box 809 
Thatcher, AZ 85552 
(602) 428-4073 
Tektronix 
PO Box 500 
Beaverton, OR 97077 
(800) 426-2200 
Texas Instruments 
PO Box 809066 
Dallas, TX 75380 
(800) 232-3200 
Thompson & Thompson 
23072 Mullin 
El Toro, CA 92630 
(714) 855-3838 
Value Plastics 
3350 Eastbrook Dr 
Ft Collins, CO 80525 
(303) 233-8306 
Vortec 
10125 Carver Road 
Cincinnati, OH 45242 
(800) 441-7475 

one -volt hysteresis, or dead band. 
If you are sitting inside the dead 
band, you will not cause the out- 
put to change unless you exceed 
your upper trip point or go below 
the lower one. 

The intended use of CMOS 
Schmitt triggers is to clean up a 

sloppy, noisy, or slowly changing 
input waveform. It is often a good 
idea to use them for almost any 
real -world input going into a 

hacker's circuit. 
So how does our oscillator 

work? Let us assume that we have 
just applied power. The charge on 

the capacitor cannot change in- 
stantaneously. Thus, there will be 
zero volts on your capacitor and 
the input will be held low, far be- 
low either trip point. The output of 
the inverter will now go high be- 
cause of the low input. 

The capacitor will slowly charge 
up through the resistor, following 
the usual R -C exponential time - 
constant rules. Eventually the volt- 
age on the capacitor will exceed 
the upper trip point. That snaps 
the inverter output low, and the 
capacitor will now start discharg- 
ing to the lower trip point. 

When the lower trip point is fi- 
nally reached, the output once 
again goes high, and the cycle will 
continuously repeat. Your capaci- 
tor will have a triangular waveform 
across it that ranges from two to 
three volts. Your inverter's output 
will be a sharp, full -supply square 
wave whose frequency depends 
on the chosen resistor and capaci- 
tor values. 

Because you are using CMOS, 
the oscillation frequency can be 
anything from just a few cycles per 
hour to beyond 20 MHz. Because 
of the open -circuit input, there is 

BAR CODE RESOURCES 

A.I.M. 
1326 Freeport Rd 
Pittsburgh, PA 15238 
(412) 963-8588 
Automatic I.D. News 
7500 Old Oak Blvd 
Cleveland, OH 44130 
(216) 243-8100 
Bar Code Information Service 
500 South Fourth St 
Minneapolis, MN 55415 
(800) 328-4960 
ID Systems 
174 Concord St 
Peterborough, NH 03458 
(603) 924-9631 
Identification Journal 
2640 N Halsted St 
Chicago, IL 60614 
(312) 528-6600 
UPC Council 
8163 Old Yankee Rd #J 
Dayton, OH 45458 
(513) 435-3870 
MacBarCoda 
ComputaLabel Ltd 
18a Regent St 
Narborough, Leicester 
England LE95DJ 
011-44-533-750131 
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2.2 Meg 

0.1µF 0.011.LF 0.01µF 

47K 

1/3 74HC14 

two-tone 
output 

FIG. 4-THIS TWO-TONE ALARM produces a distinctive "twee -dell" output. The spread 
between the high and low pitch is set by the ratio of the two timing capacitors on the right 
side. Experiment to get the best -sounding results. 

0.01 µF 

(A) - ADJUSTING THE DUTY CYCLE 

(B) - VARYING THE FREQUENCY 

FIG. 5-ORDINARY VOLUME CONTROLS can be used to vary either the duty cycle or the 
frequency as shown here. 

virtually zero loading on the R -C 
network. 

Two obvious chip choices are 
the hex 74HC14 or else the quad 
NAND 74HC132. Pinouts for them 
are shown in Fig. 2. The pricing 
should be around a quarter or so. 

Some older and traditional 
CMOS devices that also work 
quite well here would include the 
4093 and the 4584. They can be 
used with a 9 -volt battery or power 
supplies as high as 15 volts, while 
the 14 and the 132 are intended 
for use with supplies in the 2- to 6 - 

volt range. Don't try to use HC de- 
vices above 6 volts or you will de- 

stroy them! 
What can you do with all the 

other inverters or gates in the 
package? One obvious thing to do 
is take all five remaining inverters 
and put them in parallel for use as 

an output buffer. That isolates your 
RC timing from any changes in 
loading. Yes, you can even audibly 
power a speaker that way. No, it is 

not very loud. But it does give you 
an instant cable or continuity 
checker, a simple logic probe, or 
even a burglar alarm. The NAND 

chips can be gated, or turned on 
and off with an external signal. The 
rule is that a +5 -volt input will run 
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r 
Get A Complete Course In 

ELECTRONIC 
ENGINEERING 

8 volumes, over 2000 pages, 
including all necessary math and 
physics. 29 examinations to help 
you gauge your personal pro- 
gress. A truly great learning 
experience. 

Prepare now to take advan- 
tage of the growing demand for 
people able to work at the engin- 
eering level. 

Ask for our brochure giving 
complete details of content. Use 
your free information card num- 
ber, or write us directly. $99.95, 
Postage Included. Satisfaction 
guaranteed or money refunded. 

1 
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Technical 
Books, Inc. 
1203 Grant Ave. 
Rockford, IL 61103 J 
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the oscillator, while a grounded in- 
put stops oscillation. Figure 3 

shows you a gated alarm that 
beeps at a selected rate. 

Once again, you set the fre- 
quency with either your resistor or 
capacitor. Recommended resistor 
values range from 10K to 10 
megohms for most of the lower 
frequencies. Its simplest to experi- 
ment with component values to 
get the best -sounding results or 
the most -useful range. 

Otherwise, you can calculate 
your charging current by using 
Ohm's law and the 2.5 volts that is 
the average across the resistor. 
There is a formula that says: 

C= i At/Av 
where C is the capacitance in 
picofarads, At is the half time 
period in microseconds, i is the 
charging current in microamps 
and Av is 1 for the one -volt tri- 
angular amplitude. The same for- 
mula will also work if C is in 
microfarads, i is in milliamps, and 
At is in milliseconds. 

Naturally, Fig. 3 is a rather sloppy 
circuit, to be used only where ex- 

act or precise frequencies are not 
required. Accuracies better than 
five percent will be hard to keep or 
hold. Even with the best of calcula- 
tions, some trimming is likely to 
be needed. 

Figure 4 shows you a crude but 
effective way to do a two-tone 
alarm for an emergency siren or a 
sound effect. There are two os- 
cillators here. One runs slowly to 
set the duration of the low and 
high notes. The second runs fast to 
create the actual tones. That sec- 
ond timing capacitor will get 
switched into the circuit whenever 
the first oscillator is low and will 
get removed from the circuit when 
the first oscillator is high. The ratio 
of the two frequencies is set by the 
ratio of the two capacitors. 

You can vary your resistance or 
switch your capacitors to change 
the frequency. Figure 5-a shows 
you how to add a potentiometer to 
provide a 10:1 frequency range. If 
you use a linear pot your calibra- 
tion will be very cramped to one 
end. Switching to a logarithmic 
potentiometer will make things 

much worse. The trick is to use a 
logarithmic potentiometer and 
put your calibration markings on 
the potentiometer dial rather than 
on the panel. Sneaky, eh what? 

In gated circuits, the first cycle 
after gating will usually be longer 
than the others, since the capaci- 
tor now has to charge all the way 
down from the positive supply, 
rather than from the upper trip 
point. A place where you can pur- 
posely use that effect might be in a 

keyboard auto -repeat circuit. 
Figure 5-b shows you how to ad- 

just the duty cycle by using dif- 
ferent resistors to charge and 
discharge the timing capacitor. 

Tellyawhat. For our contest this 
month, just show me any variation 
at all on CMOS Schmitt -trigger os- 
cillators. To keep things interest- 
ing this time around, you actually 
must build, verify, and test your 
circuit. There will be all of those 
usual Incredible Secret Money 
Machine book prizes for the best 
dozen or so entries, and an all ex- 
pense paid (FOB Thatcher, AZ) tin- 
aja quest for two to the best entry 
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of all. 
As usual, send your entries di- 

rectly to me per the "Need Help?" 
box, rather than to Radio -Elec- 
tronics' editors. 

Toner refilling tools 
In the past issues, as well as in all 

the Hardware Hacker reprints, 
we've seen how the Canon toner 
cartridges widely used in lots of 
popular laser printers and copiers 
can be reloaded many times. That 
can either be done as a rather prof- 
itable sideline service for others, 
or else to reduce your own per - 
page toner costs down into the jif- 
fy printing range. 

Since there's two brand new 
toner -cartridge reloading tools 
available this month, I thought it 
might be a good time to review all 
of those top-secret reloading tools 
and sources. 

But first, the new stuff. A great 
SX cartridge pin puller is now avail- 
able from Thompson and 
Thompson as their model 
AXP43-007.09R GlompenStractor. 
It neatly and cleanly pulls the pins 

with zero damage. The older tech- 
niques included traverse cutting 
pliers, screw extractors, wood- 
working screw starters, or an 
obscure craftsman tool known as a 

#8 gimlet. 
The really big news, though, is 

that it looks as if SX-drum hard 
recoating is now a reality. In theo- 
ry, that could greatly extend SX- 
cartridge life and might eventually 
reduce or even eliminate the 15:1 
per -page toner -cost penalty of the 
LaserJet Il or either the Laser- 
Writer NT or NTX. 

One source of recoating drums 
and services is Arlin Shepard from 
Lazer Products. Their projected re - 
coating costs are in the $8 range. It 
will be rather interesting to see 
how effective drum recoating ac- 
tually becomes. 

Let's go back to the old stuff. The 
best source for detailed mainte- 
nance and repair manuals on the 
CX and SX engines is Hewlett Pack- 
ard. In fact, it is pretty near impos- 
sible to intelligently apply any 
Apple LaserWriter without owning 
the related HP manual that will 

cover it. The older CX engine 
(LaserJet, LaserWriter, LaserWriter 
Plus) manual is #02686-90904, 
while the newer SX engine (Laser - 
Jet II. LaserWriter NT and NTX) 
manual is part number 
#33440-90904. 

HP has traditionally been a great 
source for the repair and replace- 
ment parts for all of the Apple ma- 
chines, but lately they have been 
selling the major assemblies only. 
If the part you want is not individu- 
ally available from HP, try Custom 
Technology or Thompson and 
Thompson. 

As I've mentioned a time or two 
before, there are two reloading 
methods, the punch and go and 
the total teardown. I over- 
whelmingly prefer punch and go 
since it delivers far and away the 
lowest per -page toner costs to the 
end user. We charge $24 for local 
CX and SX reloads. I can still get 
away with such an outrageously 
high price since I live in a rather 
remote rural area. 

At any rate, if you insist on a total 
teardown of a CX cartridge, the 
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magic T-10 tamperproof Torx bit 
you will need is manufactured by 
Evco in their 9456700 set, and can 
be gotten through Jensen Tools. 

For punch and go, the best way 
to produce smooth and truly 
round reloading and draining 
holes is to use a #3 Unibit from 
ViseGrip, or one of their imitators. 
Those are once again available 
from Jensen Tools or almost any of 
the large electrical contracting 
supply houses. One rather good 
way to replug the holes is with the 
tapered plastic closures from ei- 
ther Caplugs or Niagara Plastics. 

Fusion -roller wiper pads should 
be replaced each time you reload. 
One source of the custom -man- 
ufactured peel -and -stick and sil- 
icon pressure -lubricated Nomex 
felt strips is Lazer Products. They 
are normally included free with 
each bottle of their reload toner. A 
plain old 5/6 -inch wood chisel is 
often the best way to remove the 
old wiper pad. 

Note that washing and reusing a 

wiper pad is a no -no. Their pur- 
pose is to deliver a very precisely 
metered amount of silicon fusion 
oil. Improperly redone wiper pads 
might rather dramatically shorten 
the life of the rather expensive 
fuser assemblies. 

A good drum lubricant is essen- 
tial to a proper reload. You can get 
drum lubricant in bulk from those 
larger copier repair houses, while 
smaller quantities are available as 
Pixie Dust from Lazer Products. 

Several plastic strips are useful 
as well. A twelve -mil -thick piece of 
the clear butyrate plastic is useful 
as the feeler gauge for regapping 
cartridges that have heavy streak- 
ing problems. Similar plastic strips 
can be used for sealing the fresh 
toner in reloads that have to be 
shipped somewhere else or stored 
for long periods of time. Further 
details on all of this appear in the 
Hardware Hacker II reprints. 

Bar-code resources 
There's a lot of recent hacker in- 

terest in bar codes. So, in 
continuing our series of hacker re- 
sources, all of the needed insider 
information appears in our Bar - 
Code Resources sidebar. 

While there are lots of different 
bar codes today, far and away the 
most popular is called the UPC 

code, otherwise known as the 
Uniform Product Code. A com- 
plete set of standards is available 
from The UPC Council. 

The leading bar-code trade asso- 
ciation is called the AIM, short for 
the Association of Identification 
Manufacturers. Among other 
things, they provide a free list of 
most major bar-code sources. 

There are around a dozen free 
bar-code trade journals. Those 
that I am the most familiar with 
include I.D. Systems, Automatic I. 
D. News, and the Identification 
Journal. 

One interesting resource is 
called The Bar Code Information 
Service. They supply a $4.95 Bar 
Code Film Masters book and a 

$19.95 Technical Reference Guide. 
Generating your own bar codes 

by using the PostScript language 
along with your favorite word pro- 
cessor is simple, and also turns out 
to be a very good initial project in 
PostScript programming. Surpris- 
ing as it may sound, there just are 
not that many plug and go 
PostScript bar-code font packages 
out there on the market just yet, 
although dozens of low-cost ver- 
sions are almost certain to shortly 
appear. As of this writing, the only 
PostScript bar-code product that I 

do know about is an English one 
called MacBarCoda. 

For more on PostScript in gener- 
al, see my "Ask The Guru" column 
in Computer Shopper, or my "Ask 
The Guru" reprints. 

New tech literature 
Let us quickly review five of my 

favorite hacking resources. For 
"old line" or traditional military - 
surplus electronics, its real hard to 
beat Fair Radio Sales. For a mind - 
boggling collection of nearly any- 
thing else in surplus, electronics 
and otherwise, Jerryco has to be 
the hands -down winner. For any- 
thing you can't find at your hard- 
ware store, along with the ability 
to custom cut up small pieces of 
metal or plastics cheaply, Small 
Parts is the only way to go. 

For unusual publications, rang- 
ing the gamut from early machine - 
shop techniques through antique 
radios all the way on down to per- 
petual -motion machines and the 
free -energy scams, check out 
Lindsay Publications. And for elec- 

tronics bargains direct from elec- 
tronics startups and other hackers, 
there's the great little Nuts and 
Volts shopper newsletter. 

Texas Instruments has a new 
free PAL Evaluation Kit, which can 
even get you those sample pro- 
grammable logic devices pro- 
grammed for free. From AT&T, a 
thick new Communication De- 
vices data book. And from NEC 
Electronics, the new Memory 
Products data book. That one in- 
cludes full details on an improved - 
definition television front end. It 
will accept an ordinary NTSC inter- 
laced TV input and doubles the 
horizontal scan rate, to give you a 
flicker -free and apparently much 
sharper solid -scan video output 
suitable for display on a Multi - 
Sync monitor or whatever. 

One "must read" recent paper 
on levitation in physics appeared 
back in the January 20, 1989 
Science that shows you proven 
methods to levitate both solids 
and liquids. Half a dozen viable 
methods are covered in depth, 
with a good bibliography. 

There's lots of mechanical stuff 
this month. The Vortec people 
have all sorts of ultra -simple solid- 
state cooling devices that use 
nothing but shop air to produce 
temperatures as low as -40 de- 
grees Fahrenheit! 

Value Plastics has free samples 
of their ultimate solution to low- 
cost custom robotics pneumatic 
connectors-bondable fittings 
that can be mixed and matched 
almost any way. And Mer- 
ryweather Foam now has a free 
sample card of their urethane- and 
polyester -foam products. 

Turning to my own stuff, if you 
are at all into Apple computing, 
you will find autographed copies 
of my Enhancing Your Apple Ile, 
volumes I & II, my Apple Assembly 
Cookbook, and my Apple Writer 
Cookbook, along with their com- 
panion disks available directly 
from me at Synergetics. 

And if you want to get further 
into PostScript, the magic lan- 
guage that does all of the artwork 
you see here, using nothing but 
your favorite word processor, 
check out my Intro To PostScript 
video or my PostScript Show and 
Tell disks, now available for most 
personal computers. R -E 
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Ç0MPu ERDIGaESI 
OMNI VIEW AND 

A 38G 
Intel's 

80386 microprocessor is 
taking the world by storm. For 

some people, speed is the most 
important aspect of the micro- 
processor. For others, though, in- 
telligent memory management 
and the ability to run several pro- 
grams simultaneously are what 
make the 386 desirable, if not in- 
dispensable. 

By itself, the 386 just acts like a 
faster, more expensive version of 
the 286. It takes special software 
to unlock its treasures, and that's 
where we come in. OmniView is a 
multi -tasking operating environ- 
ment written for machines run- 
ning MS-DOS. Actually, Om- 
niView can run on any 
8088/86/286/386 micro- 
processor. But on a 386, es- 
pecially in conjunction with 
386M (pronounced 386 -to -the - 
max), OmniView can make life 
under DOS much more pleasant. 

In this article we'll summarize 
briefly what OmniView is, what it 
does, and how to use it. Then 
we'll go on to show the basics of 
how it works with the 80386 to 
increase your computing power. 
Next time, we'll take an in-depth 
look at how the program per- 
forms its magic, and show how 
you can write your own programs 
to take advantage of that magic. 
In so doing, we'll present a sam- 
ple multitasking utility program 
that monitors the state of your 
PC in real time. 

Using OmniView 
OmniView works by putting a 

menu -based "shell" around your 
DOS environment. Many DOS 
shell programs do the same 
thing; however, the typical DOS 
shell only allows you to run one 
program at a time, and won't let 
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Fig. 1. OMNMEW S USER INTERFACE 
resembles that of a typical DOS shell. 
The difference is that you can switch 
among loaded programs in- 
stantaneously, and, on the right hard- 
ware, they can actually run simulta- 
neously. 

you switch among several dif- 
ferent programs without closing 
one before opening another. 

Like the typical shell, Om- 
niView lets you create a menu 
that lists the programs you use 
(for example, see Fig. 1). To run a 
program, move the highlight bar 
to that item and press Enter. To 
run another program, press a hot 
key to return to the menu, move 
the highlight bar, and press En- 
ter. Later, when you've got several 
applications running, you can 
hot -key among them at will. The 
maximum number of applica- 
tions that you can run at once is 
ten; each program runs as if it 
had complete control of the com- 
puter, blissfully ignorant of any 
others. 

Depending on the type of mi- 
croprocessor and memory in 
your system, two or more pro- 
grams can seemingly run simul- 
taneously. That's called multi- 
tasking. For example, you could 
download data from your favorite 
BBS while simultaneously work- 
ing in your word processor. On a 

continued on page 78 

CeBIT 
JANET ENDRIJONAS 

pping its own reputation as 
the greatest computer show 

in the world, this year's CeBIT- 
World Center for Bureau (office), 
Information and Telecom- 
munications Technology-ex- 
position in Hannover, West 
Germany was the largest ever. 
Multiple technologies abounded 
-computers, telecommunica- 
tions, connectivity, security- 
you name it. If it pertained to in- 
formation movement or manage- 
ment, it was at CeBIT. 

Over half a million people 
pushed their sore feet and tired 
legs through some 3,125 exhibits 
from 37 countries spread over 14 
buildings. They viewed the latest 
in state-of-the-art technology, 
stopping only to attend sym- 
posia, conference workshops, 
and industry presentations dur- 
ing the eight -day event. Both pro- 
totypes and working models of 
products developed around the 
world were on display. As usual, 
many of those items will not be 
seen in the United States for sev- 
eral years, and some may never 
get here. At the same time, the 
197 United States exhibitors' 
booths were crowded with people 
anxious to see the latest in Amer- 
ican innovation. 

A quieter show 
To veteran CeBIT goers, at first 

glance the 1989 show appeared 
tame-no flashy new technology, 
noisy international rivalries, or 
juicy scandals surfaced. The 
show seemed carefully orches- 
trated with special "pavilions" 
dedicated to specific interests 
such as networking, telecom- 
munications, computer security, 
and doing business with India, 
CeBIT's first "international busi- 
ness partner." 

One noticeable trend involved 
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Japanese manufacturers rush- 
ing to comply with new require- 
ments pertaining to putting 
"Made in Europe" or, more specif- 
ically, "Made in Germany" labels 
on their products. Last year, the 
Common Market countries 
raised the tariffs on imported 
technology while also establish- 
ing minimum percentages for 
the amount of local content re- 
quired to earn the coveted labels, 
putting outsiders in a difficult 
situation. 

CeBIT's overall atmosphere 
seemed geared toward promoting 
the harmony that will become re- 
ality in 1992 when the European 
Common Market drops trade bar- 
riers within its domain and be- 
comes the European Economic 
Community, often referred to as 
the "Untied States of Europe." 

Developments such as those, 
however, could not represent the 
major excitement-there had to 
be more going on at CeBIT. You 
can't have a show this big with 
nothing new and unexpected to 
report. Macintosh Apples or Does 
the Recipe Call for Jonathans? 

Last year we reported that 
there was a rumor floating 
around CeBIT of "MacClones" 
being developed in the Orient. 
Enter Jonathan, a working Mac- 
intosh clone developed by a small 
company, Akkord, in Taiwan who 
contracted with a friendly West 
German distributor, Jonathan 
Computers Deutschland, to dis- 
play the machine at CeBIT. 

The literature made no men- 
tion of Apple compatibility. It ex- 
pressly referred to "tomato com- 
patibility" in an international 
play on words. The editor of the 
monthly German Macintosh 
publication, MacUP, spent three 
days during CeBIT putting 
Jonathan through its paces and 
declared that there could be no 
question of Macintosh com- 
patibility-every program he 
tried worked, even the games. 

Over the years, several US com- 
panies have attempted to clone 
the Macintosh and wound up los- 
ing court cases to Apple. Akkord's 
legal business consultant insis- 
ted that there were no copyright 
infringements a'nd a 
spokeswoman for Apple Ger- 
many said that to the best of her 

knowledge, Jonathan did not 
violate Apple copyrights. How 
could that be? 

There was a simple explana- 
tion. All the previous law suits 
had been based on infringing the 
copyrights for the Apple ROM 
(read only memory) set. So 
Jonathan is being shipped with 
ROM sockets but no ROM's. Of 
course, if you are familiar with 
US computer -component mail- 
order opportunities, you know 
you can buy Mac Plus 128K 
ROM's for about $90 from several 
vendors. 

Overall specs indicate that 
Jonathan is a low-cost Macin- 
tosh alternative, more powerful 
than a Mac Plus thanks to an in- 
ternal hard disk, but less expen- 
sive than a Mac SE. Akkord 
claims to have showed Jonathan 
only to prove that a Mac clone is 
possible. The company will make 
no specific marketing plans until 
all legal questions are answered. 
Hence, there are no price quotes 
available nor is there word on 
when (or if) the first Jonathan 
might turn up in the United 
States. 

Color LCD's-Boom or Bust? 
Do consumers really want big 

LCD screens in monitors or lap- 
tops? "They shouldn't until reso- 
lution improves," said a 
spokesman for Casio, one of the 
manufacturers. Another man- 
ufacturer with prototypes on dis- 
play, Toshiba, agreed that cur- 
rent resolution is only adequate 
for small -screen television view- 
ing, certainly not for use with 
computers. 'Ibshiba's spokesper- 
son went so far as to say that his 
company considered it useless to 
market an imperfect item just for 
the sake of selling a product. 

So why all the excitement at 
Hitachi? At their booth, what 
was said to be the world's first 
laptop with a color LCD display 
was being touted as the key prod- 
uct in a hot new market. And at 
the Sharp booth there was a 386 
computer with a 14 -inch color 
LCD that will be available to Eu- 
ropean consumers by year's end. 

Networking 
Special pavilions displaying 

networking and telecommunica- 

tions occupied large space in two 
halls. Here the march toward 
1992 resulted in emphasis being 
placed on internal corporate, ex- 
ternal national, and interna- 
tional voice and data communi- 
cations. ISDN (Integrated Ser- 
vices Digital Networks), which 
had been the hot topic a year ear- 
lier, was somewhat in the back- 
ground for the moment as 
European and American compa- 
nies demonstrated communica- 
tions solutions that can already 
be put into place. 

The US is the current leader in 
networking and telecommunica- 
tions thanks, in part, to the 
breakup of the Bell system and 
the growth of smaller, more inno- 
vative and competitive telecom- 
munications companies. Tele- 
communications in most Euro- 
pean countries are still controlled 
nationally. Some change will oc- 
cur when the new Economic 
Community becomes a reality in 
1992 and, in preparation, the 
emphasis on importing US tele- 
communications technology is 
heavy at the moment. 

ISDN wasn't completely ig- 
nored during CeBIT. Video con- 
ferencing via ISDN lines was a big 
hit and even enabled Indian 
Prime Minister Rajib Gandhi to 
participate in the opening cere- 
monies from Bombay. The pic- 
ture phone we've all been joking 
about and in some cases dread- 
ing was available and working 
much to the dismay of those of us 
who answer the phone before 
putting on makeup. And if that 
wasn't bad enough, one phone 
not only showed the person on 
the other end; it also displayed a 
small inset of you in the corner. It 
was worse than staring into a 
mirror. 

Hannover Hacker 
Just before CeBIT started, 

newspaper headlines around the 
world revealed the existence of 
three computer hackers based in 
Hannover who had been stealing 
data from US government com- 
puters on behalf of the KGB. The 
fact that the US claimed that the 
stolen data was low level didn't 
lessen the concern for computer 
security among exhibitors and 
attendees alike. 
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This year, an entire floor in one 
of the exhibit halls was devoted to 
security solutions. It was a place 
where hackers could go to at- 
tempt to outsmart the experts. 
The experts didn't always win. 
Toward the end of the eight -day 
show, two ten -year -old school- 
boys entered a booth at CeBIT 
and in the process of hacking 
managed to lock up the booth's 
entire computer demonstration. 
They generously offered to undo 
the damage if the company run- 
ning the booth would pay them 
DM 10. The company paid and 
the boys put the system back in 
working order. 

Calling Moscow 
Not everyone was worried 

about hackers or the KGB. There 
was evidence of glasnost at work. 
Deutsche Mailbox, one of Eu- 
rope's largest electronic -mail (E- 
Mail) companies announced a 
link with the Soviet Union. Once 
hardware, software, and a 
hotline are installed in Moscow, 
Deutsche -Mailbox users will be 
able to send and receive elec- 
tronic messages from people in 
the Soviet Union. 

As you might expect, there are 
limitations on the Russian side 
of that setup. The Soviets will be 
controlling what their users are 
allowed to do. The system will not 
be available to every Igor, Ivan, 
and Vladimir, and those who are 
allowed to use it will find them- 
selves unable to access certain 
functions like data bases. 

Right now, the service is re- 
stricted to users in Moscow but 
there are plans to extend it to 30 
cities throughout the Soviet 
Union via the Moscow gateway. 

How red is your nose? 
Even at CeBIT, technology does 

not totally supercede human- 
itarian concerns. One day a year 
the people of the United Kingdom 
set aside their self-conscious- 
ness and don bulbous red clown 
noses in support of a charity for 
needy children organized by 
Comic Relief, a successor to Band 
Aid/Live Aid. Since Red Nose Day 
fell in the middle of CeBIT, one 
enterprising UK company 
brought along a supply of red 
noses and sold them to atten- 

dees. By noon, certain areas of 
CeBIT looked like everyone had 
enjoyed too much German beer 
the night before. 

Walking shoes before 1990 
If you have decided that you 

want to be a part of the CeBIT 
excitement in 1990, you had bet- 
ter buy a pair of sturdy walking 
shoes. CeBIT plans for expansion 
in 1990 call for at least an addi- 
tional 200 exhibitors. 

Actually, it might be wise to buy 
two pair. CeBIT has spawned a 
new little sister, CeNIT, the Asian 
Center and Conference for Infor- 
mation and Telecommunica- 
tions, which is to be held in the 
new Hong Kong Convention and 
Exhibition Center. 

Attendance at CeBIT has al- 
ways favored European coun- 
tries. While many products 
originating in the Orient are in- 
troduced to the world at CeBIT, 
no doubt there are countless 
other new products being de- 
veloped in the Far East that none 
of us, European or American, 
have ever seen. Now, with CeNIT, 
the world will get to see what it 
has been missing. 

It has always taken a world - 
class exhibit attendee to traverse 
the length and breadth of CeBIT, 
enduring blisters and back aches 
for the sake of seeing new tech- 
nology as it first appears on the 
scene. The pain and suffering, 
sensory overload, and jet lag we 
have been privileged to endure 
for CeBIT will now be extended to 
a new group of technology buffs 
at CeNIT. We wish them the very 
best.i>®« 

"Productivity has really jumped since we 
switched to the new computers with built- 

in coffee pots." 

EDITOR'S 
WORK- 
BENCH 

Utility Wars: Mace vs. Norton 

What do you do when (acci- 
dentally, of course): 

you format your hard disk, or 
you erase a crucial file or direc- 

tory, or 
you can't boot from your hard 

disk or even access it, or 
disk operations on certain files 

seem to be taking longer and Ion 
gerand longer? 

You reach for Mace Gold or Nor- 
ton 4.5 Advanced-or maybe 
both. The latest versions of those 
programs offer several powerful 
tools for both guarding against 
disaster and dealing with it when 
it does occur. 

Norton Advanced 
Actually, the Norton utilities is 

a collection of programs designed 
to make life with PC's easier. 
Some of those programs have 
nothing to do with data recovery, 
but they're useful in their own 
right. However, the core of the 
Norton suite has always been 
NU.EXE. It provides several func- 
tions for getting at the data on 
your disk at various levels. De- 
pending on how you use NU, you 
can get at physical tracks and 
sectors, logical (DOS -level) sec- 
tors, files, the FAT'S (File Alloca- 
tion Tables), the partition table, 
and directories. 

NU lets you access different 
structures in different ways: 
Generally, you can view and edit 
any structure in hex and ASCII 
formats; you can also edit higher 
level structures in an intelligent 
format. For example, you can 
change file times and dates with- 
out having to compute DOS's 
packed formats. 

One of the most popular uses 
for NU is to unerase files. The pro- 
gram provides semi -automatic 
and manual ways of doing so; a 
separate, fully automated pro- 
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gram (Qu, for Quick Unerase) is 
also provided. The automatic 
modes work well on disks whose 
files are stored in contiguous sec- 
tors; with non-contiguous files, 
some amount of manual inter- 
vention is usually required, and 
Nu provides useful tools for doing 
so. Of course, manual recon- 
struction is usually only possible 
with text files, in which you can 
verify a continuous flow of data. 

To help you avoid non-con- 
tiguous files, Norton includes a 
program (SD, Speed Disk) that re- 
arranges your disk so that files 
are stored contiguously. Other 
disk and file -oriented utilities in- 
clude: Ds (Directory Sort), which 
allows you to sort the lists of files 
in your directories according to 
time, date, name, and extension, 
and even to order them man- 
ually; DT, which scans the surface 
of your disk searching for bad 
sectors, and allows you to lock 
them out, repair them, move files 
off of them, etc; SF (Safe Format), 
a menu -driven replacement for 
DOS's FORMAT program; and FR 

(Format Recover), which lets you 
recover data from an accidentally 
formatted disk (see Fig. 1). 

A number of other utilities are 
included for listing files and di- 
rectories, printing files, obtain- 
ing information about your 
system (including the infamous 
SI rating), wiping files and entire 
disks completely clean of data 
(using a government -specified 
security procedure, if desired), 
and more. Everything is tied to- 
gether through an easy to use 
menu -driven interface (shown in 
Fig. 1); after learning the pro- 
grams you can run them from the 
DOS command line with the 
proper switches. Invoking a pro- 
gram with a ? (e.g: CSD?) displays 
a help screen. 

The latest version of the Norton 
utilities also adds NDD (the Norton 
Disk Doctor, or NDD), which pro- 
vides automated recovery from 
several severe disk problems: a 
corrupt master boot record, bad 
partition table, bad FAT, cross - 
linked files, etc. One really nice 
feature of NDD is the ability to 
make any disk bootable; it will 
rearrange files on disk as neces- 
sary to make room for the system 
files necessary to boot DOS. 

BE Batch Enhancer 

D1 Disk Information 

DS Directory Sort 

DT Disk Test 

FA File Attributes 

FD File DaterTime 

FF File Find 

fl File Info tf. l4-4 IAA; 
IS File Size 

LD List Directories 

LP Line Print 

MCC Control Center 

MCD Norton CD 

MOD Disk Doctor 

NU Norton Utility 

QU Quick UnErase 

SD Speed Disk 

SP Safe Format 

SI System Information 

more 

t ,.mf. 

Format Recover FR [d:ll/SAVEI[/NUBAKJ 

Undo an accidental formatting of a bard disk, 

thereby making the data accessible again. 

Format Recover can recover fra» an accidental 

format, even if no prior system information was 

saved. A near -perfect recovery can be achieved 

if the system information was saved with the 

save option (!SAVE). Format Recover will make 

2 copies of the system information, unless the 

/NUUAR Me Backup) switch is used. 

act ide 

Switches 

/SAVE 

/KODAK 

d C. drive. 

covery tutor 

Backup file 

Press Fl for Hei 

FIG. 1. 

The programs all have attrac- 
tive, easy -to -use screens, and ev- 
erything is well documented. 
Now included is The Norton Trou- 
bleshooter, a 150 -page book that 
contains specific procedures to 
follow, using various Norton 
tools, to recover from specific 
kinds of disasters. 

Mace Gold 
This package includes pro- 

grams comparable to the disk - 
management programs in Nor- 
ton, skips some of the frillier 
items, and adds a disk cache, a 
hard -disk backup program, and 
programs specifically designed to 
recover dBASE and text files. Also 
included is VACCINE, a virus -pro- 
tection program, and POP, a pro- 
gram like BookMark that allows 
you to take an occasional 
"snapshot" of the state of your 
entire PC, and reload that 
snapshot later. A sector editor is 
also included. 

Gunfight at the OK Corral 
In general, Mace's programs 

and documentation are less pol- 
ished than Norton's. In the sector 
editor, the menus are non -intu- 
itive, and the program's screen 
output is quite slow. 

The real question, of course, is 
the ability of each to recover data, 
so I devised several tests to see 
how well each could do. All tests 
were run on a generic XT clone 

with an ST -225 (20MB) hard disk 
running PC -DOS 3.30. 

Both Mace and Norton offer 
special programs that save copies 
of critical system information 
(boot sector, FAT, and root direc- 
tory) in a special file with a "sig- 
nature" that the recovery pro- 
grams can find even on a disk 
without directories, FAT'S, etc. 
Normally you run these pro- 
grams from your AUTOEXEC.BAT file, 
so at most you'll lose data only 
since the last time you booted. 

Both Mace and Norton offer 
data -recovery procedures that 
work both with and without the 
signature files; each was much 
more successful at restoring data 
with the signature file than with- 
out it. 

My first test was to try to re- 
store an accidentally formatted 
drive. With the signature files 
present on the disk, Norton's FR 
(Format Recover) recovered the 
disk without problem; Mace's 
uNFORMAT did fairly well, but failed 
to restore the media descriptor 
byte in the boot record properly. 
Norton's NDD, however, was able 
to correct that fault without man- 
ual intervention. Norton gets a 
slight edge here. 

Without the signature file, Nor- 
ton's format recovery program lit- 
erally made a mess of the disk. 
The disk actually contained 
about 2MB of files, but after run- 
ning FR, every cluster had been 
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R -E Computer Admart 

SECRETS OF THE 

COMMODORE 64 
Secrets of the 
COMMODORE 64 

BP135-A beginners guide 
to the Commodore 64 pre- 

sents masses of useful data 
and programming tips, as 

well as describing how to 
get the best from the 
powerful sound and graph- 
ics facilities. We look at how the memory is 

organized, random numbers and ways of 

geherating them, graphics -color -and sim- 
ple animation, and even a chapter on ma- 

chine code. Get your copy today. Send 

$5.00 plus $1.25 for shipping in the U.S. 
to Electronic Techology Today Inc., P.O. 

Box 240, Massapequa Park, NY 
11762-0240. 

841111»8 

Rates: Ads are 21/4" x 21/2". One insertion $900. Six insertions $875.each.Twelve 

insertions $845. each. Closing date same as regular rate card. Send order with 

remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi -County 

Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area 

code -516-293-3000. Only 100% Computer ads are accepted for this Admart.' 

A PRACTICAL 
INTRODUCTION TO 

MICROPROCESSORS 
BP123-Introduces mi- 
croprocessors by having 
the reader construct a 

very simple micro- 
processor circuit that he 

can experiment with and 
thus hopefully gain a 

cl3ar insight into this 
ccmplex subject. The 
ccmpleted unit is only 
in:ended as an education aid, but can be 

Milt inexpensively and many of the parts 
can be reused for other applications later. 

Get your copy for $5.00 plus $1.25 for 
shipping in the U.S. from Electronic Tech- 
nclogy Today Inc., P.O. Box 240, Massape- 
qua Park, NY 11762-0240. 

A Practical 
Introduction to 
Microprocessors 

ICsPROMPT 
DELIVERY!!! IC SAME DAY SHIPPING (USUALLY) 

QUANTITY ONE PRICES SHOWN for APRIL 23, 1989 

OUTSIDE OKLAHOMA. NO SALES TAX 

DYNAMIC RAM 
SIMM m 256Kx36 80 ns $450.00 
SIMM 1Mx9 80 ns 265.00 
SIMM al 1Mx9 85 ns 210.00 4P4 e 

SIMM 256Ku9 80 ns 99.00 PP 
1Mbit 1Mx1 100 ns 17.95 
41256 256Kx1 60 ns 9.95 

1/ 

Q4 
D 

41256 256Kx1 80 ns 7.95 M1QPo 

41256 256Kx1 100 ns 7.95 
51258 PI 256Kx1 100 ns 7.95 PP 

41256 256Kx1 120 ns 7.50 
41264 14) 64Kx4 120 ns 9.50 

EPROM 
27C1000 1281(x8 200 ns $28.50 
27C512 641<x8 200 ns 12.95 
27256 3210c8 150 ns 8.25 
27128 16Kx8 250 ns 4.75 

STATIC RAM 
62256p-10 32Kx8 100 ns $26.50 
6264P-12 8Kx8 120 ns 8.50 

.61164P-12 2Kx6 120 ns 5.50j 

OPEN 61/2 DAYS, 7 ao ÁN-10 en. SHIP VIA FED -EX ON SAT. 

SAT DEUVERY 
INCLUDED ON 

FED -EX ORDERS 
RECEIVED BY: 

11.115111ff 9u9 
In PI 81t391 e 

MasterCard/VISA or LIPS CASH COD 

MICROPROCESSORS UNLIMITED, INC. 
24,000 S. Peoria Ave.. 

X918) 267-4961 BEGGS, OK. 74421 .7 
No minimum order. Plow rias ekes woe a cor^n,. 
S ne ^9 su -aree enre w ro Er io oaC rq ma1e.16 

CIRCLE 61 ON FREE INFORMATION CARD 

allocated, many files were cross - 
linked, and the few "recovered" 
program files I tried to run 
crashed the machine. Mace did 
better in the same situation; it 
found the requisite files and cor- 
rectly stored them in subdirecto- 
ries with namesUB000, U3001, 
etc. Files in the root were unre- 
coverable, but at least the sub - 
directories and associated files 
were intact. Score one for Mace. 

In another test, I corrupted the 
first few bytes of the boot record; 
neither Norton's NDD nor Mace's 
UNFORMAT was able to properly re- 
store the boot record. Mace = 0, 
Norton = 0. 

Next I erased (made all bytes 
00h) the first copy of the FAT. 
Without the signature file, NDD 

claimed to fix the problem, but 
didn't. I couldn't boot from the 
disk, and after doing its thing, 
NDD left both copies of the FAT 
totally corrupt. With its sig- 
nature file intact, Mace's UNFORMAT 

seemed to recover everything, 
but again left an incorrect media 
descriptor, which NDD happily 
fixed. Mace =1, Norton = O. 

Other program tests that we 
ran revealed similar disappoint- 
ments and inconsistencies. 

Conclusions 
If you've got anything of value 

on your hard disk, back it up. 
Under the best of circumstances, 

you may be able to recover some 
of it; but don't wait until a disas- 
ter strikes to buy a copy of either 
Mace or Norton. Both operate 
much better with the signature 
files than without. Norton gets 
the nod if you're buying pre -dis- 
aster; Mace, if you're buying post - 
disaster. Don't let Norton's NDD 

loose on a drive with really severe 
problems. 

In case you're wondering, I do 
weekly backups on an Irwin tape 
drive, daily backups to floppy, 
and I often copy on -going projects 
to temporary disks during the 
day. Paranoid? You bet! I've lost 
too many files to the bit bucket. 

Duncan's DOS book 

If you want to find out how DOS 
really works, and how to make 

it work for you, check out Ray 
Duncan's Advanced MS-DOS 
Programming, second edition. 
About half the book explains how 

DOS loads and controls PC oper- 
ation thereafter; the second half 
consists of reference information 
on BIOS interrupts, DOS func- 
tion calls, mouse functions, and 
EMS functions. The book in- 
cludes numerous example and 
skeleton programs in both as- 
sembler and C. Topics covered in- 
clude DOS basics, hardware 
control (keyboard, mouse, and I/ 
O ports), file and disk manage- 
ment, device drivers, and more. 
OS/2 counterparts of DOS func- 
tions are discussed briefly; unfor- 
tunately, however, DOS 4.0's new 
disk structure is not.lCD« 

PRODUCTS REVIEWED 
Norton Utilities Advanced 

Edition Version 4.5 ($150), Pe- 
ter Norton Computing, Inc., 
2210 Wilshire Boulevard, Santa 
Monica, CA 90403. (800) 
365-1010. (213) 319-2010. 

CIRCLE 50 ON FREE INFORMATION CARD 

Mace Gold ($149), Paul Mace 
Software, 400 Williamson Way, 
Ashland, OR 97520. (800) 
523-0258. (503) 488-2322. 

CIRCLE 49 ON FREE INFORMATION CARD 

Advanced MS-DOS Program- 
ming, second edition ($24.95), 
Ray Duncan, Microsoft Press (c. 
1988). 16011 NE 36th Way, Box 
97017, Redmond, WA 
98073-9717. (206) 882-8080. 

CIRCLE 48 ON FREE INFORMATION CARD 
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OMNIVIEW 

continued from page 73 

system without a 386 or EMS 4.0 
memory, you can only multitask 
as many programs as will fit in 
the first 640K of memory simul- 
taneously. But on a 386 (or an 
8088 or 80286 with EMS 4.0 
memory), you can multitask sev- 
eral large programs. 

Even without multi -tasking, 
OmniView can be useful by let- 
ting you switch among several 
programs quickly. For example, 
suppose you run a small busi- 
ness from your home, selling mi- 
croprocessor -based widgets. You 
use a spreadsheet to track your 
accounts, a database program to 
keep your inventory, a word pro- 
cessor to write business letters, 
and a telephone manager to dial 
and log your calls. With Om- 
niView and the proper memory, 
all four could be loaded in memo- 
ry ready for instant access. So 
when Mr. Jones calls up wonder- 
ing where his order of widgets is, 
you could check his account and 
your inventory-all while he's on 
the phone. 

After you gain a little experi- 
ence with OmniView, you can 
skip loading programs by menu 
and create a batch file that will 
load your desired system config- 
uration automatically with just a 
few keystrokes. You can still hot - 
key among your programs. 

Inside OmniView 
What's going on beneath the 

surface that allows you to do 
those things? To understand the 
answer to that question, you 
must understand the differences 
between the three types of memo- 
ry: conventional, extended, and 
expanded. Briefly, conventional 
memory is that in the first 640K; 
extended memory is located 
above the 1 -megabyte boundary, 
and is addressed linearly by the 
80286 and 80386; expanded 
memory is bank -switched in 16K 
chunks beneath the 1 -megabyte 
boundary. Expanded memory is 
available on all three members of 
the Intel family; with a proper 
memory manager, extended 
memory on a 386 can function as 
expanded memory (see Fig. 2). 

80286 

80386 
ADDRESS 

SPACE 

CONTINUES 

8088 

ADDRESS 
SPACE 

ENDS 

EXTENDED 

MEMORY 

BIOS ROM 

EXPANDED 
MEMORY 

MAPPING 
SPACE 

VIDEO ROM 

MONO, CGA 

MEMORY 

EGA/VGA 
MEMORY 

640K 
CONVENTIONAL 

MEMORY 

0100 0000 
(16 MB) 

0010 0000 

000F 0000 

000E 0000 

000D 0000 

000C 0000 

0008 0000 

000A 0000 

Fig. 2. MEMORY MAP of Intel micro- 
processors. Expanded memory is avail- 
able on the 8088/86, the 286, and the 
386. Extended memory is available only 
on 80286 and 80386 microprocessors; on 
the latter it can function as expanded 
memory. 

Internally, OmniView consists 
of 5 major modules, as shown in 
Fig. 3. Basically, the task sched- 
uler determines when each pro- 
gram gets its turn to do its thing. 
The device -driver module pro- 
vides control (and emulation, 
when necessary) of devices in- 
cluding keyboard, screen, 
mouse, and printer. The mes- 
sage -passing module allows 
tasks to communicate with each 
other through a standard mecha- 
nism. The memory manager allo - 

cates memory both to OmniView 
itself and to the tasks that it con- 
trols. Last, the applications -in- 
terface module ties the others 
together, making OmniView's 
functions available to external 
applications programs. 

The user interface (i.e., the 
menu for starting and running 
programs) is not an integral part 
of OmniView. Rather, it's simply 
an applications program that, 
through the use of the OmniView 
Applications Program Interface 
(OAPI), makes OmniView's func- 
tions available to the user. As 
such, it can easily be replaced, 
and is not necessary at all in 
some applications. 

Although OmniView contains 
5 major modules, two of them 
could easily be broken down into 
other, more distinct units. For ex- 
ample, the device -driver module 
actually contains as many parts 
as there are devices to control: 
one for the screen, one for the 
keyboard, etc. In addition, the 
memory manager delegates 
much of its work to an EMS 4.0 
driver if one is present. 

This modular architecture has 
a number of advantages. Since 
OmniView supports, but does 
not require, an 80386, it can be 
used across a wide range of ma- 
chines. Other operating environ- 
ments are designed specifically 
for, and are therefore limited to 
running on, the 80386. 

Of course, with a proper mem- 
ory manager, OmniView really 
shines on a 386, because several 
features of the 386 simplify the 
process of building multitasking 
software: hardware support for 
task control blocks, segmented 
and paged memory manage - 

USER INTERFACE 

TASK 
SCHEDULER 

_ 

APPLICATION INTERFACE 

DEVICE 
DRIVERS 

MESSAGE 
PASSING 

] C 

MEMORY 
MANAGER 

Fig. 3. OMNIVIEW CONSISTS offour modules tied together by an application interface, 
and an optional user interface. 
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ment, virtual 8086 (V86) mode, 
and hardware I/O protection. 
OmniView uses all of those; let's 
talk about memory management 
first. 

Memory management 
Several 386 memory managers 

are available commercially, but 
OmniView has been optimized to 
work with 386MAx. In addition to 
emulating EMS 4.0 memory 
using plain extended memory, 
386MAx includes special "hooks" 
that OmniView uses to virtualize 
direct screen accesses, to arbi- 
trate between processes that ser- 
vice hardware interrupts, and to 
allow multitasking with 32 -bit 
protected -mode applications. 

For example, by using the EMS 
4.0 functions available in 
386MAx, OmniView can run mul- 
tiple programs simultaneously, 
periodically switching them to 
conventional memory from ex- 
tended memory. OmniView does 
so using the 386's memory pag- 
ing tables to allocate a desired 
number of 4K pages, and then 
mapping those pages in or out of 
conventional memory as needed. 
Simply by loading a new value 
into register CR3, the Page Direc- 
tory Base Register (PDBR), entire 
memory -mapped "contexts" can 
be loaded into conventional 
memory nearly instantaneously. 

386MAx makes that function 
available to system -level software 
through the Alternate Mapping 
Register Set (AMRS) concept, 
which is part of the EMS 4.0 
specification. 386MAx imple- 
ments that operation very effi- 
ciently, so OmniView can switch 
memory -mapped contexts fast 
enough to allow programs run- 
ning in extended memory to ser- 
vice as many as 1000 hardware 
interrupts per second on a 20- 
Mhz 80386. 

The point is that multiple pro- 
grams, which would not nor- 
mally fit together in conventional 
memory, can service hardware 
interrupts with no knowledge 
that OmniView is switching 
them in and out of memory many 
times per second. 

I/O port virtualization 
Since the typical DOS de- 

veloper designs his program for a 

single -tasking operating system, 
he often assumes (and rightly so) 
that the program has complete 
control of the hardware on which 
it is running. For that reason, 
many programs access display 
memory and other hardware di- 
rectly, without considering that 
they may be in competition for 
those resources. Of course, by 
doing so, programs that would 
otherwise run sluggishly run 
much faster. Those programs, la- 
beled "ill-behaved" include the 
vast majority of most popular 
commercial applications. 

What's so bad about ill-behaved 
programs? For example, assume 
two ill-behaved applications are 
running simultaneously without 
proper control software. Each 
can do whatever it wants when- 
ever it wants, so the video display 
is liable to be visual mishmash, 
as each writes its data to the 
screen. Even worse, if both tried 
to write to disk simultaneously, 
the FAT (File Allocation Table or 
directory structure could be cor- 
rupted, rendering the disk 
useless. 

However, the 386 provides a 
number of built-in mechanisms 
that, when properly used, can 
help prevent those types of disas- 
ters-and the OmniView/386mAx 
combination takes advantage of 
those mechanisms to tame most 
ill-behaved programs. 

To facilitate protection, 386MAx 
provides hooks that OmniView 
uses to "virtualize" screen and 
I/O access. Using those hooks, 
OmniView can control video 
memory mapping, and it can fool 
programs running in the back- 
ground into thinking that they 
have access to actual video mem- 
ory. In truth, background pro- 
grams have access only to a 
virtual screen storage area, as 
shown in Fig. 4, which can later 
be mapped into memory via the 
386's paging mechanism to its 
normal address. 

Other hooks can prevent a pro- 
gram from accessing the CRTC 
(CRT Controller) hardware, and 
even from moving the cursor di- 
rectly. By using the 386's I/O -port 
privilege map, all accesses to the 
CRTC cursor registers can be 
trapped and simulated without 
affecting the actual hardware. 

80386 
EXTENDED 

MEMORY 

8800:0000 

6000:0000 

VIRTUAL VIDEO BUFFER 

VIRTUAL VIDEO BUFFER 

CGA 

MONO 

Fig. 4. EXTENDED MEMORY ON AN 
80386 can be mapped in 4K chunks any- 
where in memory. For example, two pro- 
grams can write to virtual video buffers, 
which can be mapped to the normal ad- 
dresses at the appropriate time. 

Again, that allows an invisibly 
running program to think it is 
accessing the hardware directly, 
when in fact it is only modifying 
or reading its virtual position, as 
recorded by OmniView. 

VCPI 
OmniView/386MAx also sup- 

ports the Virtual Control Pro- 
gram Interface (VCPI), which 
provides a standard by which 32 - 
bit protected -mode programs 
and real -mode (DOS) programs 
can multitask together. The 
VCPI's chief claim to fame is that 
it works around the limitation 
that only one program can con- 
trol an 80386 in protected mode 
at a time. By defining a way for 
protected -mode programs to co- 
operate with each other, the stan- 
dard helps bring Om- 
niView/386MAx into the realm of 
advanced, protected -mode oper- 
ating systems (UNIX, OS/2). 
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However, under a full pro- 
tected -mode operating system, 
the OS itself is protected from 
corruption by applications, and 
applications are prevented from 
corrupting each other. But most 
of OmniView and DOS must co- 
exist in the memory space be- 
neath the 1 -megabyte boundary, 
leaving them vulnerable to cor- 
ruption. Because of the ill-be- 
haved nature of many of today's 
programs, OmniView could not 
provide its almost 100% DOS 
compatibility without at least 
some of its code running in that 
manner. lb understand why, let's 
review some known facts about 
the 80386, the XT/AT BIOS, 
DOS, and some standard ap- 
plications' behavior. 

As you know, DOS and BIOS 
services are usually called via is- 
suing a software interrupt. For 
example, executing an INT 13H 

causes the BIOS to perform some 
sort of disk function; INT 21H is the 
DOS services interrupt. An 
80386 operating environment 
can filter DOS and BIOS calls by 
trapping the software interrupt 
and determining at that time 
whether to emulate or pass on 
the original call. 

The problem is that real -life 
programs often don't use soft- 
ware interrupts to access system 
services. Rather, many programs 
actually use FAR CALL and FAR JUMP 
instructions to pass control. 

For example, a memory -resi- 
dent TSR (Terminate and Stay 
Resident) typically "chains" an 
interrupt. INT 9 (the keyboard in- 
terrupt) might be chained by a 
keyboard -enhancement utility 
that would watch for a special hot 
key. Each time the user presses 
or releases a key, an iNT s is gener- 
ated. The TSR would check to see 
if the defined key (or combina- 
tion) was struck. If so, the pro- 
gram might substitute its own 
keystroke or perform some other 
action; otherwise, it would ex- 
ecute a FAR JUMP (or CALL) to the 
original BIOS code. Things be- 
come even more complicated 
when several programs "chain" 
an interrupt in that manner. 

The problem is that calls and 
jumps are not trapped by the 
386's support mechanisms when 
it is running in V86 mode. If the 

objective is to filter only the sys- 
tem service, without hampering 
the application program's filter, 
then a multitasking system must 
have V86 code that takes control 
only at the appropriate time. 

Although OmniView must al- 
ways have some code in the V86 
address space (i.e., beneath the 
1 -megabyte mark), the program 
occupies only 48K of RAM. And 
since it can load into EMS memo- 
ry that is mapped above the 
screen buffers (refer back to Fig. 
2), its affect on the amount of 
contiguous DOS memory is min- 
imized. And note that that is not 
a 386 -specific feature; 8088/86 
and 286 machines with EMS 4.0 
memory can also benefit from it. 

By way of contrast, other oper- 
ating environments go to great 
lengths to keep the environ- 
ment's own code protected and 
out of conventional memory. One 

Special Discount 

SunnyHill Software has ar- 
ranged special 30% discounts 
off the list prices of OmniView 
and 386MAx for readers of Ra- 
dio -Electronics. OmniView 
normally lists for $89.95; the 
discount price is $62.95. 
386MAx normally lists for 
$74.95; the discount price is 
$52.45. 

lb order, call the number be- 
low. Be sure to mention this ar- 
ticle. The discount expires on 
December 31, 1989. SunnyHill 
also has separate documenta- 
tion on the OmniView API; con- 
tact the company for details. 

For more information on Om- 
niView (formerly called Tas- 
kView), see Editor's Workbench, 
May 1988. For more informa- 
tion on the 386 microprocessor, 
see the January, February, and 
March 1989 issues. And stay 
tuned for an article describing 
the construction of a low-cost 
386SX motherboard. 

OmniView, SunnyHill Soft- 
ware, P.O. Box 33711, Seattle, 
WA 98133-3711. (800) 367-0651 
or (206) 367-0650. 

386MAx, Qualitas, Inc., 8314 
Thoreau Drive, Bethesda, MD 
20817-3164. (301) 469-8848. 
Note that the discount is avail- 
able only through SunnyHill. 

approach, taken by VM/386, ex- 
ecutes most of the operating en- 
vironment in protected mode and 
loads a separate copy of DOS in 
its own protected V86 partition 
for each program running under 
it. However, there are problems 
inherent in that approach. Shar- 
ing one disk by multiple copies of 
DOS, each of which maintains a 
separate FAT, is difficult. Not only 
does it require a great deal of over- 
head to arbitrate between the dif- 
ferent copies of DOS, but 
running certain programs to- 
gether may corrupt disk files. 

So, rather than rewrite DOS 
completely and risk the inevita- 
ble incompatibilities that have 
plagued DOS replacements, Om- 
niView shares one copy of DOS 
among all programs running un- 
der it. Therefore, both OmniView 
and DOS must remain accessible 
to the programs that run under 
them. That means that a pro- 
gram that writes to memory out- 
side that which it has been 
allocated maybe able to crash the 
entire system. However, on a 386, 
OmniView is able to prevent a 
program running in one parti- 
tion from corrupting the memory 
space of another program, of 
DOS, or of OmniView 

Coming attraction 
Next time we'll delve deeper 

into the internal structure of Om- 
niView, and discuss use of the 
OAPI. In the process, we'll create 
a program that requests informa- 
tion about presently executing 
tasks, uses efficient timed de- 
lays, and continuously displays 
the current tasks and available 
OmniView resources.i(D« 
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"I finally got through to the R -E BBS 
but I forgot what I was supposed 
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BUILD AN 
80386SX 
MOTHERBOARD 

Part I! 

BERNARD A. McILHANY 

Before starting construction of 
the PT -386 -PLUS, here are a 

few cautions. The PC board is a 
four -layer board, and soldering a 
four -layer board requires a hotter 
soldering iron than usual. A tem- 
perature -controlled iron set at 
700° is preferable, but if one is 
not available, use at least a 50 - 
watt iron. Use of a smaller iron 
can overheat the board because 
of the long time required to prop- 
erly heat the connections. The 
soldering iron should also have a 
small tip because of the closely 
spaced connections on the 
board. If you have limited solder- 
ing experience, we suggest that 
you get assistance from someone 
with more experience. Other- 
wise, buy the assembled board. 

Most of the board must be built 
before any testing can be per- 
formed. Use the Parts -Placement 
diagram (shown in Fig. 1) and the 
Parts List to locate where each 
part should be mounted. Figure 2 
shows a finished motherboard. 

Start construction by install- 
ing all resistors, including the 
DIP and SIP packages. Note that 
each DIP and SIP pack has a 
mark that designates pin 1. The 
board itself has different marks 
for each type: for the DIP re- 
sistors, the board shows a square 
notch at the pin -1 end, but for the 
SIP resistors, the pin -1 end is 
shown on the board with an open 
square. Make sure that you in- 
stall the pin -1 ends correctly! 

Next, install all of the capaci- 
tors, except the variable capaci- 
tor (C60) Observe the polarity of 
the electrolytic and tantalum ca- 
pacitors as you solder them. 

Next, install the IC sockets, in- 
cluding the PGA for the micro- 
processor (IC57) and the five 
PLCC sockets (IC43, IC45, IC48, 
IC61, and IC75). NOTE: No sock- 
et is installed at position IC900. 
When installing the PLCC sock- 
ets, be certain the pin -1 designa- 
tion faces the dot on the board. 
Although at first glance the PLCC 
sockets may appear square, they 
are not. Not only does the socket 
have orientation (an angled cor- 
ner and a "1" indicating pin 1), 
but the IC's themselves also have 
orientation, indicated by an in- 
dented dot or dimple, as well as 
the angled corner. Of course, the 
IC's orientation marks will mean 
nothing if the socket is installed 
incorrectly! 

Install the SIMM sockets next. 
The sockets should be oriented 
so that their outlines match the 
ones on the board. 

Now mount and solder the 36 - 
and 62 -pin expansion -slot card - 
edge connectors (J1-J16). Note 
that nothing is installed in posi- 
tions J2 and J16; the absence of 
connectors in those positions 
leaves space for older 8 -bit expan- 
sion cards. 

Next, install the oscillators and 
crystals. The oscillators should 
be soldered directly to the board. 
Once again, be sure to observe 
the pin -1 orientation of the os- 
cillators, usually a square corner 
or a dot (or both). 

The transistors and diodes are 
next: install the flat side of the 
transistors facing the line 
marked on the board. The band- 

ed end of the diodes should corre- 
spond with the line on the board. 

Solder the jumper headers 
(Pl-P4, P7-P10), the variable ca- 
pacitor (C60), the keyboard con- 
nector (J17), and the power 
connector (P6) to the board next. 
The power connector should be 
installed with its back side (the 
high plastic part) toward J15 (an 
expansion -slot connector). 

Using solid wire or scrap left 
over from cutting off the resistor 
leads, solder 37 jumper wires in 
positions CH -1 through CH -37. 

At this point, all of the parts on 
the board that require soldering 
should have been installed. We 
suggest that you clean the board 
of all surplus flux using an aero- 
sol methylene chloride flux re- 
mover and cleaner, available from 
most electronics stores. Now 
carefully inspect the board for 
solder bridges and unsoldered 
pins. Defluxing the board is rec- 
ommended because excess flux 
may hide unsoldered connec- 
tions or hairline solder bridges. 

Now insert all IC's into the ap- 
propriate sockets. Be careful not 
to accidentally fold any pin under 
the IC as you insert it into the 
socket! Install 512K of DRAM in 
Bank 0 (near the front left corner 
of the board); that's the mini- 
mum required to test the board. 

When we continue next time, 
we'll discuss how the 80386SX 
daughterboard is built and in- 
stalled. Then well show you how 
to configure the system, and fi- 
nally, we'll power it up and put it 
to work!OCD« 
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Resistors 
All resistors are 1/4 -watt. 5%. 
Rl, R2 150 ohms 
R3, R46 2 megohms 
R4, R15, R17, R22, 
R29, R32, R35, 
R37 -R40, R42, 
R43, R48, R51, 
R902 -R904 4700 ohms 
R5, R12, R21, R34, 
R55, R56, R900, 
R901, R905, R906 10,000 ohms 
R6 51.000 ohms 
R7, R23, R33, R47 1000 ohms 
R8, R13 10 ohms 
R9, R10 1 megohm 
R11, R14, R16, R18, 
R19, R24 -R28, R41, 
R44 
R20, R50, R907 
R30 
R31 
R36, R45, R52, R57 

33 ohms 
not used 

620 ohms 
51 ohms 

330 ohms 
R49 2200 ohms 
R53, R54 470 ohms 

Resistor packs 
RP1, RP2, RP4, RP5 

33 ohms x 8. 16 
pins, DIP 

RP3 ....33 ohms x 4. 8 
pins, SIP 

RP6, RP10 10.000 ohms x 9, 
10 pins, SIP 

RP7, RP9, RP11, 
RP13 10.000 ohms x 7, 

8 pins, SIP 
RP8 150 ohms x 7, 8 

pins, SIP 
RP12 ...4700 ohms x 7, 

8 pins. SIP 
RP14-RP17 330 (or 470) x 

14, 16 pins, DIP 

Capacitors 
Cl, C69, C130, 
C148, C150 -C152 ........22 µF. 16 volts, 

aluminum electrolytic 
C2 -C6, C16, C26, 
C28 -C30, C38, 
C41 -C43, C54-057, 
C61, C62, C65 -C68, 
C70, C72, C73, 
C75 -C101, 
C103 -C111, C114, 
C116, C117, C120, 
C123, C126, C128, 
C129, C134 -C145, 
C149, C153 -C159 ... ...; 0.1 µF, 50 volts, 

ceramic 
C7 -C15, C17 -C24, 
C27, C31 -C37, C40, 
C44-052 0.33 µF. 50 volts, 

ceramic 
C25 22 pF. 5%. 50 

volts, mono 

Parts List -80286 MOTHERBOARD 

C53 .4700 pF. 50 volts, 
ceramic 

C58, C59, C63, C64, 
C112, C113 10 pF, 10%, 50 

volts 
C60 5-50 pF variable 
C71 0.047 µF. 50 

volts, ceramic 
C74 4.7 µF 20%. 15 

volts, aluminum electrolytic 
C102 27pF, 5%. 50 

volts, ceramic 
C115> C118, C119, 
C121 C122, C124, 
C125, C127, C132, 
C133 100 pF. 5%. 50 

volts, mono 
C131 10 µF 25 volts. 

tantalum 
C146, C147 47 pF, 5%, 50 

volts. ceramic 

Semiconductors 
IC1-IC18, 
IC21-IC29, 
IC31-IC39 DRAM. 256K x 1, 

100 ns 
IC19,IC20,IC41 74F244 
IC30 MC14069 
IC40.,IC42-74F240 

IC43 82C215 
IC44 74ALS245 
IC45 82C212 
IC46 74F00 
IC47 32 -MHz oscillator 
IC48 82C211 
IC49, IC901 74F74 
IC50 80287 or cable to 

daughterboard 
IC51 24 -MHz oscillator 
IC52,IC53 74LS373 
IC54, IC55, IC56, 
IC64, IC65, IC69, 
IC71, IC77, IC85 74LS245 
IC57 80286 or plug 

from daughterboard 
IC58, IC900 not used 
IC59 74F573 
IC60 74F543 
IC61 82C206 
IC62, IC63 27256-17 BIOS 

EPROMS 
IC66, IC73, IC76 74LS244 
IC67 74F08 
IC68 PAL16L8A 

IC70 74LS30 
IC72 9.6 -MHz 

oscillator 
IC74 WD37C65 
IC75 82C605 
IC78 8742AH 

keyboard controller 

IC79 74ALSO4 

IC80,IC81,IC84 MC1489 
IC82, IC90 7407 
IC83 TL7705 
IC86,IC88 MC1488 
IC87 74LS14 
IC89 74LS05 
IC902 74F02 
IC903 74F11 
Ql 2N3906 
Q2 2N3904 
Dl, D2 IN4148 
DL1 100-ns delay line 
SIMMO-SIMM3 DRAM, 30 pins, 

SIMM, 1024K x 9, 100 ns 

Other components 
Y1 .32.768 -kHz crystal 
Y2 14.318 -MHz crystal 
Y3 20 -MHz crystal 
Y4 1 8432 -MHz crystal 
Jl, J3, J5, J6, J9, 
J11, J13, J15 2 x 31 edge 

connector (bus) 
J2, J7, J14 not used 
J4, J6, J8, J10, 
J12, J16 2 x 18 edge 

connector (bus) 
J17 5 -pin DIN 

Pl, P2 1 

P3 1 

P4, P9 2 

P5 
P6 1 x 12 power 

connector 
p7 2 x 17 header strip 
P8 1 x 2 header strip 
P10 2 x 13 header 

strip 

keyboard connector 
x 4 header 

strip 
x 5 header 

strip 
x 5 header 

strip 
not used 

Wl, W6, W7, W8, 
W14 1 x 2 header 

strip 
W2, W5, W9, W10 not used 
W3, W4, W12, W13, 
W15, SW1 1 x 3 header 

strip 
Wil 2 x 4 header 

strip 
Circuit board 

IC Sockets 
1 8 pin DIP 18 14 -pin DIP 36 16 -pin DIP 

23 20 -pin DIP 1 24 -pin skinny DIP 2 28 - 
pin DIP 3 40 -pin DIP 1 68 -pin PGA 1 68 - 
pin PLCC 4 84 -pin PLCC 4 30 -pin SIMM 
(ANGLE). ImM 

ORDERING INFORMATION 
Ordering information appeared in the 
June issue of Computer Digest and will 
be repeated next month. 
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R -E Engineering Admart 

raren 
Projects 

MIDI 

PROJECTS 

BP182-MIDI interfacing enables any so 

equipped instruments, regardless of the 

manufacturer, to be easily connected to- 
gether and used as a system with easy com- 
puter control of these music systems. 
Combine a computer and some MIDI instru- 
ments and you can have what is virtually a 

programmable orchestra. To get your copy 

send $6.95 plus $1.25 for shipping in the 
U.S. to Electronic Technology Today 
Inc., P.O. Box 240, Massapequa Park, 
NY 11762-0240. 

Rates: Ads are 21/4" x 21/2". One insertion $900. Six insertions $875. each Twelve 
insertions $845.each. Closing date same as regular rate card. Send order with 
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi -County 
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area 

code -516-293-3000. Only 100% Engineering ads are accepted for this Admart. 

FCC LICENSE 
PREPARATION 

The FCC has revised and updated the 
commercial license exam. The NEW 
EXAM covers updated marine and 
aviation rules and regulations, 
transistor and digital circuitry. 
THE GENERAL RADIOTELEPHONE 
OPERATOR LICENSE - STUDY GUIDE 
contains vital information. VIDEO 
SEMINAR KITS ARE NOW AVAILABLE. 

WPT PUBLICATION 
979 Young Street, Suite A 

Woodburn, Oregon 97071 
Phone (503) 981-5159 

CIRCLE 183 ON FREE INFORMATION CARD 

Surface Mount Chip Component 
Prototyping Kits- 

Only 
$4995 

CC -1 Capacitor kit contains 365 pieces, 5 ea. of every 
10o%o value from 1pf to .33µf. CR -1 Resistor Kit contains 
1540 pieces; 10 ea. of every 5% value from 1011 to 10 megth 
Sizes are 0805 and 1206. Each kit is ONLY $4995 and 
available for Immediate One Day Delivery! 

Order by toll -free phone, FAX, or mail. We accept 
VISA, MC, AMEX, COD, or Pre -paid orders. Company 
P.O.'s accepted with approved credit. Call for free 
detailed brochure. 

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

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

Entire USA 1-800-854-0547 
CIRCLE 182 ON FREE INFORMATION CARD 

DRAWING BOARD 

continued from page 29 

together through an inverter and 
eliminate one column in the table. 
We can tie the two SEL inputs to- 
gether as well since their state is 

only important when the chip is 
enabled. By re -arranging the truth 
table slightly we'll wind up with 
the one shown in Fig. 4, and that, 
as you should realize, is simple to 
implement because it's just count- 
ing up in a plain binary. 

Not only that, but we can use a 

straight binary counter and use 
the "C" output to toggle the reset. 
Putting that into practice will pro- 
duce a circuit like the one shown 
in Fig. 5. You should work out the 
logic in your own mind to make 
sure that you understand what's 
going on there. 

The last part of the control logic 
is the counter and that can be any 
binary counter. You can use a 

74LS93, 4040, half a 4520 or 4518, 
half a 74LS393, or just about any- 
thing that can count up to four in 
binary. The 4040 in Fig. 5 is a good 
choice because it's easy to use and 
is a mainstream CMOS part, but 
don't hesitate to use something 
you happen to have lying around. 

The circuit we've come up with 

will fill all the design criteria we 
laid put earlier but it has three sec- 
tions we still have to go over. The 
first is the clock, the second is the 
input latching, and the third is the 
use of pass transistors to drive the 
cathodes. 

Some time ago we spent several 
columns talking about the ins and 
outs of scan oscillators and we 
found that you can use any fre- 
quency as long as it's high enough 
to elliminate flickering. Anything 
over 10 kHz or so will fill the bill 
and any oscillator capable of driv- 
ing the clock inputs will be as good 
as any other. I've built mine out of 
a pair of inverters but if your ap- 
plication has a handy clock line 
that fills those minimal require- 
ments, you may use that. 

Input latches aren't really neces- 
sary but they can be useful if the 
data you want displayed doesn't 
stay around too long. That would 
be the case if you want to snatch 
bus data when a certain pulse 
shows up elsewhere in the circuit. 

I'm using 4508 octal latches but 
only because I happened to have a 

bunch of them in the parts box. 
Notice that I didn't say "junk- 
box"-the only thing junk parts 
are good for is building junk. One 
thing that's nice about 4508's is that 
they're really two separate four -bit 
latches in a single package. 

The last thing to talk about is the 
use of pass transistors. If you put 
together the circuit we showed 
you in May you probably noticed 
that the display was rather dim. 
There's nothing you can do about 
the scan time, but it is possible to 
zip more current through a digit 
when it's selected. That is exactly 
what the pass transistors are 
doing. 

One disadvantage of that ap- 
proach is that the brightness of the 
digit will depend somewhat on 
how many segments are being lit, 
but it's not enough of a problem to 
make the use of individual current - 
limiting resistors in your circuit an 
absolute necessity. 

Breadboard the circuit of Fig. 5 

and feed the sixteen inputs with 
two cascaded 4040's. You'll see the 
display count up in true binary, 
and you'll also know that the cir- 
cuit works. The circuit is extremely 
useful and it's well worth the time 
to generate a PC board for it. The 
complexity is such that it will more 
than likely require a double -sided 
board, but once you've got it 
done, you can make as many of 
them as you want. I know it's not 
easy to produce a double -sided 
board, but there are some tricks 
you can use to make the job easier. 
We'll be looking at that, and some 
other things as well, next time. R -E 
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CABLE -TV AT ITS BEST 

SCIENTIFIC ATLANTA: 
Models 8500-8550-8580 $275.00 
SA -3 [Add -On Descramblerl $ 99.00 
JERROLD: 
SB -3 Ilnband Gated Sync] $ 74.00 
TRI -BI ITrimode/Bistate $ 95.00 
OAK: 
M -35B [Combo W/Vari-sync] $ 99.00 
N-12 [Add -On W/Vari-sync] $ 89.00 
HAM LIN: 
MLD-1200 !Add -On! $ 89.00 
ZENITH: [Z -TAC Descrambler] . $169.00 
CONVERTERS: 180 -Channels!. $ 95.00 

N.A.S. INTERNATIONAL 
LONG BEACH, CA 12131 631-3552 

GLOBAL CABLE NETWORK 
YOUR cable TV converters and descramblers bar- 
gain headquarters: Zenith, Scientific Atlanta, 
Tocom. Hamlin combo w/remote $70, Jerrold com- 
bo w/remote $130.00, Oak M35B $60.00. Visa -M/C - 
COD. Order yours today (415) 584-1627. 

FOR SALE 
PHOTOFACT folders, under #1400 $4.00. Others 
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East 
Meadow, NY 11554. 

GREAT buys! Surplus prices, ICs, linears, transfor- 
mers, PS, stepping motors, vacuum pump, pho- 
totransistor, meters, LSASE, FERTIK'S, 5400 Ella, 
Phila., PA 19120. 

CONSOLIDATED ELECTRONICS 

rTHE ULTIMATE 
ELECTRONICS CATALOG. 
L.:.,, ;,. ... t ,eked with aver 10 000 
money saving electronic parts and equipment. Send $3.00 
check or money order, or call 1-800-543-3568 today and 
use your Mastercard or Vaa, 
Consolidated Electronics. Incorporated 
705 Watervliet Ave.. Dayton, Ohio 45420-2599 

NAME 

ADDRESS 

CITY 

STATE ZIP 

CIRCLE 70 ON FREE INFORMATION CARD 
r 

DESCRAMBLERS. All brands. Special combo Jer- 
rold 400 and SB3 $165. Complete cable de - 
scrambler kit $39. Complete satellite descrambler 
kit $45.00. Free catalog. MJM INDUSTRY, Box 531, 
Bronx, NY 10461-0531. 

BANDSTOP filters - Clear up channels affected by 
interference. Channels 2, 3, 4, 8, 14, 15, 16, 17, 18, 
19, 20, 21 and 22 available. $20 each. dB ELEC- 
TRONICS, PO Box 8644, Pembroke Pines, FL 
33084. 

T.V. tunable notch filters. Free brochure. D.K. VID- 
EO, Box 63/6025, Margate, FL 33063. (305) 
752-9202. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each...minimum 10 orders). 
Dealers only! Call WEST COAST ELEC- 
TRONICS, (818) 709-1758. 

SENIOR Prom - For all your EPROM needs! Du- 
plication, programming, supplies. Great Prices! 
Write for details. SENIOR PROM, 11 Manor Ridge 
Drive, Princeton Junction, NJ 08550. 

REDUCED 75% Diehl Mark V -Scanner $249. Diehl 
Mark Ill $99. New. WEEC, 2805 University Ave., 
Madison, WI 53705. (608) 233-9741, (608) 
238-4629. 

COMMUNICATIONS radio, electronic equipment, 
sales service, FCC licensed, catalog. RAYS, 2025 
Moline, Ft. Worth, TX 76117. (817) 831-7717. 

CB RADIO OWNERS! 
We specialize it a wide variety of leuhnical information, parts and 

services for CB radios. 10 -Meter and FM conversion kits, repair 

books, plans, high-performance accessories. Over 12 years of 

satisfied customers! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500RE, PHOENIX, AZ 85046 

RADIO amateur (HAM) education. Learn at home 
or in your car. VHS Video or audio cassettes. Easy to 
obtain license. Free information. AMATEUR RADIO 
SCHOOL 2350 Rosalia Drive, Fullerton, CA 92635. 

ALUMINUM image transfer process, your artwork to 
aluminum. Write: J & E ENTERPRISES, 2457 N. 
Marmora, Chicago, IL 60639. 

TEST equipment pre -owned now at affordable 
prices. Signal generators from $50. Oscilloscopes 
from $50, other equipment, including manuals avail- 
able. Send for catalog J.B. ELECTRONICS, 9518 
Grand Ave., Franklin Park, IL 60131. (312) 451-1750. 

RENTAL movie stabilizer Connect between VCRs 
or to monitor. Satisfaction guaranteed. $69.95, $4 
handling. 1 (800) 367-7909. 

TUBES: "oldest," "latest." Parts and schematics. 
SASE for lists. STEINMETZ, 7519 Maplewood Ave., 
RE, Hammond, IN 46324. 

IS it true... Jeeps for $44 through the government? 
Call for facts! (312) 742-1142 Ext. 4673. 

ELECTRONIC components. Free 192 page cata- 
log including capacitors, resistors, relays, con- 
nectors, soldering equipment and supplies. BOX 
699, Mansfield, TX 76063. 1 (800) 992-9943. 

CABLE converters and descramblers. Call or 
write for free catalog. Includes Jerrold, Oak, Zenith. 
Hamlin, Scientific Atlanta, many more. NU -TEK 
ELECTRONICS, 5114 Balcones Woods Dr. #307, 
Suite 298, Austin, TX 78759-5212. (512) 250-5031. 

MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 
2 CH Compact Dish System -$77.95 
5 CH Dish System - $93.95 

12 CH Yagi (Rod) System - $123.95 
30 CH Dish System -$163.90 Yagi-$183.90 

SUN MICROWAVE INT'L. INC. Send 5100 for 
P.O. BOX 34522 catalog on these 
PHOENIX. AZ 85067 and other fine 
16021 230-0640 video products. 

VISA/MC/COD QUANTITY DISCOUNTS LIFETIME WARRANTY 

RARE, dual element, magnetodiodes with flux con- 
centrator; 3 for $10 with datasheets. Allow 3-4 
weeks for postpaid delivery. PROCTOR, 1507 
Brooks, Rosenberg, TX 77471. 

GATED Pulse descrambler as described in De- 
cember '88 Radio -Electronics article. Partial kit 
$25.00. Works on in -band, out -band, AM or FM 
reference and pilotless systems. Canadian orders 
add $2.00 shipping. Cannot accept Ariz. orders. 
Allow 4 to 6 weeks for delivery. CYBERNET- 
WORKS, Box 41850, Phoenix, AZ 85080. 
CABLE descramblers, Tocom, Zenith Z -Tac, Oak 
RTC 56, Jerrold 400-450, SA 8580, all remote con- 
trolled, add ons, MLD 1200, SB 3, SA -3, Pioneer, Tri 
Bi. Special 5 pak price, 5 -Oak M35B $300.00, 5- 
TC35 $300.00, 5 MLD 1200 $245.00. Full Warranty. 
S.A.C., (702) 647-3799. 

Quality Microwave TV Antennas 

Multi -Channel 1.9 to 2.7 GHz. 40dB Gain 
30 -Channel System complete $149.95 
12 -Channel System complete $104.95 
2 -Channel System complete $79.95 

PtlllIpS-Tech Ele0111I0s 
P.O. Box 8583 Scottxda u, AZ 85252 

LIFETIME (602) 947-7700 1:300 Credit all phone erdersll 
WARRANTY MasterCard Ain COO's Qu.urur, Pricinu 

AUTO alarm module. Exit/Entry delay, on -board 
siren driver, unlimited inputs. Complete with wiring, 
hook-up diagram. $14.95. Remote -controlled alarm 
kit. Info $.25. CHALKER, 8 Manor House Lane, 
Uxbridge, MA 01569. 

SURPLUS ELECTRONICS. New giant wholesale 
catalog. Hundreds of amazing bargains. $2. Box 
840, Champlain, NY 12919. 

SOLAR electric systems. Discount prices. SUN 
POWER -TEXAS, PO Box 2788A -R, Freeport, TX 
77541. (409) 233-8350. 

CABLE TV converters: Jerrold, Oak, Scientific At- 
lantic, Zenith & many others. "New MTS" stereo 
add-on: mute & volume. Ideal for 400 and 450 
owners! 1 (800) 826-7623, Amex, Visa, M/C accept- 
ed. B & B INC., 4030 Beau -D -Rue Drive, Eagan, 
MN 55122. 

LASER Listener II, other projects. Surveillance, 
descrambling, false identification, information. 
Plans, kits, other strange stuff. Informational pack- 
age $3.00 refundable. DIRIJO/BOND ELEC- 
TRONICS, Box 212, Lowell, NC 28098. 

CABLE TV converters and de - 
scramblers. We sell only the best. 
Low prices. SB -3 $79.00. We ship 
C.O.D.. Free catalog. ACE PROD- 
UCTS, PO Box 582, Dept. E, Saco, ME 
04072. (207) 967-0726. 

RESISTOR cabinet -5000 quality 1/4w 5% carbon 
film resistors. 100 per value in 50 labeled drawers. 
$79.95 plus $5.00 shipping (check, MO). KENTEX 
INDUSTRIES, PO Box 1314, St. Charles, MO 
63302. 

ADD 5 new features to your telephone. Unique 
product catalog $1.00. Refundable. B & M ENGI- 
NEERING, Box 823A, Simi Valley, CA 93062. (Deal- 
ers wanted). 

SURVEILLANCE telephone $175.00. Monitor 
room or telephone conversations. Range un- 
limited. 1 (800) 633-8277. Catalog. $3.00 to: LIS- 
TEN ELECTRONICS, 603 Elgin, Muskogee, OK 
74401. 

LOCKPICKS, explosives, cable TV, bluebox sche- 
matics, more revealed in Tap newsletters. Hard to 
find information -All 91 issues only $69.95 (sample 
$1). INFOCOM, Box 1010, Saskatoon, SK S7K 3M7. 

CABLE TV descramblers, Jerrold, Scientific Atlan- 
ta, Zenith, most major brands. Dealer inquiries wel- 
come. Visa -M/C accepted. E & O VIDEO, 9691 E. 
265th Street, Elko, MN 55020. 1 (800) 638-6898. 
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FREE CATALOG 
FAMOUS "FIRESTIK" BRAND CB ANTENNAS 

AND ACCESSORIES. QUALITY PRODUCTS 

FOR THE SERIOUS CB'er. SINCE 1962 

FIRESTIK ANTENNA COMPANY 
2614 EAST ADAMS 

PHOENIX, ARIZONA 85034 

ENGINEERING software, PC/MSDOS. Hob- 

byists - students - engineers. Circuit de- 

sign, FFT analysis, mathematics, logic 
simulation, circuit analysis. Free catalog, 
(614) 491-0832, BSOFT SOFTWARE, 444 
Colton Rd., Columbus, OH 43207. 

LASERS, from $40, for brochure write MWK IN- 
DUSTRIES, 9852 W. Katella, Suite 340R, Anaheim, 
CA 92804. Or call (714) 956-8497. 

TELEVISION technicians, why pay Sencore 
$1295.00? Test every CRT on the market with our 
patented "Universal CRT Adapter." Fits all testers! 
Kit with sockets & setup book US $62.45, Canada 
add $5.00 (moneyback guarantee). "1989 CRT Ref- 
erence/Setup Book" (only)-$11.00; lists heaters, 
cathodes, GI's, G2's for all color & projection CRT's 
to date. DANDY MANUFACTURING COMPANY, 
2323 Gibson, Muskogee, OK 74403. 1 (800) 
331-9658, (918) 682-4286. 

TOCOM VIP "Turn on." Complete circuit. Activates 
descrambler. All modes including inverted video 
$35.00. MICHAEL, Box 743, Oldsmar, FL 34677. 

RESTRICTED technical information: Electronic 
surveillance, schematics, locksmithing, covert sci- 
ences, hacking, etc. Huge selection. Free bro- 
chures. MENTOR -Z, Drawer 1549, Asbury Park, NJ 
07712. 

CABLE TV descramblers. All equipment tested be- 
fore shipped. You've tried the rest. Now try the best. 
& R ELECTRONICS, (213) 942-7148. 

CANADA. Quality electronic components. Com- 
mercial and retail distribution. Competitive prices. 
No minimum order. For catalogue send $2.00 (cred- 
ited to first order) to M.U.C. SALES, Box 994, King- 
ston, Ontario K7L 4X8. 

TEKTRONIX 543B 33MHz dual trace scope 
$125.00. Lowest prices test equipment and parts. 
Free catalog. EF ELECTRONICS, Box 326, Aurora, 
IL 60507. 

CABLE TV descrambler M35B tested, almost new 
$39.00. Rolex replica President. Exact weight and 
look. Men and women $34.95. (818) 982-8931. 

INVENTORS 
INVENTORS! Can you patent and profit from your 
idea? Call AMERICAN INVENTORS CORPORA- 
TION for free information. Over a decade of service 
1 (800) 338-5656. In Massachusetts or Canada call 
(413) 568-3753. 

REMOTE CONTROL KEYCHAIN 
Complete w/mini-transmitter 

and +5 vdc RF receiver 
Fully assembled including plans 

to build your own auto alarm 
Quantity discounts available 

Check, Visa or M/C $19.95 Add $ 2 shipping 

VISITECT INC. (415) 872-0128 
PO BOX 5442, SO. SAN FRAN. , CA 94080 

PLANS AND KITS 
BUILD this five -digit panel meter and square -wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. BAG- 
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

FM stereo transmitter. Transmit your VCR/CD/ 
Walkman to any FM stereo radio. One chip does it 
all! Free schematic and info. Send a self addressed/ 
stamped envelope to: DJ INC., 847A Second Ave., 
Suite 113, New York, NY 10017. 

PRINTED circuit boards etched & drilled. Free deliv- 
ery. K & F ELECTRONICS, INC., 33041 Groesbeck, 
Fraser, MI 48026. (313) 294-8720. 

CABLE -TV 

1. 
ITEM UNIT 

to OR 
MORE 

HAMLIN MCC 400036 CORDED ht r.1u 1 E. t. ". :'é 2900 1800 

PANASONIC WIRELESS CONVERTER lour h p1 9800 7900 

STAR GATE 2000 88 00 69 00 

'JERROLD 400 COMBO 16900 11900 

JERROLD 400 HAND REMOTE CONTROL 2900 1800 

'JERROLD 450 COMBO 19900 13900 

'JERROLD 450 HAND REMOTE CONTROL 2900 1800 

JERROLD SB -ADD-ON 9900 6300 

'JERROLD SB -ADD-ON WITH TRIMODE 10900 7500 

'M"35 B COMBO UNIT [Ch 1,mtp,d only, 9900 7000 

'M-35 B COMBO UNIT WITH VARISYNC 10900 7500 

"MINICODE 1N-121 9900 6200 

"MINICODE IN -121 WITH VARISYNC 10900 6500 

'MINICODE VARISYNC WITH AUTO ONOFF 14500 10500 

ECONOCODE ,nllnlr.od, S,,hsehd," 69 al 42 00 

ECONOCODE WITH VARISYNC 7900 4600 

'MLD-1200-31Ch 3 oulpih 9900 6200 

'MLD-1200"21Ch 2 o,dpull 9900 6200 

'ZENITH SSAVI CABLE READY 17500 12500 

INTERFERENCE FILTERS ICII 1, r ly. 2400 1400 

'EAGLE PD -3 DESCRAMBLER IC r1 1.,1111 t ,,13. 119 n0 65 00 

"SCIENTIFIC ATLANTA ADD-ON REPLACEMENT DESCRAMBL ER 11900 8500 

'CALL FOR AV AI 

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. 

_, ..,-,_ 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number ( 

Cashier's Check O Money Order COD Visa O Mastercard 

Acct # Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty of penury 

that all products purchased, now and in the future, will only be used on cable TV systems with proper 

authorization from local officials or cable company officials in accordance with all applicable federal and 

state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 

PENALTIES FOR UNAUTHORIZED USE. 

Dated Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. # R-7 RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 
RADIO astronomy! Monthly magazine, books, 
components. $3.00 brings sample package. BOB'S 
ELECTRONIC SERVICE, 7605 Deland, Ft. Pierce, 
FL 34951. 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model # of the equipment used in your area. Thank You 
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DETAILED PLANS: $4.95 

TV -SCOPE 
PENN RESEARCH, 

Box 3543 
Williamsport. PA 17701 

An interesting and worth- 
while project. This EASY -TO - 
BUILD circuit lets you use 
any regular TV set as a sim- 
ple OSCILLOSCOPE. Build 
for less than $10. NO MODI- 
FICATIONS TO TV! Single or 
dual trace. Send for FREE 
CATALOG of other plans and 
kits. 

DESCRAMBLING, new secret manual. Build your 
own descramblers for cable and subscription TV. 
Instructions, schematics, for SSAVI, gated sync, 
sinewave, (HBO, Cinemax, Showtime, UHF, Adult) 
$8.95, $2 postage. CABLETRONICS, Box 30502R, 
Bethesda, MD 20814. 

CB tricks booklet. Modifications, tune-ups, chan- 
nel expansion, clarifier tricks. Send $19.95 to MEDI- 
CINE MAN CB, PO Box 37, Clarksville, AR 72830. 

FM transmitter 88 to 108 MHZ kit $12.95 SIERRA 
ELECTRONICS, Box 709, Elfers, FL 34680-0709. 

ELECTRONIC kits! Transmitters! Recorders! 
Phone devices! Bug detectors! Surveillance items! 
More! Catalog $1.00: XANDI ELECTRONICS, Box 
25647, 60R, Tempe, AZ 85285-5647. 

INVESTIGATORS, experimenters. Quality new 
plans. Hard to find micro and restricted devices. 
Free catalog. SASE. KELLEY SECURITY, INC., 
Suite 90, 2531 Sawtelle Blvd., Los Angeles, CA 
90064. 

WIDE range tunable ultrasonic receiver, cord buster, 
ear extender, long range listening "TUBE," voice 
coder/descrambler, bug detector, and other interest- 
ing products. Catalog $1.00. KRYSTAL KITS, PO 
Box 445, Bentonville, AR 72712. 

CONVERT 720Kb diskettes to 1.44Mb easily and 
reliably. Save 60%. Complete process details, 
$19.95 CK/MO. NASH ENGINEERING ENTER- 
PRISES, Box 514, Mary Esther, FL 32569. 

SINGERS! 
AilREMOVE VOCALS 
FROM RECORDS AND CDs! 

e 
SING WITH THE WORLD'S BEST BANDS! 

An Unlimited supply of Backgrounds from standard 
stereo records! Record with your voice or perform live 
with the backgrounds. Used in Professional Performance 
yet connects easily to a home component stereo. This 
unique product is manufactured and sold Exclusively by 
LT Sound - Not sold through dealers. Call or write for a 
Free Brochure and Demo Record. 
LT Sound, Dept.R L-3,7980 LT Parkway 
Lithonia, GA 30058 (404) 482-4724 
Manufactured and Sold Exclusively by LT Sound 
24 HOUR PHONE DEMO LINE: /4041482.2485 

.¡^ ` 
VE -1 

DETECTION - surveillance, debugging. Plans, 
kits, assembled devices. Latest high-tech catalog 
$5. DETECTION SYSTEMS, 2515 E. Thomas, 
#16-864F, Phoenix, AZ 85016. 

CATALOG: hobby/broadcasting/HAM/CB: Cable 
TV, transmitters, amplifiers, surveillance devices, 
computers, more! PANAXIS, Box 130-F3, Para- 
dise, CA 95967. 

CB super modulation, make your CB sound super 
loud. Plans only $12.95 or kit and plans $24.95. 
MEDICINE MAN CB, PO Box 37, Clarksville, AR 
72830. 

CONSTRUCT and package industrial circuits using 
E -Z Buss prototyping system. Free brochure. NA- 
TIONAL SYSTEMS, Suite 150, 17 Hammatt Street, 
Ipswich, MA 01938. (508) 356-1011. 

CIRCUIT boards for projects in this magazine (and 
past issues) about half price. KLAY-CORPORA- 
TION, 106 Mark Drive, Syracuse, NY 13209-1808. 

SURVEILLANCE equipment design gives 58 
schematics of Sheffield Electronics surveillance de- 
vices. Circuits explained. Transmitters range from 
pens to one -mile VOX's including crystal, subcarrier, 
carrier current, infrared, firefly, automobile. Demod- 
ulators given. Cube tap and duplex mains powered 
transmitters presented. Eighteen telephone trans- 
mitters are leech and battery types including crystal 
and subcarrier. Countermeasures chapter. Much 
more. This 81/2 x 11 inch 110 -page book is illustrated 
with photographs. Price $30.00 + $4.00 S & H. First 
class mail U.S. & Canada. One -day processing, pay 
with Money Order or Chashier's Check. Send to: 
WINSTON ARRINGTON, 7223 Stony Island Ave., 
Chicago, IL 60649-2806. 

VERSA -AMP amplifier design manual $2.95. Send 
specifications for custom schematics $8.50. Check/ 
MO. ERDA, N87W15625 Belleview Blvd., Men- 
omonee Falls, WI 53051. 

TRACKER circuit for your x -y input oscilliscope. 
Simple transformer resistive circuit. Test diodes, 
transistors, IC's. Complete plans $8.00, kit $24.95, 
assembled $34.95. TECH CENTER, 200 North 
Madison, Edmond, OK 73034. 

BUSINESS OPPORTUNITIES 
EASY work! Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
5192. 

MECHANICALLY inclined individuals desiring 
ownership of small electronics manufacturing busi- 
ness -without investment. Write: BUSINESS -R, 
C.S. 9008, Baldwin, NY 11510-9008. 

MARK V ELECTRONICS, INC. Ine MORE THAN 60 ITEMS IN AUDIO AND DIGITAL INSTRUMENT 
8019 E. SLAUSON AVE., MONTEBELLO, CA 90640 MI LOW PRICE AND EFFICIENT MANUFACTURING TECHNIQUES 

A indicates the level of difficulty in the assembling of our Products A Beginner AL Intermediate AAA Advanced * Fully Assembled 
8 -DIGIT I GH MULTI -FUNCTION COUNTER FC -1000A * 

Assembled & tested & CAL 

$192.00 CFI -7=M 
MI =MINI 

iv,dually calibrated for maximum long term 

nildil,orl leatures include a valuable sell -check mode and a wo step input attenuate, 
SPECIFICATIONS 
Frequency range lob, to IOmhz IOmh, to I0mha 10mn3 to 1000mhz 
esdu0on 10006, to 0 

1 ht depending on range 

goracy 
3 I dig.L3 rime base error 

d measurement Inhz to 10mn 
nod measurement resolution 10; to IÓ IOseconds depending on gate time 
iialuabon measurement Iobv m Iomhz 
inalizationdisplay 9099999 9 

senwertex V 10hz to 70mhz 30mV 70n. to 10mhz 15mV 
1mhz 

to 1000.3 
Input Impedance nm mego Ior, to 10m. 50onms 100 10 10omhz 
Arienuation %i. %10 
Power requirements 110 to 120VAC 0h3 or 220VAC 50 to 70h3 
li memsen 3 hyh909 wide 787 deep 

The FC.1000A isa muI,i.i0 cbon 10 

hertz o l ghz dual -range frequency counter 
le can e Bentsen., period and 
totalevents m 

sure 
Is a large 0.5" 8- 

di., 7 -segment LED display 

It utrldes twocrystal oscillators which can be 
accuracy against a frequency standard such 

SPECIFICATIONS 
Input sensitive Imwsie model 1001V 

sic; Program) 0V 

Output power 1170W per channel 4680W total 
Power requirement 105 - 120V. e0hz 
Dimensions 14 12 wide .9 high. 119' deep 

PROFESSIONAL COLOR LIGHT CONTROLLER SM -328 * 
Assembled & tested $165.00 

The 5M-119 professional color light controller is keyboard 
programmable for ease of use it allows hull control01 
intense and flash rate II has four separatechannels with 
capacity of 1170 wane per channel Total wattage capability 

's 4 re killowalts This Is equivalent to 45. 10 -wan light 
bulbs or 930 5 -wan colored bulbs and is sufficient for the 
largest hall and auditoriums 

Independent 
a 1 osl 

input 

Independent dimmer controls 
Chaser speed controls 
Automatic chaser operation 
4 

Clockwise chaser corol 
programs 

Anti -clockwise chaser control 

120W MOSFET POWER AMPLIFIER (MONO) TA -477 55 

Complete kit $68.00 

Assembled & 

tested $85.00 

This amplifier is designed spec ilicaliy tor low TIM distortion It ses parallel MOSFET 

r. eons 
tars This na vin popular kit because of ris superior sound retired unmg 

aide, and high power reserve 

SPECIFICATIONS 
Power output 120 watts into Bohm, 
F eque cy response 8h, ro 20kh3 .0 Ow 0 4 dB 

2 8h, to n5khc+n 0-1 dB 
Sensitivrty IV 
Power 

enensVDC W tamps 
ansmrmer for a power supply is Orti 

300W HI-FI POWER AMPLIFIER (MONO) TA -3600 AAA 
PoCIFICATIONS 

output 30 
VNIIS e 540 

watts 
sine 

power 
response 

Total ham,onK 
distortion Less 
man 0053 

intermodulation distortion Less than 0.053 
Sensitivity ilirros 

1 

47K 
Power requirements 60 to 75VDC at camp 

The TA -3600 is an extremely high power amplifier 
specifically designed to reproduce the high dynamic 
range available an compact discs It has low noise. high 
stabile.. low distortion extended frequency range and 
high efficiency en a compact package 

Two of these units with appropriate power supply and 

Pre -amplifier are required tor stereo reproduction 

Complete kit $66.00 
Assembled & tested $1 10.00 

10,000 OF 80V E. Cap $20.00 Transformer $38.00 

HI -F1 BI-FET PRE -AMP TA -2800 sa 
Complete kit $48.90 
This super low distortion aereo preampIlller uses hyh slew rate wide bandwidth 
op -amps 10,00054 total harmonic distortion RIAA curve deviation is 02 dB' tone 
controls and loudness controls can be switched in and Out Fully regulated power 
supply Lmv, High and Mid tone controls 

SPECIFICATIONS 
Frequency response It, to 10khz.305 dB 
Tou harmonic Total disc 0.004 al rated output 
Internet/eaten distortion 00054 at rated output 
Sensitivity 
Phono 25mV 01 47K 
Aux and tape N 10K 
RIM deviation to 2 dB. 20hz t0 20k. 
Signal to noise ratio 
Phono 75dB 

a 

IV 
u and tape 0 dB 

controls 
Bass 310 dB al 50 hz 
Mid 35 dB at 
Treble 310 dB at l S4hz 
Power requirements 15V C l 05 to lamp 
Suggested power banslo,mDr for power supply is 15V AC x 2 Cu 0 5 to I amp 
Tho model will match our 120W Mostet Power Amplifier I00-401 

80W - 80W PURE DC STEREO MAIN POWER AMPLIFIER TA -802 

Complete kit $45.94 A 
Assembled & tested $59.72 
Modem circuit design utilizes lull complementary 
power output and differential cawede input stage 

agi:+º DC coupling provides superb balaient response 
A special output cercu,t guards against shoo circuits 

SPECIFICATIONS and overload 005,4110, 
Power output 80 warts per channel into aohms 
rain hormone distortion Less man 0 053 al rated power 

Intermodulation distortion Less than o 054 al rated power 
Frequency response DC to 20kh4 -0 dB 3 dB. @ I watt 
Power requirements IOVAC x 2 0 tamp Ma, use Mark V model 01 transformer 
Suggest. .1nel o Mark V LC192a 

4F DIGIT HI -PRECISION DPM WITH DIN CASE SM -48A 
AAA 

Complete kit $41.20 
Assembled & tested 

& CAL $52.00 

This is e.,r:. ., vert popular SM.48 apul panel metal but in a sunard DI,. º Like ai .re e. rt hA a large 050- LED readout It is also lem&ral r case Like 
i00 PPMC operating temperature range is I 0+70 C u 

This is a senaloe und An input d 1999 volts results in lull ºale display The o,,u 
operates on 5VDC al 20ma 
SPECIFICATIONS 
Rear BCD data Busy Sbobe 
Range 

alp 

DC voltage 
1 my to 200V DC ciment I mir round to 20amp 

Accurac, 30025432 digits 
Power requirements volts DC al 20ma 
Dimensions 3. wide ,N high *1 In deco 

PHONE AND MAIL ORDER : 

TOLL FREE : 1-800-423-3483 
ON CAI : 1 -800 -521 -MARK 
FAX : (213) 888-6868 

Business and showroom hours 

(Pacific Time) 

Mon. - Fri : 9:30 a.m. - 5:00p. m. 

Sat.: 10:00 a. m. - 5:00p. m. 

Information : 12131 888-8988 

Call or write for our FREE Catalog 

Tenn s.:S10 Min. order 520 Min. charge card order We ship UPS ground Add 10% 
of total order (min 83.001 for shipping outside USA add 20% 1 min. 05.001 Transit In- 
surance: Add 5% of total )outside USA only). CA residents add sales tag All merchandise 
subject to prior sale Prices are subject to change without notice We are not re- 
sponsible for typographical errors 

We accept major credit cards, money orders and checks. 
*Free gift with your order during the months of June and July. 
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CABLE T.V. 
"BOXES" 

Converters-Descramblers 
Remote Controls-Accessorles 

* Guaranteed Best Prices * 
* 1 Year Warranty-C.O.D's * 

* Immediate Shipping * 
* FREE CATALOG * 

Call or Write 
TRANS -WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 

Miami, Florida 33186 
800-442-9333 

EARN thousands with your own part time elec- 
tronics business. I do. Free proof, information. IN- 
DUSTRY, Box 531, NY 10461-0531. 

ASSEMBLE digital car dashboards. Send $1.00 for 
details. MODERN LABS, Digidash Division, 2900 
Ruisseau, Saint -Elizabeth, Quebec, JOK 2J0, Can- 
ada. 

EDUCATION & INSTRUCTION 
IBM PC. Learn assembly language. Spaceship 
game. Find princess game. $5 each. Book $18. 
ZIPFAST, Box 12238, Lexington, KY 40581-2238. 

FCC Commercial General Radiotelephone License 
Prep Course by correspondence. 60 individual 
lessons, $89.50. Payment plan. Also Basic Com- 
Iuters, $39.50; certificates. Details free. AMER- 
CAN TECHNICAL INSTITUTE, Box 201, Cedar 
Mountain, NC 28718. 

RADIO Broadcasting! How to get started! Com- 
plete report by radio professional. Don't fall for 
worthless mail courses. Take charge yourself! 
$10.00. JON LOCKWOOD, 405 South State, 
Davison, MI 48423. 

'$r PRESENTING -W 'Or "0E 0E '0K 

CABLE TV 
DESCRAMBLERS 
iris#ir it STARRING iririr it it 

JERROLD, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 

FINEST WARRANTY PROGRAM AVAILABLE 
LOWEST RETAIL/WHOLESALE PRICES IN U.S. 

ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 

OR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION l-818-7/6-5714 -818- 

PACIFIC CABLE CO. INC. 
7325., RESEDA BLVD., DEPT. REt 89 

RESEDA, CA 9T335 

PAY TV AND SATELLITE DESCRAMBLING 

NEW... 1989 EDITION... NEW 

The newest systems, parameters, turn-ons, harassment and 

courrermeasures being used by and against cable, wireless 

and satellite operators. New original information $15.95. Pay 

TV (hI. 1 $14.95. Volume 2 $12.95. Experiences with VC 

$12.$5. MDS/MMDS Handbook $9.95. Build Satellite Sys- 

tems Under $600. $12.95. Any 3/$28 or 67$42. Scrambling 
News Monthly $24.95/yr. Sample $3. Scrambling News Year 

(200 pages) $22.95. New Spring Catalog $1 or call 

cram ng 'ews, 'e e ve., ;u'a o, 

N.Y 14216 COD'S 716-874-2088 

SATELLITE TV 
CABLE TV secrets - the outlaw publication the 
cable companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
plier's list included $8.95. CABLE FACTS, Box 711- 
R, Pataskala, OH 43062. 

DESCRAMBLERS for movies, networks, $175, vid- 
eo only, $450 complete. Visa, MC accepted. Cata- 

log $4. YWA 5R 
JCH, 238 Davenport Road, Toronto, 

3 FOR 1 

SPECIAL 
ON SUB -MINIATURE VOICE 

FM TRANSMITTERS. 

KITS CONTAIN PC BOARDS 

-FMX-1 LONG RANGE (3 MI) ULTRA SENSITIVE 
FM VOICE XMTR with fine tune, range control 
plus $29.50 

T b 
l'' ro'r/. 

'TELX-1 TELEPHONE FM XMTR (3 MI) auto- 
matically operates when phone is used. Crystal 
clear clarity with fine tune and range control. 
Non detectable $29.50 

-ATR-1 AUTOMATIC TELEPHONE RECORDING 
DEVICE tapes telephone conversation all 
automatically $19.50 

ALL THREE OF ABOVE FOR $59.50 

CALL OR SEND VISA, MASTER CHARGE, 
MONEY ORDER, ETC. TO AMAZING CONCEPTS, 
BOX 716, AMHERST, NH 03031. (603) 673-4730. 

Parts 
EMINENCE 

Tel 
TsCr 

ER Ex ressn EM 

International Ina 

1-800-338-0531 

AA MOTOROLA PolydaX 

(V) PIONEElZ 

3 -WAY 100W CROSSOVER 

12 dB/octave rolloff. 
800Hz, 5000Hz 
crossover points. 8 

ohm. 100 watts RMS. 

#260-210 $12.50 $9.95 
(1-9) (10 -up) 

tzu 
SPEAKER CONTROL 
PANEL 
Panel with 50 wan L -pads 
for tweeter and midrange 
and built-in LED power 101 
meter. 5"x 2 1/2" 100 

watt version available 
$14.50 $12.90 

#260-235 (1-5) (6 -up) 

WALNUT SPEAKER 
CABINET KIT z. 

Super quality, 
genuine walnut 
veneer cabinet. Kit 
includes: routed and 
mitred top, sides, 
and bottom in 
unfinished 3/4" 
walnut veneer. Cut 
your own custom 
holes in the front 
and rear to match 
your drivers. 15" x 
24" x 11". Volume: 
1.9 cubic feet. 

#260-350 $22.5 $19.95 

12" SUB WOOFER 
Dual voice coil sub woofer. 
30 oz. magnet, 2" voice 
coils. 100 watts RMS, 145 

watts max. fs = 25 Hz. 6 ohm 
(4 and 8 ohm compatible). 
SPL=89 dB 1W/1M. 
Response: 25-700 Hz. 
QTS = .31, VAS= 10.3 cu. ft.. 
Pioneer #A30GU30-55D. 
Net weight: 6 lbs. 

; 
$39.80 $36.80 

#290-145 (1-3) (4 -up) 

18" EMINENCE WOOFER 
MADE IN USA 

100 oz. magnet, 3" voice 
coil. 250 watts RMS, 350 

watts max. 8 ohm, 30 Hz 

resonant frequency. 22- 

2700 Hz response. 
Efficiency: 95 dB 1W/1M. 
Paper cone, treated 
accordian surround. Net 
weight: 29 lbs. 

#290-200 $98.90 (1-3) 
$89.50 

(4 -up) 

12" POLY WOOFER 
Super duty, 40 oz. magnet. 
100 watts RMS, 145 watts 
max. 4 and 8 ohm compat- 
ible (6 ohm). 2" voice coil. 
fs = 25 Hz. QTS = .166, 

VAS= 10.8 cu ft. 

Response: 25-1500 Hz. Net 
weight: 9 lbs. Pioneer 
#A30GU40-51D 

#290-125 $36.80 $34.50 
(1-3) (4 -up) 

PIONEER HORN 
TWEETER 
Mylar dome. 2.93 oz. 
barium ferrite magnet. 8 

ohm. Response: 1800- 

20000 Hz. 35W RMS, 
50W max. fs=2000 Hz, 

SPL = 106 dB. Pioneer 
#AHE60-51F 

#270-050 

4 
$6.50 $5.90 
(1-9) (10 -up) 

Parts Express 
340 E. Firm SL, Dayton Ohio 45402 
Local: 1-513-222-0173 
FAX 5l3-222-4644 

15 day money back guarantee $15.00 mmmrum order 'We accept 

Mastercard, Vise Discover, and C.OD. orders 24 hour shipping 

'Shipping charge = UPS chart rate iS1.00 ($3.00 minimum charge) 

'Hours 8:30 am- 6:00 pm EST, Monday - Friday Mail order 
customers, please call for shipping estimate on orders exceeding 
5 lbs. 

15" THRUSTER WOOFER 
Thruster by Eminence. 
Made in USA. Poly foam 
surround, 56 oz. magnet. 
2-1/2", 2 layer voice coil. 
150 watts RMS, 210 watts 
max. 4 ohm. fs =23.5 
Hz, QTS=.33, VAS= 17.9 

cu ft. SPL =94.8 dB 1W/ 
1M. Net weight: 15 lbs. 

$43.50 
#290-180 (1-3) 

$39.80 
(4 -up) 

GRILL FRAME KIT 
With this kit you 
can make speaker 
grill frames up to 
30" x 40". Kit 
includes 4 comer 
pieces, 2"r 
brackets, and 7 

frame bars. Grill 
mounting kit 
included. 

#260-333 
$8.50 
(1-9) 

$7.80 
(10 -up) 

TITANIUM COMPOSITE 
TWEETER 

Tsarinas is deposed on a polymer 
dure to combine the advantages of 

bath hard and sait dome 

technologies 8 ohm. Ferro fluid 
cooled voice coil. La= 12W Hs 
SPL=90 da 1W/IM. 50 watts RMS, 

70 watts max. 4" round. Polydax 
part #DTW 1WT125. 

#270-047 
$27.50 
(1-9) 

$24.80 
(10 -up) 
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AMAZING 
SCIENTIFIC & ELECTRONIC 

PRODUCTS 
PLANS 
Build Yourself - All Parts Available in Stock 
LC7- BURNING CUTTING CO2 LASER $20.00 
RUB4- PORTABLE LASER RAY PISTOL $20.00 
TCC7- 3 SEPARATE TESLA COIL PLANS TO 1.5 MEV $25.00 
1062- ION RAY GUN $10.00 
GRAt- GRAVITY GENERATOR $10.00 
EML1-ELECTRO MAGNET COIL GUN/LAUNCHER $8.00 

KITS 
With All Necessary Plans 

MFT3K- FM VOICE TRANSMITTER 3 MI RANGE $49.50 
VWPM71C-TELEPHONE TRANSMITTER 3 MI RANGE $39.50 
BTC3K- 250,000 VOLT 10.14" SPARK TESLA COIL $249.50 
LHC2K- SIMULATED MULTICOLOR LASER $44.50 
BLS1K-100.000 WATT BLASTER DEFENSE DEVICE $69.50 
NIG7K-NEGATIVE ION GENERATOR KIT $34.50 
PSP4K- TIME VARIANT SHOCK WAVE PISTOL $59.50 
STA1K- ALL NEW SPACE AGE ACTIVE PLASMA SABER S59.50 
S05K-SEE IN DARK VIEWER KIT $199.50 
P65K-PLASMA LIGHTNING GLOBE KIT $49.50 

ASSEMBLED 
With All Necessary Instructions 
BTC10- 50,000 VOLT -WORLD'S SMALLEST TESLA COIL $54.50 
LGU40-1MW HeNe VISIBLE RED LASER GUN $249.50 
TAT30- AUTO TELEPHONE RECORDING DEVICE $24.50 
RM10-100,000 VOLT 20' AFFECTIVE RANGE 

INTIMIDATOR $99.50 

UST10- SNOOPER PHONE INFINITY TRANSMITTER 
IPG70- INVISIBLE PAIN FIELD 

GENERATOR MUTLI MODE 

$169.50 

$74.50 

CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS 
HUNDREDS MORE AVAILABLE FOR $1.00 OR USE OUR 
PHONE FOR "ORDERS ONLY' 603-673-4730. 

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS 
PLANS ARE POSTAGE PAID SEND CHECK, MO. VISA. MC IN 
US FUNDS. 

INFORMATION UNLIMITED 
P.O. BOX 716 DEPT. R E AM HERST, NH 03031 

BIG 
PROFITS 

ELECTRONIC 
ASSEMBLY BUSINESS 

Start home. spare time. Investment knowledge or 
experience unnecessary. BIG DEMAND assem- 
bling electronic devices. Sales handled by profes- 
sionals. Unusual business opportunity. 

FREE: Complete illustrated literature 
BARTA, RE -O Buz 248 

Walnut Creek. Calif. 94597 

NEW HE NE 
LASER TUBES $35 

Dealer Inquiries Invited. 
Free Catalog! 

MEREDITH INSTRUMENTS: 6403 N. 59th Ave. 
Glendale, AZ 85301 (602) 934-9387 

"The Source for Laser Surplus" 

VIDEOCIPHER II manuals. Volume 1 - hardware, 
Volume 2 - software. Either $32.45. Volume 3 - 
Projects'software - $42.45. Volume 4 - Repair - 
$97.45 COD's (602) 782-2316. Catalog - $3.00. 
TELECODE, Box 6426-R, Yuma, AZ 85366-6426. 
SATELLITE TV systems - parts and components - all major brands. Absolutely the lowest prices 
possible. We buy direct from manufacturers. Vid- 
eocipher repair service. SAT TRONICS, PO Box 
18195, 131 E. Norwich, Columbus, OH 43218. Visa - 
MC 1 (800) 232-2445 - orders only 24 hrs. (614) 
353-3474 for tech info. 

DESCRAMBLER: Build our low cost video only, 
satellite TV descrambler for most satellite channels. 
Uses easy to get, everyday parts. Boards & plans 
$35.00 US funds. Board, plans & parts $99.00 US 
funds. Wired & tested unit $189.00 US funds. Send 
check, money order or Visa to: VALLEY MICRO- 
WAVE ELECTRONICS, Bear River, Nova Scotia, 
Canada BOS 1B0 or phone (902) 467-3577.8 am to 
4pm eastern time. Note: educational project only. 
Not to be used illegally. 

FREE catalog Systems, Upgrades, Houston, Uni - 
den, Chaparral, etc. Save $$$$$ SKYVISION 2009 
Collegeway, Fergus Falls, MN 56537. 1 (800) 
334-6455. 

VIDEOCYPHER II descrambling manual, sche- 
matics, video and audio. Explains DES, EPROM, 
CloneMaster, 3Musketeer. Pay -per -view (HBO, Cin- 
emax, Showtime, adult, etc.) $13.95, $2 postage. 
CABLETRONICS, Box 30502R, Bethesda, MD 
20814. 

NUTS 
VOLTS/ PIenBtìa, CA 92670 A G A Z I N E 714-832-7721 

GIVE YOURSELF A BREAK -A PRICE BREAK! 
NUTS S VOLTS WILL SIFF YOU MONEY 
ON ELECTRONIC PARTS 6: EQUIPMENT 
PIBf SHOW YOU WHERE TO FIND UNIQUE, 
UNUSUAL AND HARD -TO -FIND ITEMS. 

1.J SUBSCRIBE TODAY! 
IL:=ïI 

swe.croptio 

3.45/... MITI -USA 
MOO 

sol 

00 
1-.1111111 [ oo 

1.a Clam Mail 
ON ,., USA uopo 

Air Mail 

ANotionol Publidtron For The Buying And Selling 0lN.%etronie Equipmenr 

WANTED 
SEISMOMETER wanted to measure earthquakes. 
Pay cash. D. HUTCHISON, 4000 Little Timber, Ed- 
mond, OK 73034. (405) 341-9615. 

INVENTORS! AIM wants -ideas, inventions, tech- 
nology, improvements on exisiting products. We 
submit ideas to manufacturers. Confidentiality guar- 
anteed. Call toll -free in U.S. and Canada 1 (800) 
225-5800. 

ILP MOS120 or MOS128 power AMP modules. 
WEISS, 22 Brookwood Rd., Clifton, NJ 07012. 

CABLE TV 
CATV converters & descramblers. Quality prod- 
ucts. Professional service. Call 1 (800) 541-5487 
Visa -M/C accepted. MOUNTAINTECH, INC., Box 
5074, Mt. Crested Butte, CO 81225. 

IN AMERICA 
GENERAL DISTRIBUTOR 

PROSPECTELECTRCMCS 
PO BOX 9144 ALLENTOWN, PA 18105 

TEL: (215) 770 - 9029 

ITSM 5A 326.301 
AUDIO POWER MODULE 70W PEA/IRONER 
36W RMS, INPUT SENSITIVY 47K/800fnV 
OUTPUT 4(160. POWER SUPPLY 39V D.0 

SA 

SM 67 339.74 1 

STEREO AMPLIFIER 2140W PEAK POWER 
SENSITIVY INPUT 47KI00m1/, OUTPUT 
2.5/60. VOLUME, BALANCE, BASS , 

TREBLE, CONTROLS. POWER SUPPLY 
12V D.C. 3/4 A. 

IfSM 44 318.83 I 

AUDIO POWER MODULE, 50W PEAK POWER 
25W RMS, INPUT SENSITIVY 800mV/47K 
OUTPUT IMPEDANCE 4ß1 POWER SUPPLY 
40V D.C./2A 

ITSM 11 315.60 1 

AUDIO AMPLIFIER 30W PEA( POWER, 16W 
RMS, INPUT SENSITIVY 47K/160mV, 2.5 
TO 80 OUTPUT. COMPLETE WITH VOLUME. 
BASS, TREBLE CONTROL; POWER SUPPLY 
12/16V D.C. /2A 

ITSM 5B $33.701 
AUDIO POWER MODULE 90W PEAK POWER 
46W RMS; INPUT SENSITIVY 4714/800mV 
OUTPUT 4[180. POWER SUPPLY 39V D.0 

'' SM 1e 312.97 
1 

AUDIO AMPLIFIER 16W PEAK POWER,7.5W 
RMS,N PUT SENSITIVY 47K/150nW. 2.6 
TO BO OUTPUT. COMPLETE WITH VOLUME 
BASS, TREBLE CONTROL, POWER SUPPLY 
12/16V D.C. /1 5A 

ITSM 19 $52.05 1 

AUDIO 240W PEAK POWER, 120W RMS 
SENSITIVITY 47K/ 0.8 V.OU1PUT 4 0. 
THD 03 %, RESPONSE 16 H2 .100 KITZ. 
POWER SUPPLY 79V MAX. HEAT - 
SINKS NOT INCLUDED WITH THE KIT. 

ITSM 66 116.50 
1 

AUDIO POWER MODULE 40W PEAK POWER 
20W RMS, INPUT SENSITIVY 47K/300mV 
OUTPUT 2.6/50 POWER SUPPLY 12V D.0 

1TSM 68 322.86 1 

STEREO AMPLIFIER 2 X 20W. 
INPUT 47K/300mV, OUTPUT 2,5/80 SUP 
PLIED WITH HEATSNK AND BALANCE, 
VOLUME, BASS, TREBLE. POWER SUPPLY 
12V D.CJ2.IA 

ITSM 155/1 546.30 
STEREO AMP. 2 X 60W 
PEAK. INPUT SENSITIVY 47K/300mV 
OUTPUT 4/1M1 SUPPLIEDWITH HEATSNK 
AND BALANCE, VOLUME, BASS, TREBLE 
CONTROLS.POWER SUPPLY 40V D.C/2A.3 

If SM 118 362.31 
320W PEAK POWER AMPLIFER MODULE . 

NI OUTPUT IMPEDANCE INPUT 47K/800o,V 
FREQUENCY RESPONSE 15112 TO 6010/2 
POWER SUPPLY 2 X 40V D.C./LA. 
HEATSNKS NOT INCLUDED N THE KIT. 

1TSM 89 330.38 1 

AUDIO BOOSTER STEREO 2X 40W FOR 
CAR RADIO, OUTPUT 2.5G POWER SUPPLY 
12/16V 0 C /4A. 

(ISM 
102 522.50 1 

BLED OUTPUT POWER LEVEL. METER 
POWEREDBY THE MODULATION. 

ITSM 128 $20.31 1 

2 X 6 LED OUTPUT LEVEL -METER, STEREO 
2 X SOW , POWER SUPPLY 16/20V D.C. 

ITSM 9 814.00 
1 

AUDIO PREAMPLIFIER FOR GUITAR; INPUT 
SENSITIVY 471U6mV, OUTPUT LEVEL 
47W1. 6V, VOLUME CONTROL VARIABLE, 
POWER SUPPLY 26V D.C. / 0.1A 

1TSM 34 08.19 I 

STEREO RIRA PREAMPLIFIER, INPUT 
SENSITIVY 47K/311,V, OUTPUT 700mV, 
POWER SUPPLY 12V D.C/ 0. to 
ITSM 35 $6.19 1 

MICROPHONE STEREO PREAMPLIRER; 
INPUT SENSITIVY 5mV/200r1 OR MORE , 

OUTPUT 700mV, POWER SUPPLY 12V D.C. 
/0.1A 

ITSM 122 $13.96 
I 

ALL -BAND FMNHF/UHF ANTENNA. 20dB 
AMPLIFIER-. POWER SUPPLY 5/12V D.C) 
0.15A. 

ITSM 31 s 314.77 1 

RASTEREO DECODER, POWER SUPPLY 
12V D.C. / 0,1A 
1TSM 62 913.00 1 

CAR ANTENNA PREAMPLIFIER MW/LW/RA, 
POWER SUPPLY 12/16V D.C./0.1A. 

ITSM 61 

ELECTRONICS KITS 
325,48 

1 

FM RECEIVER, OUTPUT I WATT 4/8D, 
POWER SUPPLY 12/16V D.C. /0.25. 
1TSM 158 327.421 
FM RECEIVER, OUTPUT 20 WATTS/ea. 
POWER SUPPLY 12/16V D.C. /2A. 

ITSM 211 310.00 1 

MEDIUM WAVE RECEIVER. 1 W,0.5 W RMS 
AUDIO POWER. POWER SUPPLY 
9.12V D.C/ 0.1 A. 

ITSM 205 $35.40 
1 

RA RECEIVER HEADPHONE STEREO OUTPUT 
POWER SUPPLY 9/12V D.C./0.1A 

ITSM 201 326.771 
DIGITAL CLOCK, 5/16' READ OUT; POWER 
SUPPLY 12V D.C/0.2A WITH HOUR AND 
MINUTE SETTING CONTIGU S 

1 TSM 157 340.001 
DIGITAL CLOCK AND UP TO 24 MN 
1/100 S CHRONOMETER. COUNT-DOWN 
CAPABILITY FOR THE CLOCK . 
POWER SUPPLY 12V D.C. OR A.C. 

ITSM 177 333.20 
1 

DIGITAL VOLTMETERS 0 V TO 999 V D.C. 
POWER SUPPLY 12V D.0/0/.5A 

ITSM 206 310.161 
METRONOME; POWER SUPPLY 9 ' 12V D C 
ITSM 210 $10.60 1 

FULLY RANDOMISED ELECTRONIC DICE. 
POWER SUPPLY 9 ' 12V D.0/O IA 
ITSM 54 513.85 

1 

FM TRANSMITTER. POWER SUPPLY W 
D.C. / 0,5A 

ITSM 150 382.501 
HOME PROGANMER. 4 DEVICES CONTROL. 
20 PROGRAMS. OPERATION WITH RELAYS 
POWER SUPPLY 12V D.C./0 8A. 

PROSPECT ELECTRONICS 

ITEM 

PO BOX 9144 ALLENTOWN, PA 18105 
TEL: (215) 770 9029 

YES I PLEASE SEND ME THE FOLLOWING ITEMS 
IUV 
MANY o DESCRIPTION PRICE 

1 TSM 105 315.16 
1 

ELECTRONIC AURA SIREN, 811 MPEMN- 
CE, 10 WATTS RATING. POWER SUPPLY 
12V D.C. , HORS SPEAKER NOT INCLUDED. 

TSM 85 322.62 1 

TIME DELAY SYSTEM FROM ISEC TO 16 
MINUTES. POWER SUPPLY 12V D.C. 

TSM 69 315.83 1 

TELEPHONE AMPLIFIER WITH NDUCTNE 
PICT( -UP AND SPEAKER, ADJUSTABLE 
VOLUME. POWER SUPPLY 9/12V D.CJO,IA 

I TSM 168 312.92 1 

MO601210 REPELLER POWER SOURCE 
9V D.C. 

1 
TSM 88 338.77 1 

FUNCTION GENERATOR, FREOUENCY RANGE 
9HZ TO 200KH2PROVIDING SIN&TRIANGLE 
/6OUARE/SAW TOOTH WAWE FOAMS, PO. 
WER SUPPLY 12V D.0 /0.3A 

(TSM 58 $19.94 
1 

TWO -STATION INTERCOM WITH SPEAKER 
VOLUME CONTROL, POWER SOURCE 9'12V 
D.C. / 0.4A 

ITSM 160 316.62 1 

STEREO SIMULATOR, POWER SUPPLY 12V 
D.0 /0.IA. 

ITSM 196 319.71 1 

7 INPUT MIXER STEREO PREAMPLFIER OR 
14 INPUT MONO WITHOUT ATTENUATION. 
INPUT 47K/100 TO 700mV,OUTPUT 47W 
100 TO 75051V, POWER SUPPLY 24V D.C. 
/0.1A 

1 TSM 99 0138.00 1 

VEGAS KIT: FESTIVE LIGHT DISPLAY (LED) 
POWER SUPPLY 12V D.C. / 2.5A. 
64 LEDAS, AS MANY AS 800 PROGRAMS 

TOTAL 

TOTAL 
Shipping 8 &veins : we ship UPS unless 
otherwise specified. Add $3 phis 10% of 
1541. Canadian: 35 plus P.O. coal. Charge 
only. 
Sales Tax (PA. residents only, please 
add 6% of 101./). 

ORDER TOTAL 

ITSM 2 V2 022.20 
1 

VARIABLE SOLID STATE REGULATED PO- 
WER SUPPLY 8V TO 38V/2A.TRANSFORMER 
B NOT INCLUDED WITH THE KIT. 

ITSM 116 V5 011.00 1 

REGULATED POWER SUPPLY SV D.C. 
POWER TAWSFOIN W NOT NCLUDED WITH 
THE KIT 

ITSM 116 V12 011.so 1 

REGULATED POWER SUPPLY 12V D.C. 
POWER TRANSFORMERE NOT NOLUDED 
WITH THE KR. 

ITSM 163 312.92 I 

POWER SUPPLIES 6 , 7.5 , 9 , 12V/1A. 
POWER TRANSFORMER NOT INCLUDED 
WITH THE KIT. 

ITSM 2 V4 32s.8s 
VARIABLE SOLID STATE REGULATED PO- 
WER SUPPLY 3V TO 1AV/5A.TRANSFORMER 
NOT INCLUDED N THE KIT. 

1 TSM 212 317.60 1 

LOW OPERATING VOLTAGE 
SPOT TOM 220 AND TOM 221 COMPATIBLE 
CONTROLED BY A MICRORgNE. 
POWER SUPPLY 12W 1A. OUTPUT 0.S4 
SAFE 3 CHANNEL LIGHT MODULATOR . 

1TSM 214 $28.50 
1 

&CHANNEL CATERPLAR, SAFE LOW 
VOLTAGE OPERATION USING TSM 220 
AND 221 SPOT. 9V D C / 0.6 A 

ITSM 220 325.30 1 

64 LEDS SPOT FOR SAFE LIGHT MODUL- 
ATION. SUPPLIED WITH BOX. 

1 TSM 221 317.20 1 

25 LEDS SPOT FOR SAFE LIGHT MODU- 
LAMM. SUPPLIED WITH BOX. 

my check or money order is enclosed 
Cha a ely credit card 

D Visa I] masks Card 
Card No 

Esp.dale 

Signalure 

Telephone 

Name 

Address 

City 

Slate 
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CABLE TV 
DESCRAMBLERS 

10 Lot LJ 
JERROLDTM Tri -Bi Mode. $105.00 $85.00 to o 
JERROLD'. SB -3 OR 2 389.00 565.00 0 1.4 -!Hamlin 

MLD-1200 $99.95 $6200 Z 
> 

U- Z 
Oak N-12 W/V.S $99.95 $6200 O < N 
Oak -M-35-8 W/V.S $99.00 $78.00 CC = 
OAK E-13 399.95 $58.00 I--' o 
Zenith SSAVI $185.00 $145.00 O 1-- Q 
Eagle PD -3 3120.00 $85.00 J < H 2 Scientific Atlanta 3129.95 $105.00 L1J 2 ES _ 
SA-Combo'. CALL SCalI J ; I 
Tocom 3350.00 $295.00 ti J o I- 
Oak N-12 W/ Auto $140.00 $105.00 Q Z 
Jerrold Star corn CS V $139.95 Call 

*NEW STARGA'I'L 2000 
CABLE CONVERTER 

mee 

1-$89.00 10-$69.00 100 -Call 
Last channel recall -Favorite channel select - 
75 channel -Channel scan -Manual fine tune - 
One year warranty -surge protection-HRC 8 Stand- 
ard switchable- and much more. Call Today! 

INFORMATION (40 2)5 5 4-0 
Orders Call Toll Free 

1-800-624-1150 
M.D. ELECTRONICS 
115 NEW YORK MALL 
SUITE 133E 
OMAHA, NE. 68114 

41 7 

M.C. 

cóó 
CIRCLE 53 ON FREE INFORMATION CARD 

T.V. CONVERTERS 
Y A HIGH MONTHLY FEE? 

All Jerrold, Oak, Hamlin, Zenith, Scientific 
Atlanta, Magnavox and all specialized cable 
equipment available for shipment within 24 

hours. For fast service MC / VISA or C.O.D. 
telephone orders accepted (800) 648-3030 
60 Day Guarantee (Quantity Discounts) 
8 A.M. to 5 P.M. C.S.T. Monday through 
Friday. Send self-addressed Stamped 
envelope (600 postage) for Catalog. 

MIDWEST 5143 (R) W. Diversey 
ELECTRON GS inc. Chicago, IL 60639 

No Illinois Orders Accepted. 

DESCRAMBLER MODULE 
LATEST technology alternative to Jerrold SB -3 or 
Radio -Electronics Feb. 1984 project. Featuring 
electronic tuning, AGC, auto-on/off, AC/DC power, 
mini -size, A&T, and more. For literature - SOUTH - 
TECH DISTRIBUTING, (813) 527-2190. 

ATTENTION CABLE BROKERS 
SURPLUS CATV converters at wholesale prices. 
Unmodified units only. Oak M35B $30, Hamlin 
CRX 5000-3M wiremote $85. (415) 337-8301. 

Try the 

Electronics 
bulletin board 

system 

(RE-BBS) 
516-293-2283 

The more you use it the 
more useful it becomes. 

We support 300 and 1200 
baud operation. 

Parameters: BN1 (8 data 
bits, no parity, 1 stop bit) 
or 7E1 (7 data bits, even 
parity, 1 stop bit). 

Add yourself to our user 
files to increase your 
access. 

Communicate with other 
R -E readers. 

Leave your comments on 
R -E with the SYSOP. 

RE-BBS 
516-293-2283 

Employers 
Willing workers available 
now at as little as 1/2 

your usual cost. 
This is your chance 

to get help you've 
needed, but thought you 
couldn't afford. 
No business too large 
or toc small. Call your 
private industry council 
or write National 
Alliance of Business, 
P.O. Box 7207, 
Washington, D.C. 20044 

APublicServraol }anC 0115 Pd,raeo 

This little 
part is 
just the 
beginning... 

...of a HUGE assortment of 

quality electronic parts you'll 
find in the MCM Catalog! 

Have you had problems finding the exact part you need? 

Tired of keeping track of which part is coming from which 
supplier-and when it's due to arrive? Then, it's time you 

made the switch to the MCM Electronics Catalog! 
For...Test Equipment - Semiconductors - Resistors 

- Capacitors - Chemicals - Technical Aids - Tools - 
Computer Equipment - Flybacks - Antennas - Wire & Cable 

- VCR Tools & Parts - Phono Parts & Styli - Speakers - 
Alarm Systems & Components - Telephone Accessories - 
Microwave Oven Parts - Terminals & Connectors - Switches 
- Batteries - Lamps - Fuses - and lots more...For com- 
petitive prices and the friendliest service in the industry; the 

MCM Electronics Catalog is your best choice! 

For Your FREE 
ONE-YEAR SUBSCRIPTION 
to the MCM 
Electronics Catalog... 

CALL TOLL -FREE 
1-800-543-4330 

...or write... 

MCM' 
Electronics 
Catalog 

MCM ELECTRONICS 
650 CONGRESS PARK DR. 
CENTERVILLE. OH 45459-4072 

A PREMIER Company 

SOURCE NO. RE -59 
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4/12 30 DAY MONEY BACK GUARANTEE 1 YEAR WARRANTY ON ALL PRODUCTS TOLL -FREE TECHNICAL SUPPORT 

COMPLETE CUSTOMER SATISFACTION SUPERIOR SERVICE FRIENDLY, KNOWLEDGEABLE SALES STAFF 

EPROMS 

MICROCOMPUTER 

JDR 
MARKEMI 
d che Drac. TING ML14engCOUNCIL Analalm. Inc 

Microdevuces ° 

r 
STATIC RAMS 

PART SIZE SPEED Vpp PRICE PART 
2708 1024x8 450ns 25V 4.95 2114 
2716 2048x8 450ns 25V 3.49 2114L-2 
2716.1 2048x8 350ns 25V 3.95 TC5516 
2732 4096x8 45005 25V 3.95 TMM2016.200 
2732A 4096x8 250ns 21V 3.95 TMM2016-150 
27C64 8192x8 250ns 12.5V 4.95 TMM2016.100 
2764 8192x8 45005 12.5V 3.49 HM6116-4 
2764.250 8192x8 250n5 12.5V 3.69 HM6116-3 
2764.200 8192x8 20005 12.5V 4.25 HM6116-2 
27128 16384x8 250ns 12.5V 4.95 HM6116LP-4 
27128A-200 16384x8 200ns 12.5V 5.95 HM6116LP-3 
27C256 32768x8 250ns 12.5V 7.95 HM6116LP-2 
27256 32768x8 250ns 12.5V 5.95 HM6264LP-15 
27256-200 32768x8 200ns 12.5V 7.95 HM6264LP-12 
27512 65536x8 250ns 12.5V 11.95 HM43256LP-15 
27C512 65536x8 250ns 12.5V 12.95 HM43256LP-12 
27C101-20 131072x8 20005 12.5V 34.95 HM43256LP-10 

r 
CALL TO CONFIRM CURRENT PRICES e 

SIZE SPEED PRICE 
1024x4 450ns .99 
1024x4 200ns 1.49 
2048x8 25005 3.95 
2048x8 200ns 3.25 
2048x8 15Ons 3.29 
2048x8 10Ons 4.29 
2048x8 200ns 4.95 
2048x8 15005 5.95 
2048x8 120ns 6.45 
2048x8 200ns 5.95 
2048x8 150ns 6.45 
2048x8 120n5 6.95 
8192x8 15005 9.95 
8192x8 12005 10.95 

32768x8 15005 17.95 
32768x8 120ns 19.95 
32768x8 10Ons 24.95 

L I CALL TO CONFIRM CURRENT PRICES 

EPROM ERASERS 
DATARASE II $39.95 

SHIRT POCKET SIZE,. 
ERASES MOST EPROMS; 

EPLDS IN 3 MINUTES ALL 
SIZES UP TO 4 AT A TIME 
DATARASE II 

SPECTRONICS CORPORATION 

Model Timer Mot Intensity Unit 
Cost ere 

PE -140 NO 9 8,000 $ 89 
PE -140T YES 9 8,000 $139' 
PE -240T YES 12 9,600 $189 
PL -265 YES 30 9,600 $255 

7-4 

r MICROPROCESSORS 
5500 

6502 2.25 
6502A 2.69 
65028 4.25 
65CO2' 7.95 
6522 2.95 
6526 13.95 
6532 5.95 
6551 2.95 
6581 14.95 
' CMOS 

5800 
6800 1.95 
6802 2.95 
68802 3.95 
6803 3.95 
6809 2,95 
68809 5.99 

8000 8200 
8031 3.95 8254 2.79 
8035 1.49 8255 1.99 
8039 1.95 8255-5 2.49 
8052AH 8256 15.95 

BASIC 34.95 8259 1.95 
8080 2.49 8259-5 2.29 
8085 1.95 8272 4.39 
8085A-2 3.75 8274 4.95 
8088 5.99 8275 16.95 
8088-2 7.95 8279 2.49 
8155 2.49 8279-5 2.95 
8155-2 3.95 8282 3.95 
8156 2.95 8283 3.95 
8741 9.95 8284 2.25 
8748 7.95 8286 3.95 
8749 9.95 8287 3.95 
8755 14.95 8288 4.95 

6809E 2.95 8200 Z-80 
68B09E 5.49 8205 3.29 280 -CPU 1.25 
6808 2.49 8212 1.49 280A -CPU 1.29 
6810 1.95 8216 1.49 28013 -CPU 2.75 
6821 1.25 8224 2.25 280A-CTC 1.69 
68821 1.85 8228 2.25 Z80B-CTC 4.25 
6840 3.95 8237 3.95 2808 -DART 5.95 
6845 2.75 8237-5 4.75 Z80B-DART 6.95 
6847 4.75 8238 4.49 Z80A-DMA 5.95 
6850 1.95 8243 1.95 280A -P10 1.89 
68850 1.75 8250 6.95 Z80B-P10 4.25 
6852 4.95 8251 1.29 Z804 -S10/0 5.95 
6883 22.95 8251A 1.69 Z80A-S10/1 5.95 
68000 9.95 8253 1.59 Z804 -S10/2 5.95 

,68020 189.95 8253-5 1.95 Z8671 BASIC 9.95J 

LINEAR COMPONENTS 
TL071 .69 TL497 3.25 MC3487 2.95 
TL072 1.09 NE555 .29 LM3900 49 
TL084 1.49 NE556 .49 LM3909 98 
LM301 .34 NE558 .79 LM3914 1.89 
LM309K 1.25 LM565 .95 IC7760 1.99 
LM311 .59 LM567 .79 7805T 49 
LM311K 3.49 NE570 2.95 7808T .49 
LM317T .69 NE590 2.50 7812T .49 
LM318 1.49 LM723 .49 7815T .49 
LM319 1.25 LM741 .29 7905T .59 
LM323K 3.49 MC1330 1.69 7912T .59 
LM324 .34 MC1350 1.19 7915T .59 
LM334 1.19 LM1458 .35 MAX232 7.95 
LM336 1.75 LM1488 .49 ICL8038 3.85 
LM338K 4.49 LM1489 .49 ICM7207A 5.95 
LM339 .59 LM1496 .85 ICM7208 15.95 
LF353 .59 ULN2003 .79 75150 1.95 
LF356 .99 XR2206 3.95 75154 1.95 
LM358 .59 XR2211 2.95 75188 1.25 
L M 380 .89 C A 3046 .89 75189 1.25 
LM386 .89 CA3146 1.29 75451 .39 
LM393 .45 MC3470 1.95 75452 39 

r 

DYNAMIC RAMS 
PART SIZE SPEED PRICE 
4116-200 16384x1 200n5 .89 
4116-150 16384x1 150ns .99 
4164-150 65536x1 15005 2.89 
4164-120 65536x1 120ns 3.19 
4164-100 65536x1 10005 3.95 
TMS4416 16384x4 150ns 8.95 
41128-150 131072x1 150ns 5.95 
TMS4464-15 65536x4 15005 14.95 
TMS4464-12 65536x4 120n8 15.95 
41256-150 262144x1 15005 7.99 
41256-120 262144x1 12005 8.49 
41256-100 262144x1 100ns 8.79 
41256-80 262144x1 8Ons 9.49 
MK4332 32768x1 200ns 6.95 
HM51258-100 262144x1 100ns 13.95 
1 MB -120 1048576x1 120ns 24.95 
1 MB -100 1048576x1 10005 27.95 

L CALL TO CONFIRM CURRENT PRICES S A 

HIGH-TECH 
SPO'T'LIGh1T 

NEW! FAST PAGE -MODE 
DYNAMIC RAMS 

THESE NEW CMOS 262144X4 DRAMS ARE IDEAL FOR LARGE 
CAPACITY MEMORY SYSTEMS REQUIRING HIGH SPEED AND 
LOW POWER DISSIPATION. HIGHER DENSITY REQUIRES 
FEWER CHIPS FOR SYSTEM DESIGN. SUPPORTS EXTREMELY 
LOW POWER STANDBY MODE. 8 MS REFRESH RATE. 
PART NUMBER SPEED PRICE 
414256-100 100 NS $28.95 
414256-80 80 NS $36.95 

SIMM MODULES 
41256488-15 256K x 8 -BIT FOR MAC 15Ons 
4125648B-12 256K x 8 -BIT FOR MAC 120ns 
4125648B-10 256K x 8 -BIT FOR MAC 100ns 

4125649B-15 256K x 9 -BIT FOR PC 150ns 
4125649B-12 256K x 9 -BIT FOR PC 120ns 
4125649B-10 256K x 9 -BIT FOR PC 10005 
4125649B-80 256K x 9 -BIT FOR PC 8Oxs 
42100049B-10 1MB x 9 -BIT FOR PC 100ns 
42100049B-80 1MB x 9 BIT FOR PC 8005 

589.00 
095.00 
$99.00 

$94.00 
$99.00 

$109.00 
$119.00 
$329.00 
$399.00 

CO -PROCESSORS 
8087 5 MHz 97.95 
8087-2 6 MHz 139.95 
8087-1 10 MHz 189.95 
80287 6 MHz 157.96 
80287-8 8 MHz 219.95 
80287-10 10 MHz 264.95 
80387-16 16 MHz 397.95 
80387-SX 16 MHz 389.95 
80387-20 20 MHz 469.95 
80387-25 25 MHz 589.95 

4 
intell' 

-!5 YEAR 
'-- WARRANTY 

INCLUDES MANUAL 8 SOFTWARE GUIDE 

V-20 SERIES 
SPEED UP YOUR PC BY 1C% TO 40% 

HIGH SPEED ADDRESS CALCULATION IN 
HARDWARE PIN COMPATIBLE WITH 8088 

LOW POWER CMOS 
SUPERSET OF 8088 INSTRUCTION SET 

V20 5 MHz 6.95 V20 1 MHz 8.95 
1220 10 MHz 11.95 V30 MHz 13.95 

PALS STARTER KIT 
16L8 12.95 20R4 $4.15 EASY TO USE PAL 
16R8 2.95 2086 4.15 PROGRAMMING KIT 
16R6 2.95 20R8 4.15 FOR ALL THE PAL 
16R4 2.95 20X8 4.15 DEVICES AT LEFT. 
20L8 4.95 MCT-PAL-SOFT $99.95 

r misc. 
ADC0804 2.99 
ADC0809 3.85 
DAC0800 3.29 
DAC0808 1.95 
1793 9.95 
8272 4.39 
COM8116 8.95 
UPD765 4.39 
1691 6.95 
2143 6.95 
AY5-3600 

PRO 11.95 
AY3-1015 4.95 
AY5-1013 3.95 
MC146818 5.95 
MM58167 9.95 
MM58174 9.95 
MSM5832 2.95 
IM6402 3.95 
IM6403 9.95 
INS8250 6.95 

62516450 10.95j 

CRYSTALS' 
32.768 KHz .95 
1.0 MHz 2.95 
1.8432 2.95 
2.0 1.95 
2.4576 1.95 
3.579545 1.95 
4.0 1.95 
5.0688 1.95 
6.0 1.95 
8.0 1.95 
10.0 1.95 
12.0 1.95 
14.31818 1.95 
16.0 1.95 
18.0 1.95 
20.0 1.95 
22.1184 1.95 
24.0 1.95 

J 

CRYSTAL 
OSCILL. 

1.0MHz 5.95 
1.8432 5.95 
2.0 5.95 
2.4576 5.95 
4.0 4.95 
5.0688 4.95 
8.0 4.95 
10.0 4.95 
14.31818 1.95 
16.0 4.95 
18.432 4.95 
20.0 4.95 
24.0 4.95 

PARTIAL LISTINGS ONLY! 
CALL FOR COMPLETE CATALOG 

74 SERIES LOGIC 
7400 74LS76 .29 

745 
7400 .19 74LS83 .49 74500 29 
7402 .19 74LS85 .49 74502 29 
7404 .19 74LS86 .22 74504 29 
7405 .25 74LS90 .39 74S74 .49 
7406 .29 74LS92 .49 74586 35 
7407 .29 74LS93 .39 74S112 .50 
7408 .24 74LS109 .36 74S287 1.69 
7410 .19 74LS112 .29 74S288 1.69 
7411 .25 74LS123 .49 74S374 1.69 
7414 .49 74LS125 .39 S32 .35 
7416 .25 74LS132 .39 S138 .79 
7417 .25 74LS138 .39 5240 1.49 
7420 .19 74LS139 .39 S244 1.49 
7432 .29 74LS151 .39 S373 1.69 
7447 .89 74LS153 .39 
7473 .34 74LS154 1.49 74F 
7474 .33 74LS155 .59 74F00 .35 
7475 .45 74LS156 .49 74F04 .35 
7476 .35 74LS157 .35 74F08 .35 
7586 .35 74LS158 .29 74F32 .35 
7489 2.15 74LS161 .39 74F74 .39 
7490 .39 74LS163 .39 74F138 .79 
7493 .35 74LS164 .49 74F244 1.29 
74121 .29 74LS165 .65 
74123 .49 74LS166 .95 74HC 
74151 .55 74LS175 .39 74HCOS 21 74154 1.49 74LS192 .69 74HC04 25 74157 .55 74LS193 .69 74HC08 .25 74166 1.00 7415197 .59 74HC14 .35 

74L5 00 74LS221 .59 74HC32 35. 
74LS240 .69 74HC74 .35 74LS00 .16 74LS241 .69 74HC138 .45 74LS02 .17 74LS244 .69 74HC139 .45 74LS03 .18 74LS245 .79 74HC154 1.09 74LSO4 .16 74LS251 .49 74HC157 .55 74LS05 .18 74LS257 .39 74HC244 .85 74LS08 .18 74LS258 .49 74HC245 85 74LS10 .16 74LS259 1.29 74HC373 .69 74LS11 .22 74LS260 .49 74HC374 .69 74LS14 .39 74LS273 .79 

74LS20 .17 74LS279 .39 74HCT 74LS21 .22 74LS322 3.95 
74LS27 .23 74LS323 2.49 74HCTOO .25 
74LS30 .17 74LS367 .39 74HCT04 .27 
74LS32 .18 74LS373 .79 74HCT08 .25 
74LS38 .26 74LS374 .79 74HCT32 .27 
74LS42 .39 74LS377 .79 74HCT138 .35 
74LS47 .75 74LS393 .79 74HCT240 .89 
74LS51 .17 74LS541 1.49 74HCT244 .89 
74LS73 .29 74LS670 .89 74HCT245 .99 
74LS74 .24 74LS682 3.20 74HCT373 .99 
74LS75 .29 74LS688 2.40 74HCT374 .99 

STD. CMOS LOGIC 
4001 19 4050 29 
4011 .19 4051 .69 
4013 .35 4060 .69 
4015 .29 4066 .29 
4016 .29 4069 .19 
4017 .49 4093 .49 
4024 .49 14411 9.95 
4040 .69 4511 .69 
4046 .69 4538 .95 
4049 .29 4702 9.95 

DISCRETE 
1N751 .49 2N3904 .10 
1P44004 10/1.00 2N3906 .10 
IN4148 25/1.00 2N4401 .25 
KBP02 .55 4N26 .69 
2N2222 .10 4N35 .89 
2N2907 .25 JMBO RED .10 
2N3055 .79 JMBO GRN .14 

JOR MICRODEVICES AND THE JDR MICRODEVICES LOGO ARE REGISTERED TRADEMARKS OF JOB MICRODEVICES. 18M. AT. P5/2 ARE TRADEMARKS OF INTERNATIONAL BUSINESS MACHINES. 

SHORTING 
BLOCKS 
5/sl.00 

--- 

BYPASS CAPS 
CERAMIC DISC: 
01UF 100/5.00 
.1UF 100/6.50 

MONOLITHIC: 
.01UF 100/10.00 
.1UF 10012.50 
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POWER SUPPLIES 
135 WATT POWER SUPPLY I UL APPROVED 

+5V @15A, .12V @ 4.2A, 
5V@.5A,-12V@.5A 

PS -135 $59.95 
PS -150 150W SUPPLY $69.95 

IIIII 200 WATT POWER SUPPLY 
UL APPROVED 
+5V @ 20A, +12V @ 7A, 

.\ -5V 5A, -12V @ .5A 
PS -2 $89.95 gel APPLE TYPE SUPPLY 

WITH APPLE CONNECTOR / +5V @ 6A.+12V @ 3A, 
-5V W 1A.-12V@IA 

PS -A $49.95 

36 WATT POWER SUPPLY 
+5V @2.5A, +12V @1.5A 
3 PIN INPUT, 6 PIN OUTPUT 
SELECTABLE 110V -220V 

PS -3045 $12.95) 

1 SOLDER STATIONS 
SOLDER/DESOLDER STATION I OIL -FREE VACUUM PUMP / TEMP ADJUSTS (212 ° F-900° F) 

8 VACUUM (0-60 CM/HG) 
WITH GUN -REST. COOLING TRAY. 
WIRE BRUSH 8 TIP CLEANER ROD 

XY999SD $399.95 
XY999D DESOLDER ONLY $349.99 

DELUXE SOLDER STATION 
ROTARY SWITCH TEMP 
CONTROL (200 ° F-878 °F RANGE) 
LED TEMPERATURE READOUTS 
INCLUDES COOLING TRAY 

XY9-60L $79.95 

SOLDER STATION / UL APPROVED / HEAT SETTING ADJUSTS / TIP TEMPERATURE READOUT 
IN REPLACEMENT TIPS @ 02.95 
168-3C $59.954 

JIM INSTRUMENTS -2 YEAR WARRANTY! 

35 MHZ DUAL TRACE OSCILLOSCOPE 
IN WIDE BAND WIDTH / VARIABLE HOLDOFF 
MODEL -3500 (SHOWN) $499.95 

20 MHZ DUAL TRACE OSCILLOSCOPE I TV SYNC FILTER / COMPONENTS TESTER 
MODEL 2000 $389.95 

3.5 DIGIT PROBE TYPE DMM 
AUTORANGING / AC/DC 2V - 500V. RESTS. 2K -2M 

DPM-1000 (SHOWN) $54.95 

3.5 DIGIT POCKET SIZE DMM 
BASIC DC ACCURACY i0.5 % 114 RANGES 

DMM-100 $29.95 

3.5 DIGIT FULL FUNCTION DMM / BASIC DC ACCURACY VO 25% 22 RANGES 

DMM-200 $49.95 
THE ULTIMATE 3.5 DIGIT DMM 

RELIABLE, 
HIGH QUALITY 
TEST EQUIPMENT, 
REASONABLY 
PRICED 

/ BASIC DC ACCURACY ±0.25% 134 RANGES X / TEMP, TRANSISTOR 8 RESISTANCE FEATURES - `)! 
DMM-300 (SHOWN) $79.95 

OEM 
ANA 

IDC CONNECTORS/RIBBON CABLE 
CONTACTS DESCRIPTION ORDER BY 

SOLDER HEADER 
RIGHT ANGLE SOLDER HEADER 

IDHxxS 
IDHxxSR 
IDHxxW 

10 
.82 
.85 

1.86 

20 
1.29 
1.35 
2.98 WIREWRAP HEADER 

RIGHT ANGLE WIREWRAP HEADER 
RIBBON HEADER SOCKET IDSxx .63 .89 

RIBBON HEADER IDMxx -- 5.50 

RIBBON EDGE CARD IDExx .85 1.25 

10' RIBBON CABLE RCxx 1.60 3.20 

IDHxxWR 2.05 3.28 

26 34 40 50 
1.68 2.58 3.24 
1.76 2.72 3.39 

3.64 5.28 6.63 
4.22 4.801 7.30 

.95 1.29 1.49 1.69 
6.:5 7.00 7.50 8.50 
1.C5 1.75 2.05 2.45 
4.-0 5.40 6.40 7.50 

2.20 
2.31 
4.50 
4.45 

FOR ORDERING INSTRUCTIONS. SEE 0 -SUBMINIATURE CONNECTORS BELOW 

r D -SUBMINIATURE CONNECTORS 

DESCRIPTION ORDER BY 1-- 
9 

SOLDER CUP MALE DBxxP .45 
FEMALE DBxxS .49 

RIGHT ANGLE 
PC SOLDER 

MALE DBxxPR .49 

CONTACTS 

15 19 25 
59 .59 .69 
69 .'S .75 
69 

FEMALE DBXxSR .55 .75 

WIREWRAP MALE 
FEMALE 

DBXXPW W 
DBxxSW W 

1.69 
2.78 

2.56 
4.27 

.85 
3.89 
6.84 

IDC RIBBON CABLE MALE 
FEMALE 

IDBxxP 
IDBxxS 

1.39 
1.45 

1.99 
2.05 

2.25 
2.35 

50 
1.85 

1.39 2.29 
2.27 -- 

2.49 -- 

5.60 -- 

9.95 -- 

4.25 -- 

4.49 

HOODS METAL MHOODxx 1.05 1.15 1 25 1.25 

PLASTIC HOODxx .39 .39 - .39 .69 .75 

ORDERING INSTRUCTIONS: INSERT THE NUMBER OF CONTACTS IN THE POSITION MARKED 
"xx" OF THE "ORDER BY" PART NUMBER LISTED. EXAMPLE I A 15 PIN RIGHT ANGLE MALE 
PC SOLDER WOULD BE DB15PR MOUNTING HARDWARE .59 

IC SOCKETS/DIP CONNECTORS 

DESCRIPTION ORDER BY 

SOLDERTAIL SOCKETS xx T 
WIREWRAP SOCKETS I xxWW 
ZIF SOCKETS ZIFxx 

.11 

.59 

CONTACTS 

14 
.11 
.69 

4.95 

16 
.12 
.69 

4.95 

18 20 22 
.15 .18 .15 
.99 1.09 1.39 

5.95 

TOOLED SOCKETS AUGATxxST .62 .79 .89 1.09 1.29 

TOOLED WW SOCKETS AUGATxxWW 1.30 1.80 2.10 2.40 2.50 

COMPONENT CARRIERS ICCxx .49 .59 .69 .99 a .99 

DIP PLUGS (IOC) IDPxx .95 .49 .59 1.29 1.49 

FOR ORDERING INSTRUCTIONS SEE D -SUBMINIATURE CONNECTORS ABOVE 

1.39 
2.90 

.99 

24 28 40 
.20 .22 .30 

1.49 1.69 1.99 
5.95 6.95 9.95 
1.49 1.69 2.49 

3.15 3.70 5.40 
.99 11.09 1.49 
.85 1.49 1.59 

'r4aslerCord 

MEMBER 

;Có9 COPYRIGHT 1989 JDR MICRODEVICES 
CONTINENTAL U.S. 

WIREWRAP 
PROTOTYPE CARDS 

FR -4 EPDXY GLASS LAMINATE WITH GOLD PLATED 
EDGECARD FINGERS AND SILK SCREENED LEGENDS 

JDR-PR1 
JDR-PR2 

FOR XT 
WITH +5V AND GROUND PLANE 
ABOVE WITH I/O DECODING LAYOUT 

FOR AT 
JDR-PR10 16 BIT WITH I/O DECODING LAYOUT 
JDR-PR1 OPK PARTS KIT FOR JDR-PR10 ABOVE 

FOR PS/2 
JDR-PR32 32 BIT PROTOTYPE CARD 
JDR-PR16 16 BIT WITH I/O DECODING LAYOUT 
JDR-PR16PK PARTS KIT FOR JDR-PR16 ABOVE 
JDR-PR16V 16 RIT FOP VIDEO APPLICATIONS 

$27.95 
$29.95 

34.95 
$12.95 

69.95 
49.95 
15.95 

$39.95 

r - DATA SWITCH BOXES 
TYPE N OF POS. PARALL. SERIAL PRICE 

PUSHBTTN. 2 -WAY AB -P ABS 39.95 
ROTARY 2 -WAY RSP-2 RSS-2 24.95 
ROTARY 3 -WAY RSP-3 RSS-3 27.95 

`.ROTARY 4 WAY RSP-4 RSS-4 29.95 

COMPUTER CABLES 
GOLD-PLATED CONTACTS; 100% SHIELDED 

CBL-PRINTER PC PRINTER CABLE 9.95 
CBL-PRINTER-25 AS ABOVE -25 FT. 15.95 
CBL-PRINTER-RA RT ANGL. PRINTER 15.95 
CBL-DB25-MM DB25 MALE -MALE 9.95 
CBL-D025-MF DB25 MALE -FEMALE 9.9 
CBL-9-SERIALS PIN -25 PIN SERIAL 6.95 
CBL-KBD-EXT KEYBOARD EXTEN. 7.95 
CBL-CNT-MM 36 PIN CENTRON.-M/M 14.95 
CBL-HD-20 20 PIN HARD DISK 3.95 
CBL-HD-34D 34 PIN DUAL HARD DISK 6.95 
CBL-FDC-EXT 37 PIN EXT. FLOPPY 9.95 
CBL-MNT-9 9 PIN MONITOR EXTEN. 6.95 
CBL-MODEM DB25-DB25 FEMALE 7.95 

RS -232 
BREAKOUT BOX 
FOR TROUBLESHOOTING 
SERIAL COMMUNICATIONS 

OPEN/CLOSE INDIVIDUAL 
CIRCUITS / 20 JUMPERS 
CROSS -CONNECT ANY TWO 
CIRCUITS/10 CIRCUIT 
ACTIVITY LEDS 
GENDER -BO $34.95 

SURGE SUPPRESSOR 
PROTECTS YOUR EQUIPMENT! 101 

SIX 3 -PRONG AC OUTLETS 
115 AMP CIRCUIT BREAKER 
16' HEAVY DUTY CORD 

15 AMP MAX LOAD, 1875 WATTS 
UL APPROVED 

POWER -SURGE $12.95 
POWER -STRIP WO SURGE $9.95 

LITHIUM BATTERY 
6V FOR 286 AND 386 PCS 

MOTHERBOARD CONNECTOR 
ADHESIVE VELCRO MOUNTING 
STRIP 

LITHIUM6.8V $11.95 
COIN TYPE BATTERY 
LONG-LASTING 3V LITHIUM 
3V-MHW $1.95 
HOLDER $1.49 

EXTENDER CARDS 
FOR PROTOTYPE DEBUGGING, 

TESTING AND TROUBLESHOOTING 

EXT-8088 XT COMPATIBLE $29.95 
EXT-80286 AT COMPATIBLE 
EXT-16MICROCHANNEL16-BIT 69.95 
EXT-32MICROCHANNEL 32 BIT 99.95 

NEW LOW 
PRICES! 

POS -100 
PDS -200 
PDS -300 
PDS -400 

$12.95 
$19.95 
$24.95 

OLDERLESS 
HEADBOARDS 
1360 TIE PTS 

1660 TIE PTS 

2390 TIE PTS 

3220 T 

PC BREADBOARD 

62 CLEARLY LABELLED BUS LINES I ACCEPTS UP TO 24 14 -PIN ICS 
1940 TIE POINTS 

EXT FEMALE DB25 D -SUB CONNECT. 
PDS -604 $49.95 

r APPLE -COMPATIBLE PRODUCTS 

FLOPPY DRIVE FOR APPLE II SERIES 
AP -150 (W/CABLE, CONNECTOR) $99.95 
REPLACEMENT KEYBOARD FOR APPLE 1I & II 
KEYBOARD -AP $59.95 
EPROM PROGRAMMER. NOT REC. FOR CMOS. 
RP -525 (NO POWER SUPPLY REO.) $89.95 
16K RAM CARD BOOSTS 48K APPLE TO 64K 
RAM -CARD (2 YEAR WARRANTY) $39.95 

JDR MICRODEVICES, 2233 BRANHAM LANE, SAN JOSE, CA 95124 
LOCAL (408) 866-6200 FAX (408) 559-0250 TELEX 171-110 

RETAIL STORE: 1256 S. BASCOM AVE., SAN JI)SE, CA 

(408) 947-8881 HOURS: M -F, 9-7 SAT. 9-5 SUN. 12-4 

NEW 
ADDRESS! 

GENDER CHANGERS 
GENDER -FF FEMALE FEMALE 7.95 
GENDER -MM MALE -MALE 7.95 
GENDER -MF MALE -FEMALE 7.95 
GENDER -NM NULL MODEM 8.95 
GENDERJB JUMPER BOX 8.95 
GENDER -MT MINITESTER $14.95 
GENDER -VGA DB9-DB15 $19.95 
GENDER -9-25 DB9-DB25 $4.95 
A6 

rSNAPAOLE HEADERS" 
SNAP APART TO MAKE ANY SIZE 

HEADER, WITH .1" CENTERS 

1 x 40 STRAIGHT LEAD .99 
1 X 40 RIGHT ANGLE LEAD $1.49 
2 X 40 STRAIGHT LEAD $$2.49 
2 X 40 RIGHT ANGLE LEAD 2.99 

Terms: Minimum order $10.00. For shipping 8 handling include $3.50 for ground 
and $4.50 for air. Orders over 1 lb and foreign orders may require additional 
shipping charges -contact the sales department for the amount. CA residents 
must include applicable sales tax. Prices subject to change without notice. We are 
not responsible for typographical errors. We reserve the right to limit quantities 
and to substitute manufacturer. All merchandise subject to prior sales. A full copy 
of our terms is available upon request. Items pictured may only be representative. 

DREIER TOLL FREE 13OB-533-5000 
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2400 BAUD 
MODEM 995 

HAYES COMPATIBILITY I1/2 -CARD AUTO DIAL/ANSWER 
SELF -TEST ON POWER UP / FULL AND HALF DUPLEX 
TOUCHTONE OR PULSE DIALING / 2ND PHONE JACK 
CALL PROGRESS MONITORING I ADJUSTABLE VOLUME 

PRO -241 

INTERNAL MODEMS (MIRROR II SOFTWARE INCLUDED) 
PRO -121 1200 BAUD 1/2 CARD $69.95 
PRO -24M 2400 BAUD FOR PS/2 $249.95 
EXTERNAL MODEMS (RED. SERIAL PT, CABLE,SOFTWARE) 
PRO -24E 2400 BAUD $169.95 
PRO -12E 1200 BAUD $99.95 

I INSTANTLY SCANS UP 
TO 4.1" WIDE IMAGES D 100, 200, 300. 
400 DPI BOTH DIRECTIONS I B8W & 
3 HALF -TONE MODES / 32 LEVELS OF 
GRAY SCALE I HERCULES, CGA, EGA AND VGA COMPATIBLE 

INCLUDES HALO DPE AND IMAGE EDITOR SOFTWARE 
HS -3000 
OCR -SOFT SOFTWARE $99.95 

SPACESAVING DESIGN HOLDS ALL SIZES 
OF MOTHERBOARDS. INCLUDES: 

250W POWER SUPPLY / MOUNTS 
FOR 3 FLOPPY & 4 HARD DRIVES 

TURBO & RESET SWITCH a LED SPEED 
DISPLAY a POWER & DISK LED'S 

ALL HARDWARE, FACEPLATES & SPEAKER 
CASE -100 
CASE-FLIP FOR 8088 BOARDS 39.95 
CASE -SLIDE FOR 8088 BOARDS 39.95 
CASE -70 FOR 286 BOARDS 89.95 
CASE -50 FOR 8088/286 BOARDS 59.95 
CASE -JR MINI -286 W/150W PS $149.95 

FLOG!TECH HIREZ MOUSE, ggss 
HIGH RESOLUTION BUS MOUSE. IDEAL 
FOR CAD WORK 1320 DPI I WITH 
DRIVER, TEXT EDITOR & POP-UP MENUS I NO PAD, POWER SUPPLY OR PORT REO 
LMOUSE-BH 
LOGITECH 3 BUTTON MOUSE 
PC MAGAZINE EDITORS CHOICE! ALL MODELS HAVE SERIAL 
SUPPORT (COM1/COM2), 200 D.P.I. RESOLUTION. LOTUS 1-2-3 
SHELL. SELF -INSTALLING SOFTWARE AND "POINT EDITOR" 
LMOUSE $74.95 
LMOUSE-P SERIAL MOUSE W/LOGIPAINT $89.95 
LMOUSE-BP BUS MOUSE W/LOGIPAINT $89.95 
LMOUSE-BPBL BUS MOUSE W/PUBLISHER PKG $129.95 
LMOUSE-BPC BUS MOUSE W LOGIPAINT'CAD 139.95A 

MODULAR PROGRAMMING SYSTEM 

VGA 
COMPATIBLE 
PACKAGE 

5499S 
IN 800 X 560 MAX RESOLUTION 640 X 480 IN 16 COLORS 

320 X 200 IN 256 COLORS IBM STYLE MONITOR 
VGA, EGA, CGA, HERCULES, MONOCHROME COMPATIBLE 

VGA-PKG (INCLUDES ATI CARD AND MONITOR) 

NEC MULTISYNC II MONITOR $599.95 I AUTO FRED ADJUSTMENT I RESOLUTION TO 800 X560 I IDEAL FOR CAD. CAM. WINDOWS 9-15 PIN ADAPTER 
NEC-MULTI 

JDR MULTI $499.95 
FULL FEATURED MULTISCAN MONITOR WITH UNLIMITED 

COLORS I HIGH RESOLUTION, 14" NON -GLARE DISPLAY 
AUTO SWITCHING I TTUANALOG VIDEO INPUT 

JDR-MULTI 
JDR-MONO (12" MONOCHROME MONITOR) $69.95 

EGA MONITOR $399.95 
640 X 200/350 RESOLUTION .31 MM DOT PITCH 14" 

BLACK MATRIX SCREEN 116 COLOR DISPLAY 19 -PIN CABLE 
EGA -MONITOR 

SAVE $50! EGA CARD & MONITOR --JUST $499 

KEYBOARDS 
101 KEY ENHANCED , W/SEPARATE CURSOR PAD: 
BIC -5339 AUTOSENSE FOR XL AT, AUTOREPEAT $79.95 
K103 -A AUDIBLE "CLICK" STYLE $$84.95 
MAX -5339 MAXI -SWITCH W/TACTILE FEEDBACK 84.95 
84 KEY STYLES: 
BTC-5060 AUTOSENSE FOR XT/AT $59.95 
MAX -5060 MAXI SWITCHW/TACTILE FEEDBACK $64.95 

MODULAR CIRCUIT TECHNOLOG 

MOTHERBOARDS: 
MCT XMB STANDARD 8088 MOTHERBOARD $87.95 
MCT-TURBO 4.77/8 MHZ 8088 MOTHERBOARD $$95.95 
MCT-TURBO-10 4.77/10 MHZ SINGLE CHIP 8088 99.95 
MCT-M286 6/10 MHZ MINI -286 $269.95 
MCT-M286-12 6/12 MHZ MINI -286 $299.95 

' DRIVE CONTROLLERS: 
MCT-FDC FLOPPY DISK CONTROLLER 
MCT-FDC-1.2 1.2 MB FLOPPY CONTROLLER 
MCT-HDC HARD DISK CONTROLLER 
MCT-RLL RLL CONTROLLER 
MCT-FH FLOPPY/HARD CONTROLLER 
MCT-AFH 286/386 FLOPPY/HARD 
MCT-AFH-RLL 286/386 RLL CONTROLLER 

DISPLAY ADAPTOR CARDS: 
MCT-MGP MONOCHROME GRAPHICS $59.95 
MCT-CG COLOR GRAPHICS ADAPTOR $49.95 
MCT-EGA ENHANCED GRAPHICS ADAPTOR $149.95 
MCT-MGMIO MONOGRAPHICS MULTI I/O $119.75 
MCT-MGAIO 286/386 MONOGRAPHICS I/O $99.95 

MULTIFUNCTION CARDS: 
MCI -MIO MULTI I/O FLOPPY CONTROLLER 79.95 
MCT-I0 MULTI I/O CARD $59.95 
MCT-AMF 286/386 MULTIFUNCTION $139.95 
MCI -AID 286/386 MULTI I/O CARD $59.95 

MEMORY CARDS: 
MCT-RAM 576K RAM CARD 
MCT-EMS EXPANDED MEMORY CARD 

,MCT-AEMS 286/386 EMS CARD 

INTEGRATED MODULAR SYSTEM EASILY EXPANDS! ALL 
MODULES USE A COMMON HOST ADAPTOR CARD-- USE JUST 
ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE 

HOST ADAPTOR CARD 029.95 
UNIVERSAL INTERFACE FOR ALL 

THE PROGRRAMMINGMINGMODULES' / SELECTABLE ADDRESSES 
PREVENTS CONFLICTS 

MOLDED CABLE 
MOD -MAC 

UNIVERSAL MODULE $499.95 
PROGRAMS EPROMS, EEPROMS, 

PALS, BI -POLAR PROMS. 8748 & 8751 
SERIES DEVICES, 16V8 AND 20V8 GALS 
,GENERIC ARRAY LOGIC) FROM LATTICE. 
NS. SGS I TESTS TTL, CMOS. DYNAMIC 
$ STATIC RAMS I LOAD DISK, SAVE DISK. 
EDIT. BLANK CHECK, PROGRAM, AUTO. 
READ MASTER, VERIFY AND COMPARE 

TEXTOOL SOCKET FOR .3" TO .6"W. IC'S ( 8-40 PINS) 
MOD-MUP 

MasterCard 

NEW LOW 
PRICES( 

$29.95 
$49.95 
79.95 

$89.95 
139.95 
149.95 
199.95 

$59.95 
$129.95 
$139.95 

EPROM MODULE 0119.95 
PROGRAMS 24-32 PIN EPROMS, CMOS EPROMS 

& EEPROMS FROM 16K TO 1024K HEX TO OBJ 
CONVERTER I AUTO, BLANK CHECK/PROGRAM/ 
VERIFY/ VPP 5, 12.5, 12.75, 13, 21 8 25 VOLTS 

NORMAL, INTELLIGENT, INTERACTIVE, & QUICK 
PULSE PROGRAMMING ALGORITHMS 
MOD -MEP 
MOD -MEP -4 4 -EPROM PROGRAMMER $169.95 
MOD -MEP -8 8 -EPROM PROGRAMMER $$259.95 
MOD -MEP -1616 -EPROM PROGRAMMER 499.95 

DIGITAL IC MODULE 5129.95 
TESTS TTL, CMOS. DYNAMIC & STATIC RAM 
AUTO SEARCH FOR UNKNOWN PART NUMBERS 
USER -PROGRAMMABLE TEST PROCEDURES 

MOD-MIC 

PAL MODULE 1249.95 
PROGRAMS MMI, NS, TI 20 8 TI 24 PIN DEVICES 
BLANK CHECK, PROGRAM. AUTO, READMASTER. 

VERIFY & SECURITY FUSE BLOW 

MOD -MPL 
PAL PROGRAMMING DEVELOPMENT SOFTWARE 
MOD -MPL -SOFT $99.95 

20 MB $269 a Seagate 
30 Me $299 

KITS INCLUDE A SEAGATE 
HARD DISK DRIVE, DRIVE 
CONTROLLER, CABLES 
AND INSTRUCTIONS. 
HDKIT20 20 MB SYSTEM KIT 
HDKIT30 30 MB SYSTEM KIT 

FAST, RELIABLE SEAGATE HARD DISKS: 
DISK SIZE MODEL AVG. SPD. SIZE PRICE 

20MB ST -125 65 MS 3-1/2" 259 
20MB ST -225 65 MS 5-1/4" 225 
30MB RLL ST -238 65 MS 5-1/4" 249 
40MB ST -251 40 MS 5-1/4" 379 
40MB ST -251-1 28 MS 5-1/4" 469 
60MB RLL ST -277 40 MS 5-1/4" 9 
BOMB ST -4096 28 MS 5-1/4" 629 

1 Mb 31/2' DRIVE 
$9995 

ULTRA HIGH DENSITY 
READ/WRITE 720K DISKS, TOO 

FDD-1.44X BLACK FACEPLATE 
FDD-1.44A BEIGE FACEPLATE 
FDD-1.44 SOFT SOFTWARE DRIVER $19.95 

1/2 HEIGHT FLOPPY DISK DRIVES: 
FD -556 5-1/4" TEAC DS/DD 365K 
FD -55G 5-1/4" TEAC DS/HD 1.2M 
FDD-360 5-1/4" DS/DD 360K 
FDD-1.2 5-1/4" DS/HD 12M 
FDD-3.5X 3-1/2" 720K (BLACK) 
FDD-3.5A 3-1/2" 720K (BEIGE) 

NASHUA DISKETTES (BOXES OF 10): 
N-MD2D 360K DS/DD 
N-MD2D BULK (MULTIPLES OF 50 DISKS) 
N-MD2H 1.2 MB DS/HD 
N-3.5HD 1.44 MB 3-12" DS HD 
N-3.5DS 720K 3 1 2 O DS 

BUILD 
YOUR OWN 
SYSTEM! 
OVER 25,000 JDR 
SYSTEMS HAVE 
BEEN BUILT. 
OUR DETAILED 
INSTRUCTIONS 
MAKE IT VERY 
EASY -ALL YOU 
NEED IS ABOUT 
2 HOURS AND A 
SCREWDRIVER! 

$99.95 
$129.95 
$69.95 
$95.95 
$97.95 
$97.95 

$6.95 
EACH .49 

$13.95 
$49.95 
$16.95 

VIDEO INSTRUCTIONS 54.95 WITH S VS IEM 
OUR 20 MINUTE VIDEO SHOWS YOU STEP-BY-STEP HOW 
TO BUILT AN XT -COMPATIBLE SYSTEM. SPECIFY VHS OR 
BETA. VIDEO WITH SYSTEM KIT. $4.95 VIDEO ALONE. 19.95 

10 MHz TURBO 8088 SYSTEM *595.35 
I SERIAL /PARALLEL PORTS, CLOCK CALENDAR & GAME 
ADAPTOR RUNS COLOR GRAPHICS SOFTWARE ON ITS 
MONOCHROME MONITOR MOTHERBOARD D 256K 
RAM MEMORY 135W POWER SUPPLY I FLIPTOP CASE 
184 KEY KEYBOARD 1360K FLOPPY DRIVE 

MONOGRAPHICS I/O CARD 

12 MHz MINI -285 SYSTEM $1038.47 
12 MHZ MINI -286 MOTHERBOARD I 512K RAM MEMORY I MINI -AT CASE W/POWER SUPPLY 184 KEY KEYBOARD 
MONOCHROME MONITOR I1.2 MB FLOPPY DRIVE 

LIT-FLOPPY/HARD CONTROL I MONOGRAPHICS CARD 

JDR MICRODEVICES, 2233 BRANHAM LANE, SAN JOSE, CA 95124 
LOCAL (408) 866-6200 FAX (408) 559-0250 TELEX 171-110 

RETAIL STORE: 1256 S. BASCOM AVE., SAN JOSE, CA 
(408) 947-8881 HOURS: M -F, 9-7 SAT. 9-5 SUN. 12-4 

COPYRIGHT 1989 JDR MICRODEVICES 

NEW 

AODRESS 

EPROM PROGRAMMER '12995 
PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
SUPPORTS VARIOUS PROGRAMMING FORMATS & 

VOLTAGES I SPLIT OR 
COMBINE CONTENTS OF j,.. 
SEVERAL EPROMS OF 
DIFFERENT SIZES 

READ, WRITE. COPY, 
ERASE, CHECK & VERIFY 

SOFTWARE FOR HEX 
AND INTEL HEX FORMATS 
MOD -EPROM 

Terms: Minimum order $10.00. For shipping & handling Include $3.50 for ground 
and $4.50 for air. Orders over 1 lb and foreign orders may require additional ship- 
ping charges -please contact the sales department for the amount. CA residents 
must include applicable sales tax. Prices subject to change without notice. We are 
not responsible for typographical errors. We reserve the right to limit quantities 
and to substitute manufacturer. All merchandise subject to prior sales. A full copy 
of our terms is available upon request. Items pictured may only be representative. 
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What's New at 
AMERICAN DESIGN COMPONENTS? 

The "First Source" for the 
Tinkerer, Teacher, Hobbyist, 

Technician, Manufacturer, Engineer 

We warehouse 60,000 items at 
American Design Components- 

expensive, often hard -to -find com- 
ponents for sale at a fraction of their 
original cost! 

Call Toll Free: (800) 524-0809 

31/2", 20Mb., 
HALF -HEIGHT 
HARD 
DISK 
DRIVE It. 

31/2" FLOPPY 
DISK 
DRIVES 

r 

Half Height k 

51/4" FULL -HEIGHT 
DISK DRIVE 
(IBM s. 
Compat.) - 

IBM PC/XT Compat. 
MONOCHROME 
DISPLAY & 
PRINTER ADAPTER 

, 

Capaciance:1.0 Mb j 
(unformatted);3m5ac- 
cess time. 135 TPI, 160track. Power: 

3.5W 12V Mfr. - Panasonic 

f-.:«,. . . illET THERE'S NO RISK! 
With our 90 -day warranty, 

can be returned for any purchase#JU-33.10 
any reason for full credit or refund. 

(ST225 Compatible) p 
Universal 51/4" mounting. For 

compatible computers. 
Average access time: 62 msec. 
Mf r - Lapine #LT2000. 

Item #15853 New - $179.00 

Item #22075 NEW 

Full Height - Capacitance: l.0 
Mb (unformatted); 3 ms access time. 135 

) 

TPI. Power req.: +12 & +15V. Removed 

from operational computers. Tested- 
Like New! NEC #FD1035 Item #17171 

$79.00; 2 for $150.00 

48Double TPI, 
Side/Double0 

, 

Density 
Mfr.- CDC 9409T 

Item #7928 $79.00 New 
2 for $150.00 New 

Monochrome adaptor w/paral- 
lei printer port. Can be used 

at. PC/XT or com at. Text with anycomp 
only. Resolution: 720 x 348. IBM 
Model #1504900. 

Item #22480 New - $24.95 

14" CGA MONITOR 
Plus CARD... (IBM Compatible/ 

Input: 
115/230V, 
50/60 Hertz 
(automatically switchable). Resolution: 

24 x IBMint 640 
CGA card Com lete with CGA card and IBM inter- Complete 

face cables. Built-in stand. Dot pitch: .31. 
Mfr - Hitachi; made for Data General. 
Item #22475 

Special Offer... New - $199.00 

PC/XT/AT Compatible 
ENHANCED LAYOUT 
101 -KEY KEYBOARD 

DYNAMIC MEMORY 
BOARD... upgrade your corn. 
putet'S memryas your needs grow... 

TIMEX-SINCLAIR... 

2040 
PRINTER 

EXTERNAL DISK 
DRIVE CHASSIS 

__.---- 

airs -' 
,... 

PC/XT.. i .e 
t. .. 

( , COMPATIBLE 
* 0-256Kó memorym 64Kb increments 
* Fully socketed for easy upgrade 

ty 

C 
bow 
power 
supply 

* Membrane 
Keys 

r. 

* Separate Numerical Cursor 
* LED indicators for Scroll, 

Caps & Number locks 
* 1" inclination Foot Stand 
Mfr. #29079 
Item #19680 New - $49.95 

high-speed 

*abrdisk:omnryate 

9 Pe 

er 

*Software included 
Techmar#MU203010 

( 

w/o RAM) 

Item #19977 New -29.95Orig.for $ 

* 64Kb RAM Upgrade 
Set of 9 chips... tern #19983 $17.50 

5 

32 column compatible with any 
of the Timex -Sinclair computers, 
aswell as our PC8300 Computer. 
Uses standard 41/2" thermal paper. 

Item #15851 New - $39.95 

ccodrim 

date A m#7928 
2 naccommodate: #10005/17171 
1 hard drive #19704 

& 1 floppy #10005 
Inpt: 115/230V, /60 Hz. 

Burroughs computer. 
Dim.: 11"W x 8"H x 12" deep 

Item #14541 $59.50 HIGH -IMPACT 
CARRYING 
CASES... 
Black molded 
plastic cases, - - - 

High Resolution 
TTL MONITORS... 
(Open 

,o Frame) 
- ,..a,.ra 

_v 

STEPPING MOTORS ,112aq.xtV¿deep 

for ROBOTICS... Fig , g 3 
Precision steppers with 

1 increments from 1 to 7.5°. sq. 

Speeds up to 5,000 steps. 

Fig 
2 

x t' deep ' p, 
2"L x 21/4 dia. x 21/¿H ,q o-' " ,AP 1 a 

Item Step DC Torque 
No. Angle Voltage oz/in. Type Mfr. & Part No. Fig. Price 

COMPOSITE 
VIDEO MONITORS... 

rrn.er 41111eeeº 

,. 

2/e" itwo twist- 
lock draw latches, ` ; 

center sna lock 
with key; & four ' 
bumper feet. Foam -I -- , 

lined interiors can 
be customized to meet your needs by 
adding or removing foam. 

Originally for CPU/Keyboard... 
OA dim.: 25" x 10" x 181/2 

Item #20968 New - $39.95 
Originally for CRT/Printer.." 
OA dim.: 25" x 14" x 181/2" 

Item #20969 New - $49.95 

9"- 12vDC 
Green phosphor. Schematic Incl. Audiotronics #900964-04 

Item #17198 New - $19.95 
12"- 12VDC, Green phosphor. 

7630 1.8° 3.0 200 PM Superior 1 $34.50 ea. 
M092 -FT -402 2 for 959.50 

16410 1.8° 12.0 700' PM Applied Motion 2 $9.95 ea. 
4017-839 2 for $74.95 

16406 3.6° 12.0 700 PM Applied Motion 2 $9.95 ea. 
4017-838 2 for $14.95 

7014 7.5° 12.0 900' PM Mitsubishi 3 $10.95 ea. 

Grams per Cm. 
5551.25DAYA 2 for $19.95 

Power regulated: 12VDC. Green 

Phosphor. In plastic housing, 
with brightness control knob. 
Mir- Hitachi; made for Sperry. 

5" Monitor - 
Subassemblies, CRT, board& 
transformer incl. Comes w/hook- 
up diagram. 

Item #6811 New - $19.95 

ralIJll kits SWITCHING 

are available now! POWER SUPPLIES... 
Input: 115/230VAC, 50/60Hz 

Item #14536 (RFE) $24.95 
9" Monitor - 

Item #22481 (RFE) $29.95 
Call or write with 

an other requirements... Y l 
Electronic Instant Ignition 
MICRO TORCH 

Hand Held 
. Adjust. Flame . 

' Refillable 1.5811. oz. i` ' 
Butane Gas Tank 

Can be used in a wide 
range of applications: r 
elect. installations, weld- ? 
ing, shrink tubing, jewelry 
& toy repairs, de -freezing 
p cats, etc. Precise &con[ 
rolled hi -temp. flame, max: 

1300°C/2370°F. Flame adj.:12 to 1-12'. 
Working time: about 2 hrs. Metal stand 

incl. Dim. 6-1/4'H x 2 hrs.' dia. 

Mfr - Vulcan #20. 

Item #22072 New - $39.95 

I 
115 CFM MUFFIN® 
FANS / 
115VAC, 
60Hz., \- 21W.,Mf 
28A., 
3100RPM, 5 -blade model, alumin- 
um housing. Can be mounted for 
blowing or exhaust. Dimensions: 
411/1x" sq. x 11/2" deep. Mfr: IMC 

Item #1864 New - $9.95 
W/Adjustable Speed Control 

Item #20611 $12.95 

.A° -r,> ; 
Ilr _ mi 

DC Output: +5V @ 18A 
12V @ 2.5A 

+12V @ 2.5A 
Dim: 13"L x 4Vz"W x 11/2" H 

r - Sole #39-139 
Item #17210 New - $29.95 

DC Output: 
12V 

8A 
5A 

+12V @ 2.0A 
Mounted on base. 

t t Dim: 8 /z"L x 5"W x 2 /2"H 
Mfr- Power Systems 

Item #17897 New - $24.95 

"Bend -A -Light" 
High Intensity, Flexible 
LIGHT 
TOOL... 
Bends & stays in any position. 10" 

alloy shaft, 1/8" diam. Ideal for work 

with electrical wiring & electronic 

circuitry. Comes w/2 AA batteries 

(installed), & extension cover (in - 

crease length, or cover bulb when 
not in use). Bend -A -Light Model 

#10100. Item #22482. 

New - $19.95 
High intensity replacement 
bulbs avail.- exclusive to 

Bend -A -Light Each -$5.95 

ADAM COMPUTER 
ACCESSORIES... 
ADAM 51/4" DISK DRIVE... 
Coleco, model 7817. 

Item #12830 New - $175.00 
ADAM PRINTER..."# -_ li ,e 

! ' Friction feed. C ti 
Takes standard ._.;; 

paper 81/2 x 11". 
Item #8839 New - $69.50 

COLECOVISIONt0 ADAM 
EXPANSION KIT... 

Item #9918 $59.50 
DATA DRIVE... Item #6641 $19.95 
PRINTER POWER SUPPLY... 

Item #6642 $14.95 
ASCII KEYBOARD... 

Item #6643 $19.95 
CONTROLLERS Set of 4)... 

Item #7013 $9.95 RFE 

ADAM CASSETTES... 
Incl. Smart Basic, Buck Rogers & blank 
cassette. Item #7786 

Baker's Dozen - $19.95 
ADAM DAISY PRINT WHEEL... 

Item #13305 $3.95 
ADAM RIBBON CARTRIDGE... 

Item #13306 $3.95 
NEW BLANK TAPES... 

Item #20868 4 for $10.00 
SMART BASIC PROG. MANUAL... 

Item #20875 New - $14.95 
ADAM SOFTWARE SET... 
Incl. Expertype, Recipe Filer, Smart Letters & 
Forms, and 

Item #21746 New - $29.95 

AMERICAN DESIGN COMPONENTS, 815 FAIRVIEW AVE., P.O. BOX 220, FAIRVIEW, N.J. 07022 MINIMUM 
ORDER 

YES! Please send me the following items- J My check or money order is enclosed. sty. 

Item How Charge my credit card. RE -789 

No. Many? Description Price Total O Visa Master Card Amex 

Card No. 

Exp. Date 

Signature 

Telephone: Area Code Number 

Name Total 
shipping & handling: we ship UPS unless Address 

otherwise specified. Add $3 plus 10% of total. 

FREE.r Canadian: $3 plus P.O. cost. Charge only.Y City 
88 89 Catalo Sales TauPI 

ase add 16%of to 0lí With State Zip 
eve g every order/ ORDER TOTAL All inquiries and free catalog requests -call (201) 941-5000. 

For all phone orders, call TOLL FREE 800-524-0809. In New Jersey call (201) 941-5000. 

CIRCLE 106 ON FREE INFORMATION CARD 95 

www.americanradiohistory.com



ameco® Mail -Order EI - Ironic 
24 HOUR ORDER HOTLINE 
415-592-8097 

Marl Order Electronics Worldwide 

ELECTRONICS IC Clearance Sale! 

NEC V20 & V30 CHIPS 
Replace the 8086 or 8088 in Your IBM PC and 

Part Increase its Speed by up to 30% price 
UPD70108-5 (5MHz) V20 Chip $9,49- $6.49 
UPD70108-8 (8MHz) V20 Chip $9:49- $7.95 
UPD70108-10 (10MHz) V20 Chip .612.25 $10.95 
UPD70116-8 (8MHz) V30 Chip $9.96 $7.95 
UPD70116-10 (10MHz) V30 Chip .$36.96 $15.49 

7400 
Part No 1-9 104 Part N4. 1A_ 10-1- 

"400 
7402 
7404 
7405 
- 406 
-407 
-408 
-410 
'411 

7416 
-417 
'420 
-427 
-430 
'437 
438 

'442 
'445 
-446 
-447 
'448 
4.3 

SALE .15 7474 -.. SALE 25 
29 .19 7475 .... 49 39 

SALE .15 7476 __.. .45 35 
35 25 7483 69 59 
39 29 7485 SALE .45 

SALE 25 7486 _. SALE .29 
35 25 7489 1.95 1.85 

SALE .15 7490..... 49 39 
35 25 7493 45 -35 

SALE 25 7495 59 49 
SALE .19 74107 25 15 
SALE .19 74121 SALE 25 

29 19 74123 SALE .35 
29 19 74125 SALE 3. 

SALE .15 7414- ' 79 
39 29 74150 SALE 

SALE 25 74151...... 
SALE 29 74154 
SALE .59 74161 

89 79 74173 SALE .59 
89 79 74174 SALE .35 

195 185 -4175 SALE .35 
39 29 74.93 79 69 

74LS 
74LSOC 
-4L SO2 
'4LS03 
74LSO4 
-4LS05 
74L S06 
-4LS07 

LS08 
74LS09 
74LS10 
s4LST1 
-4LS14 
-4LS20.. _. 

-4LS21 
'4LS27 
74LS30 
;41_532 
'4LS38 
4L S42 

74L547 
741_ S73 
74LS74 
74LS75 
74LS76 
74LS83 
"4L S85 
74L 086 
74LS90 
'4LS93 
74LS123 
74LS125 
'4LS137- 
-4LS138 

SALE 5179139 
SALE .'5 54LS151 

28 18 74LS153 
SALE .16 74LS154. 
SALE .16 74LS157 

59 49 74LS161 
59 49 74LS163... 
28 18 74LS164_. 
28 18 74LS165, 

SALE .15 74LS166. 
29 19 74Lá173.. 

SALE 29 74LS174 
28 18 74LS175_.. 
35 25 74LS191 

SALE .19 74LS192 
SALE .15 74LS193 
SALE .19 74LS194. 

35 25 74LS221 
49 39 74LS240. 
89 79 74LS241 

SALE 25 74LS244 
SALE .19 74LS245... 
SALE 25 74LS257 

39 29 74LS259._. 

59 49 74LS273 
59 49 74LS279 
29 19 74LS367 

SALE 29 74LS373 
SALE 29 74LS374. _. 

SALE .35 74LS393. 
49 39 74LS541. 
49 39 74LS590 
49 39 74LS688. 

74S/PROMS` 
74S00 
74 SO4 

74S32 
94574 
-45112 
'4S124 
'45138 
745153 
-45163 
4S1.-4 

-4S'_5 

SALE .19 
SALE .19 
SALE .19 
SALE .19 

.39 
SALE 125 

59 
39 
99 

SALE 25 
SALE 25 

745188' 
745189. 
74S240 
745244., 
746287' 
745288' 
745373 
745374 
74S39 -' 

745571' 

SALE 
49 

45 
1 19 

45 
49 

SALE 
SALE 

75 
SALE 
SALE 
SALE 
SALE 
SALE 

69 
69 
69 

SALE 
SALE 

59 
SALE 
SALE 

49 
99 
89 
49 

SALE 
SALE 
SALE 
SALE 

m 
39 

.39 
1.09 
35 
39 
.35 
.35 
65 
69 
25 
25 
.25 
.39 
59 
59 
59 
49 
45 
49 
49 
59 
39 
89 
.79 
39 
29 
.59 
49 
.69 

129 119 
595 5.85 
2 39 2 29 

'49 
49 

1.39 
SALE 75 

SALE 
SALE 

SALE 

1 49 
99 
99 

1 29 
2 49 

CD-CMOS 

00400: 
CD401 1 

C 040' 2 
CD4013 
004015 
CD40'6 
004017 
CD4018 
004020 
004021 
C04024 
CD402- 
CD4028 
C 0402 
Cr 1^3n 

10 5.15,751 
.16 CL5455:' 
25 CD4053 

.19 CD4060 
25 CD4066 

-29 CD4069 
49 I CD4070 
.g9 CD4071 

004072 
CD4073 
CD4081 
CD4093 
CD4094 
CD4503 
CD451 t 

35 CD4518 
.65 C04520 
59 004522 
59 CD4528 
65 CD4538 
65 CD4543 
-79 CD4584 

.59 

.59 

.45 
59 

.35 
49 

69 

.59 

.59 

.59 
65 
.29 
.19 
.29 
.22 
.22 
22 
22 
.35 
.89 
39 

.69 
75 

.75 
9 

69 
.79 
.79 
A9 

EEPROMS 
Rr.ed AMrle 

- - Read Wilir 
Read Write 

28648 8192+825' Read -Write 
28644 30 8192 4-'- Read'Write 
2865A 30 819: . - Read, Write 995 
52813 204e. .''5V Read Orly 149 

MICROPROCESSOR COMPONENTS 
280, Z80A, Z80B, SERIES 
Pan No. Price 
Z80._... .119 
Z80A 1.29 
280A OTC. 1.65 
Z80Á -DART 4136- 3.95 
Z80A-PI0. 4-89 1.49 
Z80A-SIO/0 895 2.95 
Z80B 2.75 
Z80B-CTC _. .396- 3.25 
Z808 -P10 
2868181........ 896 6.95 

8000 SERIES 
8031........ _._...3.95 349 
80C31 _._. 0.96 8.95 
8035.. 4-96 1.25 
8039 4-95 1.59 
8052AHBASIC .24 95 
8080A 2-26 1.49 
8085A ...2.49 
8085A-2 _.. ....3.59 
8087 (5MHz) 9996 94.95 
8087-1 (10MHz).__._. 184.95 
8087-2 (8MHz)-- 

- 
134.95 

8088 (5MHz) .4:95 3.49 
8088-2 (8MHz) 695 5.95 
8114- 4-96 3 95 

8000 SERIES Continued 
Part No. Price 
8155-2 _.. 3 49 
81055. ....3.95 
8156 2.95 
8205 _... 10 95 
82011 ...6.95 
8212... ._ ............2.29 
8216..... _. _.. 1.39 
8224 226 1.95 
8228 _. 496 1-49 
8237-5...... 425 3.95 
8243 ... 1 75 
6250A 4-96 3.95 
82506 (For IBM). 6-96 4.95 
8251A 1.69 
8253 ._ 1-89 
8253-5 195 
82053-5 ..3.95 
8254 ........ .. 3.95 
8255A-5 2.95 
82C55A-5 _..3 49 
8259-5 2-26 1.75 
8272 3.96 2.95 
8274... 5.95 
8279-5 286 2.75 
8287 3 49 
8,51 

STATIC RAMS 
Par' No Function 

210, 
2112 
2114N 
2114N -2L 
21C14 
5101 
6116P -I 
6116P-3 
6116LP.1 
6116LP-3 
6264P-10 
6264P-15 
626419,10 
6264LP 12 

62B4LP-15 
6514 
43256-10L 
4325615L 
62256LP-85 
62256LP-10 
52256LP-12 

1024+1 

256x4 
1024,4 
10244 
1024,4 
256x4 
2048,8 
2048.8 
2048,8 
2048,8 
8192x8 
8192x8 
8192.13 
8192,8 
8192x8 
1024,4 
32.768x8 
32 768,8 

C6x8 
-8x8 

350ns 
450ns MOS 
450ns 
200ns Low Power 
200ns (CMOS) 
450ns (CMOS). 
100ns (16K) CMOS 
150ns (16K) CMOS 
10055 (16K) LP CMOS... 
150ns (16K) LP CMOS 
10008í64K) CMOS..__. 
15005164K) CMOS 
100ns (64K) LP CMOS 
120ns 164K) LP CMOS 
'5005(64K) LP CMOS 
350ns CMOS. 
loans (256K) Low Power 
150es (256K) Low Power 
85ns(256KI LP CMOS 
100ns (256K) LP CMOS 
' 20ns (256KI LP CMOS 

Pr,cr 

69 

249 1 95 
99 79 

.___._.. 1.49 
49 

296 249 
395 3.19 
949 2.79 
4,g9 3.59 
396 3.09 
995 949 
926 749 

4996 1025 
4949 8.95 
4925 795 
376 3 49 

_... _..2395 
2295 

DYNAMIC RAMS 

THM910000 10 1 048.576x9100ns 1MEGx9 SIM .........399-95 299.95 
THM91000L-80 1.048.576x9 eons 1MEGx9 SIP _..._.44396 349.95 
THM910005-89 1.048.576,980ns 1MEGx9 SIM ...._._.449.95 339.95 
TMS4416-12 16.384x4 120ns _._..6-79 5.95 
TMS4416-15 16384,4 15055 
411615 16.384x1 150es IMM5290N-2) -....... 4-39 1 25 
4128.15 131 072,1 150ns IP:ggybackl _... 5 29 
4164.100 65.536x1 100ns _...... _. 3.49 
4164.120 65.536+ 1 120ns 2.95 
4164-150 65.536.1 15Ons ....2.59 
41256.60 262.144x1 6Ons... 4499 10.99 
4125680 262.144x1 Bans. __.. _.... 49-49 8 95 
41256-100 262 144,1 100ns .975 8.49 
41256.120 262.144,1 '20ns. 8-95 7.95 
41256-150 262144,1 15055 ._._....649 749 
41264.12 64Kx4 12055 Video RAM _ '995 
4146410 65.536x4 100ns ....7449 .1 

95 
4146412 65.536x4 120ns ...._...7495 995 
41464-15 65 536,4 5955 4995 895 
5125810 262.144x1 ' 00ns SiaSc Column .___4296 1195 
85227í0P1 262144x9 '00ns256,9 SIP ........_.4499610595 
85227 10PS 262 1449 100ns 256,9 SIM .........._440 3` 105 95 
511000P 10 1 048.576x! 'SOns II Meg) ._25ß5 21 95 
5)100CP 80 1 048 576,1 Bans (1 Megl- - -..25.95 24 95 - 2'44x4 loans (1 Meg) -34-96 29.95 

'- 1144x4 loans Stalic Color -o ............3195 

EPROMS 

1Mï2532 
TMS2532A 
TMS2564 
TMS2'16 
'702A 
2708 

2716 
2716 
27016 
2732 
2732A 20 
2732A25 
22032 
2764 20 
2754 25 

27646 25 
27064 15 

27'2820 
27'28 25 
27'28A 15 

27'28A 20 
270128 25 

-256'5 
'256 20 
-25625 
'C256 '5 
'C256 25 

2-5'220 
275'225 
2'0512 25 

4C,96x8 
4096+8 

8192,8 

2048.8 

256+8 

1024.8 

2048.8 

2048x8 

2048.8 

4096.8 

4096x8 

4096.8 

4096.8 

8192,8 
8192.8 

8192.8 

8192.8 
16 384.8 

16 384.8 

16 384.8 

16 384.8 
16 364.8 

32 758.8 

32.758.8 

32.768.8 

32 768+8 

32 768.8 

-5 595.8 

.6 

459-.5,'°v 

45' 
45C9 

450rs 5V 5V .12b, 
tpsi 

450ns 
450ns 125V) 
350ns 45V1 .. 

450ns i25V. CMO$.. 
450nsi25V 
200ns 121V 

250ns12!vl 
450ns 125V CMOS 
200ns12tvi 
250ns121V, .... 

250nsi12 5Vl 
r50nsi125V CMOS 
200ns:216i .. 

250nsi21Vi 
150ns112 50i 
200ns 5Vi 
250ns .2181 CMOS 
150nsi12 5V, 
200ns;'2 5V, .. 

250ns1'2 5V, 
15Cns112=. 

25005111, . 

200ns1'2 S. 
250,112 . 
250ná,1; 

64 1- 

50, 

69-5 595 
5-95 4 95 

449 3.25 

696 4.95 
5-96 6 49 

4.95 

6.95 

3.75 

4-26 3 95 
4-24 375 

3 95 

4 25 

3 95 

4-96 4.25 

4.25 

3.59 

369 
595 

695 649 
595 
7 75 

575 5.25 

5 95 

895 
._...695 6.25 

5 49 

7.95 

549 
1095 
995 
949 
2795 

'995 
'995 

8000 SERIES Continued 
Part No. Price 
8286 ......... _2.29 
8741 . _....... 

. 9.95 
8742 19.95 17.95 
8748 (25V). . 7.95 
8748H (HMOSI(21 V1 ..9.95 
8749... .. 9.95 
8751H(3.5-12MHz) 3995 
8755 ...4396 12.95 
80287-3 (5MHz) 149.95 
80287-8 (8MHz) 20995 
80287-10 (10MHz) 25995 
80386-16 PGA... 279.95 
80387-16 (16MHz) 395.95 
80387-20 (20MHz)_ 459.95 
80387-25 (25MHz) 569.95 
80387-SX (16MHz) 369.95 
82284 (8MHz) 9.49 
82288 (8MHz)- --.. 9.95 

DATA ACOUISITION 
ADC0804LCN 2.79 
ADC0808CCN...696 5.49 
A000809CCN...3,99 3.29 
ADC1205CCJ-1 19,95 
DAC0808LCN..4,76 1.49 
AY 3-10150 4596 3 95 

6500/6800 
68000 Series 

Part No. Price 
6402 .. ... .. ... _.. 3.95 
6502 ____ .. ._..._ 2.65 
6502A 2.75 
65CO2 (CMOS) . .. 7.75 
6520 1.95 
6522 .... 2.95 
65C22_ ._.___.. .. 4.25 
6532 _ ...... .. ...549 495 
6551 ._.. 2.95 
65C802 (CMOS)46261 4.75 
6800 496 1.49 
6802...._._....._. _.... 2.95 
6808_... ...... 1.95 
6810...__.._..._ ._4-25 .99 
6820...........__.. .. 2 49 
68216.... _. 1.75 
68621 . 195 
6840.- ....... 339 2.95 
6845..__.. 2-7-5 2.49 
6850.... 4-95 1.49 
6852 ._..._. _.. -7-6 .59 
MC68000L8.. .. 9.95 
MC68000L10_. .1' 95 10.95 
MC68010L10.-.. 49-96 39.95 
MC68020RC 128 .. .. 99.95 
MC6B701 _..__. .. 14.95 
MC68705P3S_ ...9A4 8.95 
MC68705U3L. .. 10.95 
MC68705U3S.. . .. 10.95 
MC68450L10._ _... 49.95 
MC68881RC12A _.129.95 
MC68881RC16A ...149.95 

Mon,moao'fie ..:.. 

WD1770 ._8-96 7.49 
SI3052P_._ ....4-26 99 
6504A.. _. _.. .. .. .. 1.19 
6510. 12.95 
6526 _. _.... _44ß613.95 
6526A _. _. _.. .. .. 15.95 
6545-1._. .... . 3.95 
6560.... .. .. 449-95 8.95 

6572. _._.__.___4986 7.95 
6581 (12V) -.429610.49 
6582 (9V)._ . 12.95 
8502...._ _... _._ 7.95 
8564... . 495 2.95 
8566....... ._._.995 795 
8701 .. . 9.95 
8722 .43-9610.95 
'82S100PLA" _ ..... 15.95 
901225 01 45-9613.95 
901226-01.... 45.96 13.95 
901227-02 ............. 4.95 
901227-03 __. ..... 15.95 
901229-05 15.95 
901460-03. __.. 1.95 
901486-06.... .... . .. 2.95 

'No specs available 
"Note. 82S100PLA = 

U17 (C-64) 

74000 Sale .19 740174 Sale 39 

74CO2 Sale 19 740175 Sale 59 
74004 Sae 19 740,92 Sale 99 

74008 Sae 19 740194 Sale 49 

74C10 Sale 15 740221 Sale 1 79 

74C14 49 740240 Sale 75 

74C32 Sae 19 740244 1 79 

74C74 49 74C373 Sale 1 49 

74085. ....1 49 740374 Sale 1 49 

74086 09e 19 740911 695 
74C89 295 740912 Sale 795 
74090. 99 740915 Sae 1 19 

740151 Sae 1 49 740917 Sa* 3 95 
740154 Sae 2 75 740920 Sale 3 95 
740157 Sae' 25 740921 Sale 295 
740160 Sae 49 740922 3 95 

740161 Sae 49 740923 .395 
74C162 Sae .16 .549 
740173 s .. 5-95 

MISC. COMPONENTS 
TANTALUM CAPACITORS 

TM.1/35 1pf@35V 19 TM < 7u1@ 35V 45 
TM1/35 151 @ 35V.. 19 TM 8p1 @ 35V 49 
TM2.2/3522p1 @35V 25 T6' 'Jul @35V 59 

POTENTIOMETERS 
Values avalable (7nOen ohms into space marked 
50051. 1K, 2K, 5K. 10K. 20K, 50K, 100K, 200K, 11. 

43PXX 3;4 Wau 1sTorn .99 I63PXX 1-2 Wau. ITL .89 

TRANSISTORS AND DIODES 
PN2222 .13 PN2907 13 1N4004 .... .. 12 
2N2222Á. 29 2N4401 12 1N4148_. 07 
2N3055 65 1N270. 2511 N4735__. 29 
2N3904 .12 1N751 151,010601....-__ 49 

SWITCHES 
JMT123 SPOT 0e Or 1.19 206 8 SeSr I6 -pe DIP 1 25 
MPC121 SPOT On Or cr 1.19 MS102SPST Momentary 39 

D -SUB CONNECTORS 
DB25P Male. 25 -pin .69 DB25S Female. 25 -pin 75 

LEDS 
XC556R TI '- Red _. 13 00556V Ti''.yellow 17 
00556G T1': Green 17 X05560 T1'x ClearRed 17 

IC SOCKETS 
Low Profile Wire Wrap (Gold) Level 42 

8LP. 11 8WW _. 59 
14LP. _. '.2 14WW. 65 
16LP 13 16WW_.. 69 
24LP 25 24WW 119 
28LP 27 28WW 1.39 
40LP 29 40WW 182 
Soiderleil Standard cola A T n 8 Meader Plen SneFes 4 se Avadadle 

74HC HI-SPEED CMOS 
Part No. Price 
74HC00.....- . SALE .17 
74HCO2 SALE .17 
74HC04 SALE .17 
74HC08 SALE 17 
74HC10 SALE .19 
74HC14 .29 
74HC30 SALE .19 
74HC32. SALE 25 
74HC74 SALE 29 
74HC75. SALE 29 
74HC76._.. SALE 29 
74HC85 55 
74HC86 SALE 25 
74HC123. SALE 49 
74HC125 .49 
74HC132 SALE 39 
74HC138. 45 
74HC139. SALE 35 
74HC154 1.49 
7420163 SALE 39 
7420174 59 

Part No. 
74HC175..-.... 
74HC221 
74HC240 
74HC244 
74HC245. 
74HC253 
74HC259 
74HC273 
74H0373 
74H0374 
74HC595_. 
74HC688 
74HC943,... 
74HC4040_. 
74H04049. 
74HC4050.. 
74HC4060.... 
74HC4511.. 
74HC4514 
74HC4538 
74404543 

Price 
59 

SALE 69 
SALE 59 

79 
SALE 69 
SALE 39 

49 
SALE 49 

69 
SALE 59 

1 29 
SALE ' 25 
SALE 7 95 
SALE 79 
SALE 25 
SALE 25 
SALE 69 
SALE 99 

1.79 
SALE 99 
SALE 99 

74HCT-CMOS TTL 
74HCTVO 
74HCT02 
74HCTO4 
74HCT08 
74HOT14 
7440732 
7440774 
-4HCT86 
"4HCT138 

SALE 
SALE 
SALE 
SALE 
SALE 
SALE 
SALE 
SALE 

4477'35 
5 -441T'5, 

4HCT175 
29 74HCT240. 
17 74HCT244. 
25 74HC7245. 

5 74401373 

SALE .29 
SALE .19 
SALE .25 
SALE 25 
SALE 59 
SALE 49 
SALE .49 
SALE 45 
SALE _- 

LINEAR 
TL071 CP ._. .. .59 
TL072CP. ,79 
TL074CN .. ... .99 
TL081CP. .. ....... 49 
TL082CP_ 49 
TL084CN .89 
LM301N.. _.. ._ 35 
LM307N. . 39 
LM308N_. 59 
LM309K.. 1.25 
LM310N._.. .. 1.29 
LM311 N _ 39 
LM317T. . .65 
LM318N . .. .. .99 
LM319N 1.29 
LM323K 3.49 
LM324N .35 
LM335Z. .. 1.39 
LM336Z. .99 
LM337T 1.09 
LM337T. 1.09 
LM338K. 4 49 
LF347N. 1.49 
LM348N 69 
LF351N 39 
LF353N. 49 
LF356N _ ... ..... .. .. .79 
LF357N.... ._ .. 89 
LM358N ... .49 
LM380N .... .89 
LM386N-3 _.. 89 
LM393N .. . ,39 
LF398N.. .. 1.95 
LF411CN ._ .... .79 
LF412CN 1.29 
NE555V 29 
XRL555 .59 
LM556N .. 45 
LM565N. 89 
LM566CN 1.19 
LM567V ._... 75 
LM723CN 39 
LM741CN 29 
LM747CN 49 
LM1458N 35 
LM1488N .45 
0014088N (CMOS) 1 19 

LM1489N.. 45 
DS14C89N (CMOS) 1_19 
LM1496N _. .. 69 
LM1871N. _.._..._.. 195 
LM1872N... ._.. . .. 1.95 
ULN2003A .. 75 
XR2206 .. 3.95 
092211 .._. .. 2 95 
092240 .... 1 49 
26LS29 2.95 
26LS31 .. _.. .. 99 
26LS32 99 
26LS33 1.49 
ULN2803A.. 1.19 
LM2901N.. .. 25 
LM2907N 1.29 
LM2917N (8 pin) .. 1 79 
MC3470P 1 19 
MC3479P.. 3.95 
MC3486P. . .. 1 19 
MC3487P.... 99 
UDN3613M 39 
LM3900N . 49 
LM3905N .. . 1 19 
LM3909N 89 
LM3914N.__.. .. 1.79 
NE5532 _..... 69 
NE5534 69 
7805K (LM340K.5) 1.29 
7812K (LM340K 12) 1 29 
7815K (LM340K-15) 1.29 
7805T (LM340T-5). 45 
7812T (LM340T.12).. 45 
7815T (LM340T-15). 45 
7905K (LM320K 5) 1 35 
7905T (LM320T.51 49 

119 
75150 .. .. .. .. 1 19 
75154 1 19 
75174 ... 2.95 
75175... 295 
75176 .. . _ .. 2 29 
75451 39 
75452 39 
75492 79 
MC145406P 2.95 

PARTIAL LISTING OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! CALL 
RAM S SUBJECT TO FREQUENT PRICE CHANGES 

FOR QUANTITY DISCOUNTS 
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Worldwide Since 19741ANNIVERSARY 
QUALITY COMPONEN S COMPEI7T1VEPRICING 

YEA R 
1974-1989 

PROMPT DELIVERY 

TEST EQUIPMENT 

Metex Digital Multimeters 
Metes General Specs: 
Bandheld, high accuracy 
ACIDC Voltage. AC/DC 
lrrent, Resistance, 
odes, Continuity. Tran- 
stor hFE Manual rang - 

,g w/overload protection 
M3650/13 & M4650 only: 
Also measures frequency 

and capacitance 
M4650 only: 
Data Hold Switch 
4 5 Digit M4650 Pictured 

M3610 3.5 Digit Multimeter $49.95 
M3650 3.5 Digit w/Freq. & Capacitance $69.95 
M3650B Same as M3650 w/Bargraph $79.95 
M4650 4.5 Dig. w/Freq., Capacitance 

and Data Hold Switch $99.95 
Metex Autoranging Jumbo 

Readout DMM 
AC,DC Voltage. AC DC 

Current. Resistance. Diodes. 
Continuity and Frequency 

3.75 Digit (.8" High) 
Ruggedized, Water- 

resistant case 
Easy -to -use pushbutton 

switches 

M80 $59.95 

A.R.T. EPROM 
Programmer 

Programs all current EPROMs 
In the 2716 to 27512 range plus 
the X2864 EEPROM May be 
operated by any RS232 port w/ 
terminal emulation Fully intel- 
ligent ASCII command driven 
Menu driven software included 

EPP $179.95 

Oscilloscope Probes 
Attenuation: x1 r x10 
Capacitance (LF180): 

180pF22pF;(LF210). 
4opF/17pF 

LF180 Pictured 

LF180 40MHz Oscilloscope Probe $19.95 
LF210 100MHz Oscilloscope Probe $29.95 

Digital Logic Probes and 
Logic Pulser 

Logic Probes: PRB20 Pictured 
High. low and pulse indication 20MHz and 

50MHz versions available Circuit powered w' 
over'undervoltage indicators 
Logic Pulser (LP540): 
Generates "one-shot" pulse or continuous 5Hz 

pulse train Audible tone Compatible with: TTL. 
DTL. RTL, HTL, HINIL, MOS and CMOS ICs 

PRB20 20MHz Logic Probe $26.95 
PRB20A 20MHz Audible Logic Probe $33.95 
PRB50 50MHz Logic Probe $47.95 
LP540 Logic Pulser $19.95 

RS232 Tester and Breakout Box 
Make Your Own Custom Cables! 

Complete cable breakout - 
and reconfiguration exists 
with 24 in -line switches 
and 54 in -line machine 
tool sockets Bi -color 
LEDs tell you if a line is hi, 
low or off Male to female 
DB25 pin connectors In- 
cludes device wiring chart 
MLA1 $29.95 

JAMECO IBM PC XT 8MHz Turbo 
Compatible Kit With 256K RAM 

Free! OAPLUS Diagnostic 
Software Included! 
Free! PC Write Word Pro- 
cessing Software Included! 
256K RAM Included, 
Expandable to 640K 
AMI BIOS ROMs Included 
4.77 or 8MHz Operation 
Regular $592.01 value for 
only $479.95! 
Flip -Top Case w/150 Watt 
Power Supply 
360K Disk Drive 
Parallel Printer Port 
84 -Key Keyboard 
Monochrome Amber Monitor 

J E3002 IBM Compatible PC/XT 8MHz Turbo Kit $499:95 $479.95 
EZDOS Digital Research MS/PC-DOS Comp. Operating System $49.95 
EZDOSP Same as above with TrueBASIC $69.95 

IBM COMPATIBLE DISPLAY MONITORS 
AMBER 
HD55H 
TM5154 
JE1059 
TM5155 
QC1478 
JE2055 

12 Amber Morro $99.95 
14" RGB 640x240 $249.95 
EGA 14" 720x350.. $39946 $369.95 
EGA Monitor & Card $64-9:96 $499.95 
r d' Muniscan 850x560$649,96 $499.95 
14' VGA 720x480 $449.96 $399.95 
vOA Mon fore c,lrh $649-A5 $599.95 

0Cí478 
Pictured 

JAMECO IBM PC/XTAT COMPATIBLE CARDS 

JE1050 Monochrome Graphics Card w Parallei Printer Port (PC XT ATI $59.95 
JE1052 Color Graphics Card w'Parallel Printer Port (PC XT,AT) $49.95 
JE1055 EGA Card w 256K Video RAM (PC'XT,AT) $159.95 
JE1071 Multi l'O Card w,Controller & Monochrome Graphics (PC : XT) $119.95 
JE1060 10 Card w,Serial, Game, Printer Port & Real Time Clock (PC XT) $59.95 
JE1061 RS232 Serial Half Card (PC XT) $29.95 
JE1062 RS232 Serial Half Card IATI $34,95 
JE1065 I O Card w Serial. Game and Parallel Printer Port (AT) $59,95 

JE1081 2MB Expanded or Extended Memory Card (zero -K on board) (AT) $119,95 

JE1041 20,40MB Hard Disk Controller Card (PC XT) $79.95 
JE1043 360K 720K 1 2M, 1 44MB Floppy Disk Controller Card (PC XTATI $49.95 

JE1044 360K Floppy, Hard Disk Controller Card (PC,XT) $129.95 

JE1045 'r65K 520K 1 2MB 1 44MB Floppy Hard Disk Controller Card (AT $149.95 

SEAGATE HALF -HEIGHT HARD DISK DRIVES 

ST225 20MB Drive only IPC.XT,ATI $224.95 
ST225XT 20MB w Controller IPC XT) $269.95 
ST225AT 20MB wController (AT) $339.95 
ST238 30MB Drue only )PC/XTAT $249.95 
ST238XT 30MB w Controller (PC XT) $299.95 
ST238AT 30MB w controller IATI $389.95 ST225XT Pictured 

Seagate 40MB and 60MB Hard Disk Drives Also Available! 

IBM PC,XT'AT COMPATIBLE MOTHERBOARDS 
JE1001 S89.95 
JE1002 4 ;; IDMHz II°ox -; $49996 $99.95 
JE3005 Baby 8/12MHz (AT) $329,96 $299.95 
JE3010 Baby 8,16MHzNEAT(ATI$46&96 $399.95 
JE3020 Baby 16MH2803861AT __. ._ $1199.95 
JE3025 Baby 23MH: Rmº+c iAT $1499.95 
JE3026 52299.95 JE3026 Pictured 

IBM PC/XT/AT COMPATIBLE 3.5"/5.25" DISK DRIVES 
352KÚ .ar0 n l A-, $109.95 
356KU 3 5" 44Mß IPC XT AT $129.95 
JE1020 5.25" 360KB (PC XT AT) Black $89.95 
JE1021 - T7i-v° x* A'. tTen.' $89.95 
JE1022 '' $99.95 

3E1022 
Pictured 

IBM PC XT AT COMPATIBLE INTERNAL MODEMS 
1200H _.._ a ,-. '.l' dem w Maxitote Comm Sonw,u. . ' $69.95 
2400H 2400.1200 300 Bash 'val Modem w MaxiMite Comm SM, ' - $129.95 

External Modems and Pocket -Size Modem Also Available! 

PROTOTYPING PRODUCTS 
Jameco Solderless Breadboards 

JE23 JE24 JE27 

Part Dim. Contact Binding 
No. L" x W" Points Posts Price 

JE20 6.5x.75 200 0 $1.95 
JE21 3.25x2.125 400 0 $4.95 
JE22 6.5x1.325 630 0 $5.95 
JE23 6.5x2.125 830 0 $7.95 
JE24 6.5x3.125 1.360 2 $12.95 
JE25 6.5x4.25 1,660 3 $19.95 
JE26 6.875x5.75 2.390 4 $24.95 
JE27 7.25x7.5 3.220 4 $34.95 

DATAK Photo Etch PCB Kit 
Make your own circuit boards! 

photo etch 
kit contains 
all the chem- 
icals neces- 
sary for any 
hobbyist. en 
gineer or 
student to 
create pro- 
fessional circuit boards. Contains: Print frame. 
photo copy film, resist developer, etch resist. 2 

copper circuit boards. concentrated etchant, film 
developer and fixer, resist patterns and complete 
instructions. 

ER4 Photo Etch PCB Kit $34.95 

Jameco Prototype PC Boards 
Specs: Laminated 
glass epoxy .062" thick 
2 oz. copper clad with 
solder tin finish. All 
holes are .042" dia. on 
.10" e .10" grid pattern. 4E40, Pictured 

JE401 4S"x6.5" 1 -sided 3 -hole p.01 p51:61, $9.95 
JE403 4 5"x6 5" 1 -sided pwr & gnd busses $9.95 
JE405 45'x6 5" 1 -sided general purpose $9.95 
JE407 5"013 25" 2 -sided general purpose $19.95 
JE417 4 a"xe s" PC XT 1'2 card nroto board $19.95 
JE421 S19.95 

ENGINEERING DATA BOOKS 
21035 $14.95 
21398 Sams CMOS Cooxboos efi, $19.95 
22453 Sams Op Amp Cookbook 188) $21.95 
270645 Intel 8 -bit Controller Hndbk (89) $19.95 
270646 Intel 16 -bit Controller Hndbk. 1891 $19.95 
270647 Intel 32 bit Controller Hndbk 189) $19.95 
400041 NSC Linear Data Book Vol 1 188) $14.95 
400042 NSC Linear Data Book Vol. 21881 $9.95 
400043 NSC Linear Data Book Vol. 3 (88) $9.95 
ICM89 1989 IC Master 13 Volume Sen $129.95 

EDUCATIONAL KITS 
JE310 315: Fiber op- 
tics kits demonstrate 
the principles of fiber 
optic system design. 
Complete step-by- 
step instructions, the- 
ory of operation and 
tutorial info. incl. 
JE2206: Function 
generator kit provides 
three basic waveforms: sine, triangle and square 
wave. Frequency range: 1 Hz to 100kHz 

JE310 Fiber Optics Experimenter Kit. $19.95 
JE315 Advanced Fiber Optics Kit.... $29.95 
JE2206 Function Generator Kit $19.95 

JE2206 Pictured 

1355 Shoreway Road 
Belmont, CA 94002 
24 Hour Order Hotline (415) 592-8097 
FAX's (415) 592-2503 or (415) 595-2664 
Telex 176043 - Ans. Back: Jameco Blmt 
Data Sheets - 50c each 
Send $2.00 Postage for a FREE 1989 CATALOG 

1989 Jameco Electronics 7/89 
IBM is a registered trademark of 
International Business Machines 

:MasterCard 

VISA' 

Mail Order Electronics Worldwide 

arreco 
ELECTRONICS 

IIEIOEN 

íi..18 .aaanw 

MIVIC 

$20.00 Minimum Order - U.S. Funds Only 
CA Residents Add 6%, 6.5 / or 7% Sales Tax 

Shipping - Add 5% plus $1.50 Insurance 
(May vary according to weight) 

Terms: Prices subject to change without notice. 
We are not responsible for typographical errors. 

We reserve the right to substitute manufacturers. 
Items subject to availability and prior sale. 

Products pictured may only be representative. 
Complete list of terms/warranties is available upon request. 

24 -Hour Order Hotline (415) 592-8097 The Following Phone Lines Are Available From 7AM - 5PM P.S.T.: 

Customer Service (415) 592-8121 Technical Assistance (415) 592-9990 Credit Department (415) 592-9983 All Other Inquiries (415) 592-7108 
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_ _ _,=_ -- :.CC C CORPORATION /7-800-344-4539/ 
AN, Puerto Rico - 218-881-8874 Telex - 82827914 FAX - 218-8813300 TWX - 9103508982 DIGI KEY CORP 
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*QUALITY PARTS *DISCOUNT PRICES *FAST SHIPPING 

ALL ELECTRORICS CORP. 
3 to 6 Vdc MOTOR 

with GEARBOX 
Probably designed for childs toy. 
Lever selects 2 forward and one 
reverse speed. 1st gear aprox. 

120 rpm/6vdc, 
2nd gear aprox. 
300 rpm/6vdc, 
Reverse aprox. 
120 rpm/6vdc. 

3.35" X 1.75" X 3.25" 
CAT# DCM-10 $6.00 

WALL 
TRANSFORMERS 

ALL PLUG 

DIRECTLY 

INTO 120 VAC 
OUTLET 

6 Vdc @200 ma. CAT* DCTX-620 $225 

6 Vdc @750 ma. CAT/ DCTX-675 $3.50 

9 Vdc@ 250 ma. CAT/ DCTX-925 $2.50 

12 Vac@930 ma. CATI ACTX-1293 $3.50 

18 Vac @ 1 amp. CATI ACTX-1885 $3.50 

SWITCHES 
ITT PUSH BUTTON 
ITT MDPL series. 3'4' X 

1/2' gray rectangular - 

key cap. S.P.S.T. N.O. 
Prwh to dose. RATED: 0.1 amp switching, 0.25 

amp carry current. P.C. mount. CAT/ PB -8 

656 each 10 for $6.00 100 for $50.00 

10 POSITION MINI -ROTARY 
Mini rotaler 56w36h0 n-shoC 
Mini rotary switch. Non shorting. 

1 deck, 10 positions. .125' da. 

shah X .375" long. .37T behind 
the panel depth. P.C. pins. 
CATI MRS -10 WAS $2.50 NOW $1.50 each 

SPDT PUSHBUTTON 
6raA 1843 

Rated 6 amps @ 125/250 Vac. 

Black plastic pushbutton. 
Switch body: .9Z X .94' X .65'. 
CATI PB -18 $1.65 each 10 for $1.50 each 

S.P.S.T. (ON-OFF) 
All plastic body. Standard size toggle. 
7/16' threaded mounting 

bushing. Copper contacts. 
Rated: 10 alp @ 125 Vac. 

CAT/ STS -1 $1.00 each 
10 for $8.50 100 for 575.00 

CASSETTE MECHANISM 
Alpine cassette 
transport r 

mechanism. 
Includes 
stereo tape head, 
Mitsubishi # MET-3RF2B 13.2 Vdc 
motor, belt, pulleys, capstan, f ast- 
forward, rewind and eject actuator. 
Does not include amplifier section. 
6 1/2" X 5 1/4" X 1 3/4". 

CAT# CMEC-5 $7.50 each 
10 for $65.00 

ft 

LED'S 
STANDARD JUMBO 
DIFFUSED T 1-3/4 size 

REO CAT* LED -1 

101or 51.50 100 for $13.00 
GREEN CAT* LED.2 

10 for $2.00 100 for $17.00 
YELLOW CAT/ LES -3 

t O for $2.00 1C0 for 317.00 

FLASHING LED rh 
with built flashing circuit 

operat on 5 volts... 
REO 51.00 each 

CAT/ LED -4 10 for $9.50 
GREEN $1.00 each 

CAT/ LED -4G 10 for $9.50 

BI POLAR LED 
Lights RED one direction, 

GREEN the other. Two bads. 
CATI LED -8 2 for $1.70 

LED HOLDER 
Two piece holder. tee 
CATI HLED 10 for 65c 

1.111111 WHAT $1.00 WILL BUY 

200 ASSORTED /°I1 
1/4 WATT RESISTORS 

Bent leads. carbon corrp. and carbon film. 

CAT/ GRES $1.00 per assortment 

74E175\ß 
200 ASSORTED 

1/2 WATT RESISTORS 
Bent leads, carbon comp and carbon film. 

CAT/ GRABRE Si .00 per assortment 

50 ASSORTED 
DISC CAPACITORS 

Most are at (p.c. bads). Some to 500 volts 

CATI GRABDC $1.00 per assortment 

15 VALUES OF 
ELECTROLYTICS 

Contains both axial and radial styles from 1 mfd. 

CAT/ GRABCP $1.00 per assortment 

CALL OR 
WRITE 

FOR OUR 

FREE 
CATALOG 

OVER 
4000 

PARTS! 

RELAYS 
12 VOLT D.C. COIL S.P.D.T. 
Omrone G2E-184P 4 Amp contacts 

335 ohm coil. 

Sugar cube size. 

.6V X. 47 X.44 high. 

P.C. mount with pins on DIP spacing. 

CATI RLY-787 $1.50 each 

5 VOLT DC SIP RELAY 
Gould. Allied Control* _---1 
SR -1 A-SVDC r nI 

SPST-normally 4 

open SIP reed relay. 95 ohm coil. 

2 amp contacs. .4 X .29' X .39' 

high. Housing resets llesists fluoro- 

carbon and chlorinated commercial 
solvents. CATI RLY-SIP6 

$1.00 each 10 for $8.50 

10 AMP SOLID 
STATE RELAY 

ELECTROLA S2181 
CONTROL: 
Rated 5.519 10 Vdc 
(will operate on 3-32 Vdc). 

LOAD: 10 arm @ 240 Vac 

2 1/4 X 1 3/4' X 7/8' 
CAT/ SSRLY-LOB 59.50 each 

QUANTITY DISCOUNT 
10 for 385.00 25 for $175.00 

50 for $300.00 100 for 5500.00 

XENO,, NTUBE quit 
1- long flaahtubeprepped sett, 

3 12' red and black leads. Ideal for 

electronic flash or strobe projects. 
CAT/ FLT -3 2 for $1.00 

6 VOLT D.C. 
9.5 AMP/HOUR 

GEL -CELL 

Elpower# 695 
6 volt, 9.5 amp/hour 
rechargeable 
gel -cell battery. 
4.25" X 2.75" X 5.5". 

Quick connect terminals 
CAT# GC -695 

$15.00 each 

MINIATURE BCD 
THUMBWHEEL SWITCHES 
SMK# J -D0001 #01 
Each switch has 
digits 0-9. Snap 
together to make 
up any necessary configuration. 
Designed to mount directly to P.C. 
board. Pins on .1" centers. Each 
switch is .64" high X .59" wide X 

.235" thick. 
CAT# SWTH-5 2 for $1.00 

10 for $4.50 100 for $40.00 

SOUND AND VIDEO 
MODULATOR 
Tie UM1381-1. Designed for use 

with T.I. computers. Can be used 
with video cameras, gameº or 
other audio/video source. Buis 
in A/B switch enables user to 

switch from T.V. antenna without 
disconnection. Operates on channel 
3 or 4. Requires 12 Vdc. Hook up 

diagram included. 
C,ATI AVMOD $5.00 each 

LIGHT ACTIVATED MOTION 
SENSOR 
This device contains a 

photocell which senses 
sudden change in 

ambient light. Could 

be used as a door 

enunciator or modified 
to trigger other deuces. 
5 1/7 X 4' X 1'. Operates 
on 6 Vdc. Requires 4 AA bane ies (not included) 

CAT* LSMD 35.75 per and 

000 

1/4 WATT RESISTOR KIT 
Ideal for the workshop, this 

114 Wan resistor d contains 10 

pieces each of 42 of the most 
popular values (420 pieces lo - 
tap. Includes a divided box and 4 

a parts locator. ,V .ryM 
4. VALUES In tN Ale ere: w ig 

1 ohm, 10 ohm, 39 ohm, 

47 ohm. 51 ohm, 68 ohm, 100 ohm. 130 ohm, 

150 ohm, t80 ohm, 220 ohm, 330 ohm, 470 ohm, 
560 Ohm, 680 ohm, 16, 1.26, 1.5K, 2K, 2.2K, 2.7K, 
3K, 4.7K, 5.1K, 5.6K. 10K. 15K, 226, 30K, 33K, 39K, 

47K, 566, 686, 1006, 1206, 150K. 220K, 470K, 
1 MEG, 5.1 MEG, 10 MEG 

The resistors alone would sell for $21.00. 

Complete kit CAT# REKIT-14 $17.00 

12-36 VDC GEAR - 
HEAD MOTOR 
Brevel# 
780-953075 
Rated for 36 Vdc: 95 rpm. 

0.5 amps no load. 65 rpm, 

1.5 amp @ 12 lb/in torque. Gearbox 
is 3 1/4" X 3 1/4" X 1 15/16' deep. 

Motor is 1 1/2" diameter X 3 1/2" 

long with double flatted 5/16' X 1' 

shaft. Ideal for pumps, lift mecha- 
nisms, robotics and other high torque 
applications. CAT# MOTG-11 
$15.00 each 2 for $25.00 

PIEZO 
WARNING 
DEVICE 

Murata Ene A PKB8-4A0 
High pitched audble alarm. Op- 

erates on 3 - 20 Vdc @ 20 rra 
high x 7/8' dá. P.C. board mount. 

CATI PBZ-I4 51.75 each 

NICKEL-CAD 
BATTERIES 

(RECHARGEABLE) 

SPECIAL!! AAA SIZE 
PanasonioI P-18AAA 

1.2 vos 180 MM 
CATI NCB-AAAX 57.50 each 
10 for 513.50 100 for $125.00 

eiD el 
M SIZE $2.00 eac 

1.25 oohs 500 ms,h 
CATI NCB -AA 

M SIZE $220 each 

WITH SOLDER TABS 

CATI NCB -SAA 

C SIZE $4.25 EACH 
1.2 volts 1200 rnAh 

CATI NCB -C 

D SIZE $4.50 each 
1.2 volts 1200 mV1h 

CATI NCB -D 

TRANSISTORS 
ORDER BV PART I 

PN2222 NPN 
TO -92 5 for 750 

PN2907 PNP 
TO -92 5 for 750 

2N3055 NPN 
TO -3 $1.00 each 

MJ2955 PNP 
T03 $1.50 each 

MJE2955T PNP 
TO -220 750 each 

MJE3055T NPN 
TO -220 750 each 

TIP31 NPN 
TO -220 750 each 

TIP32 PNP 
TO -220 750 each 

TIP121 NPN 
TO -220 750 each 

TIP126 PNP 
TO -220 750 each 

MAIL ORDERS TO: 

ALL ELECTRONICS 
P.O. BOX 567 

VAN NUYS, CA 91408 

TWX-51 01 01 01 63 (ALL ELECTRONIC) 

OUTSIDE THE U.S.A. 
SEND $2.00 POSTAGE 

FOR A CATALOG!! 

WIDE BAND AMPLIFIER 
REG UPC1651G. 1200 Mhz @ 3 db. 

Gain: 19db @ f-500 hz. 5 volt operation. 

\ Small package 4mm dia. X 2.5 mm 

CAT/ UPC -1651 2 (or $1.00 
10 for $4.50 100 for $35.00 

N -CHANNEL MOSFET 
IRF-511 T0.220 cave 

CATI IRF 511 

$1.00 each 10 for $9.00 
LARGE QUANTITY AVAILABLE 

STROBE KIT 

Rwl 

biter 

Variable rate strobe kit, flashes between 60 to 120 

times per minute. Will operate on either 6 or 12 Vdc 

depending upon how you wire the circuit. Cones 
complete with P.C. board and instructions for easy 

essemlbfy. CATI STROBE -1 $7.50 each 

TELEPHONE COUPLING 
TRANSFORMER 

Multi Products International) A19N H0.10/1 
Primary 600 ohm 
Secondary: 600/600 ohm 
77'X.61 X .6? high. 

6 p.c. pinson .187" centers. 

1 1 Primary inductance: 
300 mH min., at 11,1-1z, 1 volt. 

CATI OCTX-1 81.25 each 

10 for $11.00 100 for $95.00 

OPTO SENSOR 
U shaped package with mounting 

1/8' opening. 3/4 mounting 
holes. CATI OSU-6 50e each 

10 for $4.50 100 for $40.00 

12 VOLT DC SOLID 
STATE BUZZER .' 

Stall CMB-12 fits 

14 pin DIP socket T 
CMOS compatible. 
Operates on 7 - 17 Vdc@ 1 ma. PC pins. 
Has trigger terminal. 70 dB @ 20 an. 0.886- 
X 0.63" X .575' high. 

CAT# CMB-12 $1.25 each 

14.7 VOLT TRANSFORMER 
Sprite Industries# 
CS -510A. 14.7 volt, -- 
60 hz, 8.82 Va. 
1.61' high X 1.95' X LI 
1.4T. Mounting holes on 2.32- centers. 

CATI TX -147 $3.00 each 
10 for $27.00 100 for $250.00 

ORDER TOLL FREE 
800-826-5432 
INFO: (818)904-0524 

FAX: (818)781-2653 
MINIMUM ORDER $10.00 

QUANTITIES LIMITED 
CALIF. ADD SALES TAX 

USA: $3.00 SHIPPING 
FOREIGN ORDERS I 

INCLUDE SUFFICIENT 
SHIPPING. NO C.O.D. 

DISCOVER 

CIRCLE 107 ON FREE INFORMATION CARD 
99 

www.americanradiohistory.com



Active 
keeps you 

active! 

Whether you are in an "after - 
hour emergency" or are a 
dedicated "do-it-yourselfer", 
Active can help you! Visit 
one of our conveniently 
located stores, or refer to our 
catalogue. Call toll -free to 
access North America's 
largest and best selection of 
electronic components and 
accessories! Active, an 
affiliate of Future 
Electronics has over 12,000 
first grade, industrial items in 
stock ready for immediate 
delivery. 

You can count on us! 
Locations Nearest You 

Westborough, MA 
508-366-8899 
Woburn, MA 
617-932-4616 

Long Island, NY 
516-471-5400 

Mt. Laurel, N.J. 
609-273-2700 

Detroit, MI 
313-689-8000 

Chicago, IL 
312-593-6655 
Seattle, WA 

206-881-8191 
Santa Clara, CA 

408-727-4550 
Baltimore, MD 
301-536-5400 

BY PHONE 
1 -800 -ACTIVE -4 

TOLL -FREE 
1 -800 -ACTIVE -4 

CIRCLE 52 ON FREE INFORMATION CARD 

ADVERTISING INDEX 
RADIO -ELECTRONICS does not assume any responsibility for errors that may appear 
in the index below. 

Free Information Number Page 
Pacific Cable 87, 89 

108 AMC Sales 69 56 Parts Express 89 

178 Ace Communications 26 193 SCO Electronics ll 

75 Ace Products 15 Scope Electronics CV4 

52 Active Electronics 100 176,177 Sencore CV3, 25 

107 All Electronics 99 Star Circuits 71 

Amazing Concepts 89, 90 186 Star Test 24 

106 American Design Components ... 95 83 Synergetics 67 

84 Appliance Service 15 73 TSM 90 

67 Banner Technical Books 69 92 Tektronix I3 

109 C & S Sales 30 184 Tentel 27 

70 CEI 86 123 Test Probes 14 

60 CIE 37, 44 64 Video -Link 24 

50 Caig Laboratories 71 181 Viejo Publications 27 

54 Chemtronics 70 183 WPT Publications 85 

191 Chenesko Products 24 
Gernsback Publications, Inc. 

Command Productions 26 500-B Bi -County Blvd. 
Farmingdale, NY 11735 

182 Communications Specialists 85 1-516-293-3000 
Fax 1-516-293-3115 

58 Cook's Institute 11 President: Larry Steckler 
Vice President: Cathy Steckler 

69 Crystek 9 
For Advertising ONLY 

189 DX Tele Labs 24 1-516-293-3000 
Fax 1-516-293-3115 

127 Deco Industries 24, 15 Larry Steckler 
publisher 

82 Digi-Key 98 Arline Fishman 
advertising director 

185,192 Electronica Book Club 5, 23 Shelli Weinman 
advertising associate 

121 Fluke Manufacturing CV2 Lisa Strassman 
credit manager 

180 Goldstar Precision 3 Christina Estrada 
advertising assistant 

Grantham College 12 
SALES OFFICES 

86 Heathkit 11 EAST/SOUTHEAST 
Stanley Levitan 

65 J & W 7 Eastern Sales Manager 
Radio -Electronics 

113 JDR Microdevices 92 259-23 57th Avenue 
Little Neck, NY 11362 

170,171 JDR Microdevices 93, 94 1-718-428-6037, 1-516-293-3000 

114 Jameco 96 MIDWEST/Texas/Arkansas/ 
Okla. 

115 Jensen Tools 24 Ralph Bergen 
Midwest Sales Manager 

87 MCM Electronics 91 Radio -Electronics 
540 Frontage Road-Suite 339 

53 MD Electronics 91 Northfield, IL 60093 
1-312-446-1444 

93,190 Mark V. Electronics 88, 15 Fax 1-312-446-8451 

61 Microprocessors Unitd 77 PACIFIC COAST/ Mountain 
States 

188 Ming Engineering 24 Marvin Green 
Pacific Sales Manager 

NESDA 70 Radio -Electronics 
5430 Van Nays Blvd. Suite 316 

NRI 16 Van Nuys, CA 91401 
1-818-986-2001 

187 Opto Electronics 21 Fax 1-818-986-2009 
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Dynamically Analyze Stereo 
Audio Power Amplifiers To 

Full 500 Watts To IHF/EIA * 
Specifications In Less Than 1/2 

The Time It Now Takes 

JAW iroje 

otineprt151M1t 
owlOraZ 

I 
The PA81 /s Truly The 

"Missing Link In Audio Servicing" 
Intrducing the "Missing Link In Audio Servicing," with the 

NEW PA81 Stereo Power Amplifier AnalyzerTM from Sencore 

Electronics. The PA81 provides everything you need for 

power amplifier analyzing integrated into one complete 

package, with: 

. Twin Frequency Compensated Autoranged Wattmeters: 250 

watts per channel (500 watts if paralleled), and listen to 

audio clarity with built-in volume control. 
. Built-in IHF/EIA Testing Components At Your Fingertips: 

2,4,8,16, and 32 ohm -zero reactance loads, and all 

specified bandpass audio filters. 
. Measure RMS Volts And dB As You Trace Through Circuits: 

Plus, programmable dB to measure stage gain. 

. Test Intermittents To Prevent Amplifier Damage: Built-in DC 

balance test, automatically opens loads. 

. Test Audio Line Levels To Make Sure The Driver Input 

Signal Is Correct: Check turntables, AM tuners, FM tuners, 

TV stereo demodulator outputs, CD players, etc. for 

standard line levels. 
. Monitor Stereo Separation To 126 dB: Monitor, 

troubleshoot, or align AM -FM or TV Stereo separation 

circuits. 

Stereo AM -FM, 
TV, Tape, Phono. 

Or CD (Audio 
Line) 

Stereo AM -FM, 
TV, Tape. Phono 

Or CD (Audio 
Line) 

Leh Channel 

Direct Coupled 
Preamps 8 

Drivers 

A. 
Power Amp 

B. 
Power Amp 

Right Channel 

Direct Coupled 
Preamps 8 

Drivers 
> 

A. 
Power Amp 

B. 
Power Amp 

PA81 
HI Watt 
Load Or 
Speaker 

PA81 
HI Watt 
Load Or 
Speaker 

Walk troubles out of any power amplifier stage, step by step, with the PA81. 

3200 Sencore Drive, Sioux Falls, South Dakota 57107 

'IHF-Institute of High Fidelity 
EIA-Electronics Industry Association 

Call 1-800 SENCORE 
In Canada Ca// 
1-800-851-8866 

CIRCLE 176 ON FREE INFORMATION CARD 

Ask About 
A 10 Day 
Video Preview 
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oceluor melee 
Super values on the tools and instruments you need to 

identify problems, get to them quickly and make repairs easily! 

PRECISION HAND-HELD INSTRUMENTS 
Lightweight convenience. Easy to read 

Fast, precise results 

B & K Precision Test Bench'"' 
41 range voltmeter Ammeter 
Ohmmeter Frequency counter 

Capacitance meter 
Logic probe 
Transistor & 

diode tester 
Extra -large 
LCD display 

Model 
388 -HD 

! $129.95 

Our Price 

$11900 

SCOPE Digital Multimeter 
11 function, 38 ranges 

including: Logic Level Detector, 
Audible and 
Visual 
Continuity, 
Capacitance & 
Conductance 
measu 'ements. 

Model 
DVM-638 
Reg. 

$8750 

Our Price 

$?995 

an - 

.)Ci) Ci) ii 
CA -92 Deluxe Padded Case for DVM meters $9.95 

TL -216 Transistar and Capacitance Test Leads $9.90 

ALL-PURPOSE 
92 -PC. 

TOOL CASE 
Thrnplen kit for home, 

wo-kshop and auto 
cluces 52 -pc. socket set 

wig extend=rs 2 tool pallets 

witi room/ rear storage 
coripartrrents Attractive, 
ru_ged ca ry case. 

Model 
FTL-28 
Reg 

SRi 95 

Dui 'rice 

$1295 

DUAL TRACE OSCILLOSCOPES 

_ r, 

er' re- 
u 

A.W. SPERRY 20 MHz 
OSCILLOSCOPE 

Built-in component 
checker Z-axis input 

Low power consump- 
tion TV Video sync 
filter High -sensitivity 
X -Y mode Front panel 
trace rotator Includes 
2 test probes 

Model 620C 

Our Price $34995 
Special Price 

SCOPE 
ELECTRONICS 
260 Motor Parkway 
Hauppauge, New York 11788 

HITACHI 35 MHz 
OSCILLOSCOPE 

13 ca ibrated sweeps 
6' CRT with internal 

graticule, scale 
illumination & photo- 
graphic bezel Auto 
focus X-7 operation 

TV sync separation 
Includes 2 probes 

(101 and 1:1) 

Model V-3515 

899.95 
Our Price $59800 

i 
® 

4?)e rj r? 

ASK FOR YOUR FREE CATALOG 

TOLL 
800.648.2626 FREE 

TELEPHONE (In NY State 800 832-1446 Ext. 242) 

ORDERS 

NOW! 

AMERK/J 
DRAESS 

Service& Sh9ping Charge Schedule 
Corlinental U.S.A. 

FOR ORDERS ADD 
S2á50 $450 
$51-le0 $550 
$101-200 $700 
$201-300 $800 
5301-400.. $800 
$401-500 $10.00 
$501-750.. $1250 
$7514000 $1500 
$1051I.1,25Ó $1750 
$1.251-1500 $20.00 
$15041-2000 $3.00 
52,001 and Up $30.00 
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