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TheRuke 79:
More OfAGood Thing

More high-performance features.
Moread....anced measurement capa­
bilities. Mote al the vttal inlormalion
youneed to troubleshoot even the
lough esl problems- wilh bothana­
log and digital displays.

Meet the latest. greatest member
of our best selling 70Series II fami ly
-the newFluke79digital multimeter.

II picks upwhere theoriginal fam­
ily left off. In fact. it's aquantum leap
forward - in performance, value and
affordability.

It'scott he featuresyou'd expect
from f luke. InCluding highresolution.
Fast autoranging. Patented.automatic
Touch Hold ", AQuick continuity
beeper. Diode lest. Automatic self­
lest. Battery-conservingsleep mode.
And it's just as rugged and reliableas
therest of the 70 Series II family.
Easy to opera te, too- with onehand.

And thanksto theFluke 79's
proprietarynew integrated circuit
technology, that's onlythebeginning .
When it comes to zeroing in ontough
electrical problems, the Fluke 79
leaves thecompetitionbehind:

Hz:
f~~uen~y; The Fluke79's burn-m frequency
counter lets youmeasure frombelow 1 Hl to
over ZOkHl . And whileyouvew trequency on
thedig,taldisplay. the arla log bar graphshows
you AC Voltage. Soyoucan seeil potentially
hazardous voltageISpresent.

11111111
FaIt 63-segmenlanalog bar graph; TheFluke
79's bargraph moves asfast astne eye cansee.
updatong atalate0140 times persecocc to
simulale the fUrlCtlonal ,ly 01 ananalagneedle
Youget thehighspeed anrJhi\jh resoM iJnyou
need to detect peakmg. nulling andtrending.

CapacUance: No need to carry aseparate
ded icaled capacrtance tester: meFluke79
measurescapaoureeircm 10pFto 9999 "",

e",",-, ,-,,-,,-'1lI ". F_ _ _ _ _ mV AC

E] taU.'. taU.' M~Vn~~
? 1 ~ ~ 4,omv
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AcrualSize

CIRCLE 121 ON FREE INFORMATION CARD

40fl:
Lo-Ohms range: Our propnetary tc-oe rns
function lets youmeasure resistance as lowas
0.01 Ohms. Highnoise re ie~l1on andatest lead
Zero Calibration function makeIheFltJke 79
ideal 10r delectlngsmall resistanceChangeS.

SMQOirI;UNG:
Smoothing'M: Our excluswe newSmoothing
mode g i~es you astable digital readout lor
unstablesignals - bydisplaying the running
averageof eight leadings, No more jitter or
"digit rattle" due10 nOISy signals.

Get a good fhing going: To put
more meter towork for you - ata
price that works for you, too- head
for you nearest Flukedistributor, For
thenameofyour nearest distributor,
or lor moreproduct information, call
1-800-87-FLUKE.

TheFluke79comes With a
yellow holster and patented
fle ~- Stand '~ - easy to
hang trom adoor or pipe,
cliponto a bell or tool
kit. or standatvirtually
any~iew ing angle
There's even storaqe
space for test leans.

Fluke 19 Series II
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Transmit line-level audio distances of up to 60 feet with this easy- to­
build device.
Luther M . Stroud. CET, N5TVY

51 CAR BATTERY TESTER
This high-tech tester will let you know the condi ton of your car's
battery.
Thoma s R. Fox
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There 's no doubt that we've a ll be­
come spoiled when it comes to mu­
sic - we ' re used to hav in g mu si c
where ever we go. But what happens
if you feel li ke listening to a CO in
you r AM/ FMI casse tte -equ ipped
car? Or when you 're mowi ng the
lawn bu t your personal po rtabl e
can' t pick up your favorite radio sta­
tion? That's when our FM Ste reo
Broadcaster comes in handy. The
versati le transmitter can take music
from any line-level audio source and
broadcast it anyw here withi n a 50
foot range. You can send audio from
a porta ble CD playerto yourca rs te r­
eo, or from your home ste reo to your
Walkman. Take a look at the project
on page 33. and see how many other
uses you can think of!
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BUILD A TELEPHONE VOICE SCRAMBLER
Keep your phon e conversations private!

NOTWORKING TO NETWORKING
An introduction to the hard ware basics and benefits of LAN 's .

PC·BASED TEST BENCH
Build an AID conve rter that ca n be used as a low-fre quen cy oscilloscope.
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BUILD AN ATV TRANSMITTER
Complete construction deta ils for an amateur tele vision t ras mitter.
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DIRECT DIGITAL
SYNTHESISPROGRAMMABLE

FUNCTION GENERATOR/~:~\
(' I.S.it )

UNDER $500 -c::

7- -'-- - - - '.....-~
o DC to 1.6MHz

o 16 Programmable Memories

o Optional RS-485 Interface

o 6 Modes - Continuous, Triggered,
Gated, Sweep, Hop, Burst

o 5 Output Waveforms - Sine, Square,
Triangle, Ramp, TIL

n ere's Model 2003, Synthesized Function Generator, the Choose from six operating modes and five waveforms. ~

latest state -of-the-art technology in test instruments. Sel frequencies exactly to 10 digits of precision. The ~
Compare the functions and price with other brands. Rivals Model 2003 is equally al home on the bench with 16 .1e
models costing $2000 10 s3000. The 2003 features stored set-ups or in test systems with its optional If
~enU'dr iven operatio~ using a?2-character LCD G RS·485 ~ rogram~abilily . T.he mos l amazing ~
display. And selecting functions couldn't be feature IS the price. All this performance for ij"
easier via the keypad or the rotary control knob. under s500. Order yours today!! ~

. ~ GLOBAL m Can't Wait? Call...
~::- e~7kt:=~ SPECIALTIES~ .=~ 1-800-572-1028 (oJ
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EDITORIAL
EVERYTHING CHANGES

4

We live in a world of change. Nowhere is that
more true than in the world of electronics .
Although this magazine has always changed
to keep pace with the changes in electronics,
our name has remained unchanged for 44
years.

When Radio-Craft became Radio-Electronics
in 1948, we thought it was a final choice for a
new name. But earlier, in 1929, when we
changed from Radio News to Radio-Craft we
also believed that we had made a final
change.

And so, we now do it again. The name Radio­
Electronics no longer adequately describes
what this magazine is all about. As we
continue to change and evolve, we welcome
you to the era of Electronics Now.

II you take a few moments to think about it,
you can see that Electronics Now is what we
have really alwaysbeen. Looking back I see
us having covered the very first days of
radio-evolving from our start in 1908 as
Modern Electrics to the Electrical
Experimenter in 1912. Yes, even then we were
Electronics Now. Even before the word
"electronics"had been coined.

In 1919 we started covering the birth of
commercial radio and told our readers how to
build their own receivers-crystal radios with
headphones, of course.

In 1927 we introduced the birth of television in
the pages of All About Television. In 1930
Radio-Crafllisted 27 experimental TV stations
and in 1931, Television News came into being.
In 1937 Radio-Craft showed readers how to
build their own television receivers.

Then came FM radio, the consumer
electronics revolution---color TV, computers,
CB radio, high-fidelity, stereo, surround
sound, satellite TV, The VCR, videodisc, CD,
OAT, projection TV, cellular telephone, and

Radio-Electronics was always there-and
always will be.

Today we continue our evolution to the future.
Today we become Electronics Now. But
most important 01 all, even as we change, we
continue to be what we have alwaysbeen:
your source of everything new and wonderful
that the modern world of electronics has
created for us. No matter where tomorrow
takes us, Electronics Now will be there, just
as Radio-Electronics, Radio-Craft, The
Electrical Experimenter. and Modem Efectrics
have always been there-bringing you every
word of every new happening.

When the first ham operator transmits from
Mars, when the first solid-block electronic
device is sold, when the first 3-D holographic
display is ready for your video room,
Electronics Now will bring you the news.
Electronics Now will explain how it works.
Electronics Now will help you build your own.
Electronics Now will continue to be your
magazine. That is my promise. That is the
promise of our entire staff- the editors,
artists, production, circulation, advertising and
clerical people that bring this publication to
life.

So join with us now and come along with us
on our continuing journey into the zts t
century. Adventure with us from today into
tomorrow. We carry the banner of a proud
new name, but we also follow the dream and
tradition of the great magazines we have
alwaysbeen. Come along with us on our
quest, our never-ending quest through the
world of electronics-from yesterday, through
today and on into tomorrow. Welcome
Electronics Nowl

~L~HF/CET
Editor-ln-Chiet and Publisher



Take One of these GIANT Handbooks
for only $9.95

when you join the ELECTRONICS ENGINEERS' BOOK CLUB

ELECTRONICS
ENGINEERS'
HANDBOOK,
Third Edition
Edited by D.G. Fink
and D. Christiansen

Complete ly revised ,
expanded. and
updated, th is third
edition or the desktop
reference is widely
considered the
defini tive wor~ in its
field covering all
aspects of today's
electronics engineer­
ing. Written and com­
piled by more than 170 experts. this giant
handbook shows you how to use the latest
design and ooat-eutting solutions a t wor k in the
industry today. Youll find a wealth of new
material on electronic systems design, oomputer
systems and digital reco rding. te leoommunica·
tiona, process control, laser technology, and
CAD of electro nic circuits. It deals with the full
range of theory and practice, oovering essential
principles, data, devices, components,
asse mblies, circuits, functions, and applications.
2. 624 pagtlD 1,800 ill UlltrB tio n D
Book No . Dum &.nloove r

How the Club Works:
YOUR BENEFlTS: You get ono book f« 19.96 p1W1 ahIpping and
handling w hen you jo in. You keep on saving with dillOOWlw up
to 50" ott.,. a member.
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STANDARD HANDBOOK
FOR ELECTRICAL

ENGINEERS. ~~.l!!i
Twellth Edition ~
Edited by D.G. Fink
and H.W. Beaty

This latest edi tion of
the long-popular,
widely-used class io
Handbook renecte the
many new changes in
the field including the
dramatic new
advances in oomputer
technology for power
industry manage­
ment , system plan­
ning, operation.. plant
monitoring and con­
trol, design, and construction. Completely revia-
ed and updated, the Handbook thoroughly
covers the generation, transmission, distribu-
tion, control, conservation, and application or
electrical power. Features a new section on
project economics and important new material
on high-voltage transmission systems and con­
sumer end -user electrical energy.
2 .4 16 pages 1.388 ill u otratlonll 4 30 tabl eD
Book No . 020975 &.nloovo r
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WHAT'S NEWS
A review of the latest happenings in electronics.

PHILIPS VIDEO GHOST CANCELLERl or television sels (center) ellml nates the ghosts
Ihat appear on TV screen at lell so they look like the sharp picture at right.

6

Ghost -busters
M ultipath distort ion-or ghost­

ing-has been a problem since the
introd uction of television. Ghost im­
ages occur when a weaker echo or
reflection travels over either a lon­
ger or shorte r path than the original
signal and reaches the receiver out­
of-phase with the prime stqnel. The
Nati onal Assoc iation of Broad­
casters recently completed field
tests of ghost-canceling sys tems
from AT&T/Zenith , the Broadcast
Technology Association of Japan.
David Sarnoff Research Center!
Thomson Co nsu mer Electronics.
Philips Laboratories, and Samsung
Electronics.

The tests we re co nduc ted by
three Washingt on DC TV eta ­
nons-cone VHF and two UHF. They
took place at 106 measurement
sites- 70% in strong-signal recep­
tion areas and 30% in weak-siqnal
areas and 318 tests were per­
formed. According to the NA B re­
port. " the Philips sys tem con­
sistently exhibited superior perfor­
mance relative to the other four
sys tems."

Philips Labora tories (Briarcli ff

Manor, NY) recent ly demons trated
Its Ghost Cancellat ion System ,
which was developed in coopera­
tion wi th Philips Consumer Elec­
tronics Compa ny (Greeneville. TN)
and Ma gnavox CATV Sy st ems
(Manlius, NY). The system depends
on a ghost cancellation reference
(GCA> signal that eliminates moving
ghosts as well as ghosts in weak­
signal and noisy. recept ion areas.
The GCA signal is sent during the
blank ed portion of the TV raster.
When it reaches the receiver, the
reference signal has undergone the
same ghosting distort ions as the TV
picture.

A processor integra ted circuit
analyzes the distort ions and calcu­
lates corrections, and filter ICs per­
form cancellation. Two generations
of ghost filter chips capable of can­
celing many strong ghosts simulta­
neously have been developed. The
first generation filter chips are being
produced by VLSI Technology. Sec­
ond-generation chips , jo intly de­
signed by TLW. a Boston consulting
firm , and Hewl et t -Packar d. are
being manufactured by HP.

The system also includes a pro-

totype Philips deghoster. firmware
that was found 10 be reliable in
NABs tests. Philips' scientists de­
veloped mathe mat ical algorithms
and processing software to control
the hardware.

The Advanced Television Sys­
tem s Committee is scheduled to
se lec t the standard GCR for the
United States in a few month s.
Meanwhile. Philips Consumer Elec­
tronics Co mpany and Magnavox are
work.ing to include the Philips Ghost
Cancellation System in their Philips.
Magnavox. and Sylvania color TV
receivers. Magnavox CATV Sys­
tems will begin selling the VECTOR
video echo canceler in May. Ac­
cording to Magnavox CATV. it will
provide qhost-free TV reception for
cable TV subscribers.

Dig ital major-league
broadcast

CBS Radio broadcast the Cincin­
nat i Re d s' ope ni ng gam e a t
Riverfront Stadium to start its 17th
season of Game of the Week
coverage. However. this time there
was a difference: advanced digital
broadcast techno logy was tried.
The result was crisper sound for the
fans and a large savings for CBS.

Traditional satellite and lonq-dis­
tance voice circuits require an on­
site satellite truck. an army of tech­
nicians, and as many as four satel ­
lites to complete the long-distance
feeds between New York and the
stadium. All this cos ts about $2500
per feed. By contrast. the new CBS
approach depends on on MCI Com­
municat ions' Swit ched 56 full-du ­
plex digital service for transmission
of its broadcasts from major league
ball parks around the country to its
N ew Yo rk fac ili ties . Th e an ­
nou nce r's voice is digi tized and
compressed before it is sent over
MCl's digital network at about the
same cost as a regular phone call.

Switched 56 circuits are installed
at each of the major league ball­

Continued on page 50
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What !; new in the fast-changing video industry.

•

• Movies on CD's. In a litt le­
noted but historic event last March.
Philips demonstrated fu ll-motion
video of at least VHS quality on a
standard compact disc. Spectators
at the International Conference and
Exposition on Multimedia and CO­
Ra M in San Francisco gasped at
the quality of the moving images
present ed in the CD·Interact ive
(C D· I) demon stration , Philips.
which is now selling CD·I players
and discs without fu ll motion, hinted
that the future discs could ultimately
be used for movies. music video.
and full-motion games in the home.

The CD-I players currently being
sold in the United States are de­
signed to accept a plug-in adaptor
for full-motion video . wh ich is due
late this year, at an unannounced
price. and the next model CD·I play­
er is expec ted to have full mot ion
built in. Because the maximum pley­
ing time of a CO is 72 minutes. the
CO-I's applicat ion as a movie medi ­
um would depend on the future in­
trodu ction of a CO·I changer. That
produ ct is believed to be under de­
velop ment , but Philips won't co m­
ment on that project.

• HDTV landmark. The first live,
over-the-en bro adcast of a digital
high-definition TV system was reo
celved in the United States Capitol
Building, fitting for the momentous
occasion. The system, OigiC ipher
developed by General Inst rument
and MIT. is one of five systems
being evaluated by the FCC 's .Ad­
vanced TV Ad visory Committee.
The signal Originated at W ETA·TV.
Washington's Public lY station. op­
erating at about 2% of the station's
normal poeer; One prime require­
me nt for dig ital TV is low-power
transmission.

The s tation broadcast a pre­
recorded program from a high-def i·
nrtlon tape player. In the audience at
the Capitol were about 50 people.
including Speaker of th e Hou se
Foley and four FCC commissioners .

They viewed the broadcast on a 65­
inch Hitachi projection set and two
28-inch Sony direct-view monitors.
The bro adcas t wa s al so suc ­
cess fully carried by the Cap itol Hill
Cable System. The demonstratio n
proved that digital HOTV broadcast­
ing is feasible. The other three pro­
posed digita l HOlY systems have
been demonstrated in prototyp e
closed-circuit operation. but not in
on-the-aft broadcasts . OigiCipher
was the first digital HOTV system to
be tested by the Advanced TV Test
Center in prior to an FCC deci sion.

• The timetable slips. There
was bad as ..-..ell as good news on
the HOTV front. In an interim report .
the FCC 's Advanced TV Advisory
Committee said that the timetable
for tes ting proposed sy stems by
the P.dvanced TV Test Center had
slipped by more than four months.
Under the new timetab le the com­
mittee plans to recommend the win ­
ning system. based on its lab tests ,
byearly February 1993. The dectson
had been originally scheduled for
September 30 , 1992, The syst em
that performs best in the test cen­
ter 's lab tests will be field tested in
an actual broadcast from Charl otte ,
NC. Field testing is expected to be
co mplete by June of 1993. The run­
ner-up sys tem will also be field test ­
ed if problems develop with the
winn ing system . The FCC will make
its decision shortly thereafter.

• HDTV sets-how soon?
FCC Chairman Al fred Sikes fore­
cast that despite slippage in its test ­
ing timetable. the public wi ll be able
t o bu y HOTV se ts between
mld-I g9S and mid·1996. But the
question of when and how much still
remains hot ly deba ted. Roy Pollack
of Fordham University. formerly ex­
ecu tive vice preside nt at RCA in
charge of its electronics business.
told a recent seminar that such fore­
casts are " an unfort unate example
of hype and wishful thinking." Sol-

oman Buchsbaum. senior vice pres­
ident of AT&T's Bell Laboratorie s.
reported that he saw " no reason
HOlY should cos t any more than a
set built with todey's technology five
to 10 years from now." However, he
co nditioned his fo reca st on con­
tinuing progress in the manufacture
of low-cost . flat-panel LCD displays
suitable for HOTV as replacements
for the cathode-ray tube.

Another co ncern is how soon TV
stations will begin adding the HOTV
high -definition channels th at the y
have been granted . A real possibility
exis ts that HOTVwill begin on cable
or sate llite rather than as direct TV
broadcasts . Comment ing on es ti­
mates that it might take five to eigh t
years for HOTV sets to reach 1%
penetration of U.S. homes. Stanley
Hubbard. head of the forthcoming
50-channel U.S. Satell ite Broad·
casting Company, noted that no lo­
cal station could afford to broadcast
to only ' % of its viewing area. HOoN'
ever. he said 1% of the viewing pop­
ulat ion w ould be a pro f itable
audience for one channel of a satel­
li te sys tem cove ring the en tire
United States .

• More ghost-busting. Short ly
after engineering tes ts by the Na­
tio nal As sociation of Broadcasters
proc laimed that the Philips qhost ­
canceling sys tem was "superior in
every respect" to its four com­
petitors. Cable lY Laboratories reo
ported on its own tests . It found that
the rival system submitted by David
Sarnoff Research Center per­
fo rmed be st "in v irtually every
test. " The co nflict in the findings
rai sed a qu est ion about whose
te st s are better. Was the Philips
sys tem better at canceling the
Widely spac ed ghosts typical of
broadcast TV, whereas the Sarnoff
system fared better with the closely
spaced ghosts typ ical of cable TV?
The industry eventually expects to
select a single sys tem for both
broadcast and cable. R-E
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MIDI COMPATIBILITY QUESTIONS
Judging from reader reaction, my

article, " MIDI Interface For Your
PC" <Ra d io -Ele ct ro nics , March
1992) has been well-received and
has introduced a lot of people to
MIDI. But some reservations have
been expressed over the interface
not being MPU-401 compatible.

Maybe some readers have gotten
the impression that the interface
can be used only with the Voyetra
software tha i was available pack­
aged with the card. That is not at all
the case. For example. many read­
ers have asked if the interface can
be used with Cakewalk (another
popular sequencer/editor) or Music
Printer Plus (a popular prog ram for
printing musical scores from MIDI
data) or with numerous other pro'
grams, and the answer is yes.

Some readers may have gotten
the idea that since a PCM68 inter­
face does not appear on the set-up
menu of software that they already
own, the software will not support
this card. That is usually a case of
the PCM68 not existing at the time
the soft ware was published, and
most publishers will be happy to
supply the appropriate drivers for
the card if asked. Some packages
will list a CM S-101interface on their
menu of options: that selection will
generally drive the first port of the
Rad io-Electronics card (t he
second port doesn ' t exist on a
e MS·IOll.

Kits presently shipped by PAiA
include a disk that has, in addition to
shareware toys and tools, VAPI driv­
ers for the interface. Many software
packages are VAPI compatible, and
those drivers allow the user to ex­
ploit both ports of the PCM68 with­
out having to go to the publisher for
revisions. By the time this letter ap­
pears in print. that disk wi ll also in­
clude dri ve rs that run un der
Windows 3.1.

It's true that software packages
that can use only an MPU·401 or
clone for an interface willnot be able

to drive the PCM68. Fort unately,
the number of programs that are so
narrow in their scope of support is a
small and dwindling part of an other­
wise expanding applications base.
You can see why: A comparable sit­
uation would be a word processor
that worked with only one kind of
printer.

When you're running a program
like Multi-Media extended Harvard
Graphics running under Windows
3.1 with your Radio-Electronics
interface, are you really so con­
cerned that it's not compatible with
MPU·401?
JOHN SIMONTON

ZEROING IN
The respon se to J. Mullane's

question concerning electronic dice
("Skip the Zero, ..Ask R-E, Radio­
Electronics , April 1992) drew an
avalanche of mail from our on-the­
ball readers. Below is a sampling of
some suggestions for improved,
easier solutions to Mr. Mullane :S di­
lemma.- Editor

The problem is the 7490 ; it's the
wrong one. Mr. Mullane simp ly
needs to drop in a presettable coun­
ter in its place . I recommend a
741 61 as illustrated in Fig. 1: others
'are also suitable. Simply enter the
lowest or starting number on the
preset inputs via grounds and pullup
resistors. Then decode the outputs
for the highest or ending number
with simple gates to trigger the pre­
set load pin of the counter. The fol­
lowing clock pulse simply starts the
count aver.

A lthough EPROM 's might be
cheap, this is cheaper. IFthe reader's
skills were at the level where he
mi gh t have a PROM b urner,
chances are he wouldn't need to
write you.This solution seems more
suited to his needs. Furthermore,
your assert ion that someone "inter­
ested in electronics" should really
have a PROM burner on the bench
seems inappropriate. My daily work
in high-pcmer audio, power control.

_+v~

~

3 I, 15I. .,.. >

A • , 0 ''':LE~
2 ,C< 741111

ENABLE 7
P

" 0, - 9
0, 0, u, lOAD~

14 13 12

'fJ7410

9J ~11 1l

12/ ....,
~ '13 7410

BeDTO
7·SEG MEln DECODER , 2 13

Fig, 1-One reader s 74161 solull on to
"Skip the Zero."

and video display seldom requires
the use of ROM 's, even though my
interest level is high. thank you very
much. There 's much more to life
than computers.
T M. ENZO
East Lansing, MI

What is referred to in the fifth
paragraph of your response to Mr.
Mu llane as a major engineering
problem actually can be solved wi th
one 7483 q-bit adder. Also. the
problem of getting the 7490 to reset
after a count of six pulses can be
solve d by using the firs t three
stages of a 7492, as shown inFig. 2.
The idea is to add one to each cou­
nt, which is easy with a 7483: with­
out it, we wo uld have a major
engineering problem. Thanks for an
interesting column.
RODGER ROSENBAUM
Seattle, WA

If Mr. Mullane could get by with
six LEO's instead of a seven-seg­
ment display, I suggest he use a
4017 or 4022 counter and connect
the Q6 output to the clear input.
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so we CIl1 send vouall
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Where will it be? Hawaii? las Ve~:l"? ~Icxico? The Ba·
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chase pr ice. Frankly, there just isn'l enough roomon this page
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Flg_2-A reader's 7492 and 7483 so lu­
tion to " Sklp the zero" that appeared In
April 's Ask R-E.

The ROM is the hard lMJy to do It.

The zero can be skipped wi th a
74163 coun ter, When it reachers

Then consider QO to be 1and Q1 to
be 1. and so on. If he must have a
seven-segment indicator. he could
use a 74HC283 to increase the
counter 7490 output by one.
EIICHI TAKARADA
Rockford, IL

count of 6. the 7483 adder will out ­
put a 7. creating the needed rese t
pulse.
GEORGEBARBER
Fort Worth. TX

As an out-of-work EE. I nONhave
the time to think up alternate solu­
tions to the ones given in Ask R·E. I
guess it's the equivalent of out-of-

Your suggestion is overkill. If you
carefully read a 7490's function ta­
ble, you'd see that the chip has two
R9 inputs, VJhen both of those in­
puts are high. the 7490 witt be set to
9. The 7490 's QD is not used be­
cause the count number thai the
dice need is from 1 to 6. Thus. set 9
equivalent to 1. Then use a three­
input AND gale to decode QA, QB .
and QC. The output of the AND
gate is sent to two R9's. That con­
nection can guarantee that the
counter number is always between
1 and 6 .
YONGPING XIA
Torrance. CA

A quick trip to my trusty TIL data
book revealed that there is a one­
chip solu tion to the problem de­
scribed. That chip is the 7483 4·bit
adder. It is a common . inexpensive
chip that's readily available from
mail-order suppliers.

To use the 7483. take the outpu ts
of the 7490 counter and use them
as the A data inputs . Set the B data
inputs so that bit 0 is tied high and
bits 1-3 are tied ION. Also. be sure
to tie the CO input ION. The chip wilt
then add 1 to the 7490 count and
output the sum. Then use this sum
to both drive the 9386 decoder
AND to provide the inputs (bits 0-2)
to the AN D gates used to reset the
7490 , When the 7490 reaches the

the end of the count you are inter­
ested in, just pre -load a 1. Another
way to solve the problem is to use a
a-brt adder between the 7490 and
the 9368. I think both lMJyS are easi­
er than programming an EPROM.
TOM LEWlS
Ft. Lauderdale. FL

n
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Model ADF15 · $ 375

PLUG INTO
THE WEATHER!
The'1\'5·10'ollndl1:lli onroof-topsensorplugs
directly lolO lhe PC Game Port . lt sends
1-00 Immediate measurementsof you r 10(11
IH'alherpallerns. '4'indspeed,dirrrtion and
gU" .-alue MU.II!' continuously displt)'N_
Outsidtttm~nturt , Z. bouralnmes and

wtndrhlll \"Z!ueilrtoplional.
Monllu orinfurmatillll an be
MOm! for \i e-onng, plOiting
and anll)'SIl. To plugtmo Ihe
weathet. all theol'lkrnne:
1' 800 -99 2' 8110

~Weatherf'ort
l!036.\tQdaCllrh -r
Gnss \llln, CA 9S')H
(916) l H-mOO
F1l1 916) li}.f>.IlQ
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ITPII 9178 Brown Dee' Road ' San Diego, CA 92121
TEL: (619) 552-2090 · FAX: (619) 535-1260

Toll Free 1-800-368-5719
TEST
PROBES, INC.

Differential
Oscilloscope
Probe
An active probe 10r making
differential measu rem ents
w ith any oscilloscope

Safe - make floating measure­
ments with oscilloscope
grounded

• Easy to use - small, tight, with
internal battery
Simple - needs no isolation
ampli fier
15 MHz bandwidth
For power supplies, large
motor drives and similar
applications
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B+K PRECISION frequency counters ore
conservat ively rated and designed for accura cy.
Beforeyoubuy a counter, compare specs and eskquestions...Does high-input
sensitjvity come at the expense af falsereadingswithno input?Is timebase drift
specified per year,o- justpermonlh~ From0" to 50"C. or only at roomtemperuhJrn?
B+K PREOSION's rugged.lab-grodecoonren have guoronteed spea. They1t
perform ~promised. everytime. You con counton B+K1
1.3GHz 8-dig it 17SMHz8-diglt
Multifu nction Counter Universal Counter
• Frequency, period,. period ovetOge, • frequency, period. periodoveroge,

and10lotlZe functions Iotof"lZe, freouency ratio,and
_ 10 PPMTO:O timebase time-intervolfunction
_ 10mV rmsmax.sensitivity _ 10PPMtimebase
_ Qptionalaccessoryantenna _ 20 mVnnsmox.sensitivi!y
_ O.1 Hzmox. resoIulion • Ootionoloccessorya nlenna
_ Remaleslort.stop • 0.1Hzmox.resolution
Model1856 $495.00 Model1823 $395.00
far detoiledspecificotions onthe completelineof B+KPRECISIONfrequency
countersor immealOle de5very,conloe your local d'lStnbutororB+/( PRECISION.

t• ...,.BK~:" ~~~~l6003S
~~~-~~ee-. 312.aB9-144S.FAX:312-794-S74Q

work write rs doing crossword
puzzles. I came up with two alter­
native solutions for Mr. Mullane's
dilemma.

The cheapest would be to use a
9o.cent 74190 chip instead of the
7490(Fig.3). That would atlowa 1to
be loaded at the instant a 7 is
reached. The 7 would never show
for any appreciable amo unt of
time--only long enough to cause

74190 v~

1
v~ 16IN, 10.

~ 2 15
OUT, IN A,
OOT, et. " :.J"""""L• fNA8i1 13 ax IN

5 OOWWUP 12
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Fo, salea . n ls..nc:e
circ le 210 on Iree inlormallon carel.

Stale

For Inlormatlon only
Circle n on lree inlorrrllltion e.rd.

~p

The School of VCR Repair
2245 Perimeter Park, Dept. VH342 ,Atlanta. Georgia 30341 15

L ~
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r-------------------,I NOCOMPLICATED ELECfRONICS,NOEXPENSIVE INSTRUMENfS:

Home study course shows you how
to make good money in VCR repair.

An amazing fact : you can ,---,
do more than lour out of li ve
VCR repairs with ordinary
tools and basic fix-it proce­
dures. Our home study pro­
gram shows you how.

Learn all of the systems,
mechanisms, and parts 01
almost all brands of VCRs.
With no expensive instru ­
rnents.Ao complicated elec­
tronics.Nofancy workshop.
The step-by-step texts and
close personal attent ion from your instructor make learni ng easy.

Texts. course materi als, and tool kit are sent to your
hom e. Graduate ready to make up to S50.00 or more
per hour in your own spare-time or full -t ime business.

Send today for your free career
booklet. Or call 800·223·4542

the' to load. (A 3D-cent. 3-input
NAND would also be required)

Another solution is a little more
expensive than yours. but I feel that
it would be the most elegant sclu­
uon that could be accomplished
with a single chip (not including
clock). I'm of the opinion that this
problem is screaming for a PAL so­
lution. I thing that. unless a hobbyist
w ere s e r io us ly int o mtc ro ­
processor/ controllers. that a PAL
programmer would be a better in­
vest ment (albeit more expensive)
than an EPROM programmer.

I lave Radio·Electronics-it's
both informational and educational.
and I save each issue for reference.
THOMAS HOLLCMIAY
Miami. FL

A DOG-GONE GOOO ARTICLE
The article " Remote Control for

your Dog" (Rad io -Elec t ron i c s .
April ' 992) caught my attention. I
am anxious to build that unit as I.
too. am one of the unfortunate few
who have a semi-uncontrollable ca-

Continued on page 73

Fig.3-A reader's74192 substitullon so-­
lution to " Skip the Zero" that appeared
in April 's Ask R-E.



Only NRI assures your
today's best-paying

Consumers of vid eo/audio equ ipment will spend over $26
bill ion by 19Q5as the demand grows for increasingly
sophisticated technology . Now you can cash in on toc ay's
new oppo rtunures in video/audio servicing as you learn to
troubleshoot and service a full range of TV, video. and
audio equipment .

13" color TV, programmable VCR,
and integrated audio rack system indudedl

NRI training starts by giving you a firm grounding in
electronics fundam ental s. then moves you ahead with
advanced coverage of digital cont rols, CDs and digital
audio tape players, h igh-tech TV system s, cable TV, VCRs.
camcorders, and more.

Best of all . you get first-hand experience by workin g
with all this state-of-the-art equipment: a 13" color TV w ith
rem ote , a programmable VCR, and an integrated audio
system mcludtng AMIFM tuner , 100 watt ampli fier. CD
playe r. dual cassene player. turntable. speakers, and audi o
rack cabinet. ..all yours 10 train with and keep !

Success comes to those who know how to get
the most from today's electronics. And the
best-pay ing electronics jobs go to people

who have (he hands-on skills to install, trouble­
shoot. diagnose. service, and maintain high-tech
products and systems.

Now , choose from NRI at-home training in
Mic rocomputer Servicing. TVlVideo/Audi o Serv ic­
ing, Telecommunications. Elect roni c Music Tech­
nology . or Security Electron ics. ..and get the know­
how you need to move into a new job, advance in
you r career, even start a business of your own! .~...

Jobs For computer service technician s will alm ost double in
the nex t 10 years, according to Depart ment of Labor
statistics , making computer servi ce one of the fastest­
growing fields in the nation. Now w ith NRI. you can cash
in on this opportu nity - either as a full-time industry
technician or in a computer service business of your own.

(jet inside a powerful
3865, 120 MHz

mini-tower computer
system!

NRI gives you practical ,
real-world experience with
the latest in electron ics
and computer technology.
Today, that means you get
inside the powerful new
West Coast 386sx com puter
system, the centerpiece of
your hands-on training. As you actuall y assemble this
1 meg RAM, 32-bit CPU com puter From the keyboard up .
you perform hands-on experiments and demon srranon s

~ that make theory come alive !
_ Your total computer system includes a 10 J -key
~ "iruelligeru" keyboard. 14" high-resolution monitor , 1.2

"' meg high-density Floppy drive, 40 meg IDE hard drive, MS·I DOS, GW-BASIC, and Microsoft Works, all your s to train
wi th and keep. But that' s not all. ..

.~
<:: Train withstate-of·the-art diagnostic
~ hardware and software
m Your NRI training now also includes a remarkab le diagnos­

tic package thar allo ws you to qui ckly locate and corr ect
defects in IBM XT. AT, 80 286180386 , and com patible

16 computers . Using your QuickTech diagnostic software
and R.A.c'E .R. plug-in diagnosti c card. you master today's
high- tech computer troubleshooting skill s.



success in five of
electronics careers

Ag,

o PCApplicalions
spcctausr

o Bookkeeping6­
Accounting

for career courseso approvedunder ci eu.
check For details.

(pleaseprim)

IBM. PC. XT. and AT are .-glst"", "ad.ma,~s ol IB~ Corp.
Q.l ldl T"" . nd II-AC.E.II- ' re roglOlemln. dm1.'''" o! Ulna·X.
Inc. W"" COISI" a~01 'hoSynu:. Group.

Your FREE catalogtells more., send today!
Discover how you can make it b ig in [he electronics field

of you r choice. Just send today for a free.
full -color catalog fi lled wi th all the facts
about NRl's innovat ive. hands-on training in
electronics.

If the coupon is m issing, write to NRI
School of Electronics, McGraw-Hili
Conli nuing Education Cente r, 4401
Connect icu t Avenue. NW. Washington,
DC 20008 .

Last year. Americans spent over
SI 7 bill ion on secur ity serv ices
and equipment. For you, th is new
consume r demand means a breakthrough opportunity to
start a high -paying career - even a business of your own
- Installing, servic ing, and maint aining resident ial and
com mercial securny system s.

Hands-on equipment for training
and for use inyour own homeand auto

You train w ith and keep a closed-circuit TV system . firel
intrusion alarm, remote ent ry keypad. rem ote cont ro l auto
alar m, and much m ore. Best of all . you actually safeguard
your ow n property wh ile gaining the exp erti se you need to
make money as today's expert securi ty electronics
techn ician.

Address

Name

SEND TODAY FORYOUR FREE NRI CATALOG!

ItIRI5chools
McGraw-Hili Continuing scucaucn Center
4401 Connecticut Avenue, NW. Wa$hington, DC 20008

~Checkon~ FREE catalogonly: Other Career Cours.es:
o MICROCOMPUTER SERVICING 0 CompurerProgramming
o TVNIDEO/AUDIO SERVICING 0 Industrial aecucntcs6-
o TELECOMMUNICATIONS Robotics
o ELECTRONIC MUSIC 0 Basic Electronics

TECHNOLOGY 0 Programming in C+.
o SECURITY ELECTRONICS with WIndows

City/StatelZip Accredited Member. National Home Study Councll 3 072 19
L ~

•
• •

Enthusiasts everywhere are discover ing the
exciteme nt of today's electronic music
technology. At the heart of the excitement is
MIDI (Musical Instrument t ngnaltmerface). an
innovation that's tran sformed musical
Instruments into the ultimate computer
peripheral s.

Now you can get in on the ground floor of
this mulubtluon-dolla r industry with NRI
training in Electronic Music Technology .

Get to the heartof today's
MIDItechnology

Only NRI gives you hands-on experien ce with
the equip ment that' s revolutionizing the music
industry - an Atari I 040ST com pute r with
buil t-in MIDI port s. Casto synt hesizer with
advanced MID I operations. and ingenious MIDI
software that lin ks com puter keyboard to
synthesizer keyboard . Best of all. NRI gives
you the knowledge and skil ls to use. program.
and service this extraordinary equipment!

Some of roday's hottest jobs in
electronics are in telecommuni­
cations, where an explosion of
new technologies is creating unli mi ted opponunit ies for the
trained techn ician,

Now w ith NRI hands-on traini ng. you can get a fast
stan in (his exctttng field. .ias you explore everything from
satellite and cellular technologies ro analog and digita l
switching systems. local a rea networks . fiber optics,
modems. multiplexers, and more.

AT-eompatible computer,
fax modem indudedl

NRI prepares you thoroughly for «day's telecommunica­
tions opportunities by giving you practical exper ience with
real-world equip ment you keep.

You actually assemble your own data communications
sys tem , featu ring an IBM PC/AT-compatible computer,
2400 baud fax mo dem, diagnostic breako ut board.
commu nicat ions sof tware, 40 meg IDE hard r-....,..-_
disk drive. near-len er-qualtty pr inter ,
and access to NRl's excl usive
commun icatio ns netw ork.
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CREATE INTELLIGENT PROJECTS WITH
THE VER SATILE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerful comput­
er wasdesigned lor I!exibirity and can be used
lor various electronic projects. 110 Intensive.
Up 10 20MHz operation. Download programs
or run EPAO M code. Special hardware tea­
tures included. Prices from 5285.00. Battery­
backed RAM. x-eesemt senand otheroptions
available . CA LL FOR FREE BROCHURE.
MJS DESIGN S, INC., 1438 W. Broadway
Rd ., Sulle B185 , Tempe, AZ 85282.
602-966-8618.
CIRCLE 179 ON FREE INFORMATION CARD

TWO TRAN SMITTER S IN ONE! 5 MINUTE
ASSEMBLYl MONEYBACK GUARANTEEI
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V baltery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mW
output! 80-130MHZ. Receive on any FM radio
or wideband scanner.Vi·75 micrctra nsmitte r,
549.95 + 1.50 S&H. VISA, MG, MO. COO's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 1·800·759-5553.

CIRCLE 127 ON FREE INFORMATION CARD

$ 495 FOR A PROGRAMMABLE DC
POWER SUPPLY IS NOW A REALITY I
• GPIB Interlace Standard _ Output Voltage!
Current Programming & Readb ack _ Local &
Remote GPIS Operations _ Remote Sense
Function _ Programmable Overvoltage and
Overcurrent Protect ion - Software Calibra­
t ion _ Su per ior Line /Lo ad Re gu lation
• Output Enable/Disable. 3 Year Warranty.
FREE Orientation Video available. For de­
tai ls , call : AMERICAN RELIANCE INC .
800-654-9838 FAX: 818-575-0801.

CIRCLE 176 ON FREE INFORMATION CARD

TOOLPAK BY PAKTEK. Save time. encrt.
and frustration by organizing your most im­
portant tools. in over 100 specially designed
tool pockets and panels, made from durable.
Cordura nylon. Patent pending. _ Three zip­
pe red compartments hold 100 too ls _ Six
pane ls that toic-out for easy tool access .
Large map/diagram pocket _ Quick -release
trouble-light loop - Two outer pockets . Back­
pack straps _ Attache handles for carrying
unzipped. $89.97. Credit card & COD orders
call 1-8(}()'258-8458 or send $89.97 + $4.00
S&H to PAKTEK INC., 7307 82nd SI. Ct. SW,
Tacoma, WA 98498.

CIRCLE 192 ON FREE INFORMATION CARD

TEST DRIVE YOUR DESIGN WITH THE
f2PC BOARD HIGH PERFORMANCE FRE­
QUENCY GENERATOR. This inexpensive
test board generates crock signals that emu­
late virtually any crys tal can oscillator. Output
frequency is connouec through paralle l port
of standard PC. Select any frequency from
320KHz to 120MHz with Configuration Con­
trol Program. Only $69 .95 + $5.00 S + H.
Call toll free order line ' -800-669-0557 (VISA!
Me ) or send check to IC DESIGNS, 12020
1131h Ave NE, Kir kland, WA 98034.

CIRCLE 194 ON FREE INFORMATION CARD

FREE CATALOG! ELECTRONIC TOOL S &
TEST EQUJPMENT-Jensen's new Master
Catatog. available free, presents major brand
name electronics tools, tool kits, and test in­
struments, plus unique, hard-to-find products
for assembly and repair and custom field ser­
vice kits available only from Jensen. Air fully
described and illustrated . EnjOyfree technical
support and rapid. post-paid delivery any­
where in the Co nli nental USA. JENSEN
TOOLS, INC., 7815 S. 46th St., Phoen ix, AZ
85044 . Pho n e : 6 02-968- 6231; FA X
1-8OQ.366-9662.

CIRCLE 115 ON FREE INFORMATION CARO
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FM BAND 50dB NOTCH FILTER-Can easi­
ly be tuned to eliminate any troublesome sig·
nat in the FM band. Uses h igh qual ity
Johanson tuner. Tuning range of 88-120 Mhz
is also usable on Cable TV channels ssuuu
99 or A-1 thru A·5. Just $30 each. includes
shipping. Visa. MC. or check. (C.O.D. $5 ex­
tra.) Fast delivery, 30 day money back. Ouan­
tity prices to $16. STAR CIRCUITS, P.O. Box
94917, La s Vegas , Nevad a 89193. Call 24
hours 1-800-53 5-7827 FAX 1-702-795-2729.

"-- "

CA B L E TV CONVERTER S AND DE­
SCRAMBLERS SB-3 $79.00 TRI-BI 595.00
MLD -$7 9.00 M 35B $6 9 .00 D A Z -DI C
5149.00. Special combos available. We ship
COO. Quantity discounts. Call lor pricing on
other products. Dealers wanted . FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD­
UCT S, P.O. Box 582, Saco, ME 04072.
1-800-234-0726 .

CIRCLE 75 ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDB OOK5-13
vo lumes by serv ic e e xpe r ts ; eas y-to'
understand diagrams, illus trations . For major
appnencea (air conditione rs. refrigerators,
was hers, dryers. microw ave s. etc.). elec.
hou sewares, personal-care appli anc es.
Basics of solid state, selli ng up shop. test
instruments. 52.65 to 55 .90 ea ch. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-708-932-9550.
CIRCLE 64 ON FREE tNFORMATlON CARD



TUNABLE 50dB NOTCH FILTERS-lor TV.
Can be tuned precisely to requiredfrequency.
Model 23H-Ch 's 2-3 (50·66 Mhz) Model
46FM·Ch's 4-6 plus FM (6&108 Mhz) Model
713·Ch's7·13 (1 74-216Mhz)Model1417-Ch's
14-17 (120-144 Mhz) Model 1822-Ch's 18-22
(144-174 Mhz) S30 each. includes shipping.
VISa. MC. orcheck . (C.O.D. S5 ell:tra~ Fast
delivery, 30 day money back . Ouantrtyprices
to $16. STAR CIRCUITS. P.O_Boll: 94917,
Las Vegas. Nevada 89193. 1--800-53$-7827.

Paragon Engineering LA1 6PC Logic Analyzer

A logic analyzer that can
grow along with your

applications.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rare$940.00 pel" each inserlion.
• Fast reader service cycle.
• ShOrl lead time lor the placement of

ads.
• We typeset and layout lhe ad at no

additional charge.

Call 516-293-3000 to reserve space. Ask
lor Arline Fishman. limited number of
pages available. Mail materials to:
mini·ADS. RADle-ELECTRONICS. 500­
B Bi-County Blvd.• Farmingdale. NY
11735.

FAX: 516-293-311 5

O nce considered to be little
more than "kid-stuff." PC­
based test equipment has

become the choice of many profes­
sionals. One reason. of course. is
the economy of using the same in­
put devices (keyboard and mouse)
and the same output devices (dis­
play monitor and printer) instead of
duplicating them on each inst ru­
ment. Another reason is the in­
crease in flexibility that PC-based
equipment makes possible. That
flexibili ty is exemplified by the
LA16PC expandable logic analyzer
from Paragon Engineering (16420
North 40th Ave .. Phoen ix. AZ
85023).

The LA16PC is a 16-channel. 25­
MHz logic analyzer with a 4K x 16
bit sample buffer. If 16-channel ca­
pability isn 't enough for you r ap­
plications. you can add up to three
other boards to your system to act
as a Single analyzer. But that's not
where the expenston ends.

Unlike any logiC analyzer we've
seen previously. the LA16PC can be
expanded wi th both input and out ­
put pods. with either analog or dig­
ital capability. Altho ugh we didn"t
heve the opportunity to test them.
Paragon is currently developing a
16-channe! digital-output pod, ana ­
log output and input pods, and a
digital·multimeter pod.

To use the analyzer. you can get
by with as little as an IBM XT-com­
pauble with a single free slot and
256K free RAM. Anything bett er
than DOS 2.0 is acceptable. and

Hercules. CGA. EGA. and VGA
graphics are supported. CWith VGA.
the analyzer can display up to 51
channels simultaneously, with each
channel having its own colorJ

The software is as easy to use as
it is to install. Pull-down menus give
you easy access to all of the boards
functions. For example. the main
menu lets you manipulate files. or
change the display mode of the ana­
lyzer. Youcan select a standard tim­
ing-diagram or stale dis play. or
change to a logic-probe display or
even to an event-counting (or event
timing ) display. Ano ther menu
choice lets you change trigger
modes and trigger words. Yet an­
other menu choice lets you select
the clock source. polarity. frequen­
cy. and two qualifiers.

One of the most powerful fea­
tures of the LA16PC is that chan­
ne ls can be displayed in us er­
definable groups so that data is pre­
sented logically for your application.
Let's assume. for example. that you
want to look at the Signals on a
computer bus. Youcould create one
group that contained only the ad­
dress lines . wh ile othe r groups
could contain data lines or control
lines. You can change the color in
which groups are displayed, or even
hide groups- while they still remain
in memory for tr igge ring and the
like.

With it impressive expansion ca­
pabilities and a suggested list price
of $1099 . the LA16PC promises to
be a formidable competitor. R-E 21



NEW PRODUCTS I

Use the Free Inlormation Card lor more details on these products.

CIRCLf 17 ON fREE
INfORMATION CARD

data codes are visually de­
played. Although the tester
isn't calibrated to measure
microwaves, it is capable of
quickly checking for the
presence of microwave en­
ergy leakage around micro­
wave oven door seals.

The EM·TEG tODD is
about the same size as a
typical handheld TVremote
control. It is powered by a
single 9-volt batte ry.

tes ting re mote cont ra
modules. With the aUl(ilial"
input jack and the external
sensor probe. the EM·TEG
1000 can detect infrared
emissions from VC R tape­
end sensors. The external
probe ca n also detec t
emiss io ns f rom th e IR
semicon ducto r laser in a
compact-drsc or laser-disc
player. When the auxiliary
monitor jack attaches the
tester to an oscilloscope.

rized information via menu­
driven screens. The ser­
vice provides on-line help.
Information is available 24
hours a day. seven days a
week. with daily electronic
updates.

The KeyCl ub/OAS IS
system is free to the autho­
rized service cente rs of
su bsc ri b i ng man ufac­
turers.- KeyPresti ge, lnc. .
11065 Knott Avenue. Suite
B. Cypress, CA 90 630 ;
Phone: 714-893·1111.

All Manufacturers

KcyClub/OASIS Claims l' rocesslng

CIRCLE 16 ON fR EE INFO R,>MTlON CARD

th e-minute ann ounc e­
ments . advertisements .
and news f lashes. Sub ­
scribers can use their cur­
rent emulat ion software
packages such as Procom,
Crosstalk, Carbon Copt, or
Kermit. Alternatively they
can use the program that
KeyPres tig e has config ­
ured for the system. When
connecting to the central­
source mainframe with
one 's user 10 password,
one can access all autho -

frared remote co ntrol de­
vic e. the remote co nt rol
device is pointed at the
tester. and the buttons are
pushed in a sequence . The
EM·TEG 1000 emits an au­
dible signal that alerts the
user to the presence of in­
frared emissions. The vol­
ume of the audib le tone
also indicates a weak test­
er battery.

The tester can be used
for other applications than

INFRARED TESTER. Almos t
every household now in­
cludes several infrared re­
mote-control dev ices . ln­
frared emissions are also
used in invento ry control
and security systems. The
EM-TEG 1000 infrared sen­
sor from 0. I I. Intemational
provides a simple and con­
venient way to test for the
presence of infrared sig­
nals. To test the operation
of each function on an in-

ON-LINE SERVICE INFOR­
MATION SYSTEM. For 'he
firs t time . even service
shops that aren't comput­
er ized can participate in
electronic claims process­
ing. The KeyClub/OASIS
system from KeyPrestige.
Inc. provides a link be­
tween manufacturers and
servtcers . regardless of
their level of automation.
S e rv i cers ca n su bmi t
claims to KeyClub/ 04SfS
in any format-hardcopy.
di skette . ta pe. o r via
modem. If necessary. Key­
Prestige will enter the data.
process it , and the n for­
ward it to the manufacturer.

Service shops that al­
ready use personal com ­
puters have imme dia te
access to a considerable
amo unt of informa ti on.
That includes claims pro­
ce ssing. wa rranty and
parts information with de­
sc r ip tions . prices . and
availability. Bulletins pro ­
vide technical support with
quick reference , print ­
screen, and schematic or­
dering capabilities, training
schedules with date, time,
class, location, and costs .
Also incl uded are up-to -

The EM·TEG 1000 In­
frared sensor is available in
kit form for $49.95, or fully
assembled for $64 .95 .
Whole sale pri ce s and
quantity discounts are
available.-O.T. I. Interna­
tional, P.O. BOl( 194 . 319

L ..J North Main. West Point.

NE 6 8 788 : P h o n e :
402-372-5650.

SHORT-CIRCUIT DETECTOR.
A Simple, unsophisticated
ins trument from Jensen
Tools can significantly reo
duce the time taken to lo­
cate hard-to-find short cir­
cuits . The Shortsqueak
tone-ohmmeter indicat es
the proximity of a short with
a gradual rise in the pitch of
its tone from low <in the
presence of SOO·ohm re-22
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20 Lum ber Road BLDG. # 2
ROSLYN. NEW YORK 11576
Phone 15161 484·7121
Telela . 15161484-7170

'~_J...-~;';;;"_- Call toll free
~ 800.247.1241

1939 Plaza Rea l
OCEANSIDE. CA 92056
Phone 16191630.4080
Te lelaJi1619163G-6S07

EXTRA OURABLE PROBES.
Tektronix says that it's S­
Series of 1x , tnx . and
1x 110 x passive voltage
probes. speci fically intend­
ed for the company's ana­
log and d igital os­
cilloscopes . are the most

external monitor. That port
con nec ts the 2 x3.5 x 1·
inch Pocket Videaverter to
the PC . The TV is con­
nected to the device either
by it s Svvideo or com­
posite-vrdeo port. or by an
ex ternal RF mo dulator
such as tha t built into a
VC A. The device is avail­
able in two configurations :
NTSC for U .S . use and
PAL for European use.

The image on the TV
screen can be turned on
and off with a a hot key on
the computer. In addition.
the All and arrow keys can
be used to move the image
up or down and right or left.
Other key combinations af­
lOIN one to change the size
of the TVimage. Those fea·
tu re s are important be­
cause a VGA display can
resol ve more horizon tal
display lines than a televi­
sion receiver can produce.
The converter can also be
used to assemble a " desk­
top video publishing " ca­
pability by adding a VC A. It
works with all major sott­
ware packages and VGA
display cards. and provides
both interlaced and non-in­
terlaced display modes.

The Pocket Videoverter.
is supplied with an external
power adapter, two eight­
foo t cables (o ne for an
RC A AV input and th e
other far Scvideo). a refer·
ence manual. and a 3.5·
inch floppy disc w ith the
driver so ft ware. It s sug ·
gested list price is $399.­
Telebyle Technology Inc..
270 East Pulask i Road ,
Gree nl aw n. NY 11740 :
Phone: 51 6·423·3232 or
1-8 0 0 -835-3 298 : Fax :
516-385-81 8417060 .
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LAPTOP COLOR VIDEO CON·
VERTER. You can output
the graphics f rom your
monotone notebook or lap­
top PC to a color television
or monito r with Telebyte So
Model 70 1 Pocket vta­
eoverter. Ideal for sales
presentations and demon­
strations. the Pocket Vid·
eaverter converts the VGA
signals of a PC display to
the NTSC/PAL format reo
quired by standard televi­
sion monitors and VCR 's.
Most notebook and laptop
computers are equipped
with a VGA port connector
that is compatible with an

The Shortsqueak tone­
ohmmeter costs $49.95 .
-Jensen To ols Inc.. 7815
South 46th Street. Phoe­
nix. AZ 85044 -5 3 9 9 :
Phone: 602·968 ·6231.

ststance) to hig h (at 0
ohms). The pocket -sized
instrument is convenient
for repair and service. and
is more compact than a
bench top unit. II is sen­
sitive to 0.01 ohms, and is
powered by a 115-vo lt
AC/ 9·volt DC walt-mount
transformer.

CIRCLE 112ON FJlEEINFOAlllA11ON CAAO
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durable probes on the mar­
ke t. The probes are de­
signed and manufactured
to wi lhstand the rigors of
co ns tant da ily use and
abu se , with gua ranteed
electrical accuracy from cir­
cuit to probe. The series in­
clude s th e P 6 JOB.
P6103B, P6/09B, P6119B,
and P6J29B probes. with
bandwidths up to 100MHz .

ClRa E 20 ON fREE
INFO RMATIO N CARD

Each probe is encased in
a patented rubber-molded
casing that gives it a com­
fortable. pen-eke feel. The
body is more resilient and
is 50 % light er then pre­
viou s probes tha t have
been introduced. A probe
will bounce when dropped.
with its casing protecting
the probe 's s urfa ce ­
mounted compo nents. A
patented integral streln -re­
lief protect s both ends of
the cable from extreme me­
cha nical s t re s s. Each
probe tip can withs tand up
to 50 pounds of pressure. If
the tip is exposed to ex­
treme pressure in excess
of that pressure, it is de­
signed to break off and be
replaced. This feature elim­
inate s the vulne rability to
damage of the molded­
plasti c probe body. Each
probe is supplied with an
extra replaceable tip and a
set of accessories. A full
range of applrcanon-specff­
ic adapters is available as
an op tio n . O n t hese
switchable probes , the

miniature post-lock switc h
ensures fault-free opera­
tion and eliminates unin ten­
tional switching.

The probes offer low in­
put capacitance. which
minimizes circuit loading.
and provides for accurate
signal acquisition . The
probes also offer a com­
pensation range of 15 to 35
pF. matched to Tektron ix
po rtable osc illoscopes.
Th is fea tu re allows fo r
accu ra te co mpensa tion
adjustment and minimizes
signal distortion .

The B-Series probes are
pr ic ed f ro m S5 0 .00 .­
Tektronix lnu. . Test and
Measurement Group. PO.
Box 1520 . Pitt sfield. MA
0 1202 : Phone : 1-800 ­
426-2200.

MULTIPURPOSE ANTENNA
TUNER . For tuning both
mobile and home anten ­
nas. the M FJ-247 SWR
analyzer from MFJ Enter­
prises provides quick and
easy tuning of high- fre ­
quency beams. verticals ,
dipoles. and mobile anten­
nas for the lowest stand­
ing -wave rat io at your
desired frequency. The fully
self-contained unit displays
your antenna's SW R over
the entire band. and works
wit hout a transceiver. SWR
bridge, or other equipment.
You can o bs erve SWR
change while rotating your
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beam. and you can observe
the effects of ice. snow or
wind motion. You can even
check the SWR on the in­
put of your linear amplifier.
or pre tune your antenna
tuner without Switching on
your transceiver. The de­
vice's large LCD readout
provide s a high-con tra st
displ ay even under direct
sunlight.

The MFJ-247 is easy to
use. You plug your antenna
into its top 8 0 -239 socket.
and set the readout to the
desired f re quency. The
8 WR appears on the unit's
meter. You can then short ·
en or lengthen your anten­
na's active ele ment o r
mobile whip for the lowest
8 WR at the des ired fre­
quency. tune in to band
edges. and read the band ­
width of the antenna.

The antenna tuner con­
sists of a precise digital fre·
quency counter plus a low·
power signal generator and
an 8WR meter in one cab­
inet. Its weak signal on your
selected frequency is fed
to the antenna. and then
the antenna's SWR is read
directly on the MFJ-24Ts
meter. The device has a
separate BNC input con­
nectar fo r acc urate Ire ­
qu ency counting.

The MFJ-24 7 8 WR ana­
Iyzer cos ts $189.95.- MFJ
Enterprises, Inc.. PO. Box
494, Mississippi State. M8
39762: Phone: 610-323·
5869 (1 ·800-647·1800 for
orders): Fax: 601-323-6551.

EXTERNAL SPEAKERiDTMF
DECODER . The Silencer
M o d e l A RE·tO f r o m
Amateur Radio Engineer­
ing is an external speaker
with a DTMF decoder for
use with VHF/ UHF radios.
The user·programmable. 2­
to 4-digit DTMF code en­
abies (opens) the speaker
for about 10 seconds when
the proper tone is received.
Then an LED on the unit
lights to notify the user that

a call has come in. The front
toggle switch can be set to
MONITOR when th e user
want s to hear everything
that's being said on the fre­
quency. Vv'hen the switch is
s e t i n i ts M O M ENTA RY

position . the LED turns off
aft er a call has bee n re­
ce ived . In add it ion 10
providing easier select ive
call ing . the Silencer also
screens family members or
coworkers from hearing ev­
erythin9 being said on busy
frequencies. Rather than
turning the radio off, the
toggle switch can be set to
DECODE. and the Silencer
will eliminate altof the chat­
ter yet still permit the user
to rece ive calls . The ac­
cessory. which measures
only 3 x 31/. x 4% inches ,
is easy to connect. It plugs
into the external speaker
jack on the radio and a 12­
vo lt DC power source. The
unit's high·quality speaker
will improve the audio from
m o st ama teur trans ­
ceivers.
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Th e Silencer M ode l
ARE-IO costs $99.- Ama­
leur Radio Engineering ,
Inc•• P.O. Box 169 . Red­
mond. WA 98073 : Phone:
206-882-2837_

INSIDE-MOUNT CELLULAR
ANTENNA. Two common
cellular telephone prob­
lems- dropped calls and
noi sy transmission-are
said to be significantly re-
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ITT Pomona's Series 5789
probe tip is intended for
scanning tes t points on sur­
face-mount and other high­
densi ty circu itry. It allows
te chni cian s to wor k on
equipment with densely

populated circuit boards
wit hout fear of damagi ng
the thinly spaced traces.
Th e sh arp, insulated ,
sta in less-stee l t ip i s
1.42mm CO.OS6-inch) in di­
amete r and 89mm (3. 5­
inches) long. It can easily
be attached to a range of
test equipment and cable
interfaces . It co nnects to
0.64mm<0.025-inch)diam­
eter square or round sock­
ets on tes t leads via gold­
plated pins. The probe is
rated at 50 volts, 1.5 amps.
maximum. Weighing only
0.66 grams, the needle­
point probe tip is available
in red or black.

The Series 5789 needle­
point probe tip is priced at
$ 9 .65 in s in gle q uan ­
l ities.-ITT Pomona Elec­
tronics. Customer Service,
1500 East Ninth St reet.
P.O. Box 2767. Pomona.
CA 9 1769: Ph on e :
7 14- 46 9-29 00 ; Fa x :
714·629·331 7.

N Y 1179 2 ; P h o n e :
51 6 -942 -50 00 or
1-80 0 -94 2 -T EAK : Fax :
516·942·TERK.

NEEDLE-POINT PROBE TIP.
This spnnq-loaded. needle­
point probe ti p facilitates
posi tive, non-slip prob ing
of high-density lead traces.

360-degree pattern , in­
creasing power. coverage.
and efficiency wi th respect
to conventional stick or coil
antennas. The unit's volt­
age st anding wave rati o
NSWA) is 1.0:1 . This com­
pares with the 1.9:1 VSWA
of more conventional cel­
lular antennas. Because it
is mounted inside the vehi­
cle, the antenna is less like­
ly to attract the attention of
thieves and vandals. It also
is said to eliminate inter­
ference problems due to
w ind a nd i nclement

weathe r, and mechanical !~~~~~I
prob lems cause d by car
washes. Unlike other win­
dow- mounted antennas.
the CFA900 can be in­
stalled even on a window
that has a built-in defroster.

The CFR900 Transcep­
tor cellular antenna has a
sugges ted retail pr ice of
$79 .95 .- Terk Tech­
nologies Corporation. 233-8
Robbins Lane , Syosset .

duced by Terk Tech­
nologies' CFR900 Trans­
ceptorcellu lar antenna. It is
designed to mount on the
inside of a vehicles window
glass.

The compact modular
unit is hard-wired to a cable
in a single-piece unit, pre­
venting signal loss due to
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wire braid separation . The
u n i q u e ly p ol ar iz ed
Tranceptor radiates in a

30 Day FREE TRIAL!!
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I RESPOND BB=QflE JULY 20TH FOR lHlS SPECIAL OfFERI
YESIP\ellte Nih /TIll til lollowlrlg lQx(l A/H Siglllll Boosteri.)l

I DOne 1lb.GAIN~na! Booster tor just $24.95 pll$ $4 P&H.
I OSAVE $101Two b just $39.90 pUs ss P&H.

oSAVE S20! Three b" j..tst $54.85~ 6 P&H.
I """"" .
I PaymoolITllllhoc1; (Ctladl one) D Chock OJ.bney 0r0er
I PrW HillM _I--
I ~' ClIy... "
I loW G.E. Con&l.mfl<ll WhoiotuIe

To: P.e. Bol 351001 _ Palm Coast, FUlda 32135

!J4!!.5 SAVE S10

-Wortd's I mallest 20dB Signal AmplHler
-Simple connection --Isolated power
supply for Nolse-.free signal amplttl­
cation.

*Top Perfonnance at a BARGAIN PRICE
-American Technology at its flnestll
-Enjoy Crisp, Clear Picture & Sound like

you've never expertenced before.

Do you experience Poor TV Reception or
FM broadcast due to WEAK Signals
reaching your home??

Worry NO MORE! This 20dB Signal
Amplifier will sol ve your problem!!

20dB 1V/ STEREO SIGNAL BOOSTER

Improve Your Image!!
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If You're serious
About a Future in

Electmnics, Ensure that
Future with the Best
Educational Training

,., Available.



WHY CHOOSE CfE FOR YOUR TRAlNINGl
• 15 0,000 successfu l g rad uat es from every cou n try around the w orld,

• On ly (IE rewards you for fast st udy . CIE offers an Associate Degree
progra m based on actual st udy time used . The faster you com pl ete your
degree the less your overall t ui t ion .

• Sta te-o f-the-a rt la bor at ory eq u ipment is yours t o keep and it comes
assembled, ready for h an ds-on experiments,

• Approved fo r educational benefits under th e G.I. Bill fo r vete ra ns and o ther
eligible persons.

• Upon g radua tion, CIE offers f ree preparation to pass the Certified
Electronics 'reetmrcran Exams .

-., ' ;':'

SEN D TODAY FO R YOUR CIE COU RSE
CATAlOG AND W E'U SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBO L HANDBOOKI

core lessons app licable to all areas of
elect ron ics, And every CIE course you
take earn s you credit tow ards comp le­
tion of your Assocfat e In App lied
Science Degree. So you can work
tow ard your degree In stages or as
fast as you w ish , In fact , CIE Is the
on ly schoo l that actually rewards you
tor fas t st udy, w h ich can save you
thousands of dollars,

•••••••••• • ••••
• 0 YES! I w ant to get started . •
• Send me my CIE school catalog includ- •
• Ing details abou t the Associa te Degree •
• Program. /Fo r your conveni enc e, CIE •

•
w ill have a representat ive conta ct you - •
there Is no obligatlon .1

• AE40 •
• Name: •

• Address: •• •
• City: State: .• •• ZIP: Age; •

• Phone No. f__ J •

• Check box lor G.!. Bl.J!IC\Inaeoene •
• 0 Veter,In 0 Active Duty •

:. Illl~_;;~ t···,,····, :.
• CLE:ECM;=J t.<~) .

INSTITUTE OF "o~ . ~

• ELECTRONICS •
•

1776 East 17th Sl,eet A><I'o<i or""""'.. """ •
Cleveland. Ohio 44 114 A","" cion<

• (216) 78 1.9400 S;"'e 1~ ]" •

••••••••••••• ••

PERSONAUZED
TRAJNING ....TO MATCH YOUR
BACKGROUND.
W hile some of ou r studen ts ha ve a
working know ledge of electron ics
others are Just sta rtin g out . Than
w hy we've developed twelve career
courses and an AA.S. Degree pro gram
to choose from, So, even if your not
sure which electron ics career 15 best
for you, CIE can get you start ed Wil h

LEARN BY
DOING...WTTH
STATE.<JF­
THE-ART
FACIUTIES
AND
EOUIPMENT.
In 19 69, CIE

p ioneered Ihe first Elect ronics labora­
tory course and in 19 84 , the first
Mircoprocessor Laborat ory course.
Today, n o ot her h om e st udy schoo l
can match CIE's sta le-of-th e-art eq uip­
m ent and training. And all your
laboratory equipment, bo oks, and
lesson s arc included In your t ui t ion .
In all you rs t o use w hile you study at
h om e and for on -the -jo b after
graduati on,

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD. IT'S PATENTED.
elE's Auto-prog rammed lessons are a
proven learning method fo r building
valuable electronics career skills, Each
lesson is desig ned to take you st ep-by­
step and princ iple-by-prlnclp le. And
w hile an CIE lessons are desig ned for
independent st udy, CIE's Ins tructors
are person all y ava ila ble to assist you

w it h Just a toll­
free ca ll. The
result is practical
training... t he
k ind o f experi­
ence you can put
t o w ork In t cday's
m arketplace,

I f you want to learn abou t electron­
ics, and earn a good incom e w il h that
knowledge then CIE is your best
educationa l va lue ,

CIE's reputa lion as the world
lead er in h om e study elect ronics is
based so lely on th e success of ou r
graduates. And w e've earned mat
repu tation with an uncond it ional
co mmi t men t t o p rovid e our studen ts
with the very best electron ics
training.

Ju st ask
any o f the
i so.coo-eue
graduates o f
the Cleveland
In sti tute o f
Electronics
w ho are
working In
high-pilylng
po sitions w it h
aerospace,
compute r.
medica l,
automotive
and com muni­
cati on fi rms
t h roughout t he
world,

They 'U te ll you success d idn 't
come eil sy., .but, it d id come ... .th anks
to CIE. And to day. a career In elec­
t ro n ics o ffers more op portun it ies an d
g reater rewards than ever be fo re,

CIE', COMMITTED TO BEING
THE BEST.... IN ONE
AREA.. ..ELECTRONICS.
el E isn't another be-everyttunq-tc­
everybody sch ool. W e te ach only one
subject and we beli eve we're t he bes t
at w hat w e do. Al so, CIE is accred ite d
by t he N ational Home Study cecncu.
And w it h mor e than a 1,0 0 0 gradu-

, a tes each yea r, we're the larg est
h ome study schoo l sp ecia liz ing
exclu sively in electronics, elE has
been training career-mmded stu dents
li ke yoursel f for nearly 60 years and
we're the be st at our SUbj ect .. ...
ELECTRONICS .. . BECAUSE ITS THE
ONLY SUBJECT WE TEACHI



NEW LIT I

Use The Free Information Card for fast response.

CIRCLE 39 ON FREE
INFO RftlATlON CARD

~.

CATV and VCR's, sem i­
conductors. tool s, and
te leph one-related prod ­
ucts. Under supplies are
chemical solvents. w ire.
and connectors. The cata­
log even includes books
and videotapes on elec ­
tronics-related subje ct s ,
and part s fo r arcade ­
games. The illustrated cat­
alog contains produc t de­
scriptions, prices, how-to­
order information, and a
comprehensive index. R-E

Tuning Table . A list of baud
rate and vario us RTTY
transm ission me tho d s
classed under narrow, me­
dium. and wide shifts for
that tuning rate is in the ta­
ble. It also summarizes the
tuning method.

1992 CATALOG; from Parts
Express Inlernationall nc.•
340 East Fir st Street.
Dayton , OH 45402; Phone:
1·800·338·0531; lree.

This 148-page catalog is
filled w ith descr ipt ions of
electron ic parts and ac­
cessories: it is geared to­
ward consumer elect ronics
and the technical hobbyist.
The catalog includes exten­
sive lines of electroni c
c o mp on e n t s s uc h as
speakers and audio ac­
cessories fo r home and
car. Also covered are repair
parts and accessories for

Conver tin g radro tele ­
type tones into readable
material can be a big hurdle
for pe rson s monitoring
ATTY, even when they are
using the latest decoding
units. This. two-sided, 8Y2
x tt -lnch. thickly laminated
datacard sim pli fies that
process. It presents and
explains the Yarbrough Ma­
trix RnY Tuning Method,
developed by Chuck Yar­
brough, a seasoned ATTY
hobbyist who happens to
be a columnist fo r the
Spee dx Shortwave Club.
One side of the card ex­
pl ain s RTTY e miss io n
modes and the Yarbrough
system , whil e the other
side contains the Matrix
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RTTY OATACARO ; from
Tiare Publications, P.O. Box
493, Lake Geneva, WI
53147 ; Phon e:
414·248·4845; $6.00 plus
50 cents shipping and han­
dling.

followed by a summary of
essen tial data . The next
sec t io n includes a table
listing the devices available
in each TIL family. Finally,
dev ice descript ion and
typ e-number references
are highlighted for easy ref­
erence. An index at the end
of each book lists the man­
ufacturers of each device.
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This three-volume set of
pocket-s ized books pro ­
vides a comprehensive sst­
in g o f com monly used
transistor-t ransistor logic
mLl product s from all ma­
jor manufacturers. All cur­
rent families are covered,
includ ing standard, low­
powe r, ad van c ed , ad­
vanced low-power; and fast
Schottky. Each page is lim­
ited to the coverage of one
device. and it is divided into
eight sec t ions . The fi rs t
gives the dev ice 's sche­
matic with a clear, simple
logic diagram. The second
contains a brief circuit de­
scription as a quick over­
view of the device's internal
structure. The next section
gives details on operating
the integrated circuit, de­
scrib ing input signa ls or
levels at indi vidu al pins.
The fourth section lists pri·
mary applications. and it is

TTL POCKET GUIDE; VOL·
UMES I, II, AND III. Elec­
tronics Technology Today
Inc., P.O. Box 240. Mas­
sapequa Par k, NY
11762·0240; $18. 95 plus
$3.50 shipping and han­
dling for each book, or
$50.85 plus $8.D0 sh ipping
and handling for the three­
volume set.

fters. The circuits in Graf s
e ncyclo pe dia are orqa­
nized by app licat ion for
easy reference . Moreover.
they are presented in the
the same format in which
they were originally pub­
lished to prevent transcrip­
tion errors. Each schematic
is accompanied by a brief
circuit explanation. A sec­
tion at the back of the ency­
clopede lists the publica­
tions in which each of the
circuits was originally pub­
lished, making it easy for
the reader to obtain sup­
plemental information.
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THE MOOERN AMPLIFIER
CIRCUIT ENCYCLOPEDIA; by
Rudolf F. Graf. TAB Books.
Divi sion of McGraw-Hili
Inc., Blue Ridge Summit, PA
1729 4·0850 ; Phone:
1·800·822·8138; $12.95.

Writt en by an aut hor
well-known to readers of
Radio-Electronics, this
encyclopedia is intended to
sho r ten you r sea rc h
through the hundreds of
pages of larger circuit en­
cyclopedias to find a spe­
cific circuit. It provides fast ,
easy acces s to more than
250 ready-to-use ampli fier
circuits. Those range from
audio . video. and radio-fre ­
quency amplifiers to opera ­
tional. inst rumentation. and
voltage-cont rol led ampli-
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GET THE lATEST ADVANCES IN ELECTRONICS
WITH A SUBSCRIPTION TO
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IlEI,.l1nIES®
ENJ:){ THE IM:lRlD Of ELECTRONICS tACH MONTH!

Now you con subscribe to the best elec­
tronics mogazine. The only one that brings
you orticles or>-<>lectronics projects. tech­
nology. circuit design. communications. new
products ond much more.

Ibdio-Electronics looks to the future ond
shows you what new video. audio and com­
puter products are on the horizon. \M1afs
more you'lI find helpful, monthly deport­
ments such as Video Nev.tS. Equipment
Reports. Hardware Hacker. Audio Update.
Drawing Boord. Communications Comer. AJI
designed to give you instruction. fips, and fun.

Radio-Electronics gives you exciting
articles like:

• ISDN: The Telephone Network of
Tomorrow

• The Facts on FAX
• A Digital Phone l ock
• How To Design SWitching Circuits

• EIA·232 A real standard lor serial
interfacing?

• Build a synergy card for your PC
• '386 Power at a '286 price
• Build a biofeedback monncr
• Moreon Multiplexing

FOR FASTER SERVICE CAll TODAY

1-800-999-7139

DON'T DELAY SUBSCRIBE TODAYI
Just fill out the order card in this magazine and mail it in today.
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The Am ateur Scientist's Journal

-----------------------------,
Science PROB E! 7RG23
500-8 Bt-County Boulevard
Farrrnngdale , N Y 11735

••

Embark on an irresistible new Journey into the realm
of mystery, challenge, and exploration! The perfect
magazine for the bUdding scientist, the serious
amateur, the professional who would like to relax,
and those who simply want to gaze at the stars.

Art icles to app ear in upcom ing issues of Science PROBE!

are :

Inside Internet-A Scienlilic Computer Network
Make your own Seismometer

Operate a Solar-Powered Weather Station
Assemble a Solid·State Portable Barometer

The Bicycle-A Traveling Scientific Laboratory

If you 're fascinated by science in all its many forms,
if you are compelled to experiment and explore, then
Science PROBE! is your kind of magazine!

For Faster Service-Call Today:
1·800·777·5489

Welcome to.

Sci e nc e PROBE! - t he only
magazine devoted entirely to Amateur
SCientists! If you are fascinated by sci­
encein all its many forms . . _if youcan't
slay away from a microscope. tele­
scope. calipers. or test tube - we in­
vite you to share the wonders in every
issue 01Science PROBEI You will join
a community of Amateur and Student
Scientists who enthusiastically seek
scientific knowledge or follow scientific
pursuits for their own sakes and not
merely as a profession.

Obtain your next issue of Science
PROBEI by visiting a quality News­
stand, Convenience Store, or Super­
market or by reserving your personal
copy through the mail by completing
the coupon below.

From your very first issue of Science
PROBE! you will be involved in a world
01 scientific facts , experiments, and
studies pursued by amateur scientists
who are university students, investors,
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You'll find countless use for thIs
versatile FM stereo transmItter

LUTHER M. STROUD eET N5TVV



FIG.1-THE FM·STEREO FREQUENCY SPECTRUM conlalns left and rIght channels
broadcast as main channel audIo (L +RI. a19·kHz pilo t carrie r, and a sideband eubcar-

34 rler from 23 to S3 kHz containing L - R.

SUBCMUUER
PILOT """'19kHz STERE~O~FER[NCE

MAIII ..CtwmEl ,
'\AUDIO AVOIO

(L+ RI (L..R)

How It works
At the heart of th is project Is

ICl, a BA1404 FM s tereo trans­
mll ter (see Fig . 2). The ien ­
chan ne l Input signal Is adjus ted
to p ro pe r level by R l. Treble
boosl (p re- emphasi s) Is pro­
vlded by the parallel combina­
tion of C1 and R3 .. That ta ilors
the aud io response to the 75 ­
microsecond s tandard set down
by the FCC. Aud io Is cou pled by
ClO Into th e 1eft -channe1 lnpu t

about 38 kHz. You ca n adjust
T1s core to pu t the oscilla tor ex­
actly o n freq uency. Although
th e osc illator might dri ft more
than a quartz crystal. Its not a
problem because rece ivers use
p hase-locked loops that ca n
track the minor drifting. Note
that the circu it won 't oscillate If
trans former T 1's wi ri ng is re­
vers ed . A bottom view of T I is
included in Fig. 2 to help you
with the wiring.

The mult iplexed audio exits
pin 14 of IC I and is mixed with
the pilot ca rrie r on p in 13 usi ng
the network of R5. R6. C22 . a nd
C13. The resulting s ignal Is ap­
plied to the mod ula tor in pu t a t
pin 12. 1b preven t any RF feed­
back p rob lems. p in 12 Is by­
passed b y C G. A Co lp it ts
oscillator. opera ting from 88 to
95 MHz. Is formed a t pins 9 an d
10 with the network of CIS to
C17. C20. and L3 . The coa rs e
frequency adjustmen t Is mad e
by varyin g the co il spacing of
1.3. a nd th e line adjus tment Is
made wit h C20. RF energy that
is generated from the tank cir­
cult is prevented from getti ng
back In to the power su pply err­
cun ry wtth bypass-capacitor C7
and RF-choke L2.

Th e modula ted s ignal at p in
10 of IC I Is cou pled in ternally to
the RF outpu t amp lifier consist­
Ing of C18. C19. and L4 co n­
nected to pin 7 . That ci rc u it
boos ts the oscillator signal to
d rive the an ten na. and It p re­
ven ts changes In a nt en na load­
ing from sh ifting the osc illator
frequ ency. The antenna Is
tapped at a point on 1A for the
best power trans fer. The design
of ICI Is op timized for 1.5-volt
operatio n with a n absolute
maximum of 3 .5 volts . Early
testing of this project sho wed
that the transmit range d tdn't
Increase significantly when 3
volts was used to power the err­
cult. a nd the current drain tri­
pled . The refore . the increase In
opera ti ng voltage Is n ot reco m­
mended .. The FM transmitter
circuit draws on ly about 5 rnA .
so a si ngle AA cell should last a
very long time.

Construction
Any circu it ry that operates at

h igh frequencies needs proper

53kHl361c Hl

of le i a t pin 1. S tray RF s ignals
a re bypassed to grou nd by C2 to
prevent unwanted feedback .
The ri ght -channel In p u t cir­
cu it ry to pin 18 of IC1 Is Identl·
cal to that of the left channel.
Powe r-s u pply d ecoupllng Is
done by C14. and a ny previous
a mplification to th e audio Input
Is decoupled by CI2 on pin 2 of
the ch ip.

A 38-kHz s ignal Is needed to
multiplex the incom ing aud io
a nd create th e pilot ca r rier. Th e
internal Circ uitry of IC1 su p­
ports the use ofa 38- kHz Sx-cu t
crys tal. as show n by the dashed
line In the sc hematic of Fig. 2.
However. the 38-k Hz crys tals
a re d ifficul t to lin d. a nd theycan
be cos tly when you do. A more
read ily ava ila ble crys tal. man­
ufactured by S ta tek. opera tes a t
38.400 kHz. It willwork In mos t
s itua tions; tests made during
the development of this p roject
showed that some FM st ereo re­
ce ivers wouldn't lock reliably to
the pil ot ca r r ier d erived from
38.400 kHz crystal. The sol u ­
tion was to usc a h ighly stable
external Hartley osc illator made
from low-cos t. easily obta inable
parts ins tead of eit her crys ta l
osc illator.

The 38-kHz s ine wave Is gen­
era ted by g l and th e surround­
Ing components (t he Har tley
oscilla tor).. High-gain transistor
gl has a beta of over 300 : lower­
gain devices might n ot wo rk
d ue to the low supply vol tage
(1.5 volts DC) that Is provtdcd by
a s ingle AA cell. Th e adjustable
coli used for T I Is a first Inter­
mediate-frequency (IF) t ra n s­
former found In portable tran ­
sis tor radi os . an d Its designed
for 455-kHz operation. The coil
In Tl is loaded with eno ug h ca­
pacitance by C23 to bring Its
operating freq ue ncy down to

151c Hz 23kHzo

FM basIcs
Many s im p le wireless FM

transmitters are monophonic
only. A slereo broadcasl signal
h as two ch a n ne ls : left a n d
right. The aud io s ignals occupy
a bandwid th of 50 to 15 .0 00
Hertz. with the higher frequen­
cies given a treble boost or pre­
emphas is for noi se-reduction ..
Both chan ne ls a re added to ­
ge ther and broadcast as ma in
cha n nel aud io (L +R) so tha t
monophonIc FM receivers will
be able to reproduce all of the
program materIal for the lis ­
tener to enjoy.

Along wit h the main cha n nel
audio, a stereo s ignal con ta ins a
19-kHz pilot ca rrie r a t 10% a m­
p lit ude of t he main chan nel .
and a si deband subcarrle r from
23 kHz to 53 kHz containing the
difference between t he ri ght
a n d left audio signals (L -R).
The s tereo receiver uses the 19­
kHz s ignal to recreate a phase­
locked 3 8- k Hz s igna l (sup­
pres sed at t he transmi tt er) to
decode t he side ba nd ca rriers
back In to the r igh t a nd left
chan nels. Figure 1 s hows the
frequen cy spectru m of an FM­
s tereo s ignal. The receiver also
provtdes a treble cu t (called de­
em phas is). wh ich com pensates
for th e pre-emphas is that was
added at th e transmItter.
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T1

grounding and shielding. How­
ever. to keep this projec t as si m­
ple as possib le. a PC board was
n o t used. Ins tead. a s tngte­
s ided co pper-cla d bl a n k was
used . wit h the cop pe r on the
co m p o n en t s ide form ing a
grou n d plane. a n d potnt-to­
poin t wiring done on the under­
s ide. You sh ould be able to lo­
ca le allof th e necessary parts for
th is project. If yo u ca n't find
some of the m. th ey are ava ilable
from the source men tion ed in
the Parts Lis t.

To p repa re the b la nk . drtll
four mounting holes In the cor­
ners of the board : the author
u sed the mounting holes of th e
alu mi num p roject case as a dril­
ling gutde for the copper blank .
After you drill the fou r mount­
ing holes. put a short serew• In
each hole secured with a nut.
That wtll form a min iatu re "ta­
ble." making It easy to drl1l the
holes In the board for compo­
nent mounting.

Next d rill the 18 holes for ICI
nea r the center of the board-a
scra p o f pe rforated c o n -

s tructlon board makes a good
dr illing gutde. After drilling the
ho les for ICI. use a o/II;-In ch d r ill
bit , twisting It betwee n your fin­
gers , to remove a small burr of
copper a rou nd each hole except
at p in s 3 and 8 , wh ich must be
solde red d irec tly to the copper,
Th at wl11 p revent shorti ng a ny
of the pins to th e grou nd pla ne
wh ile st ill pro viding the circu it
wit h near- perfect s h ieldi ng.

As shown In Fig, 2. many of
the parts have one lead goi ng
directly to ground. For parts like
that. d rill a hole th rough the
board only for the ungrounded
lead. The other lead can be sol­
d ered d irec tly to t he g ro u nd
plane on top of the boa rd . It Is
suggested that you dr ill and sol­
der on ly a few compo nen ts a t a
time. That way Its easier to lay
ou t a ll the parts n eatly. Try to
keep all leads as shor t as po ssi ­
ble. Also, Its Im portant that de­
cou pli ng capac ito rs be pla ced
as close as poss ible to th e p in s
of ICI. L3, and L4.

Youcan make coil L3 by close­
wi nding th ree t u rns of #20

enameled wire on the shank of
you r %r ln c h dr ill b it and
spreading It out to V4 Inch after
removal. To make coil L4. close­
wind four turns of #20 wire as
be fore . an d s pread them ou t to
% Inch after re moval. Both coils
are mounted on th e board VI6

Inch above the copper surface.
Place the ca lls at r igh t angles to
each ot he r an d a t leas t one Inc h
apart to reduce co u p li ng be­
tween them . The RF ch okes ILl
and L21s h ould also be mounted
at right angles to colis L3 an d
lA o

Checlr.o u t and tune up
Thke a few minutes to review

your work. Make sure the cop­
per Is re moved from arou nd al l
holes In tended for compo nen t
lead p ass-through. Before ap ­
plying powe r, make a few checks
wit h a n ohmmeter from IC l 's
pins to grou n d to see If a ny
s ho rts exi s t w he r e t h e y
sho u ld n ' t b e. Also ch ec k for
p rope r p olar ity o f t he elec­
trolytic capacItors. Con nect the
ba tte ry an d measu re the cu r- 3S



rent d rain : it shou ld be under 5
mUllamps. Attach the a n tenna
to the top of Lq, at the first tum
from the end that is connec ted
to p in 7 of ICI. The 17-inch an­
tenna on the prototype Is the
length most often found on por­
tabl e radios: use on ly enou gh
length of the an tenna to avoid
Interfer ing with othe r nearby
radios.

Connec t a s tereo audio s ignal
to the transmitter- left at JI
and right at J2. Tune your FM
receiver through the ba nd lis­
teni ng for the transmltled s ig­
nal. Set CI9 a nd C20 at th eir
midpoints and a dj us t L3 for
about 92 MHz. You ca n now use
C20 to fine tune th e desired fre­
quency. Although you probably
have a good transmitting dis­
tance already. you ca n tune the
circu it for maxi mum output by
watch ing the s igna l-s t reng th
indica tor on the FM re ceiver
you're using. a nd adjusting the
coUspac ing of L4 with a plastic
tool. As you get close to max­
Imum. the coils are s ligh tly in­
teractive. so adjus ting on e will
affect the other. Repeat the pro­
ced ure until you reach a max­
Imum ou tp u t. With a s te reo
signal applied to J I and J 2. lis­
ten to the output from the FM
re ceiver. prefe rably through
head ph ones . and adjust RI a nd
R2 to the point just below where
dist ortion occu rs o n loud
portions of mus ic. An input
level to lei Just below 200 mV Is
recommended.

FIG. 3-A SINGLE-SIDED copper-clad
blank provides a ground plane on the
component sIde. and point-to-point wtr-

36 Ing Is used on the underside.

PARTS UST

All resistors are V. watt. 5%. un­
less otherwise noted.

R1 , R2- 20.000ohms.potentiome-
ter

R3. R4-75,OOO ohms
A5--150.000 ohms
R&--2700 ohms
R7-390.000 ohms
R8-1500ohms
Capacitors
C1-e9-0.001 F. ceramic disc
C1O-C14-22 F. 16 volts , elec-

trolytic
C15. C16-15 pF. ceramic disc.

NPO
C17. C1B-43 or 47 pF. ceramic

disc. NPO
C19. C20-2- 20 pF. trimmer ca-

pacitor
C21. C22-220 pF. ceramicdisc
C23--0.0039 ....F. Mylar. 5%
C24-10 pF. ceramic. NPO (op-

tional, see text)
Semiconductors
IC1-BA1404stereoFM transmitter
Q1-2NS210 NPN transistor
Other components
XTAl1-38-kHz crystalHC-18 style

(preferred) or 38.4-kHz crystal
(both optional. see text)

S1-SPSTtoggle switch
T1 - 4SS-kH z t st IF transformer

(Sumida 1202-0042. Mitsumi
4106. or equivalent)

Lt . L2-1.0 microhenry RF choke
l3-three tums of ' 20 enameled

wire woundon ;y,5-inch form
l4-lour turns of #20 enameled

wirewound on ~(I- i nch form (lap
at one tum)

J1.J2-RCA phonejack
J3--banana plug and jack for an­

tenna
Miscellaneous: 17·inch telesccp­

ing antenna. single-sided copper­
plated PC-board blank. 8 inches
of 2Q.gauge enameled wire. drill
bits. suitable metal enclosure. AA
battery holder. wire. solder. hard­
ware, etc.

Nole: The following items are
available from Pershing Tech­
nical, P.O. Box1951, Fort Worth.
Texas 76101-1951 :
• A kit of all board-mounted
componen ts. coli wire. 3 x 3­
Inch undrilled PCB blank, AA
battery holder, and audio con­
nectors (crystal Is not In­
cluded}-$19.50

Price Includes first class ship­
ping costs. Order s outside
USA add $2. Please allowfrom
4 to 6 weeks for delivery.
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A G.4-A WIRELESSMICROPHONE can
be made by adding an elect ret con ­
denser microphone to lhe J1 input.

The 38- kHz oscillat or is bes t
adjusted with a freque ncycoun­
ter connected to pin 5 of le I. If
no coun ter Is available. adjust
the core of T I noting the pos i­
tions where the receiver's s ter­
eo-mdtcator light goes on and
off. Adjust the core midway be­
tween those two points. Figu re
3 shows the prototype s tereo
tra nsmitter.

Further refinements
There might be times when

you wish to transmit a mon o­
phon tc s ignal . such as a speak­
er's voice to an aud itorium
sound system . A swit ch can be
added to the circui t to place a
O.Ol-iJ.F ca pacitor from pin 6 of
ICI to ground to Inh ib it s tereo
operation . If permanent mono­
phoniCoperation is desi red. the
38-kHz oscillator compone n ts
and C5 can be omitted from the
circuit.

Adding an electret condenser
mi crophone to the Jl inpu t
with a 2200-ohm resistor con­
nected to +1.5 vol ts will conver t
this project to a wireless micro­
phone lor baby-room monitor­
Ing or lect u re-hall use . Wire the
parts Into the circuit In place of
RI as shown in Fig. 4 . Stereo
opera tion allows you to double
up on the Inputs. You m ight try
adding vocals on one channe l
and an Instrument on the ot her
for broadcast through you r s ter­
eo s ys te m. You c o u ld a lso
monitor the telephone or baby
on th e left cha nne l a nd lis ten to
your scanne r on the rig h t chan­
nel-all while you wa sh your ca r
or mow your lawn. whil e wear­
Ing a Walkman-type recei ver.
Those are just a few of the many
poss ible uses for this s imple
project . We're su re you can come
up many othe rs. Ifyou do. let us
know what they are. R-E
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C92

RF Spectrum
Prepped for­
Next Century
H.El'nESE~TAT IVt:S O F' COUNT IU t:s

with a s take In tetecom mu nlca­
lion s mel recently In Tor­
rem oltn os . Spa in . to reallocate
par ts of the radio-frequency
spectru m for satellite and space
commu nications se rvices In the
21s t cent u ry. Bu t the meeung
had Its share of conten tion as
na tional delegations clashed
over frequen cy red istribu tion .

T he World Admtntstrauvc Ra­
dio Con ference (WARC·92). h eld
from February 3 through March

3 . a llocate d frequencies for
many different concepts related
to satellit e and s pacecraft to
Earth com m u n ications. Some
proposed systems that require
spectal fre quenci es are ani)'
va gue co ncep t s . but o the rs
could be started even before the
tu rn -of-the-century Cons ide r
these possib ilit ies :
• A cordless telepho ne system
that w ill permit you to dial an­
other phone anywhe re on ea rth
us ing a constellation of 77 low-

orbiting satellites . Th is system
would also permit you to phone.
page. or send fax messages from
airplanes. ships at sea . or mov­
Ing cars.
• A sa tellite sys tem th at d i­
rectly broa dcas ts s trong. clear.
non-fadin g rad io s ig n a ls to
home receivers worldwide with
compact-disc q uality recep tion .
• A satellite televtsto n system
that beams clear. sharp Images
directly to you r home that a re
better than th ose received dl ­
rec tlv from terrestrial TV trans­
mitters or cable.

WAHC-92 also allocated Ea rth
and space explora tion frequen­
cies. Including those req uired
to establi sh a lunar colony. and
fo r a manned ex ped it io n to
Mars. In addition . WARC-92 al­
located an addilional 790 kHz of
RF spectrum to h igh -frequency
b r o a d ca s t t u g (H F B C1. a nd
adopted a reso lution calling for
a fu ture co nference to p la n
HFBC.



Nationalistic squabbles beset the conference that allocated
frequencies for 21st-century telecommunications

HF BAND

3'

The bloc poin ted ou t that the
li F bands below 10 MHz a re
used extens tvetv In their cou n­
tries for Interna l polnt-to-poln t
commu nication. a nd the y are
ex t re me ly con geste d. Co n­
s eq u e n tly. t hos e devel op ing
coun tr ies were ada man t about
releasing large amount s of spec­
tru m below 10 MHz. Thavo ld th e
possib ility tha t fi F broadcast ­
Ing would not ge l nnyaddtnonal
spec trum during WARC-92. an
eleventh-hour compromise was
s truck. and a total of 2000 kHz
was reallocat ed In the bands be­
low IOI\1H1..

Mindful that th e amoun t of
s pec t ru m re a llo cated to liF
broadcasting was Insufficient.
th e United S tates Delegation de­
clared that WARC-92 fail ed to
make adequa te p rovis ion for
that se rvice. particu larly below
10 MHz. The delegation a n­
nounced tha t It "reserves the
right to take the necessary s teps
to meet the IIF needs oft ts ltl .Svl
b roadcas ting se rvice."

The extension bands will be­
come available to HF broadcas t­
Ing on April I. 2007. They will
be pla n ne d . and ca n only be
used in the SSB mode.EP
2. Satelli te sound broadcasting
(BSS): The Is su es l ere pro­
duced a genu ine tug-of-WARC.
The co nference wa s div id ed
from the ou tset on allocation of
frequencies . Mos t Europeans
wanted the more econo m ical
a nd propagationally su itable L­
Band . w ith an a lloca tio n
a round 1.5 GHz. However. the
U.S. was firmly opposed to th at
allocation became military aero­
nautical se rvices are now opcr­
a ting In t hat band. The U.S .
wanted th e alloca tion in the S­
band. around 2.3 GHz. Ot he r
coun tries . notably. Ch ina. Rus­
s ia. J apan. India . a nd Pakistan .
wan ted the BSS a llocatio n to be
arou nd 2.5 GHz. (See Fig. l)

In the end . BSS a lloca tions
were made In all three bands on
a regional bas is . In th e U.S .. sat­
ellite sound broadcasting Is al­
loca ted in th e 2 .3 1- to 2.36-GHz
band. However. Ch ina. Russi a.

£AST£RNHEMISPHERE
ff £Df R
2425-
25.25

ASIA

2.535­
2.655

• Thei r use is subject to plan­
ning procedu res o f future
WARC's.
• They were a lloca ted to the
fixed a nd wh ere ap propriate .
the mobile services u nt ilApril I .
2007.
• Exis ting fixed and . wh ere ap­
p ropr iate . m obile services can
con ti n ue on a low-p ower. na ­
tional . a nd non- Interference
bas is taking In to acco un t exis t­
Ing Hfe-broadcas ttng schedu les.

A future planning WARe wlil
probably be sched u led for 1995
or 1996. In preparing for thi s
Important rad io conference. the
Un ited States Delegatton pro ­
posed the ex pans tc n o f the
shor twave broa dcasting bands
by an additional 11 25 kHz in
Europe. Africa . a nd Asia . and
1325 kHz In the Amerlcas . But a
large bloc of developi ng coun­
tries from latin America. sub­
Saharan Afrtca. a nd Asia s tead­
fas tty refused to rea llocate that
a mount of the RF spec trum to
broadcasting .
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TOugh all ocation dectstcns
Al th ough many of WARC-92's

accom pltsh rnents rea d like a
cha p ter from Star Trek. they did
not co me cas II),. Pa rti cipa nts
fo u nd t h at atte nda n ce wa s
s t ren uous . so me delega ti ons
were hiAhly con ten tious. a nd
the res tilts of certa in sess ions
were confus ing.

WAHC-9 2 reallo cat ed Ire ­
q uencres In different part s of
the clectromagnettc spec tru m
ranging from I1IAh frequenc y
(HF'- 3 to 300 MHz) all th e way
up 10 th e extra-high frequency
(EHF-abovc 150 GHz).

IiIGH OEFINITIO NTELf VISION IHDM

FREQUENCY ALLOCATIONS IN THREE REGIONS of the RF spectru m.

Confe rence acco mplishments
WARC-92's accomplis hmen ts

Include:
l. High -f requency fHF} alloca ­
tions. Figure 1 s hows the addi­
ti onal frequen cy allocation s
mad e for htgb -Irequency b road­
cas ting. Four co nd it ions were
imposed on those allocations :
• The)' were limited to si ngle­
s ideband fSS B} on ly.



J apan . Ind ia . Pa k istan. a nd
several other Asi an coun tries
willuse the 2.535- to 2.655-GHz
band. The res t of th e world will
use th e 1.45 2- to 1.49 2-GHz
band. All of those uses will be
limited to d igital aud io broad­
casting (DABI. WARC-92 agreed
that the upper 25 MHz of each
band can be used Immediately.
provided that s u itable coord i­
nation procedures are followed.
3. High -defin ition tclcvtston
(I-lD TV). Thi s service ran into
problems similar to those en­
co u n te red in BSS, and there
was no agreement on worldwide
allocations. Ins tead . Europe, Af­
rica , and Asia will use the 21.4­
to 22-GHz band , and the Amer­
teas will use the 17 .3- to 17 .8­
GHz band. Feeder lin ks will be
in the 18.1- to 18A-GHz band in
t he Americas, a nd 24 .25- to
-25 .25 -GHz band elsewhere.
(See Fig. 1)These bands will be­
come availab le on April 1, 2007.

Prior 10 that date. HDTV could
be implemen ted , provided that
exis ting se rvices are protected.
4 .Mobilc sa te/We service. •uut
eeroneuucet publlc correspon­
dence (APe), The services that
mos t excit ed WARC-92 a tten­
dees occ u r in the frequency
bands ass igne d for te lephony,
worldwide paging, a nd fax se r­
vices us ing many co n ti nually
orb it ing ra the r than geostation­
ary satellites .

In 1990 Motorola proposed a
global telephone sys tem called
Iridium (see box). The APC sys ­
tem wou ld enable passengers
on conuncrclal air lines to make
phone calls or send FAX mes­
sages a nywhere on earth . Fre­
quencies for these services were
allocat ed In bands between 300
MHz a nd 3.0 GHz. and they In­
clude alloca tions for a future
public Ia nd-mob fle telecom ­
munications service (FPLMTS ),
That service wou ld . a mo ng

othe r services, permit a nyo ne
in a moving au tomobile wlL h a
car ph one to call anywhere on
Ear th .

Although some worldwide ex­
clusive allocations were mad e.
the tn terregtonal jousting lh at
took place In SSS and HDTV
also affected the mobile satellite
service. Once many of these sys ­
tems a re Implemented, it will be
necessary for the systems La car­
ry d ua l s ta ndard eq u ipment .
For example, an a irplane cross­
Ing the Atlan tic mu s t ca r ry
equ ipmen t that operates in the
frequency bands a lloca ted for
the Wes tern as well those allo­
cated for the Ea s tern hem i­
sphere. The world's elect ronic
eq u ipment manufactu rers can
exp ect to s tay busy for years to
com e meeting the demand for
equipment that will operate fit
the ma ny WARC-92-a llocat ed
Irequen ctes .

Con tin ued on page 73

GLOBAL TELEPHONE NETWORK OF rr SATELLITES

IRIDIUM TELECOMMUNICATIONS NETWOR K would have 77 moving satell it es In
seven po lar orbi ts al a 'Sao-mi le altitude.

iridium, a proposed global cell ular
telephone network, would put 77 relay
satell ites in eart h orbit. Those moving
transceivers or "ce ll sues' would be sup­
ported by 20 or more ground stalJons
connected to terrestrial telephone lines.
The system promises wortdwide tele­
phone, paging and rex service .

Unlike existing telecommunicat ions
satellites that remain in a fixed position
22,300 mile above the equator, lridium's
satellites would orbit the earth at an at­
titude of 500 miles. The 77 satellites
would be launched and synchron ized in
seven polar orbits with 11 satellites in
each orbit.

Moving from norlh to south at 18,000
miles per hour, the satellites would be­
have like electrons orbiting the nucleus
of an atom. The earth will rotate west to
east under this "sneu" of satellites. As a
result, at least one satellite will be in
position above the ho rizon ready to
transmit and receive calls at all times.
Moreover, the Icw-aujude orbits will per­
mit haft-wart pocket phones to be used.

This ambitious scheme, proposed by
Motorola Inc.• has received frequency
spectrum alloca tions althoU9h it has not
yet been authorized by the FCC. In addi­
tion to revenues expected from tele­
phone . fax, and paging se rvice s,
Motorola envisions conside rable work In
making the satelli tes. ground station
equ ipment, and poc ket telepho nes.
Critics. however, say that Iridium will
have to play catch-up with existing cel­
lular telephone services. and it will be
too expensive to be profitable. R·E

_ 11 SAltLUTES
INEACH ORBIT

EARTHROTATlON-WEST-TO-EAST

SATELLITES
MOVE tJORTH

TO SOUTH
AT 18,1)00 MPH

....
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PC-BASED
TEST BENCH

as th e c a pac it a n c e
meter. In thi s case. the
CCL is programmed to
deacti vate the Capac itor
Pulse section a nd to ac­
tivate the Even t-Pulse
s ec tio n . Th e Event
Pulse section conta ins a
CCL-controlled Inverter/
buffer. Th e GO-MHz
clock is enabled and dis­
abled by a negative-go­
Ing pulse. Th e Inverter/
buffer ensures th at a
pul se of any polarity fed
Into the Even t Pulse sec­
tion will be negative-go­
Ing u pon rea ching the
Clock section. That al­
lows for measurement
of either negative-going
or po sitiv e- g oin g
pulses. As with capaci­
tan ce me asurement.
the counters are clocked
at a GO-MHz rate for th e
duration of the even t
pulse . a n d are then
s topped. The co un ter
bytes a re read back in to
the computer and com­
bined Into a s ingle dect­
mal valu e. Th e resultant
period In seco nds Is
equal to th e final cou nt
divided by 60 MHz.

Frequency
measurement

For fr equency mea­
su re ment. the CeL is
first Instructed to dis­
able the Capac itor Pulse
and Event Pu lse sec­
tions. reset all the coun­

ters . a nd selec t one of eight
available ttmebases . whi ch are
derived from the 50-MHz clock .
Nex t. a ti ming peri od begins.
a nd the output of the Ttmebase
sec lion goes low. That allows the
Frequency Inpu t section to be- c,

gm counting the frequency that ~
is being measured . The first l8
byte of the inpu t frequency rip- .1\'>

pie ca rr ies into the Coun ter sec- !!!
lion (bytes 2 . 3 . and 4). Wh en !
th e tlmebase perIod ends. the ~

ou tpu t of the tlmebase section ii '
returns to a high condt tton . d ts- ~
abllng the Frequency Input sec­
tion . The fina l count byte s are
th en read ba ck and are com­
bined Into a s ingle decimal val-
ue. Th e resultan t frequency is 41

Event/period me asurement
Even t or period measurement

uses most of the same circuitry

a nd Tlmebase sections, and re­
sets the counter a nd Capacitor
Pulse sections. Next. the CCL is
sent a byte th at causes a one­
s hot to fire in the Ca pacitor
Pu lse se c ti on . The res u lt a n t
pulse enables the clock , which
enables the coun ters. When the
pulse has ended, the fina l coun­
ter values are read back into the
co m pu ter. The four cou n ter
bytes are then combined Into a
single decimal value. The resul­
tant value is proportional to the
capacitance of th e componen t
under test.

The first 11000 peripheral
that we're going to build, the
TJOOJ, contains a frequency

counter, an event/period meter,
and a capacitance meter.

STEVE WOLFE

'nus MON T II WE CON T INUE

o ur PC -b a sed t e st
equipment s eri es by
completi ng th e fir st of
several that a re com­
patible with the 11000
In terface we built las t
mo n th . We a lso wen t
over the Front -End cir­
cu it ry that must be con­
tai ned In each Il OOO
peripheral. Thts first pe­
riph eral. the TlOO l .
con ta ins a IOO-MHz dig­
Ital freq uency coun ter.
an evenUperiod -meter,
and a precision eapac t­
ranee mete r acc u ra te
from 1 pF to 10.000 fJ.F.

Capacitance
mea surement

The Circ u it Con t ro l
Lat ch secti on (CCLl Is
made up of 16 con t rol
lines that are Ind ividu­
ally routed to every block
depicted In Fig. 1. The
purpose of the CCL sec­
tion Is to enable. dis­
a ble. res et. start. a nd
s to p t he m ajor p ro ­
cesses of the TIOOI. The
Capacitor Pulse sec tio n.
when started by the CCL
se c ti on. produ ce s a
n egative -going pu lse
whose pe riod is propor­
ti on al to the ca pac itor
under tes t.

The pulse produced in
the Capacitor Pulse sec­
tion enables a n d dis­
ab les the 60-MHz clock.
1b determine the per iod
of the pu lse . th e output of the
clock ts connected to the Capt
Even t section which con tains
the least-signifi cant eight bits
(byte 1) of a 32-bl t digital coun­
ter. as well as a latch used to
read th ose eight bi ts . The Cou n­
ter section provides th e remain­
Ing 24 coun ter bits (bytes 2, 3 .
a nd 4 ) as well as three more 8­
b it latches that a re used to read
th e coun t back Into thecomput­
e r.

Th e complete sequence Is as
follows : Control dat a is sen t to
the address of th e CCL. The
Ch ip-Selec t (CSl sec ti on en­
ables the CCL to s tore the con­
t ro l da ta . The con tro l data
disabl es the Frequency. Even t.
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equal 10 the final count d iv ided
by the umebuse pe riod in sec­
onds.

Controlling the TlOOl
The firs t s tep In co n trolling

any 11000 periphera l Is to es tab ­
IIsh a base address and select
the desi red peripheral. The firs t
b it of code wl11 be :
bas = 768 : ou t bas + 3 I.1.
768 (hex 300) 15 the fact ory-pre­
set base address of th e 11000 .
Next we have a n out to bas +3 1.
Recall that address bas +31 Is
res erved for peripheral selec­
tion. The TWOI h as a u n it o r
peripheral add ress of MI," Con­
sequen tly. If you send a n out to
b35 +31 wtth a data byte of " l ,"
the T lOOi will be readied for fu ll
110 operation.

l ake a look a t the TlOOI sche­
matte in Fig. 2. (Note that the
Fro nt End circu itry is absen t-e­
you can find tha t. and a desc rip­
tion of it . in the J u ne 1992 is­
s ue. ) A 74HCT I38 3 -to-8 line
decoder (lC211 produces t he
read function ch ip selects with­
In the TIOOl : it decodes three
bina ry lin es a nd p roduces a low
on on e of eight ou tput lines .
The low remain s acu ve as lon g
as the handshake lines remai n
active. The h andshake li nes
tha t come fro m th e Fro nt End
are s..:till. RD. an d II~:N . The ad ­
dres s informa ti on presen t a t
p in s 1-3 oflC2 1cor responds to
AO-A2 (A3 A."m A4 a rc not used by
the T lOOI).

T he B EN pulse Is hl~h as a re­
s u lt of selecting the T IOO I. Ex-

ccu t tng "a = tn ptbas + 3 )" will
cause SI~ND and A2 lines to go
low. and AD a nd A I to go high.
Aft e r 500 n anos econds. the
read pulse IRo ) wlll go low. ac­
tivating IC2 1 p in 12 for the du­
ration of the lID pulse II ~). If
m :N were low. IC21 would n ot reo
spend 10 read pulses . BEN Is low
in every peri pheral exce p t the
one add ressed wit h the bas + 31
fu nction . The + 0 through + 4
des igna tor on the ou tp uts o f
IC21 corres po n d to bas + 0
through bas + 4 in the software .
Using that notation. It is easy to
visualize the software's effect on
the hardware.

A byte latched Into IC9 ca n be
ret rieved using the following:
a = tnptbas +O);a = tn ptbas e-O)
A read to bas + 0 will cause IC2 1
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one-sho t has finished an d the
co ntents of t he cou n ters a re
read baek from IC9 . IC27. IC28.
and IC30. The four bytes are re­
co mbine d by the softw a re to
yield one decimal number pro­
po rtio nal to the capacitance.

On e-shot circ u its ca n not p ro­
duce pulses th at Increase wit h
capacitance In a 1:1. or linear
fash ion . In fact. the gra ph can
be a cu rve resemb ling the natu­
ra l log of 2. 1b ach ieve better
than one percen t accuracy. ma­
t r ices a n d determi nants are
used In the software to overlay a
correctio n cu rve a nd thus can ­
c e l a ny n o nli n e ar c h a r ac ­
te r is ti c . That Is ach ie ved by
p lu g g in g ca pac ito rs wit h
know n values Into the capacito r
checke r d u r ing a ca lib ra tion
process. attowrng the checker to
learn what ca pacitance equals
what cou nt. The refore . t he
TI OO l ca pacitance mete r Is
acc u rate from I pi cofarad to
10. 00 0 mi crofara d s . For op­
timal performance. the ca lib ra­
tio n p rocess sho u ld be repeated
every s ix to el~ht months .

Measuring an event
Pe r iod measu re me n t is a c­

complished with most oft he el r­
cui t ry u sed fo r ca pac ita nce

Other components
OSCl-6Q·MHz etystal oscillator
J1---panel-mount BNC connector
J2,J~d binding post
J3-black binding post
J5-J7- spring jacks or other type of
connector, see text
Misce llaneou s: project case. PC
board. software. three TO·220 heat­
sinks, one 10-3 heatsink, Sheilded ca­
ble. stranded jumper wire, hardware.
ribbon cable. solder. etc.

T1001 PARTS LIST
IC8. IC12-IC14. IC18, IC26. IC29­
74HCT404OQ 12·stage binary counter
IC9, IC19. IC23-IC25, IC27. IC28,
1C30-74HCT573D octaI latctl
IC15-74HCT1 51D a-cnenner multi­
plexer
1~74HCT04D hex inverter
ICZl . IC22-74HCT138D3-I0-8linede­
cocee
1C31-lC33-lM340T 5·volt regulator,
10-220 case
lC34-lM340K 5-voll regulator. TO-3
case
Dl-1N4148 diocle

Resistors
Rl - 200.000 ohms, Yo·wan. 1%
R2-5110 ohms. Yo-walt, 1%
R3-2200 ohms, Yo-wan, 5%
R4-5600 ohms. Yo-wan, 5%
Capacitors
ci, C2. C7. ca. C10. C16. C17, C34.
C41-10 j.l.F. 3511O/ls. electrolytiC
C3. C5. C6, C12-e15,C18. C20-C30­
0.15 j.l.F. 50 'odls. monoIythic
C4, C9. en,C19. C31, C35. C36, C38,
C39--not used
C32-105 pF. 100 volts. dipped mica
C33. C37. C4G-l00 j.l.F, 25 volts. eiec ­
lrolytic
Semiconductors
ICl - 74lS123D dual one-shot
IC2- 74HCT860 quad 2·input XQR
gale
IC3, IC11- 74HCT32Dquada-mcut OR
gale
IC4-74HCT20D dual 4·input NAND
gate
IC5-74HCT74D dual D flip-flop
1C6. IC16--74F86D quad 2·input XOR
gate
IC7, IC10. IC17- 74ACT74Ddual D flip­
flop

ICI7. IC IB. IClO. IC2·d . a n d
IC5-b. That disab les the Fre­
quency Coun ter an d Event sec­
tions . Lets assu me that you a re
going to measure a small ca pac­
Itor (less than I V-F). Now IC23
and IC24 clea r ICI-a . ICI -b ,IC7­
a. IC7-b. ICB. IC26. an d IC29.
and anot her byte from IC23 an d
IC24 releases those chi ps from
their reset mod es .

Youarc now ready to s ta rt IC I­
a by transltlon lng Its s tart line
a t p in 2 : that causes ICI-a pin 4
to go low and IC4-b pi n B then
goe s high . Ftrp -flop IC7-a- a
74 F74 h igh-s peed flip -nap se t
up as a dt vtde-by-two-ccon tatns
the leas t-s ign ifica n t btl of the
32-b it cou n ter. When IC6-d re­
ce ives a low on pin 13. IC7-a Is
di sabled : when IC6-d receives a
h igh on pin 13.IC7-a Is enabled .
Therefore . during the time that
ICI -a Is producing a negative
pul se. IC7-a Is cou n ting a t a 60­
MHz rate.

The rest of the 3 2-blt cou n ter
sec tion Is mad e u p of IC7-b .
ICB. IC26. and IC29_Each sec­
tion r ipple-carries to the next.
Once the one-shot pulse has be­
gu n . IC25 co n ti n ua lly read s
back IC6 pin 13 to deter mine If
the pu lse has fini shed . When
IC6 pin 13 is fou nd 10 be low. the

pin 15 to go low. wh ich in tu rn
. b r in gs leg pin 1 low. T hat
causes ICg to goacuve and place
its data on to the bus. S imilarly.
a read to bas + I will br ing data
held wit h in ICI9 on to th e data
bus . Reads iss ued to bas + 2 .
+ 3. + 4. and + 7 retrteve bytes
fro m IC27 . IC2B. IC30 . a n d
IC2 5 . re s pectively. An ot h er
74 11CT138. IC22 . produces the
write fu nctio n ch ip selects with ­
In the T IOO I. It fu nctions In
much the same way as IC21 ex­
cep t t ha L It res ponds to th e
wr ite pulse IWR) ins tead of the
read (R'fi) pulse.

An "OUT bas + 0 .170" wou ld
cause IC22 p in 15 to go low and
sub sequen tly IC20 p in 8 to go
h igh: IC20 p in 8 con trols the
la tch Input of IC23 pin 11. You
may have n oti ced that ch ip-se­
lect read-fu nction ou tp u ts a re
active low. wh ile write functi on
outpu ts are Inverted . or ac tive
h igh . Th at 's b e ca u se t he
74 HCT573 la tches need a low
on pin 1 to ou tp u t their byte.
and a high on pin II to s tore a
byte. Com ponen ts IC2 3 a n d
IC24 are used to clea r. sta rt. an d
stop all of the processes of th e
TIOOI. The labels on the output
s ide of IC23 an d IC24 match la­
bels at the IC be ing con trolled .

Powering the TIQOl
Peripherals atta ched to the

11000 are powered by the + 12­
volt DC power line of the host
PC. The + 12-volts DC Is filtered
an d regu lated to + 5-volt s DC
wit h in the periphe ral. In th c
TIOOl , the +12-volts DC Is con­
ver ted In to fou r d ifferen t +5­
volt su pply lines . There arc four
d ifferent su pply lines becau se
the 60-MHz master os cilla tor
prod uces energy that can rad i­
a te to other parts of the circu it .
(In an ea rlyT lOO I pro totype. the
GO-MHz clock radiated enough
energy to completely di sable the
frequ ency-co u nte r sect ton.I
Givi n g eac h h igh -frequ en cy
sec tion Its own power sup ply
eliminates such problems.

Measuring capacitance
Th measure capacitance. you

mu st firs t di sable a ny systems
n o t In vo lved In ca pac ttan cc
measu re ment. Therefore. IC23
a nd IC24 a re used to d isable



nst
CAAICUOR
l.O.OIIIIfG

-~"".­POSTS.Sf( !I XI )

•"'.

..-
O~

~

.$VIAI P1~ 11

,, 0
"I"" 0"

1(:1->
'!, HU m

e

",..

i
• 'V(~J

" ",I C~f1C1&• ,
'I,Tl n l

w tOl.>l• eue
" r<'IU~!r, """H "" 'I. l . rl!

T .~ "r . '- Q<

" "
,

'" l C111:fJl~ fRIa. IIIl'Vl , •
~

,..
1e1l "" " ..,. 'Ilu n,

l& • lilA ~ 15
.,

TOQ f'IIl l,src: '"
G1II Y' I IQlC I9 "'~ 1

'r' ..' Qt 17 ., 10 1C11PI~ ,

T~ '~
, " .. IOICZtPl ~ l

" • I Y' 10 - TO~f'\1l '

s . ~ . ~~:1l..OC1H ,
5 ' I. l~flt

c :>'! 1 .,
IO~ Plq lu ", ,

~

1C17-, 1<HnU.

'~ l~n. '*en ~+' ~. , Vltl
,~

. ,~
~

.. .
"" • G1A ,, 'SJ . 0

iL .- - i'ffij 1. ClH 10 IC2Jfi N 11

••
et ~~'''~,.

~ .. • •
'" " • l:' YJ II

H" 'U"ol '----i • 0 ~ ~:~ 5 ~ . 1,~ cu Cl • m " 'OI(:2H>," II

" FIS! 112
, ,.

"~
it '.1I1M:TM•

,J. ~ ,
,. " ".

ee • w

~
" lO"en >l

'" l 'J,

~
,.

PI" I. 0> .~~-!! •• .0 1 r--'- • •es ...
0>.H! M
011f!t _CO

1C1~ I 0""" nHrnlJ

.f ..,'

FIG. 2-T1OO1 SCHEMATIC. A 3-10-8 line decoder (IC21) produces the read fun ction
44 chIp selects within the TIOO1 by decoding three binary lines end producing 8 low on

one 01eight output lines.



. IVlll,

a '
" ro ,

"
,

. S: 181
' ll lt' ""':

,
' 00 • •

1ll': ''''J '. 1'1) •" at '0':' "'" '0
,..

'" ,
I

, '.~, o.

~
' 0 ':11''11I" ". •-" '.. '.. J.n.

~
ICO'''''lODl ". :~JOC .... ,: >=:

" ' .,
~ '" I" . IllIC'NlJ >= ":0

aJ lrrr~ , ,; IICl

9. . ;:: ' Olt1N ' C
.s1..WI

[$

---:" .~ " J .,.o;-:. • ,~n

lJ & ' .. '-'< , • ',> ~~e .- ..... ~.-,:J.,."i':. " • ,..... g.,.~. '..,- •.,..; , Q'r'"1' a.

~ "" 'UI. oo
It-+ tJ , •, ,. '0

'"~ ,. '. • •
'~ 'MCnI • • '" •

I '~' • 1ll':""1 >= • •!t-, •JL- W 'OeB"" " ". "It,~ e ':11<
10 IC1 U"' " • • •aJ" 'l , '.• I..em
10 0 .... "5-- " • ,

'- "· r 'J .. , '" .ti" IO ICl... U C

'" la "."";~nl 11:". IOMtnn',. Iattn:
'~

.~~
,~~

. 6V(t1I ,

h~'"u 00 '.. , ~,-- • § "'"I H'\JI
,

tD J,: .ISa. .' •• 00 " 'OU lC31'l1lI " ' ~
,~ ,, ~ a • .' 1!lOUIC:T ruU ,

: 'omCl l ..131....J

" • :;fi[ - ' !lOUlCol """ I "- lUOO 1IS1 · .',
'"

_ leu """,, •· .'• •• _ tr:Is .. s• • om: OI~ 10 fC "• '" " .51'10I 10 so~• ' , .' '" ..' • ·"
.. . S'<llll ~' l :~, ' III ' 1

;IjljI ~ 5~." a ,~ '", ' l-enn I ct • s ,~

.j,' .,. cLJ ~',.,-en: ~

• .. · "

1:
....

" ;.j, • *~
~ 'c, " e

,
00 .... .15

~ . I!- ·-it . L
, , •

~ if:
~ .

, s a •• , , •e
~ " •. '-'; c • n , 01 ,

' ~ ••,
1iG' .", ,,~ ~~ " . ,.'n,.... ·~ 1"1l '" DI , .",,",s " , •+ " ~ Elit• aim-- ,

" 0 '0 '~

'" '" '" ~'"
~Ol . s~ on

::~ ....s
." JI ..r:tm I cf.. •• ~-,--

.";J~)d'
' , , .. '0 ~ r:ll

',j..., .. 'J lC" :+ .'S b ,,-- ' ...1;,..... ,-- . 5V101

." " • ,~ RSI " 11- II lIST

" • a •
ttK ~ a. " ' ' 0 CH "

,
III ... .'5

" ca '.-I P, IC' H • • • ,,'I 'I, J<tII;TU "• • • e .'~ • :r l • .'~~~' " '" . ', - , .' .' • .'.' O~ :l .5\'1l1. '" .'m ~ :~ ow't-- , ,
,~ ,o,.r 0" ' 0 " ' 011 '

'*
, • ~ "" ' 0 ' 1 ". ~ ,~'"

Q:1~3 ' 5'1'" '.l,

r:~~
.j," l~ ,~n l cr,ON , ,- I~ .0

, g'{.! - ,

• ,j. • ,
f-------;,~

'"
.. ,.' '. J,. .s
" ~, •~~

,
" • •r • , , om:. - " • ~~, ,

'",;: I , .. "
,• ~ ",

" '"
,

" ~IH:
'--- • ,

'"• ". .- -.r ~ ~~;r$f • '". - , !C'S 5~ 1ol.Dl.o«'fllS61Ili-J ,-- '" ~'".. l u<tnJ'l : Q"coo l ell Juo:t1"
,~ .¥ .j.' - ':l.-

45



4'

measurement. All of the se c­
tions Init ia lly di sa bled or
cleared during the capac itance
test a re treated the same way
h ere . Th e even t Inpu t is secu red
by Dl and R3 wh en Its not in
use. When the anode of D1 is
brough t low. cont rol Is given to
the Event Pulse input so that a
pulse ca n be measured . If th e
pul s e to be measured is
po sitive-going. IC2·d Is pulled
hi gh . If the pulse to he mea­
su red Is negattve-gotng, IC2 -d
pin 12 Is pulled low. That en­
sures that a ny pulse leavin g
IC2·d pin 11 will be negative-go­
Ing. Next. a byte Is sent to IC23
and IC24 to release IC5·b, IC7-a ,
IC7·b , ICB. IC26 . and ICZ9 from
th eir reset modes .

A pos tu ve-going ST ART pulse.
which tells the circuit produc­
Ing the even t to begi n . is sen t
out . The Input pulse en ters fe 2·
d pin 13 . and a negative-going
pulse leaves IC2-d pin 11 and
goes to IC4-b pin 9 . and the
counters beg in counting. Flip­
flop IC5-b watches'for the even t
pulse to end: when the pulse
ends (a rising edge Is dete cted ).
IC5-b pin 9 goes high . disabling
t he Event secti on. That p ro ­
vides noise Immu nity by pass­
ing only the first pulse received.
Because the pu lse has ended.
IC6-d pin i3 ~oes htgh. tndtcat-

FRONT-END PARTS LIST

Resistors
Rl -33 Ohms. l6·pin DIP resistor
R2- 2200 ohms. l Q.pin SIP resistor
R3-l000 ohms. 1Q.pinSIP resistor
Capacitors
Cl -e7-{).15 IlF. 5Ovolls. monolythic or
polystyrene
C8--Cll. C20-C26-1500 pF. 63 vous.
polystyrene
C12-e19-220 pF, 100 VOlts, ceramic
disc
semicondu ctors
IC1-74LS573D octal lalch
IC2-74LS668D a·bit magnitude com­
parator
1C3-74LS245D octal transceiver
1C4-74LS02D quad 2-lnput NOR gale
IC5, IC6--oclal buffer
IC7- 74LS08D quad 2-inpul AND gale
Other components
Jl -l&pin male header
J2-1B-pin male header
J3-Rlght·angle PC-mount male OB25
connector
Miscellaneou s: 17 shorting blocks (for
Jl and J2l . solder. etc.

ing tha t It Is time to read back
the final cou nt. The period ca n
th en be determined with the for­
mula described ea rlier.

Measuring a fre quency
As in the othe r two processes .

a se t of initial cond itio ns mus t
be establis hed . Firs t bytes will
be se n t to IC23 and IC24 to d is­
able ICI-a . IC I·b. IC2-d . a nd
IC5-b . All coun ters will be reset
as before and IC4-b p in 13 Is
pulled low to ensu re that when
IC7 is released from the reset
mode It wl1l be Iree-runntng.

The period section cons ists of
IC3-d. IClO, ICll -b . ICI 2 . ICI3.
ICI 4 . a nd ICIS. Once released
from reset . IC7 produces a
CLOCK pulse which is applied to
ICW-a and ICll-b . Tha t part.
ICll -b . Is the clock enable/In­
h ib it gate that s u pplies ICI2
wi th c loc k pul s e s . A
74HCT4040D 12-b it co u n te r.
ICI 2 . r ipple-carries to a nothe r
cou n ter. ICI3 . which ripple-car­
r ies to the last cou n ter in the
per iod section. ICI4 .

E ight c ha n n e ls fr om a
74HCT IS ID a -chan ne l multi ­
plexer. ICI 5 . a re con nected to
eight of the cou n ter ou tputs .
The muiliplexeroutput cha n ne l
is con nected to IC ll -b. IC3-d ,
a nd pin 6 of I C2 5 . a
74HCT573D octal latch . Pin 6 of
IC2S is a read-back line for de­
termin ing wh en the period has
ended.

The operation of the Period
section is a s follows : IC7-a .
ICW-a. ICI7 . a nd rcis are all
released from reset. IC7-b pro ­
duces a 15 -MHz clock s igna l
that Is fed to ICW-a a nd ICll -b.
When t h e first ri sing edge
reaches the clock input of ICIQ­
a . pin 6 of ICI D-a goes low. That
releases ICI 2 . ICI 3. a nd ICI4
from reset. Pr ior to that even t.
all the coun ter. or "g" outputs
were low due to th e reset con­
dition . At this time. ICII-b has a
low on pin 5 and a clock s ignal
on pin 4 . That produces a clock
signal on IC12 pin 10.

Since the cou n ters arc no lon­
ger In a reset condition. they go
Into a free-running mode . Even­
tually. the multiplexer line cu r­
re ntly selec te d Is fed a h ig h
condition. The high Is fed to
ren-e. IC3-d. and IC25 pin 6 .

When pin 6 ofICll -b goes high .
it inhibits ICI2. ICI3 . and IC14.
The output of IC3-d was high
before th e rese t was removed .
low after reset and before the
counte r went hi gh . a nd h igh
after the counter wen t h igh . If
IC3 -d produces a h igh. t hen
ICIG-c is a n In verter a nd con­
sequen tly ICI7-b is inh ibited . If
IC3-d is low. the n ICI 6 -c is a
buffer and ICI7-b is enabled. In
oth er words . during the time
when the cou n ters are no t In
reset. but prior to th e counter
output being fed back to IC3-d.
th e frequency being measured
Is allowed to clock ICI7 . lCla .
IC26 . and IC29. The length of
th e period is determined by the
coun ter outpu t. or "g" that Is
allowed to pass th roug h ICI5 .

The TlOOi was de s igne d to
produce eigh t d ifferent ti me­
bases be tween 0 .1 and 20 sec­
onds. The period of a ny given
tlmebase ca n be determined by
calculating the a mount of time
It will take for th e target "g" to
go high at the given clock rate.
That method is not as exact as II
could be . due to propagation de­
lays. The preferred calibration
method is obtained by working
backwards . You inpu t a rela­
tively high . known freq ue ncy
In to the counter in put and start
a period. Once the cou n t Is read

ORDERING INFORMATION

Note: The following Items are avail­
able fro m TSW Electronics Co rp .,
2756 N. University Drive. Suite 168.
Sunrise, FL 33322 (305) 743-3387:

• 11000 kit-$65.oo
• 11 000 PC board only-$35.oo
• 11 000. assembled and lested­
srr.oc
• s-tcet Interface cable (08-25-6)­
$12.95
• 11001 ki t (Includes PC board, all
listed parts, project case, and pre­
assembled f ront and rear panels­
$149.00
• 11001 PC board only-$49.00
• 11001, assemb led and tested ­
$179.00
• 11001 software (incl uded free with
11001 order)-$10.00
• Capacito r kit (u nmeas uredj ­
$21 .00
• Capacitor kit (measured to within
1%)-$26.00
Add $5.00 S&Hto any order. Check or
money order only.



back, the period in seconds Is
equal to the coun t d ivided by
th e frequency. In that way you
can deter mine the exac t per iod ,
prop aga tion delays Included .
Once you have mapped out the
exact value of all eight per iods ,
you can save them to disk and
reverse the equatio n so that the
freq uency is eq ual to the cou n t
divided by the per iod.

Construction
Tbbuild the n OOl per iphe ral.

a PC board is recom mended.

You can either buy a PC board
from the source men tioned in
the Parts Lis t or make your own
from the foil patterns we've pro ­
vided . Note that the parts for the
Fron t End a re contained on the
TWO] board shown with a da rk
line around them. There is also
a sepa ra te Pa r ts List for the
Front End . Do not confuse the
two lis ts of parts . or whe re they
go on the boa rd . Ins tall parts on
the board as shown In Fig. 3 .
Also, for many of the ca pacitors ,
noti ce that there a re three holes

on the board , with two of them
electr ically the same..The holes
accommoda te capac itors of dlf­
Ierent s izes. Use the pa ir of
holes that best fits the capaci­
tors you use.

Th e freq u ency-In pu t BNC
connector (J I ) must be wired to
th e board as shown in Fig. 3
wit h s hie lde d cable. Bind ing
pos ts J2--J4 a re co nnected to
t h e b oa r d with In su la ted
s tra nded wire. For testing ca ­
pacitors , "sp ring jacks" IJ 5-J7)
a llow q ut ck Inser tion a nd re-

--._"

FIG. 3-PARTS·PLACEMENT DIAGRAM. Nole thai the Front End section Is contained
on the T1001 board shown with a dark line around It. There are sepa rate Part s Lists for
the sections, so be sure not to confuse them. (The extra ho les where capaclto rs are
moun ted are for accommodati ng capaci tors 01different sizes.) 47



AG , 4-COMPLETEDn OO1. A preau embled tront panel Is Included with thepurchase
of 8 nOO1 kit.

the Ins tructions you a re given.

Operation and calibration
Before Installing the nooo

card In your computer, the ca rd
must be cal ibrated. 1b calibra te
the 11000. you'll need a dual­
trace oscilloscope capable o f
mea su ring a 400-nanosecond
pulse . two x 1 probes . and a
non-m etallic a lign men t to ol.
Set both oscilloscope channe ls
to 2 volts/division. th e tlmebase
to 0 .2 microseconds/di vis ion .
the trigger s lope to negative ( - I.
and then set the sync sou rce to
channel l.

Powe r down your compu ter.

COMPONENT SIDE of the nOOI board•

(516-293 -2283 . 1200124 0 0 .
aNI) as a self-unarchlvlng zip
file called 1l000.ZIP. Both com­
plied and uncompiled software
is in cl u ded . Software Is In ­
cluded free with the purchase of
any peripheral from the source
men tioned In the Parts List.
(Software can also be purchased
from that source If you're not
buying anything else from them
and you have no way of down­
load ing it from the RE-BBS.) Be­
fore you can do anyth ing with
the 11000 system, the software
must be in st alled In your com­
puter. 1b do that. type "Install"
and then hit Enter. and follow

moval of test capacitors . as well
as easy paralleling of capacitors
to achi eve any des ired va lue.
Th e spring Ja cks are s im ple
springs bent In a semicircle. at ­
tached to th e front pane) with a
sc rew at both ends. and con­
nected to the PC board with
Insulated s tra nded wire . There
Is one spr tngjack for large-value
capacitors (J 51. one for small­
values IJ 7). and a common one
for grou nd (J6).

However. a problem with the
spring Jacks Is that a spring is
an Inductor. and the measured
capacitance would vary depend­
tng on how the ca pac itor Is in ­
serted in to the springs . There­
fore. a fine-gauge shunting wire
must be "wove n" around the
back edge of each sprtng and
soldered to theJumper wire that
connects the spring Jack to the
board.

Mak ing spring Jacks ca n be
dtrfl cult a nd tedious for the
average do-n-yourselfer; There­
fore . anyone who purchases a
complete kit for the nom will
receive a preas sembled fro nt
panel-c-tts drtlled. stlkscree ned.
and all the Jacks. incl ud ing the
three spr ings . a re mounted on
It. 1b save yourself a lot ofhassle
If you're not buying the kit. you
can use an y kind of capacitor
test Jacks such as binding posts
or alligator clips.

Four voltage regu la tors are
used in the TiOOI: IC31-IC34,
Three of them (lC3l-IC33) are
LM340T's In a TO-220 case . and
th e proper heatslnk sho uld be
attached to each of the m. The
fou rt h regu lator (IC34) Is an
LM340K In a TO-3 case. That
regulator must be mounted on
the back panel of the TWOl
case . also with an appropriate
heatslnk, and hardwired to the
board. Figure 4 shows the com­
pleted TlOOI board.

Software
Each periphera l. Including

the 11000 Itself. has Its own soft­
ware program to con trol Its own
operation. All of the programs
end up In one d irectory as you
add mo re per iphe ra ls. Software
for the 11000 and th e en ti re se­
ries of per iphera ls. Including
the n om. ca n be downloaded
a ll at once from the RE-BBS..
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Press
U
Q

M
L
S
Z
o
X
C

Press
U
Q

M
p
N
H
C

470 J.lF

1,000 IJ.F
4,700 J.lF

10,000 v-F

TABLE 4--CAPACITORS

5 pF .47 JLF
10 pF 1.0 JLF
47 pF 4.7 J.lF

100 pF 10 J.lF
470 pF 47 v-F

1,000 100 J.lF
pF

4,700
pF

.01 ""F
.047 J.lF

.1 pF

Function
Units (uF, etc.l
Quit
Main menu
Large cap test
Small cap lest
zero
Direct
exlt zerc or direct
Calibrate

funct Ion
units (IJ.S, etc.)
Quil
Main menu
Positive
Negative
Handshake loggle
Calibration

TABLE 2-FREQUENCY

TABLE 3-CAPACITANCE

The I1OQOfflOOI pai r s hou ld
now be com ple te ly ca lib ra ted.
With that a nd you r co mpu ter.
you 're well on you r way to h av­
InA a vers a ti le co m pu te r-con­
trolled tes t bench. R-E

"C" a n d a nswe r ing "Y" fro m
that menu activa tes the capacr­
tance calib ration process. You
will then be asked to insert vari­
ous known-va lue ca pac ito rs
and press a key. The calib ration
ca pacitors required are s hown
In Table 4 . The more precise the
values of the calibration capact­
tors. the more p rec isely calt­
b rated the T IOOI w1ll b e. A
pa ckage of the ca pa cito r lis ted
in Table 4 Is available fro m the
s ou rce me ntioned in the Parts
List.

Press
U
Q
M
o

I 1
c

Function
Units (Hz. ete.)
Quit
Main menu
Direct
Timebase
calibrate

TABlE l~REQUENCY

Con nec t th e cou nter Inpu t to
a known refere nce freq u en cy.
and make s u re th at frequency Is
d isplayed on th e s creen . Press
"C. " an d a nswe r "y " to activate
the ca lib ra tion. Aftcr you are
asked wh at frequ ency (In he rtz I
you a re u sing for calib ra ti on .
type It In an d press En te r. The
co mputer will take care of the
rest.

The even trpe r tod m enu is
s hown In Table 2. Aga in. press ­
Ing -C" activates the calibration
mode. You will be asked to enter
the number of n anoseconds
n ceded to calib ra te the period
bei ng di splayed. The value you
en te r will be saved to di sk a nd
u sed In aU s u bseq uen t read ­
Ings. 1b remove the ca libration
offse t . p res s "C" and en te r a
zero.

The capacttance-me ter menu
Is s hown In Thble 3 . Pressing

s hown on the right s ide will ex­
ecute the fu n ctions s hown on
the left s ide.

::m:::: :.~~~~"-.........
.~ .

Ins tall th e 11000 ca rd. and con­
nect th e scopes gro u nd lead to
t he 1100 0 's metal mou nti ng
b racke t. Attach th e channel- I
probe to TP l l and channel 2 to
TPS. Boot your computer and
change directories to \TS W.
Type MCALIlOOO" and press En­
ter. Press the space bar u n ti l the
status line In dicates "WRIT­
lNG.·· Adjust the trigger level of
your scope u ntil you are In sync
wtth channell. Adjust Rl2 u n til
the wavefo rm on channel 2 Is
ce ntered withi n the wavefo rm
on channel l. Move the chan­
n el-l p robe from T PS to TP7.
Press th e s pace bar un til the
status line indicates " RE AD­
ING.,.Adj u s t Rl3 until the wa ve­
form on chann el 2 is centered
within the waveform on chan­
n ell . Move the chan nel-2 probe
f rom TP7 toTpg . Adjust R14 un­
til the waveform on channel 2 Is
ce nte red with in t he waveform
on channel 1. Power down the
comp uter an d re m ov e the
probes: the 11000 is now fully
calibrated.

All three fu nctions of t he
T IOOI peripheral mu s t also be
calibrated. When the system is
u p a nd ru nning. the mai n. o r
"TSW" me nu a llows you to
choose between th e diffe re n t
fu nctions of t he pe r ip hera l.
Fi rst choose t he frequency­
cou nter op tion . a nd you l l then
be presented with the frequen­
cy-cou n ter menu as shown in
Tab le 1; pres s ing t h c k eys

SOLDER SIDE ol lhe T1001 board.

.
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WHAT'S NEWS

continued from page 6

park s . Several days before the
broadcast. a portable Switched 56
"traveling case" is sent to the ball­
park's technician. Somewhat tarqer
than a briefcase. the case contains
a modem. a codex, a digital service
call-up unit, the power supply. and a
power cord. The unit's AC power
line and input and output connec­
tions are plugged in, and a Mel's
phone number is dialed.

The equipment converts the ana­
log voice signal to digital data for
transmission to the CBS studios in
New York where the broadcast is
mixed and commercials are added.
The finished product is than digitally
tran smitt ed (uplink>to a satellite for
retransmission (downlink) to all
CBS network and affiliate stations.
which convert the digital data back
to an analog broadcast signal. Be­
cause the equipment is full duplex.
the Switched 56 also carries two ·
way communication between New
York and the broadcast site.

CBS made use of the Swit ched
56 system at the NCAA Basketball
Tournament. the Masters Golf Tour­
nament. and for live news coverage
of the New Hampshire presidential
primary. CBS affiliate. KMOX in St.
Louis. will broadcast half of its Car­
dinals games with the system.

Correcting so il
contamination

A cco rd ing to Sandia N at ional
Laborat ories , heavy-met al con­
taminat ion of soi l and ground water
is a wide spread problem for the na­
tion . Sandia says the problem is par­
ticularly serious at the Department
of Energy 's weapons complex. The
Albuquerque, NM. laboratories are
studying electro kinetics as one pos­
sible te chnique for the direct re­
moval of such contaminants from
soil waters .

tn the electrok inetic technique,
electrodes are implanted in the soil,
and a direct current is passed be·
tween the electrodes. This has two
effects: First. ions in the soil -water
solution begin to migrate toward the
oppositely charged elec trode-a
proce ss called elec tromig ration .
Second. and at the same time . soil-

water begins to flow toward the
cathode-a process called electro­
osmosis.

The combina tion of those two
effects can cause contaminant ions
to move toward one electrode or the
other. promising in-place removal of
con taminants fro m the soil. The
contaminants are actually removed
byone of sseveral methods . includ­
ing electroplating at the electrode .
Thje other methods are preciprta­
tton or co-precipitation at the etec­
trode. and pumping or lon-excbanqe
of water near the electrode.

Both electrokmeucs and etecto­
osmosis have been tried for increas­
ing the density and solidifying slur­
ries. and to to extract water from
liquefied soils. paper mats, and con­
cre te, M ore rece ntly elec tro -os­
mos is has removed heavy metals
and soluble organic contaminants
from saturated cteys in laboratory
experiments.

Sandia is now trying to learn more
about elec t rok inetic remediation
and to evaluate the kinds of con­
taminants and soil conditions that
are appropriate candidates for that
remediation, The issues being evat­
uated are: the removal of heavy met­
als wit h complex redox chemistry.
the effectiveness of the process in
partially saturated soils. the effects
of mixed soils on the process. and
methods for scaling the process up
to practical field applications.

FCC allocates redlc-speetrum
space for interactive TV

The Federal Commun icati ons
Com mission on January 16 voted
unanimously to allocate a portion of
the radio spectrum for interactive
video and data services <IVDS) use,
paving the way for a new wire less
broadcast industry in intera ct ive
television, which will allow consum­
ers to shop, bank. and pay bills di­
rectly through their television sets.
without requiring a telephone line or
computer.The action was a result of
a pet ition filed in 1987 byTV Answer
(R a d i o ·E l e c t r o n i c s . Febr uary
1992).

The FCC. which will allocate one
megahertz in the 218 -21 9-MHz
band for use by compan ies provid­
ing IVDS services. is expec ted to
issue the first IVDS licenses by the
end of this year.

Updated area-c ede plan
Since area codes were first lntro ­

duced in 1947 , they 've had "0" or
" 1" as the middle digit, indicating to
the switch that a long-distance call
is being made, Wi th only two of the
original 144 codes still availab le .
we're in imminent danger of " run­
ning out" of area codes in the near
future . A plan mapped out by Bell­
core 's North American Numbering
Pl an (NAN P) Ad minis t ra tio n
(Livingston, NJ) describes hcw new
area codes can be distributed. The
proposed two -part strategy is de­
signed to meet telecommunications
numbering needs at least through
the first quarter of the 21st century
by allowi ng th e nu mbers " 2 "
through "9" to be used as the mid­
die digit.

The plan is the backbone of the
NANP Administration 's lonq.ranqe
" Proposal on the Future of Number­
ing in World Zone I ." which has
been dis tributed to more than 3000
te lephone co mpani es . manufac­
turers. governments . and other in­
terested parties in the World Zone
I- the United Slates. Canada. and
16 Caribbea n cou nt ries - where
Cou ntry Code I is the international­
dialing designation. Under the plan.
300 new area codes will be assign­
ed to specific geographic areas.
tripling the number now available.
Ninety more codes will be reserved
for non-geographic uses: 80 for per'
sonal communications and 10 for
spectal- purpo se service access
codes such as tcday's 800 or 900
codes. The remaining codes will be
allocated for future growth and as­
yet-unidentified future needs . The
plan predict s that eventually all calls
made in World Zone 1 will require
ten digit s.

Bellcore's NANP Administration.
a small group Ihat has the respon­
sibility for administering the scarce
telecommunications numbering re­
sources for all countries in World
Zone I . works close ly w ith local
telephone companies that manage
local telephone-exchanges. After
hearing Industry comments . the
NANP Ad ministration w ill reissue
the proposal by the end of the year.
Once consensus has been reached.
furt her study of the steps needed to
achieve the plan's Iong·term goals
will begin. R·E
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Ing addresses within that range
Ie.g.. COOO. C400. C800....
ECOO). The selected ou tpu t of
IC3 t h en d ri ves the S mar t­
Socket 's cs line di rectly. Other
tha n t ha t . IC2 -a . IC2-b . and
ICI·d buffer memory-read and
-wrtte lines M EMK and MEMW. re­
specnvely determine th e di rec­
ti o n o f data t h rough a -b it
bidirectional buffer. IC5 . Writ­
Ing data to the device at a given
address is as simple as exercts­
Ing the MEMW line. (For a dd i­
tional secur1ty. you might wish
to add a "write-protect" Jumper
between p in BI I of the PC ex­
pans ion bus con nector and pin
6 of IC2-b. - Editor)

ROM BIOS extensIons
The s oftware Is a little bit

t r ick ier. but sti li s traightfor­
wa rd . When a PC Is turned on. It
executes a program In ROM
called the Power-On Self-Test. or
POST. Depe nding on the type of
BIOS In you r ma chin e . the
POST can tes t various sys tems

Add password boot
protection to your

PC with a novel
battery-backed

RAM circuit.

whi ch fall patterns have been
provided. Partial and complete
kits of parts are available. as Is
software with complete sou rce
cod e. A tested a nd assembled
unit is availab le for less than
$60.

Circuit theory
A well-known feature of com­

mon s tatic RAM's (S RAM's) al­
lows them to ma in ta in their
con ten ts when power goes off. If
Ihe cs lin e Is held withi n 0 .2 volt
of Vee whe n power goes down.
and a su itable battery Is con­
nected to cs. RAM con ten ts will
be ma in ta in ed . Des ign of the
switching c ircuit ry can b e
tricky. but a special device called
a Smar tSock et ha s bo th the
necessary smarts a nd a bu ilt-In
backup battery. A static RAM . a
S martbocket . so me si mple ad­
d ress decod ing circuitry. and a
fewsoftware tr icks can thus add
password protection toyou r PC .

Figu re I shows the complete
circu it. Jumper J Ut selects ei­
ther the Inverted on the non­
Inver ted a d d ress line . AI?
wh ich In tum selects a base ad­
dress for the circuit of either
COOO or EOOO. respec uvely De­
code r IC3 . a 74 LS 138. th en
chooses one of eigh t 16 K s ta rt-

IS YOUR DATASAYE? IF YO UR PC SITS

unsecure d In a public place
(your office or donn roo m). the
data In it Is liabl e to th eft-cor
destruction. Network se rvers
a nd some n ew PC's con ta in
butlt-tn password boot protec­
tion. Bu t what do you do if
you 've got an olde r. unprot ected
machine?

This article presents a s imple.
Inexpensive circui t that allows
you to add password boot pro­
tection to any PC with an empty
8-h lt expans ion slot. Every time
you boot with the board In ­
stalled. so ftware on the boa rd
gives you three tries to en ter the
correct password. If you don't
guess co r rectly In th ree tries ,
youl l have to perform a cold re­
boot and try again .

An In teresting feature of the
circu it Is that I t Is built with a
b a ttery- b a c ked sta tic RAM
(S RAM ), r a th er t ha n an
EPRO M, to h old the code. A ben­
efit of th at arrangement Is that
you can use th e circu it to de­
velop an d test you r own PC
BIOS cxtens tcns much more
conven ien tly th an with a tradi­
tional EPROM burn/tes Ueras e
cycle.

All circui try fits on a short 8­
b it PC ex pans io n ca rd. fo r

PC
PASSWORD
PROTECTION
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FIG. 1 THE COMPLETE SCHEMATIC revea ls a s imple eireun, Gales 1C1·a, ICt-b, and
1C1-e. along w tth l -ot..a decoder 1C3. and Jumper JU1 decode a 16K ad dress space tor
1C4, . 32K static RAM . The SRAMmounts In a "SmartSoc ket." which provides battery
backup with eutomeue swltchover.
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such as RAM. DMA. and ti mers.
The POST also does someth ing
called a ROM scan. Th e purpose
of the ROM scan Is to locate pe­
ripheral devices with on-board
ROM, give them a chance to tnt ­
ttalt ze thems elves, a n d link
themselves into DOS. Many vtd­
eo adapters a nd hard-disk con­
trollers link RO M's tn tha t
manner.

The PC BIOS Iden tifies a ROM

extension by way of a two-byte
"s ignatu re" 155h. AAhl that ap­
pears in the firs t two ROM ad­
dresses . The thi rd byte indi ­
cates the number o f 5 12-by te
blocks In the H.oM that con ta in
code. (The number of b locks
ca n be smaller than the overall
s ize of the ROM.)Th e last byte In
the spec ified number of blocks
con ta ins a checks um ofall bytes
con ta ined In those blocks. The

PC calculates th e checksum by
summing alt the bytes in the
specified blocks , th en sub tract­
In~ the result from l OOh. If the
calcu lated value equals the val­
ue s tored In th e las t byte, the
BIOS makes a far call and be­
gtns execu ting code at byte four.
Typically code there ini tializes
some attached pe r iphe ral de­
vice, "hooks" Itself in to DOS via
one or more In te r ru p ts. a nd



FIG. 2-MOUNT ALL COMPONENTS as shown here. Mount the SmartSocket at lC4 j
use header pins and a Jumper at JU1. sa
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overwrtttng the firs t byte of the
ROM with OOh, whi ch prevents

f-
l'

need abou t lOOK of disk space
to unpack the file , Software Is
also availab le from the au th or.
All sou rce (In Microsoft C and
assembler) a nd execu table files
are included .

The software Incl udes severa l
utilities : mos t h ave a com ­
mand-line Interface of th e form :

C> UTlLNAME HEXADDA
where UTILNAME Is th e name of
the u tility. and HEXADDR Is the
hexadecim al segment ad dress
a t wh ich the board is Ins ta lled
(C800. CCOO. . . . ECOO). Note
tha t altho ugh the decoding cir­
cu it supports addresses s tar t­
ing at COOO. to avoid potential
con flic ts the software on ly al­
lows s tartt ng addresses of C800
a nd hi gher.

The utilities all work in a sim­
ila r man ner. Typ ically. a p ro­
gram first ver ifies that th e user
has entered a valid address on
the com mand lin e. If not, the
program terminates : otherwise.
It reads some data from the key­
board or a di sk file one byte at a
time . then writes that data to
the a pprop riate a rea on the
boa rd using normal C poi nter
arlth metlc .

The fi rst two u til iti es allow
you to enable an d disable the
board . DISABLE.EXE works by

IC1- 74LS04, hex inverter
IC2-74LS28, quad dual, input

NOR gate
1C3--74LS138, 1oOt-8 decoder
IC4-43256-100, 32K x 8 static

RAM, 100 ns
IC5--74LS245, octal transceiver
Sl-8-posilion SPST DIP switch
Cl-C5--0.01 ~F, bypass
C6--10 ~F, 16volts, electrolytic
Miscellaneous: SmartSocket for

1C4, header pins, IC sockets, PC
board.

Note: The followi ng part s are
available from Hatron lcs, 145
Lincoln St ., Montclai r, NJ
07042:
• Bare board-$11
• Kit of parts (not Inc luding
SmartSocketH27
• Assembled and tested unlt­
SSS

All orders Include software on
floppy disk. Add $3.00 ship­
ping and handling to all orders.
NJ residents add appropriate
sales tax. COD, money order,
or personal check only.

Note: The SmartSocket Is avail­
able from Dallas Semiconduc­
tor (4401 South Bellwood
Par k way, Dal l as , T X
75244-3292,214-450-04(8), and
from American Design Compo­
nents (400County Avenue, P.O.
Bo x 2601, Secaucu s , NJ
07096-2601).

Utiliti es
All software di scussed in th is

section is con ta ined In a self­
ex trac ting a rc hive file {PASS ­
WORD.EXE I t ha t yo u ca n
d own load from th e RE -BBS
(5 16-293-2 28 3 . 8N I I. You ' ll

PARTS LIST

then re turns con t ro l to the
BlOS by means of a far return
instruction .

There are s eve ra l ways to
wr ite a ROM BIOS ex tens ion.
Probably the s im ples t is to use
assembly language. One ca tch
is th a t a normal .EXE file pre­
cedes a file with a 5 12-byte head­
er that Is no t used in ROM
exte ns ions . So. before dumping
code to our device. the first 512
bytes of the file mus t be re­
moved . a n d th en the modu ­
10- 100 h checks u m must be
calcu lated from the result.



PC
Address

EOOO
E400
E800
ECOO
DODO
0400
DaOO
De OO
caoo
CCOO

, zero bx
/Qet keyl:>o<l .d diU,,

,ut keyl:>o<ltd i n<,,,
I ze ro d><
, n ro ex

,,,,
,chic k lo r C1l;,
, e dod Co ent erRd ••un;
,bu1r9 po l nter
,»o re lm>ut
, le te ch eck pe .."O~d
, H I t h e n lrOO<l pen"'"
, contln ue b l o .can
, H re rc no IOOte
, chI ne n,,,

TABLE 1- PASSWO RD
ADDRESSING

JU1 IC3 IC3
Jumper Output Pin
EOOO YO 15
EOOO Y1 14
E800 Y2 13
ECOO Y3 12
COOO Y4 11
GOOD Y5 10
GOOO YB 9
COOO Y7 7
GOOD Y2 13
COOO Y3 12

In_r or e ~t~ta ve r
, c;ET FIItST BYTE OF f ASiWORD

I ClIECI\ FOR ZERO
'IF SO CONTIH\lE WITH POST
I I F NOT CON'I'llIUE WITH THIS b Ios txT

should see a sign-on message
and a request to enter you r
password. En te r the d efault
password Ivaven to"]. and you

DIspl-'Yl. IOle

CMP AL. ODh
.:III: CIlECII
MOV BYTE P'l'R D$'t.'I:WolQll.DIUI.AL
INC BX
.:I i'lP LOOP1
CA.LL CH&eX1
ClIP DX.i

" ~eMP CL.O
.:lit l oop J
JllP LOO P1",

PRot nut

""'" BX. OOh
CALL CI
ClIP AL.OEhm,=
,~ ~

J I: LOOPI

~,

HOY AL,O Oh
OOT 21 H, ",L
HoOV AL.2 0h
an' 2 0H. AL
HOVOX.O
".", eX .OOSOh
KI:N DS .C X

HOV erre n1l DS,,;O\lnt . Ol h
HOV 1o.L , BYTt I"l'R Cs, P",SSWOIID
alP ...... OOh
.:II!: OKOOT
J'ltI' O'/flU '!'.n

LOOPU ,
LOOPI,

loop), HOV AL. OFFh

call ... I n
Cil OCBh

P",SSWORO

,~,

0~1l' Ql h
,BIOS ROM S!GN),1VRJ:

OYER IT ,
PR I Ntlk · · · · · · · · · · · · ·· · · · · · · · ·· · ·· · · ·· ··· · ··· · · · · · · · · · · ·· ·.13 ,1 0~

PRl trnk · · PC SJ:(1J1\I TY PMliWORO IJTI L I TY · · . 1l . 1 0 ~

PRltI'I'B< · · COPVRI ll llT AA'l'ROIlle s · · . 1l , 1 0 ~

Pll.INtlk · · 1991 " , 13 ,10 ~
fRIII'I1l< · · ·· · · · · · · · · · · · · · · · · · · · ·· · · · · · ·· · · · · · · · · · · · · · · · · · ·. ll,10~

PRI Ntlk · · . ll , I O.
I'Il.ltI'I'B<• PL£1o.SIt EN'I'l:lI YOUR PASgwojU) -. ll , I O~
PRltI'I'B<· FOLLOWED BY '111£ Em1!R KE'f · . I J , 1 0 ~

Interfere with adjacent cards.
Afte r mounting a ll co mpo­

nents , (Fig. 2 I se lect a base ad­
dress (COOO or EOOOIand Install
the app ropr iat e h eader pin .
Then select a s tar ting address
on S I as shown In Table 1.

Remove power from your PC.
insert the ca rd In an empty ex­
pans ton s lot . the n reboot. You
haven 't Installed the softwa re
yet, so th e board will not ask you
for a password .

Copy th e software to a di recto­
ry on your hard disk. Then run
INSTROM. EXE , s pecify ing
GENERAL.lMG as the file. along
with yo u r s e lected a d d ress.
Then reboo t. Th is time you

16 OOP(?I
a

LI STING 1- ASSEMBLY SOURCE

PAGE .1JZ ;1I ICTIIL- OHI I BH I'C PRINTtR eONOI!:NS~ MOOE

CUll SI:llHENI' PAllA P\1IlLI C ' COOJ: '

A ~SUl'.l': CS ,CSEll, DSlesro,u,e~lXI . ss,enll ,ALRtADy SE'l' BY 00$ W ",D&ft

the BiOS from recogn izin g the
rem ainde r o f the ROM. Co n­
verse ly, ENABLE.EXE works by
res toring the fir s t byte of the
ROM to 55h ,

S ETPASWD.EXE allows you
to se t the password that mus t
be entered when booting you r
PC. Th e password can have a
max imum of 15 characters.
After ob tain ing a new password
fr om t he u s er. t h e p rogra m
writes It to the SRAM. then cal­
cu la tes an d ins t alls a n ew
checksum.

INSTROM.EXE enables you
to install the con tents of a disk
file in the SRAM board . Syntax
for the comma nd Is:

C> INSTROM FILENAME.TYP
HEXADDR

whe re FILENAM E .TYP repre­
sen ts a fil e a n d HE XADDR
aga in represents the tn stalla­
tion addres s ,

Of co u rse yo u ca n't install
Just any file; it mus t conform to
the format ou tlined above. Lis t­
Ing 1 shows how the password
protection software works. Note
first that the so ftwa re is ORGed
to byte 03h of the program. At
location 03h. the program calls
the main ro u ti ne . Following
that callis a far ret u rn. coded as
a define byte (CBh l. Following
the far retu rn comes th e pass­
word . then a byte (COUNT) that
specifies the number of tr ies the
Inpu t routine will accept.

Then comes the main rou­
tine . Firs t. It sets up the key­
board , the n it checks wh eth er
the first byte of th e password
equals OOh. If so. the routine
s imply termi nates ; otherwise it
con tin ues by displaying a s ign­
on message, It then goes Into a
loop that co llects a CR-te rml·
nated password from the user,
and checks It agai ns t the s tored
password. If the use r does not
en ter the correct value within
three t r ies . the program di s­
ab les the keyb oard and goes
Into a n endless loop, forcing the
use r to reboot.

Construction and use
We recommend using a PC

board for th is project. Use sock­
ets for all IC·s . You might want to
use one for the S ma r tSocket
(IC4 ) b u t do ing so Increases
overall boa rd heigh t so It cou ld54
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PRllITII< ' SORRY 1" ,IJ,IO>
OUT 2111,AJ.
llOV l.L.2 0h
OUT 20 1l, AI.
JII P FOREIfEll
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PROC NP.R
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sho uld be able to conti n ue the
boot process .

Th use the board for you r own
BIOS extensions. use L1s llng 1
as a model: GENERAL.ASM Is
the corres pond ing source file.
Assemble you r code to create an
EXE file. Th en read that EXE
file in to memory using DEBUG.
Determine the number of bytes
th e ROM image shou ld contai n .
then wr ite the file to disk star t­
ing from add ress OlOOh . Listing
2 shows how to crea te a 2048­
byt e (0800hl ROM image by
reading In a file called GENER­
AL.EXE a nd writ ing ou t a file
called GENERAL. IMG.

LISTING 2-DEBUG SCRIPT

C> DEBUG GENERAL.EXE
- N GENERAU MG
- RCX
ex 0351
:0800
- W 0100
Writing 00800 bytes
- 0
C>

Crea ti ng ROM BIOS ex ten ­
s ions is n ot easy. The tech­
nique s des c rib ed he re c a n
grea tly s implify the mechanics .
ena bling you to concen trate on
the real programming task. R-E On~')'OO can preventforest fi res. 55
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CRAE to the rescue
T h e C Ra n k i ng Amp E s ­

timat or (CRAE ) described here
Is a test Ins trument that will
g ive you a reasonable estimate
of your battery's power capac tty
While CRAE Is not a prec ision
Ins trument. it will sa ve you
from being s tra n ded in a hosiile
env iron me nt.

Both the g ra p h of relati ve
power \'8 . temperature (Fig. 1)
a nd th e GW BASIC listing (List ­
Ing II will. with a knowledge of
the ambient temperature, give
you a reliable estimate of your
battery's cold-cran king a mpe re
(CCA) raung. The BASiC pro­
gram Is capable of es timating
th e CCA of a battery at all nor­
mal a mbie n t te m perat u res If
th e CCA at one temperatu re Is
k nown , Both Fig . I a n d the

Build this simple
meter to
estimate
your car
battery's
cranking
amps.

•
••
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CAR
BATTERY TESTER

co m m on cause of an au to­
mobile 's failure to s ta rt. The
ba tte ry rema ins t h e m ost
failure-prone component In a ny
au tomo tive (and boat, for th at
matterj tgnttton system. A prop­
erly ma intained engi ne ca n last
for hundreds of thousands of
miles , but few lead-acid s to rage
batter ies a re at top performance
for more than about three years.
Even that time wtll be sho rtened
If you live In a northern climate
where yo u r car is exposed to
long winter cold "soaks" a nd
hard starts.

Don't think that j ust because
you bought a new battery last
month that It's immune to
fa ilure . Ho we ver, batteries
ra rely fall without such wa rning
clues as occasional s low crank­
Ing . Unfo rtu nately. many driv­
ers are either unaware of these
clues or. If they are aware, they
put off recharg ing or replaci ng
the batte ry until it Is too late.

EVEN T ilt>: LATEST AND MOST SO­

phisticat ed au to mobiles have
a n Ach illes heel-the battery.
Improvem ents In lead-ac id bat­
tertes have been glacia l com­
pared with advances In th e rest
of the ca r- rega rd less of the
coun try of orig in. Rece nt ad ­
vances In electronics have Im­
proved engine and emission
con trol. made anti-lock brak ing
afforda ble. and have put h tgh ­
q uality entertainment sys tems
Into the passenger compart ­
ment. Unfortu nately. all of these
Imp rove me n ts have added to
ra the r than decreased the bat­
tery load .

Ifyour car falls to start tn you r
garage. It's usually Just an ag­
graveung situation . But If you
stall out or ca n't get started at a
vast s hopping mall or. wor se
yet. ou t along an interstate. the
situatio n b ecomes more se­
r ious. And Hyou're unfortu nate
en ough to be caught In a crtme­
s tr icke n urban area or on any
highway at night. you could be
facing danger. Getting help
takes time and can be expe nsive
even under the best of con di­
tion s . The point Is that II pays
to kn ow that you r batt ery Is In
top fonn--even more If It's not!

A weak battery Is the most

THOMAS R. FOX



AG . l -RELATIVE POWER CAPACITY In a batt ery at temperatures fro m - 20°F to
+BO"F where 100 % ava ilab le power is assumed. Co ld-cranking amps (CeA) are read at
a temperatu re 01O"F.
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BASIC program a re based on
Gene ra l Mot ors Corp. s tud ies .

CRAEs dra in on you r battery
Is on ly a s ligh t 2.5 am peres. so
Ills much sa fer to use tha n in­
strume n ts that test the load .
Also . CRAE w ill not s ign ifi­
cantly discharge you r batt ery if
It Is u s ed as d ire c ted . Re­
member that CRAE Is not an
ammeter s o Its readings w ill
only give you a n Intelligent es ti­
mate of t he potential CCA of
your battery without actua lly
measuring It .

After you have lea rn ed how to
usc CRAE. allyou need Is a dig­
it al volt me te r an d a th er­
mometer to keep you Informed
on the cond ition of you r 12-volt
car or boat battery- If It has a
CCA rating from 150 to 1000.

Cold-cranking amps
Cold cranking am ps (CCA) is

the value for the am ount of cur­
ren t a batt ery can deliver for 30
secon d s a t O°F wit hou t drop­
p ing below a spec ified cu toff
voltage. Figure I shows that th e
battery power ou tput Increa ses
s ign ifican tly from O°F to 80°F. In
fact , a batt ery ra ted a t 600 CCA
(at O°FIsho u ld be able to deliver
110.6 1 x 600 or 98 4 cran king
amps at 80°F!

An approximate gutde In de­
te rminIng th e CCA rating for a

batt ery that will s tart an eng ine
reliably at O°F depen ds upon en­
g in e di spla cement , typ ically
measured In cub ic inc hes. How­
ever, If you r engi ne di splace­
ment Is specified In liters. mul­
tiply tha t figure by 6 1 to get cu ­
bi c Inches before using the
following gutde:
• An eigh t-cylinder eng ine re­
quires one cra nking ampere per
cubic Inch of engine displace­
ment. For example. to s tart an
eight-cylinder 350 cu b ic-Inch
engine. the battery mus t deliver
350 CCA.
• A s ix-cylin der engine has a
CCA rating that Is eigh t times
th e cu b lc- tnch d isplacemen t
per cylinder. For example. If a
s ix-cylin der engine has a d is ­
placement of 23 1 cu b ic Inches .
the displacement per cylin der Is
approximately 39 cubic Inches .
Therefore . the battery mus t de­
liver 39 x 8 = 312 CCA.
• A four- cylin der engine has a
CCA requirement that is twice
the engines di splacem ent In cu­
b ic Inches . For exam ple, if a
fou r-cylinder engine has a di s­
placemen t of 180 cub ic Inches ,
t he battery m us t deliver 360
CCA.

If the ambient tem perature Is
cons tsten tly below Oop: the ba t­
tery sh ould have a CCA rating
that Is 20 % h igher than that

which wou ld be calcu lated for
warmer cond itions .

In addit ion to CCA. there are
other batt ery ra tings In use to­
day. For exa m ple, th e MCA. for
mar ine cranking am ps . Is a ra t­
tng developed for boat batt eri es
that Is based on 32 OF Instead of
O°F for CCA. An MCA rating for
the Iden tical CCA-ra ted battery
is typ ical ly 25 to 30 % lower.

Another s peci fication Is re­
serve ce pac tty, given In m in ­
utes . It d escribes a battery's
ab ility to co n ti n ue s u pplyin g
power to t he engine a n d ac­
cessories If the ca r's charg in g
sys tem fa lls . That tes t dra ins
the battery at a 25 am pere ra te
un til the battery voltage drops
from more th an 12 volts to 10.5
volts.
A 12-volt battery model

Mos t text books sho w a 12­
volt s torage ba ttery equivalen t
circu it e ither as an ideal 12-volt
source or as that sou rce In se­
ries with a s ma ll res is tance. per­
haps 20 mllliohms or less . An
ideal voltage sou rce provides a
constant voltage regardless of
cu rre nt flow. It can deliver Infi­
n ite cu rrent and Infin ite power.
Unfortu nately. th ere Is no such
thing as an Ideal voltage sou rce.

The eq u ivalent circ u it for a
battery sh own In Fig. 2 Is a sat­
tsfactory model for the design of
a CCA meier. However, th e more
reali s ti c e q u tvale nt c irc u it
shown in Fig. 3 Includes a large
capacitor an d an add itional re­
sistor. That model accou n ts for
changes In battery ou tput wit h
resp ect to time.

An even mo re elabo ra te model
would Include a time- and cu r­
ren t-dependen t vol tage sou rce
as well as ti me- dependent re­
s istors and ca pac ito rs. How­
ever, accou nting for all of th ose
add itional variables wou ld com­
plicate th e design of a s im ple,
ea sy-to-us e meter. Moreov er,
taking into accou n t all of th ose
add itional variab les would add
lil li e to th e accu racy of th e
meter.

How CRAE works
CRAE's objec tive Is to es ti ­

mat e the s ize of RIN T as shown
tn Fig. 4 . There Is an In verse
rela tionship betwee n th Is re­
sisto r and battery capacity : the



nal above ground level. allowing
the meter to be zeroed . Diodes
02 and 0 3 protect th e meter,
and 0 1 protect s other se ns itive
par ts of the circu it from acc i­
den tal da mage whe n the test
leads are first connec ted to the
battery.

The pr imary com ponen t of
the cons ta n t-cu r ren t load Is Q2.
When mom entary two-position
toggle switch 5 1 is switched to
the T EST pos it ion, cu rre nt flows
th rough Q Is emitte r circu it be­
cause ICI-c p rovides base cur­
ren t. That em itte r cu r ren t also
flows through Q2s base circu it.
res ulti ng in conside ra b le cur­
rent flow. Resi stor RI7 both di­
rectly and Indi rectly cont rols
the constant cu rrent.

As In any transis tor wit h an
emitter res istor, Q2's cu rren t Is
essen tiallyconstan t because. as
em it ter cu rren t increases, emit­
ter voltage follows. Thi s mea ns
that Vee and VeE are smaller,
thus tend ing to reduce emi tte r
cu r re nt. Nevert h eless , t h is
effect Is not su fficient to prov ide
a cons tant-cu rren t loa d . Op­
amp IC1-c completes that task.
Moreover, ICI-c helps to provide
a nc ar ideal constant cu rren t
load, and it also s imp lifies load­
cu rre n t adjustmen t.

mat tcallyl However, It Is !lrs t
necessa ry to discharge Cu' the
reason that CRAE has a timing
circu it.

There a re three bas ic parts to
CRAE: Thc firs t. the volt age­
measurtng ctrcu tt. Is a sensitive
voltmeter that measures an ad­
j us table voltage fro m 11.9 to
12.5 volts. The second Is a so lld­
sta te . cons tant -current load
that Is adjus ted to draw 2.5 am­
pe res load regard less of the volt­
age. The third is a on e minu te
timer that ligh ts an LED to Ind i­
cate measurement read iness .

The voltage-me asu ri ng cir­
cu it consis ts of op-amp ICI-a (\14
LM324 )connected In a differen­
tial amplifier circuit . The volt­
age reference for this circu it Is
t he 5-vo lt r e g u la t o r IC 2
(LM293 IZ). Resis tor R13 , the
MAX ADJ po ten ti ometer, t r ims
th is reference voltage to max­
im ize voltage rea dings under
no-load cond itions. Resistor R3
is a PC-mou n t trimmer th at ad­
justs curren t flow th rough the
meter and Is a se ns itivity con­
trol on Fig. 4 .

Res is to r R20 Is a l K PC­
mo un t trimmer tha t sets the
meter 's zero point (0.05 mil li­
ampere ). Res is tors R5 and R6
rai se th e meter s negative term1-

•• 12V

•t 12V

L i--ii GNO

,.. - - - - - - - - - - - -1
: I
I
I R1H!

! f 12.4V

:
I
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I
1,
I 1L 1
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FIG.2-EQUIVALENT CIRCUIT FOR a 12­
ven lead-ac id sto rag e batt ery. RI~T limit s
the batte ry cu rrent.

FIG. 3-CRAE EQUIVAL ENT CIRCUIT for
a 12·volt lead-acId batt ery. The one-min­
ute test reduces the measurement error
caused by Co and RD.

smaller the value of RINT' the
higher the battery's ca pac ity. In
the absence of enand RIl , RINT
could eas ily be es tima ted by ap­
plying a load to the battery. mea­
su ring voltage and curren t, and
ma k ing a few ca lc u lations.
(CRAE does th is for you au to-
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1H4001

TP7

R' 11'3
R5 'l

>OK 11'4 470n 51'0 4 U OI

io-o ~

"'
5

lCl-aRl a 4 ' /4LM324 R3 R4 0- l mA D2 ~ 3 06 R19
23.7K 1 soon 47U 1H114 rea TIMER 15K

• RESfT
3 • R18

lCl·b11 10MEG 5 1'~lM324•R7 RlI R6 710K 10K OJ • "1H5817 6. 11 1101" ~
11'6 ~

~R12 ,
l OOK -::: 0' m

R' • 2H3055 "1K R15
11" c1 • a

IC2 ict -c 150<1 01 ~.
C1 • LM2931l 1/.LM324 2H2222A

G3 • R14 Z.1 • 2.SK RIOC2 G "'"
RIO R17 ~

" '1" CURRENT AOJ 270U 3JK 7.8W
In

~

FIG. 4-SCHEMATIC FOR CRAE show ing co ntact po ints fo r externa l conn ecti ons. 59



FIG. 5-PART5-PLACEMENT DIAGRAM for prin ted circuit board of CRAE.
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tached to the voltage-measu r­
ing circuit , and th e other
cond uc tor is atta che d to the
load circu it. That 4-wire a r­
rangement prevents a voltage
drop on the test lead wires from
ca us ing measureme nt errors.
Tho se conduc tor s should be 18­
gauge or larger s tra nded copper.

Solder one conductor of the
cord from thc positive alltgator
clip to TPI on the circu it boa rd
and solder or crimp thc second
cond uctor to p in 4 of switch S 1
as shown in Fig. 4 . (Refer to Fig.
6 for the p in numbering sys tem
of th e switch as shown from the
rea r.l S imilarly. solder one con­
ductor of the co rd from the
negati ve alligator clip to TP2 on
the circu it board , and solder or
clip th e second conduc tor to a
circ u it-board ground such as
that at the lower righ t corner of
the fa ll on the circu it bo ard.
Connect a wire from thc" + " tcr­
minal of MI to TP3 and a wire
from the "_0' terminal to TP4 .
Also connect so me hookup wire
from the left termi nal (viewed
from the rear)of Rl3 to TP5 and

/.
"'LED'

",

TPI
/ - ..., 0, ,

" ,7\\. MOUNTED
,'02 , ON

I , .. .. \ RMRSE
I B~I E\ S1DE"
1 , .. :.... ' I
I , 0
\ ', ;/

•

PC board . Be sure that the heat
s ink Is In place when solder ing
Q2. The heat s ink wit h Q2 at ­
tac hed Is mount ed on the foil
side of the board . On th e com­
po ne n t s ide, wi res a re con ­
nec ted fro m Q2 's ba s e and
emitter to the PC board with
Ins u lated Jump er wi res as
shown in Fig . 5.

Notice that RITs power rating
is listed in the parts lis t as 5 to
7.5 watts. Calcu lations Indica te
that the res is tor mus t d issipate
6.25 watts . However. because
the cu rrent generally Ilows In­
termittentlyonly for a minute at
a time. a 5-watt resis tor can be
used. (An effective t-ohm re­
s istor can be made by wind ing
40 feet or z-t -gaugecopper mag­
net wire around the ou tside ofa
large-value power res is tor.) Be
su re to leave at leas t a %-Inch
gap between R17 and the circuit
board to permit air to circu late
for cooling.

Cr imp and solde r flexible two­
conductor elect rical lamp cord
to each large alligator clip. One
con du ctor from each clip is at-

Exami nation of the s ch e­
matic reveals tha t th e inver ting
input is connected th rou gh R1 6
to 92's emitte r. As Q2's emitter
cu r rent Inc reases . the voltage at
the Inverting Inpu t of IC1-c in­
crea ses. resul ting in a lowe r
voltage output at p in 8 and less
curre nt at Q I's base . T h a t
causes a red ucti on in curren t at
Q2's base and the result ing de­
crease In Q2 's co llecto r a nd
emitter cu rr en t. R14 adjusts th e
voltage on ICI-c's non -inverting
input . a nd thus provides ad ­
j u s t m e n t fo r t h e c u r rent
through Q2s emit ter.

The ti mi ng ci rc u it was de­
signed so that the timing period
would vary with voltage. (Low
readings on CRAE's meter are
related to low battery voltage
and lo nger ti mi ng pe ri od s .)
This. In part. compensates for a
fully cha rged (high open -circuit
voltage) battery's ten dency to
show somewhat s ma ller CCA
values than If It were s ligh tly
discharged.

The timing circu it consists of
IC1-b. C4. and RIB. When 5 1 Is
in the T EST position. C4 starts
to charge th rough resistor RIB.
When the voltage across C4 ex­
ceeds 5 volts . the op-amps out­
pu t switches "o n " a nd ligh ts
LED!.

Construction
Th e most exp ensive co mpo ­

nent in CRAE is the moving-coli
ammeter Ml. capable of reading
1milliampere. A meterwlth th is
ra ting could could cost from $ 10
to more than $50. depend Ing
upon siz e.

A custom-made PC board Is
not req uired because CRAE is a
s imple low-frequency Inst ru­
ment. but It will make assembly
easier and fas ter. perhaps in as
sho rt a time as a few hou rs .
However. If you assemble CRAE
rap idly. be su re to allow extra
time for thorou gh testing and
calibration.

Figu re 5. the component­
moun ting gu id e . s h ou ld b e
used together with the sche­
matic In Fig. 4 when build ing
CRAE to avoid problems . Meter
Ml, switch 5 1. LEDI and poten­
tiometer R13 are mou n ted on
the front panel of the case; all
other parts a re mounted on the60
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a wire from th e cen ter terminal
to TP6.

In performing th e followtng
steps refer to Fig. 6 • switch 5 1s
pin-n umb er ing guide. (The pin
numbering sh own is for the
switch in th e Pa rts Lis t.) Con­
nect a wire from pin 2 of S t to a
circu it board gro und. Also, con­
nect wires from pin 3 to TP9 and
pin 5 to TPB. Finally, connect a
wire from the LEOs anode (long
lead) to TP7 , and a wire from
LED's cathode (short lead ) to a
c i rc u it g ro u n d. (T he LE D
s hou ld be a hig h -e ffi ci ency
GaAsP or GaP lam p that draws
min im al cu rrent because the
circu it Is sensitive to small volt­
age changes .I

You'l l wa nt to calib rate the
meter a nd, perhap s relabel the
meter 's face with the term "Es ti­
mated Cra n ki ng Amp"mark­
tngs . for a more professional
appeara nce. Table I is a set of
dat a for guldance In callbrall ng
the me ter. The photogra ph
shows the end resul t.

LISTING l-PROGRAM FOR ESTIMATING CRANKING
AMP CAPACITY

1 ' THI S GIl BASI C PR(K;RAll !S::'IKATU n1! CRN<UNC AIlP c.r.PACl n Ot A 12V LUIl·A CID
2 'S'I'01lAG1 BAM'l! IlJ A::' KOS'I' PAAC'l'I CAL 'l'!1lI'! RA'l'IlRiS ASSlIIll NG TOI1 SUPPLY 1'1' DA'I'A or
) ' THE CIl.UII III G AIIP CAPAC l n At' A SPKU'IC TE>lPERA'TURl!. IP AL.L TOI1~ IS TIl!
~ ·1IAl<tJt.\C'l'Ull!R' S "<:cA' RATI~"G, IlAU S~'llt Jotl I It1'!:Il '0' IJIlIM ASUO
~ • · 1I~. t h t~ . tu~.nuu o ! th boon..,. 10 deqre.. Fl"
)0 llll'ttt' '1Illet h t~e t_, etun 01 t h I>oo t t ..y, 1n d . ",... P "; TTO't
15 IP T!'O'l',1 20 GO'l"O 100
H I P 'l'PO'l" SO 'I'H ~N !' !'O'l'_SO
20 I NPlI1' ; "!ltluted CrenHn" A:op. e t th io t-p_r a t ur. ' ; CJlOT
30 PlU lIT "WlIet te~pe r .t ure du e you " e nt t~e n..... t !.mate f or r ..okin'l e ..pe'"
40 llIPU'l' 'PUSS Rr'l'IlllII POll 0 p.(Thle " il l q 1v . you t he <:cA)';Tn<T
H I F TPrrr 'HO COl'O tOll
U IP 'I'FNT'SII 'lllEII TP'llToSll
50 LIT K'l'POt'_ . 61+. OOU ·'l'PO'l'_ . 0000 41 "TPOT''l'POt'
60 U 'I' KTf NT_ . 6 1+. 00B1 't'n<'!'- . 0 000 41, ' 'I'PIlT' 'l'P1lt'
70 LB'I' CAII'l'_ KTF~" '( CAOT/KTPOT)

eo PRINT "!lU ""'t ed Cre nkinq Alop. a t '; ::'1N'I': "P Ie "; CIIIT( ClI/It' J
90 END
100 PlU lIT ·StOre.;_ bAtted.s s hou l d oot be exi"'s ed to t ~h hI"h" t u "......... I · ;
110 EII D
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Cranking Amp
Markings

150 (or below)
200
300
450
650
800

1000
Infinite

0.00
0.30
0.48
0.60
0.70
0.80
0.94
1.00

Milliamps

TABLE l-GUIDE TO
LABELING AMMETER

then use d ry-transfer letter ing
to relab el it. However, you can
simply use a soft pencil to add
the cra nking amp markings to
the meters ma rk ings.

Dou ble-m omen tary toggle
sw itc h 5 1, the M AX U N f' IA D J

po ten tiome ter R l 3 and LEDI
shou ld be moun ted on the fron t
panel. Pote n tio me ter R l3 can
be a st ock si ngle-tu rn poten ti­
ometer, but a multi tu rn pot enti­
ometer with d ial makes CRAE
easier to use. In lab eling th is
poten tiome te r o n the pa ne l
" max " s ta nds for ma xi mum ,
"i n f"mca n s in finit e a n d
"adjmean s adjus t. See the pho­
tograph of the fron t of the In­
strument.

There are severa l ways to label
a meter face. In on e you can usc
a PC and an appropr iate com­
pu ter-aided des ign program to
relabel the graduati on s a nd set
up t h e esti mate d c ra n k ing
am p s legend . Th a t ca n be
prin ted out on adhes ive- backed
paper or plastic with a laser
pri n ter for d irect a pplica tion,
The onlydrawback to th is meth­
od is that the paper migh t be
th ick enough to Interfere with
th e meter 's moving needle.

Another method is to erase
the numbers on the meter face
with a pencil or ink eraser. and

FIG. 6-REAR CONNECTIONS for 51, B
3-WBY toggle switch,

rorss
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Testing and calibration
First . preset a ll poten tiom e­

ters fR3. R13. R14. and R20l to
their ce n ter positions. Next. set
the output of a regulated power
su pply ca pable of at least 12.6
volts with a digital voltmeter
(with minimum 0 .5% DC volt ­
age accuracy! If a regu la ted
power su pply Is not available.
substitute a fu lly charged 12­
volt storage battery with a 100­
oh m potentiometer across the
terminals . The desired voltage
can be taken from the center
wiper arm. Con nect th e positive
alligator clip (red ) to the supplys
posit ive terminal a nd the o ther
cl ip to the negative terminal. Do
not usc th e tes t switch at tnts
umet

Slowly Increa se the s u pp ly's
voltage for a 12.5-\'011 reading
on the DC volt s scale of a d igita l
mul ti me ier. Set R3 for a max­
Imum II mtll iamperel read in g
on m eter M1. Now lower th e volt­
age to 1l.9V and adjust R20 for
a 0 .05 milliampere reading .
Again apply 12.5 volts and ad­
just R3 and/or R20 to obtain a
1.0 milliampere reading. Repeat
this s tep for 11.9 volts. Aftersev­
eraJ adjustments ofR20 and R3.
MI should regis ter 1.0 m illiam­
peres when the voltage at the
alligator clips Is 12 .5 volts and
0 .05 m illiamperes wh en the
voltage Is 11.9 valls.

T he DMM s hould t he n b e
u sed to se t RI4 for a 2.5 ampe re
cu rrent flow through R17. Con­
nec t CRAEs alliga to r clips to a
12-volt storage battery or a 12­
volt source that can deliver a t
leas t 5 amperes. (Be sure th e red
cl tp Is connected to the plus ter­
m in al and the black clIp 10 the
n ega ti ve termtn al. l Next place
the DMMs leads ac ross the 1­
ohm power resistor R17 and ad­
Just RI4 for a 2.5-volt display on
the DMM. (You are actually ad­
justtng the cu r ren t for 2 .5 am­
pe re s Ilowtng t hrough R17 .).
This com ple tes the basic cal­
tbrat ton of CRAE.

If the meter faceplate co n ­
version table In Table 1 Is used .
CRAE should have an accuracy
better than 20%. The pro totype
CRAE was cali brated and tested
with four different batt eries of
known CCA ca pacity. Two bat­
teries were new (600 CCA and

PARTS LIST

All res istors are 114-watl, 5%, un-
less otherwise indicated.

Rl - 23,700 ohms. 1/4-wan. 1%
R2-20,OOO ohms. l i4·watt, 1%
R3-SOO ohms PCB trimmer
R4-47ohms
R5-470ohms
R6--68ohms
R7. Rll-l0.000 ohms
R8-4700 ohms
R9-1000 ohms
R1D-270 ohms
R12-100.000 ohms
R13- 5000 ohm s polenliometer

(panel-mount)
Rl 4-2500 ohms PCB trimmer
Rl5-150ohms
Rl 6-33.000 ohms
R17-1 ohm. 5.0 to 7.5 wall
R18-10 megohm
R19-15.000 ohms
R2D-1000 ohms. PCB trimmer, 15

tum
Capacitors
C1-D.l F, 25 volts
C2-10 F. 25 volts.electrolytic
C3-220....F. 16 volts . electrolytic
C4-10....F. 25 vol15 + I- 10%. tan-

talum
Semiconducto rs
IC1-lM324 quad co-amp

IC2-LM2931Z s-volt voltage
regulator

01-2222A NPN transistor
Q2-2N3055 NPN transistor
LED1-ught-emitting diode (High-

efficiency GaAsP on GaP)D1­
IN4001 silicon rectifier

D2- IN914 silicon diode
D3-IN5B17 scholl ky barrier rec­

tifier
Other components
S1-DPDT momentary action with

oHat center
M1-Panel meter, moving coil, 0 to 1

mAo
Miscellaneou s : two alligator clips

(t-mch jaw length). twolengths of
two-conductor parallel flexible 18
AWG stranded copper lamp cord
with PVCor rubber insulation (ap­
prox. 3 feel long). PC board .
case-Radio Shack Cat. No.
270-232or equivalent, control po­
tentiometer knob. aluminum heat
sink . LED mounting hardware
insulated hook-up wire. solder.
etc.

165 CCA ratings . respec tively).
one was of average age (4 10
CCA). and one wa s old er but
st ill fu nctio nal (400 CCAI. The
batteries were tested wit h com­
mercia l test equ ipmen t wh ich

confi rmed the battery manufac­
tu re rs' ra tings for th e three new­
er batteries .

The old 400-CCA battery test­
ed 420 CCA at 500 F with com­
mercial equtpment . This sug­
gests that Its true rating Is
about 280 CCA and that Its ser­
vice life Is probably at or very
close to Its end. While only four
batteries were In the test sam­
ple. CRAE was more extensively
tested than th is would Imply be­
cause the tests were made at dif­
ferent ambient temperatu res on
each ba tt ery.

The accu racy ra ting of CRAE
ca n be Increased If you ca libra te
It with the output of th ree ba t­
teries of kn own ca pac ity. Ac­
cu ra cy of ca libra tion can also be
Improved If CRAEs resu lts a re
compared to th ose of a commer­
cial battery tester and adjusted
accord ingly.

You ca n also Increase CRAEs
accu racy by connecting It to a
battery wh ose crankIng amp ca­
pacity Is known. and then ad­
Justing trimmer R14 so t hat
CRAE's meter read ing equals
that a bat terys of the battery.
Remember that cranking amp
ca pacity changes with tempera­
ture.

How to u sc CRAE
CRAEs reading \\'111 be m os t

accu rate wh en th e open- circuit
battery voltage Is between 12 .4
a nd 12.6 volts. Do ncr use CRAE
on an un charged bettcry (open­
circuit vollage below 12.2 valls )
or a n ew; freshlycharged battery
(open -ci rc uit voltage above
/2,65 valls ). because the read­
Ings wtll be erroneo us. 1b avoid
starting pro blems. replace any
battery whose open -circui t volt­
age falls below 12 .2 volts within
minu tes of chargi ng. Open-err­
cu lt voltages should be taken
u nder no-load con dition s. Tha t
usually requi res that t he
ground ca ble be disconnected
(rom the term inals of the bat­
tery before It Is tested .

If you want to test a new. re­
ce n tl y c h a rged battery. dis ­
charge It s lightly for a few hours
a t a di scharge current of a few
amperes. A safe way to do this Is
to make up a s imple load by sol­
dering Ins u lated wi res to the

Contin ued on page 71



FIG.1-eUTAWAYVIEW of a photocell or light-dependent resistor ILDR~
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a nd 750 n m. Th e cu rve peaks in
the green ligh t region a t about
55 0 nm and extends down into
the violet region (400 to 450
nm) at one end . a nd up in to the
dark red ligh t region (700 to 780
nm) at the oth er en d,

Figure 3 shows why cadm iu m
s ul fide (CdS ) photocells are so
popular for IIght-controlled ci r­
cu its : the CdS s pectra l response
curve peaks n ear 600 nm. and It

FIG. 2-SCHEMATIC SYMBOL of a pho­
tocell.

INCIDENT n
L1GHT~

~~

Learn to use photoconductive cells,
photodiodes, and phototransistors in

practical light-controlled circuits.

Photoce lls are made with di ­
ame ters from about one-eighth
Inch (3 mm) to over one Inch (25
mm j: the mos t popular devices
h ave diameters of about ihree­
eigh th Inch (10 mmj. The small­
er units a rc s u itable for applica­
tions wh ere s pace is lim it ed .
such as in ca rd-readtng appltca ­
lions . bu t they h ave low power­
diss ipation ratings. Some pho­
tocells are hermetically sea led to
withstand the e ffects o f de­
mandin g en vtronments.

figu re 3 com pa res the re­
s ponse of photose ns itive de­
vices charac ter tsucs with that
of th e human eye. Relau ve s pec­
tra l respo nse Is plott ed aga inst
wavelength from 30 0 to 1200
nanomete rs In ml, T h e b elt­
shaped h uma n eye res pons e
curve shows tha t th e eye is sen­
s it ive to a rela ti vely narrow
ba nd o f th e elec tro mag ne trc
s pec t ru m. b etween about 400

PHOTOSENSITIVE
DEVICES

Photocell basics.
Pho tocells a rc a lso called by

many other names Including
photoconductive cells , ligh t-de­
pe ndent resistors (LDRsJ. a nd
phot orcsl st ors. Th ey are varia­
ble resi s tors with a n extremely
wide ra nge of resi stance values
(u p to hundreds of orders of
magmtudel that a re dependent
on th e level of Incident light. Re­
s is ta nce In photocells varies In ­
verse lywlth thes trength of light
t ha t fall s o n th em . In ot he r
words . res is tance Is very hi gh In
the dark. but low u nder bright
light.

Figu re 1 Is a cu taway view of a
typica l photocell s h owing the
pattern of photoconductive ma­
terial deposited In the serpen­
ti n e s lot s epa ra ti n g the two
e lect rodes t h at have b e en
formed a ll a ce ram ic Insu lati ng
s u bs tra te. Th is pattern max ­
Im izes co n tac t between th e
crys talline pho tocond u c ti ve
material and th e adjacen t metal
electrodes .

The photoconductive materi ­
al Is typ ically cadm iu m s u lfide
(C d S) o r cad m iu m sele nt de
(CdSe~ Th e selectio n of the ma­
teria l a n d t he thi ckness a nd
width of Its depos ition det er­
m in e the reststance value an d
power ra ti ng of the device. The
two-termin al assembly Is en ­
closed In a metal or opa que plas­
ti c case wit h a clea r glass or
plas tic window over th e photo­
conductive materi a l. Figure 2 Is
the sch ema ti c symbol fo r th e
photocell.

WE WI LL LOOK AT L1GI IT-SENSITIVE

devices In this article a nd find
out h ow they ca n be used In
va r tous pra ctical co n t rol cir­
cu its. Ltgh t-s ens tt tve d ev ices
Incl u de ph ot o c e ll s . p h a­
todtodes . a nd phctotranstst ors.
Vis ible a nd Infrared light (or the
absence of that light) ca n (rl~·

ger many different kinds of cir­
cu its for th e con trol of a larm s .
lights. motors. relays . and other
ac tu a to rs. Light-sens iti ve de­
vices . someti mes called pho­
toelec tr ic transdu cers . a lt er
the ir e lect r ica l cha racte rls llc s
in the p resen ce of vis ible or in­
fra red ligh t.

RAY M. MARSTON
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stg ruficant drawbacks arc their
s low res ponse times . Cad mlu m­
se len td c pho tocells ge nerally
have s h or te r time co ns tants
than cad m iu m-su lfide p ho­
tocells (a pproximately 10 mill i­
seco n d s ve r s us 10 0 m il lis e­
conds ). They also offer lower
res is ta nce values, h igher sen ­
s it ivities. and higher tempera­
ture coeffic ien ts of res istance.

Pho tocells a rc In clu de d in
pho tographic exp osure meters ,
l fgli r - a n d d ark -a c ti vat e d
switc hes for con trolllng sa fety
ligh ts . a n d In trus ion a larms .
Some ligh t-activa ted alarms are
t rigge red by brea king a ligh t
beam. There arc even Itgh t-re­
Ilecnve smoke ala rms based on
ph otocells . Figures 5 to 20 sh ow
p rac t tcal pho tocell ci rc u it s;
each will wor k wit h almost a ny
photocell.

Photocell light switches
Figures 5 to 10 l1lustra te p rac­

tical light-activa ted switch ctr­
culls with relay con tact ou tputs
tha t arc based on the phot ocell.
The s im ple c ircu it s h own In
Fig. 5 is des igned to react whe n
light ente rs a n orma lly dark
space such as th e ins ide of a
cab inet or closet. The phot ocell
RI and res is tor R2 form a volt­
age d ivider that sets the base
b ias of Q I. Unde r dark cond i­
tions . the photocell has a high
res is tance. so zero bias Is ap­
plied to the base of Q I: in th is
s tate. 9 1 and the relay RYI are
off. When a sufficie nt a mou n t of
light falls on the photocell. lis
res is ta nce drops to a low value.
and b ias is applied to th e base of
Q I. That bias ac tivates RYI. and
its contacts can con tro l external
circuitry.
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clos ely matc hes t h a t of the to about 30 oh ms at a n in ten -
hu man eye. By con trast. tile re- s tty of8000 lu x. typ ica l of brigh t
sponse cu rve for cadmiu m se· su n light. (The lux is the S I u nit
len tdc (CdSe) peaks fu rt he r out of illu minance produced by a lu -
at abou t 720 n m . Howeve r. m ino us nu x o f I lu men un t-
CdSc is also senstttvc to mos t of formly d ist r ibu ted over a sur-
the visible-ligh t region. face of 1 square meter.)

A ty pi c a l Cd S p hotoce ll Com merc ial ph otocells have
cha racteristic curve is sho wn In good powe r a nd voltage ra ti ngs.
Fig . 4 . Its da rk res is ta nce is si milar to thos e of couvcn ttonal
abou t live mego h ms. Th is value res is tors. Power diss ipation rat-
fa lls to abou t 60 0 ohms a t a tngs could be be tween 50 and
ligh t In tens ity of 100 lux. typical 5 00 mill iwatts . depend in g on
of a well illuminated room an d d etec tor ma ter ia l. T hei r o nl y
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drawback s can be overcome
with Darlington-coupled tran­
s is tors Q I a n d Q2 replacing Q I.
a nd the use of a potentiomet er
R2 for se ns itiv ity con trol, rc­
placing fixed resi stor R2. The
diagram also shows how the cir­
cuit can be made self- la tc h ing
with th e second se t of relay con­
tacts . Normally-closed pushbut­
ton s w itc h 51 permits t h e
circu it to be reset (unlatched)
when requ ired.

Figure 7 s ho ws how a pho­
tocell can form a s imple dark­
act iva ted relay that turns on
when the ligh t level falls below a
valu e preset by potentiometer
HI. Res istor R2 a nd the pho­
tocell R3 form a voltage divider.
The voltage at the R2-R3 Junc­
tion increases with falling light.
That voltage . buffered by cmtt­
ter- Iollowcr Ql. controls relay
RYI with commo n-emit ter a m­
plifier Q2 and cu rren t-limiti ng
resi st or R4.

The light tri gger or th reshold
levels of the circu its shown In
Figs. 6 and 7 are susceptible to
va riations In supplyvoltage and
a mbien t tempe ratu re. Figu re B
shows a very sensi tive precisi on
ligh t-activa ted circui t tha t is
not in flue nced by th ose var ta­
bles . In this circ u it the pho­
tocell H5 . potentiomete r R6 .
and resist ors Rl a nd R2 are con­
nected to form a Wheatstone
br idge. and op-amp leI and the
combina tio n of transi stor Ql
and RYI act as a highly sensit ive
balance-detecttng sw itch . The
b r idge balance poi n t Is Inde­
pendent of variati ons In su pply
voltage and temperature. a nd Is
Influenced only by variations in
the relative values of the b rid ge
compone n ts.

In Fig. 8. the ph otocell R5 and
potentiometer R6 form one arm
of the bridge . and Rl and R2
form th e othe r arm. Th ose a rms
can be cons ide red as voltage di ­
viders . The RI-R2 a rm applies a
fixed half-supply voltage to the
non-inverting Inpu t of th e op­
a mp, wh ile th e ph otocell-poten ­
tiometer divider applies a Itgbt­
dependen t var iable voltage to
th e inverting pin of the op-amp.

To use Ihi s circuit, potenu­
ometer H6 Is adjus ted so that
the voltage ac ross the ph otocell
a nd t he potenllom eter r ises
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FIG. 9-PRECISIONDARK·ACTIVATEDswitch with hysteresis. R6 equa ls R7 at norm al
tight level.

The s im ple Fig . 5 circui t has
low senslUvity and no provisi on

FIG. 6-SENSITlVE SELF·LATCHING ligh t-activated relay switc h.

FIG. 8-PAECISION lIGHT-sensltlve relay switch. RSequals R6 at normal light level.

FIG. 7-5IMPLE DARK-ACTIVATED relay switc h.
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photocell and the adjacent po­
ten t iometer.

The c ircuit in Fi g . 9 a lso
sh ows h ow a sma ll amoun t of
hys teresi s ca n be added 10 the
c irc u it wit h th e fee dback re ­
sistor H.5 so tha i relay HYI Is
a ct ua ted wh e n the ligh t level
falls 10 a preset value . However.
the re lay is no t de-actua te d
agai n until the light in ten si ty
increases subs ta n tially above
th at value . The hys teres is mag­
nitude Is Inversely proportiona l
to the value of H5. bu t It is zero
wh en H5 is ope n circuited.

Ftgurc 10 sh ows how a preci­
s ion Iigh Udark swit ch ca n be
made by co m b in ing op-am p
light an d da rk swit ches . The
switch ac tivat es relay RYI if the
light In tensity r ises above one
preset value of falls below a n­
othe r prese t value . Poten uome­
ter HI controls the dark level.
poten tiometer H2 con trols the
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changes In light-level tha t arc
100 sma ll to be detected by the
human eye. The circuit ca n be
modified to act as a precis ion
dark-acti vated switch by either
transposi ng th e Inverti ng and
non-inverting In put p in s of the
op-amp. or by transpos ing th e

"A4. PHOTOCEll fiJ tlOAJ.lAl lIGHT l EVEL

FIG. 13-PRECIS1QN L1GHT·ACTIVATED alarm bell . Value of AS equals R6 at nor mal
light level.

, 12V

R'
12K

7 AS"K RVI
6 12V

>1200• ,
'02 02 { : ~ OU7

11"741 1H4148
03

l N411lt1
ov

~

01
1H4001

G

RJ

R'
"

6

101
IlA141

OJ
1N4148r _ .,...__--,-_--,--=_,~-_+-~-_,--·

frac tiona lly above th a t ac ross
RI and R2 as the light int ens ity
rises to th e desi red trigger level .
Un de r th a t co ndition . th e op­
am p ou tput switc hes to ncga­
tive satu ra tion. wh ich turns on
QI and thus RYI. When the light
intens ity falls below that level.
th e op -amp ou tp ut switc he s to
positive sa tu ra tion, an d QI an d
th e relay are turned off

The circuit in Fig. 8 is so sen ­
s itive th a t it is able to respond to

FI G. " -SIMPLE LIGHT· ACTI VATE D
alarm bell.

FIG. lO-COMBtNED L1GHT/DARK·activated switch with a single relay output. Value of
R2 equals A6 at norm al lighl level.

FIG. 12- IMPROVED LIGHT-ACTIVATED alarm be ll w ith self- latching.66
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s upply voltage. a nd potenuomc­
ter H3 con trols th e ligh t level.

To orga n ize th e circu it shown
in Fig. 10, firs t preset potenti­
ometer H2 so that abou t h alf the
supply voltage a ppea rs a t the
j unction between photocell R6
and pote n tio mete r R2 when th e
photocell is illuminated at it s
normal inten sity level. Potcnn­
ometcr HI can then be preset so
th a t RY I is actuated whe n th e
lI~ht tn tcnsny falls to the dcs tr­
ed dark level . and potentiometer
R3 ca n be adjus ted so that HYI
is a c tuated a t t he dcsi re d
brightness level.

In th c circuits s hown in Ftgs.
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lays as shown In Figs . I I to 17.
Fig u re II s h ows a s im p le

ligh t -a c ti vated a la rm circu it
with a d irec t ou tpu t to a n ala rm
bell or buzzer. The bell or b uzzer
mus t be self- interru pti n g an d
have a n operallng cu rrent ra t­
ing less tha n 2 a mperes . Th e
su pply volta ge s hou ld be 1.5 to 2
volt s greater than th e nominal
ope ra tmg va lu e of th e b ell or
b u zzer. Pho tocell R3 a n d re ­
s is tor R2 form a volta ge d ivide r.
Under d a r k co n d iti o ns . the
photocell resi s tance is high. so
th e voltage a t the ju nction R3
an d H2 is too small to ac tivate
the gat e of tile s ilicon-con trolled
re c tt fte r S CHl. Unde r b r ight
ligh t condit ions wit h the pho­
tocell res istance low. ga te b ias is
applied to the SCR which turns
on an d ac tiva tes the ala rm .

In the circu it of Fig. I I. keep
in m in d tha t a lthough the SCR
is self-la tch in g. the fac t tha t the
a la rm is self-In terrup ti ng en ­
sures th at th e SCR repea tedly
unla tches autom atica lly as the
alarm sounds. (The SC R anode
cu rre n t falls to zero in each self­
Interru pt phase.)Consequen tly.
the alarm automa t ica lly tu rns
off aga in wh en the ligh t level
falls below the ctrcut ts thresh ­
old level.

Th e ci rcu it of Fig. II h as fai rly
low s e ns iti vit y a n d n o se n ­
s it ivity adj ustment. Figure 12
shows how th a t drawback can
be overcom e: Potentio mete r R6
replaces a fixed res is to r a nd QI
Is Inser ted as a bu ffer be tween
photocell R5 a nd th e SCRI gate.
The d iagram also shows h ow to
make th e ci rcu it sclf-la tch tng by
wir ing R4 in parallel with the
alarmso the SCH anode cu rren t
remains above zero as th e alarm
self-In ter ru p ts . Switch S I per­
m its th e circ u it to be reset (u n­
la tch ed ) when required .

Figu re 13 shows how 10 make
a prccts fon ligh t-alarm with an
SCH-aclualed out put based on
a Wheat ston e br idge formed by
the photocell H6 . poten tiometer
R5 . an d op -a m p ICI. Th e op ­
amp balance detect or provides
precis ion con trol. That c ircu it
ean be converted tnto a dark ­
activated ala rm by s imply trans­
postng the photocell and poten ­
tiometer. Hyst eres is can also be
added . if requ ired .
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41K
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ci rcu its In Fi gs. 5 to 10 all have
relay outputs that ca n con trol
many di fferent kinds of ex ternal
ci rcu its . In many Hgh t-ac tt ­
vated circuit appltca u ons . how­
ever. the circu its mus t trigger
audible alarms . Th is response
ca ll also bc obtained wit hout re-
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FIG. 16-BOOSTED-OUTPUTPULSED-tone light-act ivated alarm.

Bell-output photocell alarms
Th e ligh t-activated pho tocell

8 to 10. the resis tance values of
th e s e r ie s pote ntio m et ers
s h ou ld equal the photocell 's re ­
s is tan ce va lues at th e no rmal
light level of each circu it.

FIG. 15-SELF-LATCHING lIGHT·activ ated alarm with monotone outPUI.- _ ...I

FIG. 14-DARK·ACTIVATED ALARM with pulsed-tone output.
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FIG. 21-SCHEMATIC SYMBOL for a
phctcdlcde.
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FIG. 22-PHOTODIODE WITH resi sto r
between diode and supply.

c

FIG. 18--S1MPLE L1GHT·BEAM ala rm with self-Interru pting bell output.
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H4 and poten tiometer R5.1
The ac tion of the c irc u it is as

follows : Under brigh t ligh t con­
di tio ns. the voltage at the Ju nc­
tion of thc p h otoce ll H4 an d
potent io meter R5 volta ge is
h igh . so both astable circu its
are d isab led and n o ou tpu t is
gene ra ted at the s peaker, Under
da rk con dit ions. the photocell­
poten tiom eter ju nc ti on voltage
Is low. so thc 6- Hz astable c ir­
cu it Is activated. ga ti ng the SOO­
Hz as table ci rcu it on and off a t a
6- Hz rate. As a result. a s igna l
from QI produces a pulsed-tone
In the s peaker.

The p rec ise gati ng level of the
40018 Ie Is determined by its
thres hold voltage va lue . wh ich
is a fraction of t he s u pply volt­
age-nominally 50 %. That val-

FIG. 23-SCHEMATIC SYMBOL 'or a
phototranslstor.

at
1K

FIG. 2o-REVERSE·8IASED DIODE
circuit.

du ctor, S tgnet tcs and others
u nd e r various des igna ti ons
that incl ude 40018.

The clrcult of Fig. 141s a dark­
ac tlva tcd a la rm circ u it that gen ­
e r a t es a low-powe r S OD-Hz
pulsed-tone s ignal a t the s peak­
er.NOHgates ICI -c and ICI -d a re
wired as an BOO-Hz as table mu l­
t tvtbrator that ca n feed tone s ig­
nals in to the s peaker from QI. It
Is ga ted on only when the ou t­
put oflC I-b is low. NOH ga tes ICI­
a and ICI-b a rc wired as a 6-Hz
astable circu it tha t is ga ted on
only wh en Its ga te p in I is pullcd
low. (Pin l is co upled to th e volt­
age divldcr formed by photocell

,--==-_.v
" (

Dl

FIG. 19-CUTAWAY VIEW of a light­
re flection smok e det ector,

Speaker-output alanns
F igu res 14 t o 17 s how d if­

fe rent ways o f u s in g CMOS
4001B quad 2- ln put eon-ga te
tc s to m ake lig ht -ac ti vated
ala rms t hat genera te au d ib le
o u t p u ts with loud s peakers .
The 40018 Is avail ab le as the
CD4001B from Harris and from
Mo torola . Nationa l Sem ieo n-.,
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Selection of photocell circuits
Pho tocells are Widely used In

alarms that a re tr iggered by In­
terrupting a visible light beam.
Th ey are also used In smo ke
alarms that are actuated when c,

smoke particu lates reflect light ~
back to the photocell. Figu res 18 iC
to 20 show self-In ter ru p ti ng re
alarm-bell versions of th os e tn
warning circu its. !

The Inte rrupted ligh t beam- ~

activated alarm circ u it of Fig. 18 i:r
acts like a dark-opera ted alarm. f
Normally. the photocell is il ­
lu min ated by the light beam so
Its resis ta nce Is low and onlylo w
voltage appears a t the Junction
of potentiome ter R4 and pho- 69

voltage a nd Impedance values.
The ctrcuus shown in Figs . 14

to 16 have adequate se nsitiv ity
levels for mos t practical applica­
ti ons . Howeve r. If requt red .
both sen sitivity a n d t ri gger­
level stab ility can be Increased .
That's done In Fig. 17 by insert­
Ing an op- amp voltage co m­
parator between the voltage
div ide r Ju nction formed by pho­
toce ll R7 and potentiometer R8
an d gate pin 1 oflCl-a. Res is tor
R3 controls the hysteresis of the
circuit. but It can be removed If
hys teresi s Is not needed.

ga ted 800- Hz astable cIrcu it .
but ICl -a an d ICl -b are wired as
a bistable multtvtbrat or wit h a
normally h igh ou tp ut. Under
bright light con d itions . the
photocell-p otentiometer Ju nc­
tion goes h igh an d latch es the
b istable circuit into its alter­
native state. As a result. the
800-Hz astable circu it is gated
on to genera te the monotone
al arm signal. The circu it re­
mains in that s tate until dark
co nd itio ns re t u rn . a n d the
bi s table c irc u it Is s Im u lta ­
neou sly reset wit h 51.

The llghUda rk operation of
the circu its In Figs . 14 and 15
can be reversed by transposing
the positions of the photocell
an d potentlomenter. Each cir­
cui t produces only a few mllli­
watts ofoutput power. Figure 16
shows how the opera tion of the
dark-op erated ci rcu it of Fig. 14
ca n be revers ed to become ltght­
opera ted by switch ing the posi­
tions of th e photocell an d poten ­
tiometer. The output power ca n
be boosted with an addit ional
outpu t transistor Q2 . Th is cir­
cu it ca n op erate from a 5- to 15­
volt su pply and with 25 - to 50­
o h m s p ea ke rs. The ou t p u t
power can vary from 0.25 to
11.25 watts . depe ndi ng on the

8
NC

• 2
10K

ue might vary from 30% to 70%
In Individual devices . bu t gat­
ing points of these Ie 's are gen ­
era lly stable. Th e Fig. 14 circ u it
p rov ides sens itive da rk-act t­
vated alarm tr iggering.

Figure 15 Is a schematic of a
s elf- la tc h ing ligh t- a c t iva ted
alarm with an BOO-Hz monoto­
ne out put. In this circ u it. ICI-c
and IC l-d a re a lso wired as a

,
FIG. 27-SCHEMATIC SYMBOL for 8

photodarl lnglon.

FIG. 26-VARIABLE·SENSITIVITY pho­
lotranslstor circu it.
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toeel l R5 . Co nseq uen tly. both
the Se R and be ll are off. When
the ligh t beam Is b roken. pho­
tocell resis ta nce in creases and a
s ign ifican tly h igher voltage ap­
pears at the potentiometer-pho­
tocell J unc ti on . Un d er t h is
condition SeRl cond ucts a n d
th e alarm bell ri ngs . Res is tor R3
In series wit h switch 5 1 self­
la tches the alarm.

Figu re 19 Is a cu taway view of
a reflective-type smoke detector.
The lamp a n d photoce ll a re
mounted on one wall of the box
whose open ends are covered
wit h lids mounted on spacers.
The open ings provided by the
spacers permit smo ke to pass
throug h the detecto r wh il e
whil e a mbient ligh t Is excluded .
An In ternal baffle preven ts In­
candescen t lamp light from fail­
ing di rectly on the photocell.

Th e lam p a c ts as both a
source of light a n d heat: t he
hea ted a ir In th e box ri s es.
creating a ir convection cu r­
ren ts tha t d raw air In at the bot ­
tom of the box an d expell it from
the top. Th e Ins ide of the box Is
pa in ted ma tt e black to elim i­
nate reflections .

if t h e a ir cu rre n ts mo vin g
th rough the de te ctor box a re
free of smoke . no light will fal l
on the photocell. and its res is­
ta nce will be very high. However.
If the a ir contains smoke. the
pa r tic u lates of that s moke re­
flect ligh t from the lamp back
onto the photocell face. causing
Its resis tance to decrease s harp­
ly. That res is tance dro p ca n tr ig­
ger an ala rm. Figu re 12 Is a
p ra c ti ca l con t rol circ u it t h at
can be used In the smoke alarm
shown in Fig. 19 .

Photodiodes pu t to use
If a conven tional s ilicon di ode

Is con nected In the reverse-bi­
ased ci rcu it of Fig. 20 . only leak­
age current will now t h rough
the diode an d no voltage will be
developed across res is to r Rl.
However. if the case Is removed
from a conven tional s ilicon di­
ode to expose its PN junction.
a nd the diode is then replaced
in the same circui t. Its p ho ­
tosens iti ve p roperties can be
ob served .

When the diod e Is exposed to
light . Its curren t could rise to as

much as one milliampere. pro­
ducin g a voltage across Rl.

All s ilicon PN junctions are
p h o to sen s itive . Thus a p ho ­
todto de Is essen tially a conven ­
tional s ilicon PN·ju n ction diode
In a case with a transparent
cover to permit ligh t to reach Its
j u nc tio n . Figure 2 1 shows it s
s tandard schematic sym bol.

In Fig. 22 th e ph otodlo de is
re verse b ia sed and Its output
voltage Is taken across a serles­
connected loa d res is tor Rl.
That res is tor cou ld also be con ­
nected between the d iode an d
grou n d as shown In Fig . 20.
Phot odl odes also have spectra l
res po nse character is tic s . whi ch
a re determined by the doping of
the semiconductor mater ial.

Figure 3 shows a typ ical re­
sponse cu rve that applies for all
s ilicon photoreceptors . a cate­
gory wh ich includes both pho­
todlo des and phototrans lstors .

Wh ile s ilicon p h oto d lo d es
have lowe r vi s ible-lig ht sen­
s tt tvtty tha n eit her ca d miu m­
su lph ide or ca dmtum-selen tde
phot ocells . they respon d faster
to cha nges In ligh t level. As
s ta ted earlier. cadmiu m-su lfide
a n d cad m tu m -s elen rd e pho­
tocells a re best suit ed for ap ­
pli cations in vis ible ligh t In
whi ch they are directly cou pled
a nd whe re rela ti vely s low re­
sponse ti me Is accep tab le. By
contras t. photodi odes are bet­
ter suited for applications in th e
Infrared regi on In which they
recei ve AC s ignals an d where
fas t response Is req u ired .

Ph ot odlo d es are ty p ic a lly
used In infra red remote-control
c irc u its. beam-in terrup ti on
switches a nd alarm circ u its .
However. lead-sulfide (PbS 1pho­
tocells have character is tics that
are s imilar to those of visi ble­
light photocells exce pt that they
fu n ction on ly In the In frared re­
gion.

Phototransistors
Figure 23 shows the s tandard

pho totra ns lstor sy m bol. The
phototrans tstor is a s lllcon b i­
po la r NPN transistor in a case
wit h a transparen t cover th at al­
lows ligh t to reach Its PN junc­
tions . The d evice Is normally
used wit h Its base p in op en -ci r­
cuited as shown In both parts of

Fig. 24 . In Fig. 24a. the base­
collec tor junction of the pho­
totransts to r Is effec ti vely re­
ve rse-bia s ed s o it a cts a s a
photodiode. The ligh t-gen er­
a ted cu r ren ts of the base-collec­
tor Juncti on feed directly Into
th e base of the d evice. and the
normal cu r ren t-am plifica tion of
the transistor causes collecto r
cu rre n t to now as the ou tput.
That a mplified cu r re n t across
RI produces the output voltage.

Phototransls tor collecto r and
em itt er curren ts a re usually
s imilar because the bas e con­
nectton Is open circu ited. and
t he device is not s ubjec ted to
negative feedback. As a Con­
sequence. t he alternati ve cir­
cu it shown as Fig. 24 b offers
abou t the same performance as
the circuit sh own In Fig. 24a.
Th e ou tput vo ltage a p pea rs
across Rl wh ich is co n nec ted
b etwee n th e em itter a n d
grou nd .

The sens ttt vtty of a pho­
to t ra ns lstor Is typt cally one
h und red times grea ter than
that of a photodiode. However.
Its useful maximum opera ting
frequency ofa few hundred kilo­
hertz is p roporti on ally lower
th an th at of a photod iode's tens
o f megahert z . A p h o totran­
s is tor can be conver ted Into a
photod lode by con nectin g it as
sh own in Fig. 25 .

Alternatively. t he sens it ivity
an d opera ti ng speed of a ph o­
totra ns istor can be made varia­
ble by wiring a potentiometer
between its base an d emitter. as
shown In Fig. 26 . With R2 open
circu ited . phototranststor oper­
a tion is obtat ned; with R2 short
c ircu ited . a pho tod iode re­
sponse occurs .

In p ractica l a pplications of
the circu its shown in Figs . 24
through 26. th e Rl load value is
usually selec ted as a co mp ro­
mise becaus e voltage ga in In­
creases bu t th e usefu l opera ti ng
bandwidth decreases wit h th e
value of Rl . Also. the value ofR l
value mus t. In many applica­
tions. be chosen to br in g t he
phot osensit ive d evice In to its
linear operating region.

Darlington photot rans ls tors
consis t of two trans is tors cou ­
pled as shown In th e schematic
sym bol of Fig. 27. Typtcal se n -



s ttt vt ues of ph otod a rli ng tons
areabout ten ti mes grea ter th an
th ose of s ta nda rd photo tra n­
sis tors. b ut thei r useful m ax ­
Imum opera tt ng fre quencies
are only tens of kilohertz.

Preampllfler circuits
Pho tod lodes and phototra n­

sta tors are used as lig htwave
s ignal receivers or detectors In
ftbe rop ttc trans mission lines.
The ligh t traveling in the optical
fiber ca n be modu lated byelther
a nalog or di gita l method s . Pho­
todlodes and phototrans ls tors
a re a l s o dete cto r s In o p­
tocouplers a nd in frared ligh t­
bea m In te rru ptton s w it ch ing
a nd ala rm-control sys tems.

In those a pplica tio ns , the s ig­
n al reach ing the photosensor
could eit he r be very strong or
very weak. Moreover. the pho­
tosensor cou ld be s u bjected to a
lot of n oise In the fonn of ran­
dom , u nwanted vis ib le or In­
fra red. em issions. To m in imi ze
In terference problems. optical
links are usuallyoperated In the
In fr ared ra nge , a n d t he op ­
tosensors output is then pro­
cessed with a low-nois e pre­
amplifier h aving a wide dynam­
ic ope ra ting ra nge. Figu res 28
a nd 29 Illustrate typi cal exa m­
ples of p rea m p lifie r circuits
with photodlode sensors.

The Fig. 28 c irc u it is d e­
s igned for usc wit h a Sn-k tlo­
h ertz ca rr ier. The tuned circu it.
cons isti ng of Ll . Cl. and C2 , Is
wired In s er ies with D J a nd
dam ped by HI to p rovtd e th e
necessary frequency-selective
low-norse respon se . The output
s igna ls a re tapped off at the
j u nc tio n between CI a n d C2
and then am plified by g1.

The 20-k llohe rtz selective
preamplifier shown in Fig. 29 Is
In tended for an Infrared light­
beam ala rm. The alarm sou nds
wh en the beam Is broken . Two
IR photodlodes. 0 1 and 0 2. are
wired In parallel so that the op­
tical signals a re lost only when
both phot odi ode s ignals are cut
off. Regis ter RI is s hu nted by CI
to reject unwa nted h igh-fre­
quency s ignals . Th e ou tpu t sig­
nal s across RI are fed to the
Inverting op-amp through C2,
wh ich rejects unwanted low-fre­
quency s ignals . R·E

BATIERY TESTER

con ti n ued from page 62

base terminals of a standard
# 115 7 automotive Incandes ­
ce nt lam p and c r im pi ng al­
ligator clips to th e other ends of
th e wt res. Th is load ca n then be
cltpped across the ba ttery's ter­
minals for severa l hours. (T he
assembly Is also a handy, In ex­
pensive trouble-shooting light
tha t you ca n use for work ing
u n der the hood of your ca r.I
After disconnecting the load .
walt u n til the voltage s tab ilizes
befo re doing the CCA test. Ide­
a lly, the open . circuit voltage ofa
new battery should be 12 .6 volts
(± O.02 volt).

CRAE test procedure
When us ing CRAE to test a

battery. follow thes e s teps:
1. Determ ine the manufa c­
turer's CCA rating for the bat­
tery. T h is In fo r ma tio n Is a
refere nce that will help you to
detennlne if th e battery should
be replaced . Also, estima te the
ambient tempera tu re of the bat­
tery by tak ing the ai r tem pera­
ture of the batte ry's loca ti on
Immediately before you begin
the test.
2 . Disco nnect the ground ca ble
from the battery If It Is con ­
n ected to the electrica l sys tem of
a vehicle befo re doing the test.
3. Us in g a n a ccura te digital
mul ti m eter with a ba si c DC­
voltage acc u racy of at lea st
0 .5 %. measure the open-circuit
voltage of the battery. If th e volt­
age Is be low 12 .2 5 volts , re­
charge th e battery a nd rech eck
th e voltage.
4 . Unde r so me conditio ns the
battery voltage will exceed 12.65
volts. In that case, disch arge It
sligh tly as exp lained ea rlier In
the text. Because CRAE Itself Is
a light (2.5 a mpere) load , It can
be used to d ischarge th e battery
However. Do not use CRAE {or
sustained periods ofm ore than
two minutes because It Is not
designed {or contin uous use !
To mea sure the ou tpu t of the
battery most accurately. the bat­
te ry 's o p e n -c i rc u it volta g e
s ho u ld b e betwee n 12 .4 a n d
12.6 volts .
5 . Co n n ec t CHAE 's pos itive

Ired! alltgator clip to the " +" ter­
minal of the battery a n d the
negative (black ) clip to the "- "
terminal . Adjust the MAXUNF lADJ
knob on the pane l so that the
n eedle points to the maximum
deflection . Be sure th at al l con­
n ectlons a re secure , A poor al­
li gator cl ip con nec tion will
cause CRAE to g ive a n er­
roneous readi ng.
6 . Throw switch 5 1 to the T IMER

neser tleft! posi tion and then let
It snap back to the cen ter "off'
posit ion . Remember that 51 has
three positions : cen ter is "off'
an d the others are momentary
action.
7. To tes t the battery, hold 5 1 in
th e T EST pos itio n until the LED
lights in abou t i m in u te. When
that occurs , take the reading
and let 5 1 return to the cen ter
"off ' position .
8. For the most accu ra te retest
the battery. Any difference be­
tween the first and second read­
tngs on a sausfacto ry battery Is
Insignifican t. However, expect
that t he secon d reading on a
weak batt ery will be lower than
the first. The second rea d ing is
the m ost accurate. If you wan t
to retest the battery a thi rd
time. be sure to walt a t least two
m inutes between the tests to
avoid s tressing CRAE.
9. Do not use the MA.W INF"JAI)J
knob for the secon d or subse­
quen t readings on thesame bat­
tcry: (Th e l-m tnu te. 2.5-ampere
load of t he In itia l te st h a s
changed th e ba ttery's open-cir­
cu it voltage .I However, If yo u
wa nt to test another batte ry pro­
ceed as stated originally. Also. If
t he subs equent test on t he
same battery occ u rs an hour or
more later. reset the meter nee­
die to the INF positio n . A general
rul e Is that If the open -circ u it
voltage voltage of the battery is
constant-no matter when test­
ed-use the MAX lINFI ADJ knob
to set the meter needle to the INF
position.

After detennlnlng th e cra nk­
Ing amp ca paci ty an d tempera­
ture. use eit he r the GW BASIC
program in Table I or th e gra ph
In Flg .1 to determine the bat­
tery's CCA ca pac ity. Replace th e
ba ttery If the calcu lated CCA is
substantia lly lower than the
manufact urer s rating. R·E 71



ASK R-E

continued from page 10

screen and where to tum it off on
the left. you can see why there 's no
room for more than one set of con­
trol signals-no matter nON many
images you want to mix together.

There are tYIO standard ways to
mix video signals .The first is to sep­
arate the picture and control infor­
mation from each signal and then to

HARD-DRIVE LED
I have an AT-class computer

wi th an IOE hard drive and 1[ust
recently added a second hard
drive. The equipment wo rks
fine, but the LED that indicates
hard-drive activ ity lights only
when the firs t drive Is active.
The second drive works fine, but
the LED doesn't come on. Can
you tell me what's wrong?-G.
Fishben, Enterprise, NY

Since both harddrives ArA work-

and other lines. 111e real answer to
your questio n can be found by look­
ing at the pinout of the standard IDE
connector. If you 're lucky. that can
be found in the instruction manual
you go t with the contro ller card .
You'Jl see that pin 39 is marked as
" SLV ACT"-which. in plain Eng­
lish, means " slave drive act ive."

That line goes low when your sec ­
ond drive is selected, and it should
be connected to the herd-doveac­
tivity LED along with whatever other
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but UN only a single control area.
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combine them wit h a single set of
con trol information from one of the
video source s. The second method
is similar, but instead of using the
co ntrol informatio n from one of the
orig inal so urces, you ge nerate it
separately.

Remember that the pictu re lnfor­
matlon in each fine has a start and
end point. Before you mix the pic,
tures together, you have to be sure
that aU of them are lined up accu­
rately. The circuit that doe s every­
thing necessary to mix video signals
is called a timebase corrector. Ir s a
fairly complex piece of equipment
and, as youmight expect, it carries a
fairly serious price tag as we ll.

Noth ing would make me happier
than being able to give you a simple
circuit to do the job but. unfor­
tunately. I can't. I can tell you, hCMh
ever, that it's worth your time to try
to come up with one because, if
you ' re succes s ful, you'll have
something that can lead to a lot of
profit and an early retirement.

ing correctly. I have to assume that
the quest ion is academi e-interes t­
ing, but not vital. The LED act ivity
indicator is a nice thing to have, but
we 'll both agree that it's a lot better
to have the drive work ing and the
LED messed up than having it the
other wayaround.

The reason for the problem is not
wi th the drive but wi th the IDE con­
troller card. The people who made
the card in your computer, or the
circuitry on the motherboard if your
computer has a built-in IDE control­
ler, cheeped-out when they de ­
signed the circuit . For some reason ,
th e IDE standard isn't quite as
" standard" as some of the earlier
hard-dtek encod ing schemes such
as M FM, ALL. or even SCSI.

The hard-disk activity LED is usu­
ally trigg ered by decoding several of
the control lines co nnected to the
cable. The exac t method varies
from card manufac turer to card
manufacturer, but it's ge nera lly
so me combin at ion of READ. WRITE ,

cont rol lines are used for the firs t
drive . If you put a meter on that pin
and access your second drive, you 'll
see that the pin becomes active.
The manufacturer should have used
an OR gate (or a resistor-combina ­
tion equivalent) when the card was
designed . You can do it yourself by
tying pin 39 to the LED connector
with a resistor of about 1000 ohms.

One side of the LED is connected
to 5 volts and the other can be the
output of a gate or a node on a
resistor netwo rk. You want to con ­
nect the 1K resistor from pin 39 of
the IDE connector to the pin of the
LED that 's not connected to 5 volts .
Since you probably don't have sche­
matics for the con troller card. irs a
good idea to use a small diode such
asa lN 914 to isolate pin 39 from the
LED. Since you have to take your
computer apart to do that, you have
to figure out if the final result is
worth the effort . Should you decide
to do it, you might consider using a
second LED (triggered by pin 39) as
an indication that the second drive
is active. R-E
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con tin ued from pa#c 40

WARe-92's n otabl e statistics
WARC-92 wa s atten de d by

more th an 1400 de legates from
127 cou ntr ies. a nd there were
several h und red observers from
3 1 regi onal and Inter nationa l
organizations . T h e con ference
produced six million pages of
tex t weighi n g 28 tons . T h ere
were two a il-ni ght ses sions on
the las t two days of the con­
fe rence . and w he n t he con­
ference concluded, mos t of the
participan ts weren ' t clear about
wha t decis ion s had been made.
par ticu la r ly i n t h e so u nd ­
broadcasti n g satellite s erv ice .
BSS.

Atotal of 8 1declarations were
made at th e end of the co n­
ference. A decla ration Is a state­
ment by a coun try's delegation
th at Is appended to the Fina l
Acts of th e Conference. calling
attention to a n issue of pa r­
ticular concern to that delega­
tion. Perhaps th e mos t telling
declaration was entered by the
French Delegation; It se t the
to n e fo r t h e co nclus ion o f
WARC-92 . It expressed reserva­
tio ns abou t the number and
complexity of th e texts adopted
wi t h i n t he s h ort ti m e of
WARC-92 . and It was concerned
abou t possible in te rpre ta tions
wh ich would no t conform with
th e final consensus of the con­
ference.
[Edt tor s Note: Stanley Letnwoll.
d irec tor of eng ineering In U.S .
for RFEIRL, was a member of
the United S tate s Delegation to
WARC-92, J R·E

LETT ERS

continued from page 15

nine beast whose barking can be ­
come quite a nuisance.

About a year ago I built a magnet­
ic field meter that was featured as a
kit in Radio-Electron ics . After
completing the unit, I was checking
around the house for relatively high
sources of EMF's when I noticed
that my dog, Sparky, had a very in-

tense field surrounding him. I initially
thought that was due to a high static
charge accu mulated from ro lling
around on the carpet or brushing
against the TV scree n. I tried dis­
charging him to a water pipe and
even rubbing him on the carpet, with
no measurable effect on the field.
Spa rky is a very large dog and
somew hat hyperactive . I be lieve
that migh t co inci de with his high
elec trical potential.

My concerns are with the rmcro­
recelver-rescnator module . That is
obvi ously a very low power unit
using the dog's O'N"n bio-magnetic
field as a power source. I am afraid
thai Sparky 's unusually strong mag­
net ic field could quite possibly inter­
fere with, or compl etely inhibit , the
operation of this unit. With it's cost
in mind, I would hate to think that it
could be damaged or even rendered
useless after it's installed. I am hop­
ing that you can provide me w ith a
sou rce for detailed spec ifications
co nc erning power requireme nt s
and EMF shielding of this unit.

If everything works out okay, I'm
planning to use multiple resonators
at various locations on Sparky in
combination with an extensive train­
ing program in hopes of teaching
him some very advanced tricks.
That might also prove to be the long­
ewaued edge we need to take the
blue ribbon at this summer's dog
show Although this might sound far­
fetched. I'm even thinking of adding
a module to my home-automation
system that would allow complete
control over Sparky 's behavior.

Thanks for your continued efforts
in bringing the latest in innovative.
entertaini ng , and excit ing proj ­
ects- and your best Apri l Fool's kit
yet!
JOHN SLADE
Hillsdale. MI

Kudos to the author of " Remote
Con trol For Your Dog" (Rad io ­
Electronics . April 1992).The best
April Fool's article yet . Incidentally.
for those readers who might be hav­
ing trouble with the high price of the
actuator module, I went to wo rk
right away in my basement. I'm
proud to say that I can make avail­
able the same at a price of $4 .95
per unit.
BYRON HODGES

Thank you for the article " Remote
Control for Your Dog." It is yet an­
other star in Radio-Electronic s '
glittering firmamen t. However. it
seems that Mr. Canino failed to real·
ize the true potential of his device.
The applications need not stop at
simple behavior suppression. A dog
is an intelligent animal and can be
taught very co mplex behav iors.
Why not use the subcutaneous re­
ceiver to initiate a behavior. for in­
stance. fetching your slippers. Why
stop there? Several receivers could
be implanted in different locations
and their control could be consoli­
dated in one transmitt er. A buzz in
the left thigh would make the dog
lick-shine your boots. a tick le be·
hind the left ear to answer the door,
and a tingle in the tail to fetch you a
beer from the fridge-all for the
fraction of what it would cos t for a
butler or person al robot .

I personally have trained my dog
so that at the receipt of my sum­
mons he leaps onto a treadmill that
provides elec trica l power fo r the
" LO'N"·Cost Laser Printer" that I built
from an article in last year's April
issue.

Mr. Canino failed to address the
potential for abuse of this te ch ­
nology. For example. what if your
dog was kidnapped by a host ile in­
telligence agency or an estranged
family member, who subjected him.
unbeknownst to you . to a receiver
implant and inte nsive aversi on
the rapy He returns seemingly un­
harmed, but ready at any moment to
receive the teaoyour-throat-out sig­
nal from a waiting agent. The last
place the secret service would look
for a threat to the President would
be his dog !

I have obtained evidence that this
may already be happening to the
pets of many high-ranking officials.
The implant is small enough to use
in all sorts of animals-eats. par­
rots . lions, tigers, bears. and even
farm animals are no longer above
suspicion . This may very well create
a totally new arena for military esca­
la t io n among th e major wo rld
powers.

l, for one. will never look at my pet
turtle in quite the same way ever
again.
JAMES SENTMAN
Lake Bluff, IL 73
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HARDWARE HACKER
Dye-based solar energy, Neo-Geo interface cables, another sad patent
story, micro-avionics newsletter, and RGB monitor fundamentals.

DOH LAHCASTER

Uh whoops. Back in April
(page 65, Fig . 2), one of my
la s t minu t e " improve ­

ments" to the PC layout for the sync
stripper and universal video inter­
face left one extra trace from pin 9
to the SYNCoutput line. Sorry abou t
that. If you have already etched your
board . just cut that tiny run out. Fig­
ure 1 had it correct.

Moral: It is always the things that
you though t you triple checked that
are certain to return to haunt you.

We will see several other posst­
ble changes to the sync stripper in
just a moment when we look at
some new Neo-Ceo interface ideas
below.

An update to the cryst al-sta ­
bilized FM ste reo broadcas ter cir­
cuit that we looked at last month;
I've nowhad a brief chance to check
into that new SonyXA7A unit. While
it uses pretty much the same circuit
we looked at, it seems more cos tly.
klutzier; and far harder to hack.

The SA1404 has a surface mount
package. There are some tight and
tiny shields. and some awkward " 3·
D " com po ne nt arrangemen ts.
Sony appears to be getting two
channels by putting its crystal an as­
tounding 200 kilohertz in either di­
rect ion. I'd bet its stability isn' t as
good as in a Pioneer CD-FM-1.

Speaking of which . it should be
possible to significantly improve the
CD-FM-" s range by replacing the
SAW filter load used by 04 with a
simple tapped resonant tank 10'
cated outside of the existing shield.
That would SWItch 04 from c1ass-A
aver to c1ass-Coperauon. Some by­
passing on R19 could also help, as
might kmering its value somewhat.

More details when I get a chance .
Meanwhile. do let me know what
you com e up with on your own.

Patents ag a in
The morning mail had yet another

sad example of a hardware hacker

done in by the pate nt sys tem. Or
more correctly. done in by the out­
landish popular myths and all the
gross misconceptions surrounding
patenting . One more lime: A ny
hardware·hacker-based small-scale
inlIOlvement in the patent sys tem is
absolu tely certain to resu/r in the net
loss of time . energy, money. and
sanity Your state lottery is a vastly
bett er investment.

This example involved an Oregon
inventor who sent me a copy of his
new patent and asked for my help in
marketing it. The patent is intended
to recover electrical energy from a
steam line by impinging the steam
onto a piezoelec tric generator. The
patentee admitted he lived in a very
" remote area" where all researc h
.....as difficu lt. And he did specifically
ask me fo r comments. so here
goes.

Well. it must have been my kind of
remote area. There was obviously
no telephone available to call the
Dialog Information Service. and no
postal or UPS service to receive
UMI reprints. Their local library had
to be so small that they had no
Uhlricht s Periodical 's D ictiona ry
which included the EPRI Elect ric
Power Research Institute Journal.

And. of course. no Encyclopedia
of A ssociat ions which would in ­
clude the Association of Energy En­
gineers with their great conference
pub li c a t ion s o n th i s t ype of
cogeneration device.

I felt the patent was rather weak. I

NEED HELP?

Phone or write you r Hardware
Hacker quest ions direc tly 10:

Don Lancas ter
Synergellcs
Box 809
Thatcher, AZ 85552
(60 2) 428·4073

think I could personally find alt kinds
o f p rior ar t way ba c k i n the
1890-1 930 time frame . A nd I do
think the idea would be so totally
obvious to any "practitioner in the
field" that prior art would not even
be required to quickly bust this pat­
ent. In fact. attempting to defend it
could easily lead to a nasty o ld frivo ­
lous litigation countersuit.

"Out side of that Mis sus Lincoln,
hON was the play?" Well. I do not
know of any high·power electricity­
producing ptezo generators. Piezo
tends to be grossly inefficient and
involves frequencies and imped­
ance levels tha t are hard to ele­
gan tly deal wi th at higher power.
Piez o t ransducers tend to have
lousy power factors. since they are
often very capacitive. The optimum
working temperatures are welt be­
IONthat of live steam.

Further. we obviously have a heat
engine here that has to obey the
laws of thermodynamics. The best
possib le e fficiency (ca lled th e
Carnot efficiency) would be rather
low. Wh ichiswhywedon' t have too
many steam engines these days.
And I feel the P.V (pressure-volume)
diagram for the proposed impinge­
ment system would be absurdly far
away from the best possible. It is
clearly not adiabatic.

I would be quite surprised if the
overall elect rical recovery efficiency
could eve r exceed 0 .1 perce nt.
Thus. I feel this product would never
be able to pay for itself or for the
time value of the money used. Let
alone recover any useful power.

So. I'd guess my answer on any
market ing of this product would be
"Uh. to whom?"

Ncm. there are all sorts of exciting
steam recovery developments go­
ing on. They involve bot toming and
scavenging cycles and can use ex­
otic fluids other than water vapor.
And they are revolutionizing com­
merci al elec tric-power product ion 75
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by sha rply improv ing effic iencies.
And the pulse-combustion furnace
folks are playing lots of neat games
in super effici ent latent heat (gas to
liqui d) recovery. So t he re are
bunches of new possib le oppor­
tunities in this area. Some of them
eminently heckeble.

By the way, one ancient but quite
readable book on thermodynamics
is Sanford's Heat Engines, found in
the Doubleday Science Series. No
hacker can afford to ignore the fun­
damental laws of thermodynamics .

Where to go from here? First and
foremost. avoid any and all involve­
ments with the patent sys tem inany
way, shape , or form. D o so re­
ligiously.

Second, get yourself a fresh copy
of The Case Against Patents, either
in my Blatant Opportunist repr ints
or as our GEnie tutorial PSAT text­
file # 162 NOPATENT.TXT. Rumor
has it that t his reprint may also
shortly appear in the Whole Earth
Review.

Third, there is a unique magazine
known as M idnight Engineering that
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speci fically suppo rts the sm all ­
s c ale dev e lop er s , product pro­
totypers . and startups. W ith proven
and realist ic help. Free samples on
request.

Inventing. of course, is a highly
reprehensible and incurably addic­
tive social disease that is simply not
talked about in polite company. So,
fourth and finally, you might want to
jo in some AA- type support group. A
typical example group would be the
Zimme r Foundat ion . associated
with the Michigan Inventor's Coun­
cil. Ju st be certa in thaI you r se­
lec ted group isn' t a marketi ng sca m
in disguise.

Another solar
breakthrough?

Lots of credibility has been newly
given to dye methods of solar ener­
gy conversio n. As we have seen in
past issue s, certain dye molecules
can act as both an antenna and reo­
ti fier. converting any incoming pho­
tons into an electro n current. The
dye me th od is pote nt ia lly ve ry
cheap. very effic ient , and should
end up quite easy to mass-produce.
Only low-cost and low-tech materi ­
als are involved.

Do check out the October 24,
199 1 i ssue o f Nature (vel. 353
# 6346). Especially Thomas Mal­
louk's Bettering Na ture's Solar
Cells (on pages 698-699) and also
Bri an O ' Re gan an d Mi c hael
Gratzets A Lew-Cost High-Effic ien·
cy Sofar Cell Based Upon Dye-Sen­
sitized Collodiaf Titanium Dioxide
Films (on pages 737- 739l.

Some librarians appear to have
tots of trouble finding Nature, possi­
bly because it is British. Which is a
real myst ery, since Na ture is re­
garded by mos t of those in the know
as the finest and most signif icant
sc ience publicati on s anywhe re in
the wo rld.

Obv iou sly, any magazine that
gets up to we ek ly issue # 63 46
must be doi ng something right. If
you get any static pic king up any
Nature co pies locally. scream and
holle r and stamp your feet. Or use
the addre ss found in our Names &
Numbers sidebar.

Figure 1 shows you the general
idea behind any dye-based solar
cell. The cell uses liquids and is re­
lated to a wet-cell battery An elec·
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Power
load

Thereare several remarkable sim­
ilarities between dye-based solar
and plant photosynthesis. In fact.
the biggest difference is that dye­
based photosynthesis stops with its
generated electrons, while plant
photosynthesis will go on and use
the high-energy electrons to drive
the intermediate chem ical reac­
tions. which can ultimately create
sugars, cellulose, and other tasty
stuff.

Dye-based sola r-ene rgy con­
version is already more effic ient
thanthe most eff icient plants known
today. On the other hand, plants can
create and repair themselves.

RGB video fundamentals
I have recently been working with

Dennis Carper of Redmond Cable
in interfacing all sort s of video
games to all types of leftover sur­
plus computer monitors. So. I
guess it might be a good time to
review some of the fundamentals of
RGB monitors.

The reasons we go to the sepa­
rate red-green-blue route in the first
place are for picture quality and for
picture resolution. Regardless of
how much trouble you go to. it is
simply not possible to glomp onto
the antenna terminals of an ordinary
lV set and display anything even
remotely near what is needed as a
bare minimum for all of todey's color

Transparent glass cover -- C~~~~~~~~;;-;-7"l
Transparent conductor -- !

Dye molecule monolaye r~

A thi n but very rough
semiconducting layer -­

of ti tanium dioxide

Bottom cond uctor ...--

FIG. 1-ANOTHER SOLAR BREAKTHROUGH? The dye-based so lar method uses a
large-area monolayer of Indiv idual dye molecules to act as optical antennas and
rectifiers. An electron " borrowed" fro m the electro lyte by the dye gets its energy level
raised by an Incoming photon, jumps the rect ifying semicon duc tor gap, delivers
useful load power, and then returns to the electrolyte. The high-efficlency process is
related to the fir st stage of plant photosynthesis . All the materials used are cheap and
fairl y low tech.

trolyte of a lithium salt or something
similar is used. The uppermost ter­
minal is a conductive metal film un­
der a layer of clear glass. The
bottom terminal is also a conductive
metal film. Onto this film. a very thin
and very rough layer of a titanium
dioxide semiconductor is deposit­
ed. Together they form the metal
barrier diode.

The semiconductor film is made
as rough as possible to greatly in­
crease its surface area. The present
effect ive areas are in the 2000 :1
ra nge . A one -mo lec ule thin
monolayer of trimetric ruthenium
dye then is deposited on the semi­
conductor surface.

The single-dye molecules can act
as both an antenna and a rectifier.
An existing electron in the elec­
trolyte solution will have its energy
level increased by the incoming op­
tical photons. These high-energy
electrons jump the semiconducto r
junction, go through the load deliver­
ing useful power, and return via the
top electrode. creatinga self-rectify­
ing and light-induced photocurrent.

So far, the actual efficiencies are
only slightly better than polysilrcon
cells. But all of the materials are far
cheaper Ctitanium dioxide is used to
make white house paint; only small
amounts of dye areused>. They also
lend themselves to larger area.
high-volume processing.

Inco ming solar
energy

CIRCLE 101 ON fR EE INFORMATION CARO
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computer displays or premium ar­
cade video games . The need ed
bandwidths and scan rates are sim­
ply not there.

Unlike broadcast signals (such as
NTSC . PAL or SECAM). there are
no universal standards being used
for RGB monitors . If it has three
separate video lines on it, it is an
RGB system. Period. Thus, you will
have to be vel)' careful about what
your video source and your video
monitor are capable of before you
try to connect them.

The simplest RGB sys tem uses
" TIL" monitors. It does not accept
video as such. Instead. it receives
digital loqrc signals that tum its red,
green, and blue beams entirely off
or on. Thus you can get only eight
possible colors . All eight of which
are always fully saturated. Some
TTL montto rs inc lude a fourt h
brightness line that gives you a
choice of "full" or "hal f" brigh t. in­
creasing the apparent color total to
sixteen .

Instead. on a linearR GB monitor.
all shades of all colors are possi ble.
Unear monitors need much more in
the areas of video amplifica tion and
linearization (or gamma correc tion)
circuits . Obviously, linear monitors
are required for " real" video from a
cable or broadcast source. or when­
ever YOl.eed a very wide range of
hue and saturation values.

Most linear monitors are not too
fussy over accepti ng in terlaced
scans. used on standard lV, or the
nonint erlaced sca ns. as must be
used on most data displays.

But linear monitors are extremely
fussy about their horizontal scan
rates. Ordinary TV uses the hori­
zontal scan rate of 15.735 kilohertz
for co lor or 15.750 kilohertz for
black and white. Most computer
scan rates are double that. up in the
32-kilohert z range. And premium
systems can have scan rates of 80
kilohertz or higher.

Unless your monitor is carefully
designed to be a muJtisyncing type.
it will accept only a verylimited hcri­
zontal scan rate range. Thus. there
is no v.ayyou could use an ordinal)'
broadcast RGB monitor to display a
Mac or VGA output. It flat out can
not opera te at the higher scan
rates.

One of the ruder surprises to Ap-

pIe IIgs people downgrading to a
Mac LC is that their o ld co lor
monitor will no longer work. Their
JIgs monitor is a broadcaet-cnly
style. while those LC video scan
rates are up in the 30·kilohertz
range . Fortunately. a simple jumper­
ing option (which we saw a few col­
umns back) lets the LC use an
ordinary and cheape r VGA moni tor.

Thus. you have to be sure that
your intended AGB monitor is capa­
ble of accepting the horizontal scan
rat es provided by yo ur vi deo
source. Some combinations simply
will not work.

A final major consideration is the
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monitor's resolution. The resolution
is set by the video bandwidth and
the pitch of the color bars or dots on
the screen. Images will smear if you
try to view them on any mon itor
whose resolution is too low for the
intended app licat ion . The result s
can end up as a cause for slight
eyestrai n to being totally unviewa­
bte .

So. a second role: Make easo­
lutely certain that you test and use
any monito r (or its intended pur­
pose before you actually pay for it.

Your video lines could be high im­
pedance cables if the run s are
short . or terminated ones (usually
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FIG. 2- THIS SYNC AMPLIFIEA can take "linear" or "weak" AG8 composite sync
signals and make them CMOS. and/or TTL-compatible. JI also gives you an optional
and rarely needed active-high sync output.
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SYNC out

(rare)' .L•

Commodore products) demand an
active -high composite sync.

Figure 2 shows you hOW" to use
several inverters to amplify low-level
sync signals into full CMOS and
TTL compatibi li ty gi ving yo u a
choice of either active-low or active­
high sync tips. The first stage can
be a biased inverter amplifier having
a gain of twenty or more. The sec­
ond inverter further cleans up the
now-digita l waveform. while the
third and fourth stages act as inver­
ters or drivers.

If you try that linear amplifier stunt
with other CMOS gates or inver­
ters. be sure to use "single stage"
unbu ffe red (UB) vers ions: ot her
buffered ones might have too much
gain and could osculate. More de­
tails in my CMOS Cookbook.

Our sync separator and universal
video interface from the April col­
umn is easily modified to provide
suitable sync amplification for the
Neo-Oeo or Super Nintendo.

Sound is dealt with separately in
an AGB system. Sometimes. there
will be no sound at all.One clue here
is the absence of any volume con­
trol. Radio Shack makes a neat little
$ 11 lab amplifier that can sit in for
you. Other options are monophonic
so und. s t e reo so u nd. o r a
multiplexed stereo sound accepting
A +Land R - L inputs. Super Nm­
tendo uses a multiplexed sound
output.

If you forget to demultiplex, one
chan nel w ill sound monop honic.
and the other might sound awfully

10K

470K
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Weakor linear
composite sync

input

75 ohms) for longer distances. A
fair amount of power is required to
properly drive a terminated video
cable. M axim is one good source
for video drivers. Video cables are
best made either as fully shielded.
or. at the least. as twisted pairs. If
any separate grounds are provided.
they should be used as they were
intended.

If your video source has any DC
offset present (such as the emitter­
follower outputs of a Super Ntmen­
do). then you must provide for a
capac ito r coup ting between the
source and the monitor. Very large
capaci tor s are recommended. at
least 220 microfarads or more. But
they might already be built in, so
check first .

There are several synchronizing
options used in RGB syste ms.
Some systems tack sync signals
onto the green channel and later
strip them off. But most systems
have separate sync line(s) that de·
liver horizontal . vertical . or com­
posite sync signals.

To further confuse matters . sync
lines can be smaller one-volt signals
at analog levels. or they can be TIL·
or CMOS-eompatible. Others can
be at TIL levels. but end up too
small for CMOS and too weak for
TIL. We saw a Super Neuendo
workaround for this last month with
a sim ple GaO·ohm resis to r to
ground.

Typical sync lines are active-tow.
meaning that the sync tips are at
ground. But a few(especially earlier



Use stand ard DIN -8
male connecto r

4 +5 VOLTS DC

A limi ted amoun t of +5 volts
supply power may be drawn out
01this pin lo r sync amplifiers.

Limit cur rent to 50 milliampe res
and use thorough bypasSing .

2 GROUND

Used for au cable shields ,
video return, and any sync
amplifier grounding .

1 MONO SOUND

6 REO VIDEO

For linear RGB monitor use.
One vall peak- to-peak gets
interna lly capaci tor coupled,

Th e monophonic sound cutout
appear s on this pin.

One volt peak is suitable fOI
ampli fiers but not headphones,
Use sepe rete shie lded cable.

materials.
For genuine World War II vintage

surplus, Fair Radio Sales is the pre­
eminent place to go . For heavier
iron stuff, especially motors, step­
pers, or hydraulics. try either C&H
Sales or Burden :S Surplus Center.
And for the best prices on a wide
variety of components , try Surplus
Traders.

Severa! other outfits I have found
us e ful i ncl ude Herbach and
Rademan (infrared people detec­
tors), Marlin Jones (power supplies
and steppers). Circuit Specialis ts
(for harder-to-find hacker integrated
circui ts) , Time Line (solid-state
imaging chips). and either All Elec­
tronics or R&D Elec tronics (gener­
ally good electronic buys).

Finally, for totally outlandish plain
old weird stuff, Archie McPhee is it,
claws down. Where else can you
get a three-foot rubber iguana?

For our contest this month. just
tell me about your favorite surplus
or any other hacker-friendly and rea-

5 GREEN VIDEO

For Unear RGB mconcr use .
One vOIIpeak-to-peak gets
internally capacitor coupled.

8 BLUE VIDEO

7 JRGB SYNC

Neo-Geo AV/out
rear panel femal e

3 m St VIDEO

Plain old NTSC composite video
appears on this line. The sync
tips are at ground .

One volt peak to peak into a 750
load. Internally capac itor COupled.

For linear RGB mo nitor use.
One volt peak-to-peak gets
Internally capaci tor coupled.

For linear RGB moouor use.
Active low combined vertical
and horizont al sync pulses.

1 volt capacitor coup led source
is not CMOSITTL cornpetebte
and may need' amplification.

Surplus resources
As our resource sidebar for this

month. I decided I would gather to­
gether what [ feel are only the best
of the very best in hacker surplus
stores. These are the ones I have
used consistently over the years
and can personally recommend.

The best surplus store anywhere.
of course. is Jerryco. which has re­
cently become American Science &
Surp lus . It is st ro ng in e le c­
tromechanical part s and unusual

FIG_3-THE NEO-GEO A\LOUT rear c onnecto r has both NTSC and AGB output pins
availa ble. Here are the key detail s.

one-volt amplitude. Thus. the sync
line is not present ly TIL/CMOS
logic co mpatible. and you might
need the sync amplifier of Fig. 2.

Figure 4 shows you a baseline
RGB interface for the Ne o-Geo.
The connector is a standard DIN-8
that is Radio Shack stock. As with
our previous Super Nintendo inter­
face. stock and customcables. con­
nectors, and any and all individual
pa r ts are ob ta in ab le t hro ug h
Redmond Cable.

tinny and just plain "wrong." To de­
multiplex properly, you add the two
signals tog ether to get the right
channel and subtract them to get
the left one.

Regardless of your sound sys ­
tern, totally shielded audio cables
are a must. Ideally, they should be
totally separate from all your video
cables, due to the strong " hum"
and " buzz" induced by vert ical rate
signals.

So , wha t can you interface to
what ? Use your oscillo scope to
vrew all the normal outputs of your
video source run in its intended way.
Then do the same for the " norma!"
inputs to the monitor.

Some hints: To tell if a source is
capacitor-coupled . briefly connect a
47Q-ohm resistor between it and
ground or +5 volts. If the scope
display bounces around and slowly
drifts back. you are AC-capacitor
coupled. If it stays in the initial posi·
tfon (or possibly gets slightly small­
er), then you are DC coupled. Be
sure to take note an}' fixed offset
voltage.

To determine your source imped­
ance. note that any resistive load
equal to your source impedance will
drop your output signal level to one
half of the open-circuit value.

Neo·Geo interface ideas
Sony, but our renowned experts

(the munchkin division of Spe cial
Editions) were not at all impressed
with the new Neo-Geo game sys­
tem. Their preerence for Super Nin­
tendo was totally overwhelming,
and I will certainly defer to their ex­
pertise. But. if you happen to like
the Neo-Geo system, Fig. 3 shows
you the rear AN output interface
connector pinouts.

There are several interesting in­
terface options here. Present are
the usual NTSC composite video
on pin 3. a ground on pin 2, and a
+5-volt supply on pin 4. You could
use that supply for such low-current
needs as modulators or sync ampli­
fiers. For RGB use, there is a red
line on pin 6. a green line on pin 5,
and a blue line on pin 8. Those are
capacitor-coupled video with a 70­
ohm source impedance.

Their RGB active-low sync line
appears on pin 7. It is also in the
form of capacitor-coupled video at aBO
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FIG. 4--TYPICAL NEQ.GEO RGB INTERFACE connections . The details and pinouts
vary with your choice of monitor. The sync amplifier shown might or might not be
needed. Cus tom cables and individual parts are available from Aedmo nd Cable.
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goodies as solid-state gyros , high­
speed photog raphy, robot vision.
lasers. liquid crystals, and even on
binary optics.

There are several exciting new
developments in hacker printed cir­
cuits these days. The Kepro folks
now offer a new How to make
printed circuit boards booklet . A
product called PCBTF-1000 is a
brand new transfer film for their di­
rect-toner method. newly available
by way of Techniks Incorporated.

And I've just posted my share­
ware printed-circuit layout package
over to GEnie PSRT as our file # 401
PRNCRCT.GPS. Plus our summary
tutorial on new hacker prlnted-clr­
c uit tec hniques as fil e #4 19
NUTS3.PS.

You will also find lots of wavelet
info, caller-H) nE!'NS, and unique tech
tutorials over on PSRT. Your aver­
age do..vnloadinq costs are around
21 cents each.

If you are at all interested in the
PostScri pt language. I stock the '
blue book tutorial from Adobe: my
own LaserWriter Secrets book/disk
combo whose insider secrets apply
to most printers; and The v..-ho/e
Works , one each of every thing
worthwhi le by alf of the major
PostScript authors, at an unbeat­
able price.

As usual, we've gathered many of
the resources mentioned together
into the Names & Numbers or the
Surplus Resources sidebars. Be
sure to check these out before
using our helpline. R·E

New tec h lit
The Ashtech fol ks now offer

some really great and reasonably
priced ($100> four-day courses on
those GPS navigation systems , be­
sides offering free notes.

From OK' Semiconductor, some
speech application notes on the sol­
id-state speech-synthesis chips.

The Micro-Avionics Newsle tter is
a brand new and sorely needed la­
bor-of-love hac ker publication . It
focuses on the remote co ntrols,
navigat ion. autopilolin g, and the
television links used on tow-end and
amateur radio-controlled RIC mod­
els, and other aerial platfonn s. Sam­
ple issues are $5.

Another very interesting maga­
zine is Lighting Dimensions, a slick
and well-done publication intended
for a readership of stage, theater,
television, and rock-concert lighting
specialists.

It's been a while since I men­
tioned the Society for Optical Engi­
neering. Their freeb ie SPIE Tech­
nical Publications lists all sorts of
unique books and reprints on such

sonably priced source of unusual
goodies. There will be seve ral of my
Incredible Secret Money Machine II
book prizes. plus an all-expense­
paid (FOB Thatcher, AZ> tinaja
quest for two going to the best of all.

If possible, include a catalog or
put me on their mailing list. Be sure
to send your written entries directly
to me here at Synergetics rather
than to Radio-Elec tronic s .



AUDIO UPDATE
The kit era passes: Heath pulls the plug

LARRY KLEIN

82

A front-page article in a re­
cent issue of The New York
Times was headlined " Plug

Pulled on Heathkit Ending a Do-It­
Yourself Era," I won 't say that the
sto ry brought a tear to my eyes , but
it certainly did send me on a trip
down memory lane. In late 194 7. I
was in the U.S. Army Signal Corps
assigned to White Sands Proving
Grounds. in New Mexico. We used
liberated German V-2 rockets as
part of a space-flight research pro'
gram. I served as an elect ronics
technician who manned a Doppler
tracking stauon during launches and
did electronic construction and
maintenance work for the Doppler
Lab between "shots."

On a weekend pass in EI Paso.
TX, I picked up a cop,' of Radio Craft
and settled down in the loca l YMCA
for a good read. eYes. I was truly a
wi ld and crazy guy during my Army
days!> A Heath Com pany ad caught
my eye, The ad offered an os ­
cilloscope kit with top-quality war­
surplus parts fo r only $39,95, De­
spi te the fact that the cost of the kit
far exceeded my Technician, Fourth
Grade's monthly pay, I felt I had to
have it. My plan was to store the kit
behind my bunk <it wouldn't fit in my
foot locker), and work on it during
my free hours. As I might have pre­
dicted , it caused a major hassle cu r.
ing the next barrac ks inspec tion,
and I was persuaded to finish its
cons truction in the Dopp ler Lab.

In any case, using the single blue­
print sheet provided, I successfully
completed the kit and fired it up. It
didn't compare very well with the
M il·Spec Dumont scopes in the
lab-but it was all mine! The trace
was a little thick. and the sweep
slightly nonlinear, but I now owned a
real live oscilloscope.

Let's take a quick jump to the
early 1950·s. Encouraged by its sue­
cess wi th a basic scope kit. Heath
ult imately developed a full line of
test -equipment and hr-f kits that in-

c1uded separate AM and FM tuners
at $ 29,95 each, smqte- and deal­
chassis Wi lliamson-type amplifiers ,
and a sophis ticated preamplifier.
Aside from the fact that the pream p
was powered from an octal socket
on the power ampli fie rs' cha ssis ,
the $ 19,95 unit was an elect ronic
knock-off of a top-ot-the-hne self­
powered Fisher preamp that sold for
about $ 100, (In general, the kit corn­
panres that proliferated during the
next decade free ly borrowed from
each other 's designs and those of
the factory-wired units. For exam­
pIe. I recall seeing several H·P in­
struments lift ed wholesale into kit
equipmen tJ

Customer problems
By now I had gone to work as a

tro uble sho o t e r/t ec hn ic ian fo r
Heath's major compe tito r, the Elec­
tronic Instrument Company, better
known as Eico. A large part of my
job invo lved correspo ndence wit h
kit buyers who couldn't make their
completed units work.

The prob lems mostly came dow n
to careless wiring errors, but any­
one who has worked in the kit busi­
ness has accumulated a collec tion
of funny sto ries . Du ring my f ive
years at Be e. I came across at least
one osc illoscope and one audio
ge nerato r w hose novice builders
had, as instructed, carefully used
spaghetti (never def ined in the con­
struction manual) on all the long
insulated component leads. In trut h,
it wasn't spaghett i they used. but
rather elbow macaro ni of the appro­
priate length and diameter. The only
reasons the kits didn 't wo rk were
wiring errors .

A more common blunder was the
use of " liquid solder," a now-extinct
com mercial concoctio n apparently
composed of airplane glue and sil­
ver paint. Needless to say. those
hundreds of glued " solder" joints
didn't conduct very well, although at
a casual glance they really did took

legitimate.
Another story is wo rth telling , In

Bee's product line was a rather so­
phisticated De -scope kit that had
an edqe-ht scribed Plexiglas grat i­
cule over the C AT face. Sho rt ly
after the scope hit the market. I be­
gan to get mail from kit-builders who
had completed their kits, complain­
ing that the C AT trace was dim and
blurred , I wrote back with appropri­
ate suggestions, but to no avail. I
wondered whether we might have
shipped out a bad batch of CRT 's,
and I asked one kit-builder to send
back his CRT for test and possible
replacement. VVhen his CRT check­
ed out fine, I asked him to ship the
entire scope back to my attention .
Less than a minute after the scope
arrived at my desk, I diagnosed the
prob lem. We had sent out the Plex­
iglas C RT graticule screen wi th a
pro tecti ve brown paper cove ring,
which he had not removed be fore
installation. Turning up the mtensrty
made the trace visi ble through the
paper coating but. of course, cern­
pletely defocused the beam. (The
ultimate solution was a stamp that
said: " Peel off protect ive paper be­
fore installing q-auc ule.")

To retum to my involvement with
Heath , my early years at Stereo Re­
view coincided with Heath 's heyday.
A typical issue in 1964 might have
six pages of Heathk it product adver­
tising co mpared wit h Fisher 's four
pages. You have to understand that
the Heath power amps were the eu­
diophile product of the day. Heath 's
success didn 't go unnoticed by the
conven tional hi-fi manufacturers . In
1962. high ·quali ty kit s we re avail ­
able from dozens of companies in­
c1uding Dynacc . Fisher, Herman­
Kardon, plus many speaker. turnta­
ble, and tone-arm manufact urers ,

Kit costs
During the 1970's, I wro te several

"Joy of Kit Building" articles wh ere­
in I dealt with the question of kit



A HEATHKIT TEST GENERATOR and manuala l rom some 01 the many klfs built at Radi o-Elec­
tron ics over the ye. r•.

econ o mics . A lthough th e early
Heath power amps were not avail­
able factory-wired and there were
no exact commercial equivalents
available elsewhere. many compo­
nent s from other manufacturers
were available in both kit and wired
forms. I calculated that the average
kit-builder was saving the equivalent
of about 50 cents for each hour in­
vested-not bad for having fun.

Eico produced both factory-wired
and kit equipment. Knowing what I
do about the complexities of pro­
ducing a kit and its manual. l'rn sur­
prised, in retrospect , that kits were
usually about 30% cheaper than the
physically and electrically identical
wired units. For example: An excel­
lent GO-watt power amplifier cost
$ 72.95 in kit form and $99.95
wired.

Death knell
What killed Heath and the other

companies involved in kit produc­
tion? It seems to me that as soon as
factory-w ired equipment became as

-~...

good as the kits and (thanks to the
Japanese) just as cheap, then kits
were in trouble. My earlier point
about having fun still stands , but
competing computing and video fun
was nO'N available to the electronic
hobbyist. As the readers of Radio·
Electronics demonstrate , there
are still those who relish the smell of
bubbling solder flux-and I'm one of
them-but apparently our numbers
are not suff icient enough anymore

to support large kit companies.
Perhaps it is symbo lic that my

family 's Heath H-89-an a·bit. G4K
microcomputer that my wife spent
52 hours CD building in 19a1 - finalty
also died this year. Since I can' t
bring myself to put it out at curbside
for Thursday trash pickup, anyone
interested in providing it with a good
home--or using the parts it con­
tains---ean drop me a note in care of
this magazine. R·E
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agree-nobody
knows practical IC applications
like Forrest Mims! This newl y­
revisededition contains hundreds
of proven, tested circuits-hand­
drawn by Forrest - us ing today's
most popular linear, TIL, and
CMOS ICs. Forrest gives you full
data foreach dev ice and circuit­
pin numbers. Iogfc tables . supply
voltages ,and signal waveforms­
soyou canquicklyduplicateeach
circuit. There's also pract ical in­
formation on cons truc tion meth­
ods. troubleshooti ng, and inter­
facingdiffurent IC families. Hyou
work with ICs you goflo get this
book!
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DRAWING BOARD

Let's add the final touch es to our oscilloscope

ROBERT GROSSBLATT

FIG, 1- A FRONT-END AMP based on a single op-amp is a good choice for most
appli cations. The general circuit for the amplif ier is shown here. The gain of the amp
with the values shown is a maxim um of 10.
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that numerous times here, but if you
don't remember and don' t have ac­
cess to back issues, drop me a note
and I'll go through it again. For the
rest of us, the two most likely candi­
dates for the op-amp are the LM324
or the LM 3900. Both are quad op­
amps designed specifically to work
off a single-sided supply,making our
job much easier.

The general circuit for the ampli­
fier is shown in Fig. 1. I used an
LM 3900 simply becau se that's
what I had on hand, The gain of the
amp is determined by the ratio of R7
(the feedback resistor) to RS (the
input resistor). W ith the values
shown, the amp has a maximu m
gain of 10,

The 3900 will accept signals in
the range normally supplied by line·
level audio-from abou t 100 mV to 1
volt or so. Signals above that can be
padded down to size with the input
potentiometer but if you plan to be
looking at signals with levels way
down in the basement you'll have to
add a preamplifier to the front end of
the circuit. That can be as simple as
the one-transistor amp shown in
Fig. 2.

Another preamp possibility is the
three other amps in the 39 00 pack­
ag e ; while the Interc han nel

10K.

FIG, 2-THE LM3900 CAN ACCEPT line ­
level sig nals from about 100 mV to 1volt.
If you plan on looking at very tow-rever
signals , you' ll have to add a preamplifier
to the front end like the one-transistor
amp sh own here.

ed to replace a goo d CAT-based os­
cilloscope. The twenty'by-twenty
resolution we have is high enough to
di sti ngu ish a s ine wave f rom a
square wave from a triangle wale,

but unless you have a lot more than
four hundred dots, all you'll be get­
ting is a rough idea of what the
waveform looks like.

For most applicat ions, a front-end
amp based on a single op-amp is a
good choice. Since we' re not ask­
ing a whole lot from the amplifier,
you can use just about any op-amp
you happen to have around. The
only thing you should keep in mind is
that if the op-amp works best wit h a
bipolar supply (as in the case of a
741), you should give it one. We're
not looking for hi-f here, but we do
want the scope's display to bear as
much resemblance as possible to
the input signal. and running a 741
off a single-ended supply isn't going
to help.

If you're absolutely determined to
use a 741-type amplifier, there are
'Nays to get a true negative supply
from the sinqle -ended five-volt sup­
ply we 're using for the rest of the
circuit ry. We 've shown how to do

W e've finally come to the
point wh ere we alm ost
have a compl ete working

scope on the bench . I say "almost "
because even though it can display
waveforms on the LEO's, we have
very little control of the input . and
have no easy way to get it to tr igger
on an external signal. Those things.
however. are mino r details that we'll
clean up this month.

As things stand now the scope is
set to display a furl-scale input sig nal
swing of 0 to 2.4 volts . Those aren' t
bad numbers . but it's more than like­
ly that the signals you're interested
in measuring are somewhere out­
side that range . Whal you have to
add to the circuit to take care of that
depends on whether you plan on
looking at signals that are usually
below 2.4 volts. or if you 're one of
those people who are into high volt­
ages. Not too high, though .

An amplifier should be added in
front of the 39 14input; the particular
amp depends on the kinds of sig·
nals you expect to look at on the
scope . Remember that the circuit
we 're working on , although useful
and educational. is not really intend-
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the input signal reaches a particular
level. We need a mulnposttton, sin­
gle-pole switch (the number of posi­
tions depends on how many steps
you want) to tap the outputs of the
39 14's as shown in Fig. 3 . I' ve
show n only an eig ht -po s ition
switch, but the choice is yours. It's a
handy additi on to the ci rcuit be­
cause it will trigger the scope on
selectable voltage levels of the input
signal.

That feature is extremely useful
and is just one of the many features
you can add to the circuit. Variable
sensitivity for the input, trigger level.
and even for the sweep speed are
only a few of the additions you can
design on your own. None of them
are diff icult and all they require is a
good bit of careful thought.

Let me know what addit ion s
you've made to the scope and how
you designed them . I' ll print the
most interesting ones and the top
fewwill gel lheir name in print and a
year's subscription to the magazine.
Next month I'll give you a list of
sources for the matrixed LED's and
start something new. R-E
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been follOWing the development of
the scope over the last few months,
I'd be very surprised if you haven't

FIG. 3-IF WE REPLACE Sl wllh a sin­
gle-pole, three-position switch, we can
have the scope tr igger whenever the in­
put signal reaches a particular level,
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already done that part of the job on
your own,

If we replace Sl with a single­
pole , th ree -p o sit i on se lec t o r
switch, we can do an interesting ad­
dltton to the circuit. The third posi­
tion we're adding can be used to
have the sco pe trigger whenever

crosstalk in the chip isn't down in
the elect ron-noise range. it's cer­
tainly low enough to cascade the
individual amps in the IC, Once you
have the amp wired up on the board,
set the feedback potentiometer at
mid range and leave it there. That
will give you a gain of about five,
which should be enough for most of
the signals you'll be measuring on
the scope. The general settings can
be done with the potentiometer on
the input.

Since any good test instrument
has to be calibrated before it can be
used, you should feed the amplifier
input with known signal levels and
then trim the input potentiometer to
a point where a particular LED on
the display just starts to light up. If
you use a signa! source of one volt.
for example, rotate the input poten­
tiometer to the point where the
next-to-last LED of the first 3914
(pin 11) comes on, and mark that
point on the potentiometer; Once
you have that done, use a two-volt
signal and you'll see the seventh
LED on the second 3914 (pin 13)
come on.

When that happens, turn the in­
put potentiometer c lockwise and,
because you' re increasing the resis­
tance, the signal seen by the scope
will drop and the LED's w ill drop as
well. When the LED's driven by pin
11 of the first 3914 come on, mark
that spot on the potentiometer as
well, since you've found the point
where the full-scale reading of the
scope has been doubled . By doing
that several times and measuring
the resistance of the potentiometer
at those points, you'll come up with
a table of resistor values that can be
used with a selecto r switch to
change the range of the scope.

The choice and number of ranges
is up to you since you're the one
using (and building) the scope: Un­
less you havesome special need for
it. I can't see why you'd want more
than three or four of them- but hey,
it's you r inst rum ent. and thi s is
Ame rica, so you 're the one who
makes the decisions.

We also have to take care of the
scope's trigger. Switch St lets us
choose between freewheeling and
external triggering but it would be
nice to have a trigger control that's
tied to the input signal. If you've

CIRCLE l OSON FREE INFORWAnON CARD



COMPUTER CONNECTIONS .

Russian doll s and the virtual PC

JEFF HDLTZMAH

lit,I APPlICATION WINDOWS
APPLICATIONS ~'S · DOS

APPLICATIONS

I
I I MS-DOS WIll DOWSDEVICE ll

DRIVERS

J ",L
HARDWARE

VIRTUAL DEVICE DRIVERSNxDsI n
, DEPENDENCE I-I M<>'ORwfR~1 JlI ~ IH TSR' Jl

\ II MS·DOS n
"

1 MS-DOSDEVICEDRIVERS R1:1 nBIOS ..

'I HARDWARE ~ . HARDWARE n-
• ,

APPLICATIONS
lUSER MODEINSTRUCTION sen ,

. NT EXEcunVEAND SUBSYSTEMS !

SOFTWARE -WlfIOOWS .()S!2

·POSIX -ETC.

110 SYSTEM

. .
,

DEVICE KERNEL ,
DRIVERS ,. , '-<. "h~--__ '

HAl

A~ :'-"'~;~~~i:'~;f,:g:~
,. •.JJ]CPUtIO DMAIBUS TIMERS CACtlES. PRIVILEGED ,HARDWARE DEVICES CONTROLLER IIlTERRUPTS \RCHlTECTUR '

c

. . .FIG. 1 MODELS OF PRESENT AND FUTURE PC S. (a) shows what the present-day
DOS-based architecture looks like, (b) shows how Windows creates a "v irtual" PC
throu gh the use 01 several layers of device drives, and (e) shows the Windows NT
model, which will bring compatibility with all major UNIX derivatives and mainframe
operating systems.

M icrosoft - $2.5 billion soft­
ware giant-has issued a
challenge to the hardware

side of the industry. In the process,
Gates and Co. have fundamentally
altered our entire conception of a
personal computer.

Figure t-s shows hO'N we 've all
been thinking about perso nal-com­
puter hardware and software since
1981. The hardware base includes
CPU and memory. video system .
flapp'!- and hard-disk systems. and
the Direct Memory Access (OMA),
timing. and bus-interface ci rcuitry
that holds it all together.

Sitting on the hardwa re is the
BIOS , which att empts to provide
applications prog rams with some in­
dependence from the specific hard­
ware installed on a given machine.
Thus. within certain tigh tly pros­
cribed limits , the same application
can run on various display adapters
and disk systems.

Above the BIOS are device driv­
ers . lnstallable modules of code that
provide a clean way of seamlessly
integrating new hardware devices
unsupported by the original BIOS.
Typical device drivers support SCSI
hard disks and CD-ROM 's , high­
reso lution display adapters . mice
and graphics tablets, test and mea­
surement inst rume nts , network
card s, and fax adapters.

Above the device-driver layer is
DOS itself. Note that DOS does not
co mmunicate directly wi th the hard­
ware: it does so only through the
device-driver and BIOS layers. In
theory, this allows DOS to run on
various hardware configurations .
but in practice. the zone of pot ential
variation is very small.

At the top is the application layer.
Ideally, an application would co m­
municate only w ith DOS. wh ich
would in tum communicate with de­
vice drivers and the BIOS , and ulti­
mately the hardware. Unfortunately,90



for the sake of better performance
appl ications long ago developed the
habit of com municating directly with
device drivers. Ihe BIOS. and even
the hardware foundation. Doing so
gain ed sho rt- te rm performance
benefus. but has created a morass
of co mpanbhty issues that. to this
day. haunt every PC manufacturer.
software developer. and end user.

For several reasons it would be
nice to sever the direct connections
between applications and the un­
derlying hardware. Doing so would
give developers the poten tial to de·
velop device-indepe ndent epphca­
tion s th at would run on multip le
hardware platforms. It would give
users a wider variety of choices in
making hardware purchase deer­
stone. It would give hardware ven­
dors freed om to innovate. wh ich
would. in turn, inspire developers to
develop more sophist icated ap­
plications. That wou ld. in tum. uln­
mately benefit end users.

Enter Windows. And a clever new
marketing strategy from the guys in
Redmond . Washington.

tual PC wi th its 386 Enhanced
Mode, which does a good job wit h
the video system by emulating text
and simple graphics modes. Win ­
dows 3.1 extends the concept with
an optional 32·bi t disk , access
mode fo r Sr-soa-ccmpaubre d isk
controllers. The next version of Win­
dows will extend Ihe concept even
farther, perhaps to include emula­
tion of all hardwa re subsystems.
(We 'll come back to that idea in a
momenlJ 0512. which has already
taken the DOS vlrt ualea uon con­
cept further than Wi ndow s. also
provides the user co mprehensive
and reliable video and DOS file sys­
tem emulation services .

Microsoft outlined its vis ion of
the virtual PC. shown in Fig. l -b. last
spring at a co nference to inspire
hardware vendors to start building
mult imed ia feat ure s into the next
generation of PC·s. (If all goes we ll,
the fruits of these efforts will start
appearing this coming fallJ Note in
the figure that both DOS and Win­
dows app lications are completely

insulated from the underlying hard­
ware. That architecture will make it
possible to run identical applica­
tion s on totally dissimilar CPU·s. Mi­
crosoft 's initial targe ts include Intel
X86 and MIPS R3000/ R4000 RiSe
chips. Full cross-platform WindOtVS
support won ' t happen until Win­
dows NT ( N e'-N Technology) is re­
leased , possibly as early as 1993.
Nevertheless. the seeds are there
now. as ev idenced by th e tn­
creasingly reliable DOS sessions in
Windows 3 .1 .

Ironically, Windows is often pan­
ned for being slow, especially co rn­
pared wi th th e M acintosh . The
response has always been that
whereas the Mac had vety few herd­
ware variations te.q.. display adapt­
ers) to contend with. Windows had
to be designed in a general enough
manner to run on co ntinually evolv­
ing systems from a multitude of ven­
dors. And that made it slow. Now,
hCM'E!ver, Microsoft's marketing has
skillfully turned that "weakness"
into a strength. II's not that Win -
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The virtual PC
When the industry made the Iran­

sttion from CP/ M to DOS. several
products allowed users to run CPt
M applications right on their PC's .
There were hardware product s that
amoun ted to com plete CP/ M en­
gines on expa nsion cards , emu­
la t o r s that c rea t ed an 8080
processor and the CP/ M operating
system in software, and (with 8088­
compatible V20 's from NEG>. emu­
lators that ran Ihe CPU in an 8080 ·
compatible mode and em ulat ed
CP/M under DOS. (In fact some of
those sohware emulators are still
availab le'> As a class. emulators
were slow, quirky, and buggy, but
they all~ users to run the ir old
software and make a fairly smooth
transit ion to DOS.

Running that kind of emulator put
a " virtual" C P/M machine inside
the PC. Ever since Intel introduced
the 386. we 've been putting mulli ­
pie "virtual" DOS sess ions on the
PC . DESQview and OmniView did it
for us in a nongraphical envtrcn­
ment .Windows 3.0 and higher does
it in a graphical environment. So
does OS / 2 2.0.

Wind ows 3.0 popularized the vir-
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dows is slow because it has to sup­
po r t such a wide varie ty o f
hardware . Wi ndows is powerf ul.
scalable. and adaptable because it
can run on all that hardware--plus
new platforms barely a glimmer in
the eyes of the designers .

Russian dolls
Take a good look at Fig. l ·b. NOVoI

draw a box around it, and label the
box "OSI2 2 .0 " (w hich as we
speak does " contain" both DOS
and Windows). Now draw a box
around that. and label i t "A IX"
(IBM's UNIX dialect for its AS/ 60DO
workstations). <Actually, you could
replace AIX by offerings from Dig·
ttal. HP, and others, all of which are
based on OSF/ 1. and all of which
will be com pliant with the IEEE's
POSIX specJ Draw a box around
that and label it "Ialiqent" (the jo int
operating-sys tem company set up
by IBM and Apple). To be sure, the
last few boxes are speculative-but
not by much. Even WindOVolS NT will
have a P05lX-compliant Applica ·
non Programming Inte rface (API) ,
as sheen in Fig. t -c. (For historical
fun, draw a small box inside the one
labeled M S-DOS. That box repre­
sents the CP/M file calls and data
structures still present in DOS after
more than ten years)

AI the beginning of this harangue,
I said that Microsoft has issued a
challenge to the hardware manutac­
turers. The challenge can be stated
simply: Innovate! Build exciting new
capabilities into your system s 10 at­
tract n€IN users, and gel present
users to upgrade. Wind ows' vast
memory space, extendibility, and
ability to virt ualize underlying hard­
ware together provide an environ­
ment in which it is safe to innovate.
That's in stark contrast to the DOS
years, in which any significant hard­
ware innovation was risky to de­
velop and expe nsive to support.
NOVoI, under WindOVolS (and the same
applies to OSI2), innovations can
be accommoda ted and integrated
into the environment.

This fall we will start seeing the
first INfNe of X86 personal comput ­
ers wi th innovative built -In mult i­
media capabilities. particularly in the
area of sound. We'll also see rapid
advances in miniaturized machines,
If you thought the first len years

were exciting, ho ld on 10 you r
pants-you ain't seen nothm' yet. 1
can't wait!

They 're oH!
As expected, IBM unw rapped

OSI2 2.0 on March 31, and Micro­
soft released WindOVolS 3.1 a week
later. Microsoft has gathered a tre­
mendous amount of market energy
behind its efforts: IBM has so far
played it much cooler. Big Blue re­
leased OSI2 wilh weak support for
everythin g bu t s tandard device s
(VGA video and 5T-506 compatible
hard drives); Wind OVols comes with
built-in support for a wide range of
devic es. OS /2 requi res 18-36
megabytes of disk space, and will
not work wi th disk-compression util­
ities te.q.. Stacker). Windows re­
quires about g megabyte s and will
work with Stacker and the like. Wm­
dews has extensive support for run­
ning DOS and Windows applica­
tions, but not for OSI2 applications.
However; compelling native OSI2
applications are stili rare. Initial tests
indicate that OSl2's Windows sup­
port is nowhere near the " better
Windows than Windows" that IBM
has been aiming for.

IBM promises 10 release a much
wider range of device drivers over
the next few months, and is report ­
edly evaluating the Stacker tech­
nology to reduc e dis k-space re­
quirements. Meanwhile, Microsoft
will continue to add momentum.

New X86's
The good news is that lntel has

finally released several models of its
clock -speed doubler s. The bad
n€INS is that the technology is not
quite as universal as we had hoped .
These chips use a phase-locked
loop {PW to run internally at twice
the speed of the clock signal fed
into the device, So a machine with a
25-MHz bus would run the CPU at
50 MHz , 33 would go to 66. 50
would go to 100 .. , maybe, The
problem is that the initial wave of
x 2 chips are only fo r 48 6SX
mo therboards wi th " vacancy "
sockets , not regular 486DX's. Intel
is planning to release x 2 486DX's
eventually (possibly by the end of
the year), but not as user upgrades.
It appears that there are several dif­
ficulties. including prob lems with

heat dissipation and BIOS incom­
patibilit ies due to timing loops writ­
ten around specific clock rates . This
means that the 486DX2 might not
be an end-userupcrade. Even ifit is,
don 't expec t twice the perform­
ance; Intel claims an average in­
crease of 70%, Initial list pricing will
probably be in the $600 range.

Intel also plans to release the 586
by the end of the year; we hope to
run a detailed technical description
of it when it is released.

Meanwhile, IBM has developed a
few speed-multiplying trick s of its
OVoIn. You might recall the 386SLC
processor discussed here in the
past. The 386S LC is a souped-up
386SX that achieves abou t 80 %
better performance than a plain
386SX running at the same speed.
Now IBM says it will release, by the
end of the year. a hne of 486-based
devices that runs not only twice as
fast as the bus clock, but three, four,
and even five times as fast. Aunning
the processor faster than the bus
clock doesn ' t mak e much dif ­
ference if the processo r ends up
waiting on slower memory devices,
so look for large on-chip caches.

For years there were persistent
rumors that Intel would release a 16­
bit 386 that would plug into a286
socket. No such luck, but Cyrix has
done something similar. The Texas­
based firm, known for X87 math
coproce ssor clones (and bitter legal
disputes with Inte l) has released
several CPU's that claim to provide
486 performance at 386 prices­
and that fit in 386 sockets . One , the
Cx486SLC , fits in a 386SX socket.
but is compatible with the 486SX .
The other fits in a regular 32-bit 386
socke t, and is also compatible with
the 486SX, The Cyrix CPU's have
small caches (1 K vs. 8K in all Intel
486's to date), and do not support
burst-mode memory access. None­
theless , published reports indicate
preliminary findings of 75% perfor­
mance increases over 386SX's run­
ning at the same clock speed ,
probably due to a single-instruction­
per-clock-cycle execution unit. Al­
though pin-compatible with the 386
devices, they will not be user up­
grade s. Both pa r t nam e and
performance data suggest a per­
haps co inc idental ki nsh ip w it h
IBM 's enhanced CPU, R-E
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special headings. there is a sUfchatge 01 $25.00.
( ) PlanS/KIIS ( ) Business Opportunities () For Sa le
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TYPE AD:54.10FFe'word 1l~1l.ld. Enli"",ad in eee neee,ss.ecee- -..tOrd ,TIm SCREEN BEHIND ENTIRE
EXPANDED TY E AD: SS.90per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
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CABLETV DESCRAMBLERS
*CONVERTERS*

andACCESS081;;.ES.~~r.:l:~

",~nU5 t u • In s , 1ll1llOS • __ JY
1Illr."'V'I G 5OdII ('1 ' ," ,," . bIt 1.1 IIIU Ghz.
• 5S-Channol DIs/'t SysIDm 519995
• Jli..Charo-eI Oosh Syslem 5149.95
• 2O-ChaMel 0<$11 System $12495
. _ ""-"" ""-..... _"'lII'A tr:
. YlO'_~e-. T__

• ell' '" "''' 'SlSI'Il''' "l'RW CIUIt>l
I'HIUJPS-TEQt aE CTIIONICS

'iT.iiii<'- , .0.. BoI SU1. SCollsd*, lZ 8S25.2
I (002 ) 947·nCO ($3,00 CI. ..., .., pIlOn••,,10" 1_ ......_ 1_.(011•.-._

CA B LE T V Eq uipm en t Most type avai lable.
Special: Oak M35B 539.95, Nocatalog. COOor,
dere onl y, 1 (800) 822·99 55.

TUBES: "o ldest: " Ia les!: PaltS. sche matics.
SAS E lor lists. STEINM ETZ, 7519 Maplewood
A'i6., R.E., Hammo tld. IN 46324

T.V. notch f,llel s, phone fllCOfding equ ipme nt. bro­
chu re $1,00. MICRO TH ine. Box63,6025, Mal ·
gate. FL 33063. (305)752·9202.

TU BES, new. up to 90% all . SAS E. KIRBY, 298
WElSt Carmel Orive , Carmel. IN 46032.

SPEAKER .ep air, All makes - models. Stereo &
profess ional. KJts avai lable. Relea rning 518.00 .
ATLANTA AUD IO LABS, 1 (800) 568-6971.

ENGINEERING softwareandhardware, PCI
MSDOS. Circuit design and drawing, PCB
layout, FFT analysis, Mathematics, Circuit
analysis, etc .Dataacquisition, generation ,
tIDPCB's, etc.Callorwritefor freecatalog.
(614) 491-0632, 8S0FT SOFTWARE,
INC" 444 Collon Rd ., Columbus, OH
43207_

FIBER Opl l c s kits . Etpe" rnente,s $24 .50.
Datalmk wl PCB 536. 25. HILL ELECT RONICS,
Bo. 47103 . Phoenix . AZ85068,7103.

CLOCK, 1·32MHz variable squ am wave gener·
ato r. Reque st sp ec s, price. T ROlEX, 1292
Mearns Rd .. Warminster, PA 18974.

PANASONIC,JERROLD,OAK,
PIONEER, SCIENTIFIC ATLANTA

AN D MORE. LCM'EST PRICES. FRE E CATALOG.

C~~l~:":v"V (800)234.1006

CABLE TV converters: Jerrold. Oak. Scionl ifie
Allanbc.Zeoith '" rnanyothers. "NewMTS" stereo
add-on: mule'" IIOlume. Ideal for 400 and 450
owners! 1 (8001 826-7623. Ame~. Visa . MiC ec­
cecreo. B & B INC., 4030 eeee-o-ace OriW.
Eagan, MN 55122.

FOR SALE
RESTR ICTED l echnical inrormation : Elec tronic
surveillance. schematics, locksmithing. covert
SCience s, hacking. ale. Huge se lectIon. Free
brochures. MENTOR·Z, Drawer 1549. Asbury
Park, NJ On 12.
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SELLING test ch ips lor Zeni th. SA and Jerrold,
also wree-coboxes at be st prices . Buying r<tN
bo xes, Call 30$-425-4378.

PROTECT yoursel ' and equipment 110m electrical
shocks . Complete unit $98 .9 5. SAFETY· UN·
LIM ITED, 1743 Baldwin Roa d. Yorkl own. NY
10598. SfH 55 ,00.

CABLE T.V, all make and model converters­
descramblers In stock- low low prlees, teltlng
ChIp s l or Toco m and Zen ith $2 9.00 ea. AU
pro du ct s earry a l u ll warr ant y. We ship C.O.D.
Now stoc k ln9 Ih e P.T.D--1 phone tap deta-ctor
$69.00 ea . Catalog and ordera call , KAB LE
K ON NECT ION (7021 433·6959. No Nevada
salu,

PLANS AND KITS

ASSEMB LY services, We quote afld assemble
printed circuit boa rds . CompetitNe coerand qual i·
ty. TEXANA, (512) 572.3381,

OESCRA MB LERS, cowenees. Z·TAC $199.00
ea. Ham lin 66QO.3M $89.00, 404IJ.DIC $69 .00 ,
Pionee r, TRI·BI . SA3--B. MlD·l200. add on. loW
low prices, Orde rs and cata log . ULTIMATE CA­
BLE, (702 ) 646·6952.

REMOTE CONTROL KEYCHAIN"

~
:. , Compkolo wlminl-tr .nlmille-r ,-';

'.'...' ::., .nd.5 vdt RF t«el ve-r '.','
o. ,~''f. .. .. Fully ....mt>l0<l1~l uding pl_'" ." .. ./' :> .'. 10bulldyou, own . Ulo _I.m1

$24 95 Chec....Vi.. or U C
"' , • Add S 3 lhlppi"ll

, >< 5 @ $1 9.9 5, 10 @ $14.9 5

vtsnect jnc. BOl 14 156, F'4mOnl. C• . 94539 :
(5 10) 6 51.:.1425 "', Fall: ( 510) 65 1-8454 L:

l.OW cost logic analyter A musllor com pa ·
raee and slllious hobbyists: 8 digital inputs. sam­
piing ' ate 'rom 50 nsec to 1msec. Coonects to PC
or compalible via RS·232. Only $2 50.00 US. FOf
info: OP ENT EK, PO Box 71. Sorel, Quebec. Can '
ada. J3P 2T6 .

FA SCI NATING e lec tron iC devices! Dazers!
Lasers! Transmi lt el sl Detectors! Free energy!
Teslal KitSiassombied ' CataloQ $4.00 (ro'unda·
b le). QUANTUM RE5E ARCtf. 179 19·77 Aw.,
Edmonton. AB. T5T 2S1.

TEST· Aid s tor testing units in full se rvi ce mode.
Starcorn VII. S40.00 : srerccm VI. 530,00: Star.
com OPBS , $50 .00 : Pioneer, 575 .00 : Tocom VIP
550315507. 525,00: SA cal l: Zenith, 525.00: N.E.
ENGINEERING, (617) 770-3830.

TOCO M·Jer rol d Im puls e· Sc i ent lfi e Alfan ta
Con wrters. two year warranties . also leSI mod­
ules loryour convene-e.Contacl NATIONAL CA.
B lE, (219) 9J5..4128 lull eeiene.

JERROLD. Tocom and Zenith " tes t" chips .
Fu lly ac tiva tes u n it . $ 50 .00. Cabl e ae­
s c r am b le " tro m $40 .00. O rder . 1 (800)
452·7090. InformaUOn (310) 867-0081.

, .
JaCOlI¥.RABOI,lCo~ ~YSIl"

XICOl RlXI IJl T(~W. SVST(U $1U !lO
XlCOlCllVSTAl COIfTIllllUOsysn" U9< !lS
W. IIICllOWl V(_n .lJIC MoD11.rt*
'D.IOI ':llm tllll.05D1lP1(1f
~.oz. Il4l' lJlD DTII:. ~1

IlOlln O·ll<5 V'DU ""Ol1OJtTl
-,~_ ....V'__OIIIII_

CABLE equi pment••• Who lesale only. stere cm
7 test kits $18.00. New tags trom $25.00. New
convert ers ' ro m $55 .00. SA OF Pan s Iro m
$45.00. Starcom 6 f actory Trl·bl combo s 'rom
$9 9 .00.. .. in quanti t y to the t rade 1 (800)
666-2232.

SOC52-Basic; microcontrolillf boar d. Basic; inter­
prnter.32K RAM. 16K Eprom , Eprom progr ammer.
RS232, expansion conn ector. Bare bo ar d with
manual, schematics 522.95. 8OC52·Basic mere­
proce ssor chi p 525 .95 . Assemb led and tesl ed
$124.95 , PROLOGIC DE SIGNS, PO Box 19026.
Baltimom. MD 212Q4.

cEi C6362 $10.-

~~~ =_~ =r~;€~ ,G)
...., ... ..,."'... _..-

.. ~~~ ~ STOP
. C6240 C6458 . .

$6.- $10.- :10....
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C&314 $6:.-
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Cable TV
Descrambler Kits

DESCRAM BlER kits. Complete cab le kit $44.9 5.
Com plele Sllle)lite kit $49,95. Add55 ,00 sh ippi ng .
Free broch um , No New Yorll sales. SUMMIT RE.
Box 489 . BfOI1x. NY 104 65.

HOBBYib ro adcas tingi HAMl C B1surveitranc e
transmil1OfS. ampl ifiors. cab le TV. science. bU! "
othet 9ma t projects ' CalaJoq 51.00 . PANAX 5 ,
Box 130 ·F7, ParadiSll, CA 9!>967.

B~lld tIli . 101 wtli~ ,. _ le a<!
ooc;M Irotn Itlndard 110fe0 _ I .
CO·I.~ .... FM I>fOa<lcastl, Sing
along witIl ttl" baekground m~.ic.u.. _ any home compor>e nl
,we.>, -'dd1tloMl 1ol 1Od<Sl reverb to
y"'" voice. tIl en m",,,,, ~ witIl m~sic.

P.........mbled boardI &lIo 1lYlll­
.I>e , can .... _ Igor Iree Inl o .
Weede r Te<:hnolog l.... 14773
Undsey Ad., Mt. Otato. 01'110 ~' S4.

FREEl ca talog 0' exciting new ele ctr on ic kits .
Speec h de vi ces , mi crop roc esso rs and mOl e l
Send request to: l NS TECHNOlOGIES . 20993
Fool h il l B lvd" Sui te 307R . H ay wa rd . CA
94541·1511.

SURVEILLA NCE tr an smitter kfl a tune 110m 65
to 305 MH.l.. Mains powe red duplex. telephone.
100m, combination lelephonllifoom . Catalog with
Pop ul ar Co mmu ni c atio n s . Popu lsr E: lec·
tronles and Rad iO-Elec tron ics book revieWsat
" Elecl ron lc Eavesd ro pping Eq ui pment n e­
sign," $2 .00 . SHEFFIELD ELECTRONIC S, PO
Box 3n785-C, Chieago. ll 60637·n 85.

PCB and sc:hematieCAO. $195.00 IBM EGA CGA
Mu!tilaye'. rubborband. eutovia, NCdrill. lase,. dot
ma trix . p lotte r, library. Gerber. AUTOSCENE .
10565 Bluebird sr. Minneapoli s, MN 55433. (612)
757·8584 free demo disk.

RECEIVING TUBES
OVER 3000 TYPES INSTOCK/
Also hard·to·!lfldtf3llSformers. capac­
tors and parts tor tube equipment.
Send $2,00lor our 32pdge caldloa·

ANTIQUE elECTRONIC SUPPLY
6221 S. Maple Ave ·Tempe. AZ 85283· 602·82Q·5411

CAB LE l eal ehlps S·A 8550. S-A 8SOO - 310,
311. 32Q. 321 (speedy) - $33.95. 5-A 858Q,'338
- $69.95, Toco m 5503107VIP - $33 .95 . TELE·
CODE, PO Box 642 6-RE, Yuma. AZ 65366- 6426 .

OSCil lOSCOP E 50 MHz, Hewlett· Packard. set­
id state cali bl al ed. ma nua l $290.00. 1 (800)
835-83 35 X-159.

SE CRET tab le deSGramblers. Build your own
descrambler tor less than $12.00 In sewn ea ay
steps. C omplete instruc tions $10 ,00 , Radio
Shack pa rts lis t and ' ree descrambling methods
thaI cost nol h lngto try lnduded, HARRYWHlTE,
PO Box 17900 . BaytoYo'n, TX n 52Q.

CABLE conve ,tels. all brand s in stock at un­
believable prices. example RTC-56 at $69,00 ea.
in lotsof 5, SYl 404IJ.DIC 559 .00 ea . in lots 0/ 5.
Zenil h and Toco m test chips 529 .00 ea. in lois of5.
We rl(JN carry the PTD phon o tap detector al
$6 9.00 ea . Wllh quant,ly discounts available.
MOUNT HOOD ELE CTRONI CS, 206-260·0107 .

CA BLE TV, Zenith. Tocom. Oak. Hamlin. Jerrold.
Pioneer at discou nt prices. Tocom and Zenith lest
ehips 5(Q' $29 .00 ea. S.A .C., 1·800--622--3799. M·
F 7AM·3PM P.S.T.

LANDlGEN ER Al mobil e lad lo s, C B's sean­
nera, radar d etecto ra, au l o ela rms, marine
lran sce lvers ca l al og $ 2 .00, Rays . B ox
14862RE, Fl. Worth , TX 761f 7-o862.

Call Toll Free
1·800·258·1134

C.O.D.

M & G Electronics, Inc .
301 West mini ste r Street
Provid ence, RI . 02903

Tri-Mode Tuto rial. ....•.....•..S9.95
Inc lua u. Iltlt pygalt SlUCly Dl1l\t "IfCUlt end l\a l
lrouo ..SI1<>OI ong twms

SB-3 KIt S29.00
In"..cal all pe,u . PC Boara and AC Ad lPlor, NDl
,ncluO td II tl'>e Inc iOSUrt.

Universal Tutorial .••••.•• .••••$9.95
IncluClU.., U"Ia t ilt" SlUCIy C!~ lItc nonooog y use"
..,d lUI' , ro...b lt Sl>OOltnl! h,nu

Tri -Mode Klt .•••.••••••.•••••••.S39.00
Incl" dU t il P11l5. I'C Board an d AC AaaPlor. NO!
InclU<l~ .. 1M erw;losure

Universal Kl t ••••••••.••••••••••$55.00
In"lua u al l p t ns..,d PC Board . NO! mCJull t d
.. tne I e ad..,IO< 0' enc lOWf"

94L- ---'

~ Snooper Stopper....•.......S39 .00
_ Prol l "l y~.I! ! rom llt'C.lmPI. , O"I,,(,on.na
~ . ,ep 1M ' 1" '; 10 ' "

~
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OESCRAM BUNG. t~ew secret manual. Build
your own ooseramblerslor eable end subscrIp­
tio n TV. lnslfuCbOOS. schemata lor SSAM . gated
sync. S,newave . 1HBO. Cinema., Showtrme.
UH F, A d u l t) $ 12 . 9 5 . 52 .00 p o s l age .
CABLEmONlcs. Bo. 30502R. Bethesda. MO
20'2<

ETCH PCB'syourself, nochemicals. easy. cheap.
fill insIJuebons. S2.00.SASE. NICKNAP. PO Bo.
593.~. NJ 07731-0593 ,

o ~

WANTED

CAll TOLL FREE
1-800-S43-4330_....._.-

MCM
~,_..~_ .._-
'--- ", 00

,- - ­._­._­,_ ._--

M CM ELEC TRON ICS
650 C O NGR ESS PARK DR.
C E N TERVILLE. DH 4 545 9-40 7 2

A PREMIER C__ny RE-n

QUALITY PARTS
<J .Q

Whenyouwant qualityelectronic parts, there'sno
need10 gohunting. MCM Electronicshasput together
the resources tocaptureyour needs-fast. We've
corralledover 17,000 top-qualityitems. includingthe
largest selection ofJapanesesemiconductors inthe
country. inour huge DistributionGenter. And we're
gearedupto get them out toyou
immediately- in24 hours, with
overnight shipmentif necessary.

So call our experts toll freeat
800·543·4330 \0 mund up the
electronicpartsyou need. And
askforour latest catalog with
hundreds01 new productswhile
you 'reat it.

MCM
ELECTRONICS

CAPTURES YOUR
ELECTRONIC PARTS

NEEDSFASTI

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of this
seclion and we will bill.

HAND held d ig ital ~order announcer. New
technologypermits permanent storage ofperson­
al fll'COrd,ngs and messages. Plans 59.95. Kit
$49.95. Seild check 0' monllY OrOOl 10 CD&M,
303 NOl1tlwood s Dri\l'll. Ballground. GA 30107.

VHF·FM ampl iri8l' plans 75-110MHz. 15·25 watts.
se.ss. PROGRESSIVECONCEPTS, 1313North
Grand AYe" " 291, Walnut. CA 91789.

DEFEAT VIdoolape anb-<:OPY PCB. PAl nsuuc:­
II(lflS w ~h $17.50. LOG ICAL CHOIC E. 955 NW
ClgdenBend. OR 9710 1.

ROBOTIC hand easy 10build. Ye<Y strong, Send
$5.00 lor pians 10ROO UU EY. PO Box 10363.
~ter. PA17605-0063.

k ENWOOD & ICOM service bu llehn$ , 175 +
~~ ... rTlC)dels , $39 ,95, CalaIog ­
$3 .00 . C O Os 1602 ) 782· 23 16 i FA X (60 2)
343-2141. TELE COOE, Box 6426-RE. Yuma.AZ
essee-eeee.

BEST BY MAIL
R.,.., W,ll. N........l llo. S. $" '11-0" . FL :uno

OF INTEREST TO ALL

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Anliquo Radlo's "
Large-sl Circulalion Monlllty. ' 0 J 0

And es, Ads & c essnees. •
6- l.lonlh Trial : $1$. 1.Yr: $27 ($4(l.1, t Class).
A.R.c.. P.O. Box 802-U, Car lisle, iotA 01741

CAEDIT card encoding standard e.plained in
pla in Engl;~ . IliustralMlexamples inclUded. send
$5.00 esc . Box 1641, Afflxandna. VA 22314.

CELW LAR hackers bib le Theory hac ks
mod,hcatiOlls - 553.95. TELECODE, PO Bo.
6426-XX, Yuma. AI 85366-6426.

VIOEOCIP HER Il lsatellile 'seanner;Cll b le,ll ma·
leur/cellu larirepair manuals. mod,hcabon books &
sollwanl . CalalOg - $3 .00 . TELECOOE, PO Box
6426-RE. Yuma. AZ8~2$.

"EASY MONEr TAKING $napsNI" . Ser>d LSASE To:
Globa l, 1.0-0·m El OuacM a 67. Cam" an. AR 7170 1

CASH. OUI.RANTEEO CARDS. Send 510,00. STARUTE.
POB 6CO'>6-;REI. O~la r>oma C,ly, OK 731. 6

MONEYMAKIN G OPPORTUNITIES

RETIRE EARLY 1.eoo-n6-3J4I CODE A' su o 1oI..,6on

~~R:LEMS?-THIN NIN-O.-..-,-U-"·o"c.~'~""'"'","-O
H. " He'-- ptOmi.... ,",-,t t l- 1-80G4-HAIA-IO

FINAN CIAL

CIRCLE 11 ON FREE INFOR.....TJOfol CAIlD



AMonumental Selection
Test/Measurement and Prototype Equipment

Prier

27256-25._._._..$4 .89
27C256-12 .6.49
27056-15 ._.••••••5.95
27056-20 ..•....... 5.49
27C256-25 ..•..•....4.95
27 51201'1' .4.95
275 12-20 _.••.••.6.75
27 512-25 5.95
27C 512 · 12 7.49
27C5 12-15 6.95
27C5 12-20 6.49
27C5 12-25 5.95
27COI0· 15..•.....•.9.95
27C020-15 ..•._.•17.95
27C020.20 ._..... 15.95
68766-35_ _ .,u5

• Ez...,..aI1U'RO.\l'• • £l..... I chip u.
IS minum ond chip' in ! I "';n

• UVinl<n' ;1y: 6800 lJ',l'iCM ~

DE4.•.._....__._._._......_._••.$89 .95

UVP EPROM Eraser

2764A-20 ..•..•..•.$3.75
2764A-25 _ ...3.49
27C64-15 ..•..•..•.....3.9 5
27C64· 25 •..••••••••.J. 49
27C6445 ........•..•2.95
2712S0Tl' ...•.....•2.49
271 28-20......•.....•7.9 5
2712S-25 7.75
27128A. 15 4.95
27 128A·2 0 4,75
2712I1A-25 •..•..•...J, 7 5
27C I28-15 5.75
27C I28-25 ...•..•..•7.95
272560TI' •..•..•...4. 19
2725 6- 15•..•..•..•..•5.49
27256-20.._.._ •...5.2 9

3.S [l i ~i, Muhim<l<'wiF,"l""'''Y
6: Cof'>'io."", ....•..........$74.95

M.1650

Metex Digital Multi"'......
• IImdhdd. high~. AC/OC,v1~. ACIOC
CUrJrol.~. diocb. COntinuilV.lu n.iuor hFE
(ncept MJ900) .

• ~bnlitllmging wlO\"nlo,ad pl'OlCC1 ion
• Coma ...-irh prObes. bsueries, Q'C 1M rrunwl
MJ650 6: ,\I465O ....1y:
• Aho m...Ilura frrqunt()' :utd apIOllJlce
1>I j ll00 3.5 n.!V. Muhim«« •••••••$39 .95

MJ610 3.5 [),p. M..I' i'""n •••••••S59.95

M) \lOO 3.5 ll i&" M"h im<'"
"';1~ T.d.i l>wdI ...••...•..•S59.95

• I' top' ..... ..n CU'~1 f.I'RO.\b in .... 2716
Jo 27SI!~ pIus .heX!864 EEPRml

• RSB ! ron · So(lW"~ indt>dtd
rn-..•.._._....._._..•.__._._..$ 199.95

A.R.T. EPROM
Programmer

• Partial Litting • Ol'('r 4000 £krtroni~and Computn­
Componm u in Stork! • Callfo r quantity diu ounu.

/I "
~ · ::-'~·..t'«' >'E'' ':.!.-:-d\';:":

- - ' ;~.
• . ..... -" M.t6WN ': " e

~:~
Z4 ttou1' Jto:i:~;! ''\

0'&" •AtAtj
,.~oO·~~

M4650 -l.S ll i~i, wlFrcq""ncyN. (:'~i'.n« ~

& 0." Hulds....:""_._...S99.95

lameco Ie Test Clip Series
• TI:'l ai~ Ut' dl:iipll:d for ttmpo.>:J'"
connroion' lo DIP plClu.ge componenu
• Hn vy-dulY spring !.»dellhinge PIO\idn
positive cor uact
ran s ... Doujptio. Pri<t
JT CI6 16-pin (lOr8. I ~ &. l6-piolU) ••55.95
JTC20 26-p in (for 186: 2Q-pin lu l--.6.95
fTO ot 24-pin ._. .._..._7.95
JTC28 28-pin 8.9 5
JTC40 -to-pin _•••••••_._. ••_11.95

EPROMs .. for your programming needs
f an; !lip.. Pmc Pm S o. Pri<c <Pat1...,S••~__-::,_

1'lIS25 16.•.._.._54.25
1'MS2532A .__6.95
1'MS2564 .•..•....._5.95
1'MS27 16 5.9 5
170 IA ...3.9 5
2708 .4.9 5
2716......•.....•.........3.95
27 16· 1 4.25
27C I6 .4.25
2732 .4 .95
2732A·20 ._••.•••....H 9
27JIA·25 3.4 9
273 2A45 .•._ 2.95
2702 .4.75
2764 -20 ....•......... ...3 .95
2764 . 25 _ ...3.75

3 $17.9 5
~ 24.9 5
~ 32.95

T"hc- raf~ ....~ lOt....uy.•
r~",.nd~,

~Furu""induJ..6·

CRT d,<pbr. ..,.j b.mJw;J,h
from IX: 10 ~MHl. The
GoIdSu. O>Ci/Io.<npc- <omn
.,;th ......4lJ~ I !h pnobn, ......
Nso.~ conl. "p.... ,iocl
m.lnu.J. ""'"",lic> .oo bIo..l
md ..., ; tirtg~h·.

lighnociglu, nd porubl... i,h
........»' 1)'.

JElS '.';Olh ~, !~ 1'­
JE26 U7~. U\ U'JO
JE27 7.2'50. H O -'.220

GS7020 S399.95

National and Intel
Databooks

4ooo!6 ~'l ion.al GmttaI Purpos<'
l..U>eu Dc-<icc> 0 , 0.0001<._ 19.9 5

400039 ~........a~ o.o.b""Ir. _ 1 9.95

400015 S.l iono! o.u ""''luw,ion
1m.... o...~ 0.ubooL l l.95

-100 104 ~ ••ionol Sp<ciol l'u~

LnQ'~[huboolr.••ll .95

-IOOOH x..ionoI l.5JsnT L
D•••booIr. _ ._. ._ 14.95

uos iJ Inlel .\ lnnl>lY1l••obooI.••_24. 95

2iMH5 Inlel Emb<dJal Conllollt•
r, O<n>O" Il w book.•..•..•24 .95

" SoI .9S
" 6.95

12.95

Pk_rd"... 10
Mul K.,. 2

• bm
oNmn,

JAMECO.
"""""""""""""""eO"'P\Jn;1I PIiOOUCT$

SNC Cable Assemblies
10.057020

24 Hour Tell-FreeOrder Hotline
1'800'831'4242

IM Mel
I -;'~-=- 'I

~l- - -:-..J

Jameco Solderlen Breadboards

­~

GoldStar 20MHz Dual 'race Oscilloscope

ONe I llSClMl lo 11:"0 ,\1) RGS8
AlU(}?' I.I •••••• •••••••S3.9S

B:"iC2 8SC(Ml to Micro 1100.
Il.GI 7~ 3'I·u ..3.9S

BN O B:>.:C(MI ro .\ 100"Hool
RG I 7~ es-u, ..J.9S

J~mC'(I)S lung-bIt ing breadboards blUrt scl",n'.I', imro color coordmares~nd ~r(

wiuhlc form~ny kindsof rrol 0!\ring and ci.run .Inigo . U'l:" model. rem Ut 2
hc2\)'-dUI}' 21uminum b..dcing "'~lh \..,lu~ and grounding pons,

1'2" Dim.. Con l&et Bi..di"l r an Dj..... c..nl&et Bmdi..~ ..
:Sq. I · I w: p'jou r tw.......£r:iu :S~i..!w....bI~

JE2J l!h H ~~ '*00
J El3 6 '1110 :!-l!' 8.loO
JF.l4 6.~d, I!~ 1..'1('.0

CIRCLE 114 0"1 fR EE l"If OR", ,o,TIO"l CARD



at Competitive Prices
Computer Upgrade Products and Electronic Components

Upgradeyour existing compu!" syJtnn! jameco willlJelp you upgrade easily and u o"o mica/Iy.

3S6 KU ~_ _ ..s99.95

Toshiba 1 .44MB 3 .5"
Inlemal Floppy Disk DriYe

· IB...t POXT/AT ..... """'fW&
• ~ilIlt.i1h DOS ...........3.Jor~
• Indudn oJ _.....,. inll.allotic>n Iunl..-ort
• 1.+lMBI'onn.md tup dm.ity mod<
• 720KBformlucdl- dtlllilYmod<
• S-= I· H . 4"1l'1 5."'0(";""" dn.'t litt l
• ODt·)Uf Mo,,,J":KlUIft', \1'0""'.,.

~/dnJ 11/0"
/lpgrdd~

proaUCt1
dl'ailabM

Thil krybo.ard (arum 12fu""ioa~ !<pJ1>lt tw'IOI ..... ,,1lIII(ri,;~

' 18M l'CJXT/AT..... comf'lliblocomf"lltn
• "'-"riaIIy ....mho bmoun Xl lit AT
' l flJ 11I4icu0l'l"" 1'..... lod... Up.

L:d....... Scmll Lxi
• TxtiIoFmn...:l
• !'obn...r incIud..l . Clrlt-rar\I....... .,.

Fujitsu 10 '.key Enhanced Keyboard

FKB4700 _ _ 579.95

ISOW." I'O XT r~. Supply_•.••.•.••.•.•.••.••.•..$69.95
200 IX'." AT r_ ..... SUl'J'ly••••••••••••••••••••••••••••••S89.95

JE I030
j £ 1036

Jameco 80386SX Motherboard
' 1 6MHI~1pmt
•B..br ...... {ISdn
• 7..0 0 01 0fIt .... i. ' l.I lr op<1'3,ion
• S"f'I'O'U up co16,\1B01 R."-\ l
• laid 8OJA7SXf~iblc ....th~ "",k1
' '''\ 11 BIOS
•sa lb-bd~ &-bic~ boa> siron
• Qnr. ynr 11' .,.

J E36 I6SN•.••.•..•._$24'J.95

Jameco IBM Compatible Power Supplies
JEIOJO: JEIO}6:
• 0u'P"': . S\' fI ISA. -s\' fI 05A. 0o."p"" . S\' (! 2OA. oS\, ~

-uv~ ';.SA. - IlV ~ o.~ 0.5'\•• 12V<'l' SA. · IlV (l{}.5A
• Iso lX'an • 200 'X', ,,
• 110l220V ....i,.Jubit o I IO/n Ov ....i,dl.lbk
• BlIil.-in fan • Buill·in fan
• Siu: 9.S' L . U ·W. <1 .625"11 • Silt: 6Sl. S.8' ·W. 6'U
• On"-r"'" W. funry • Onc.yc... IX'nrmry

Integrated CIrcuits- Memory IC Sockets

For Intell\,lIioll.l.l S.aJn. Cu~tO:nc:f Smi<... unlit Oep.lnmm: aed All Odree
lroquirin: Ci1l4IS,S?1·!lO'J7~ 7A.\ 1·5P!'o1P.S.T.

CA kaodn>apI<.<.. odd~ ..... ... T..- r.- ooIo,ca '" ~.;u.,... -x...

•
......,~~......... 1 ~....Ir- ...
e~..'I~ ...t .....-.... e-,w .....,.,....._ • ....l>bI<
, -~~ UJ'<"''''!'''''-

Cl /m J-_ .. ,"'f'J! Al ..~ ..~~._...,..m..-~

S.S4
.79
.89

IJ '
1.69
1.89

Mmlio..
Mail Kty,

,WW
1<"""
16"""
24\'t'W

28"""40WW

~.!~: ..
. --

8LP S. IO
H LP .11
16 LP .12
24LP .19
28LP .22
40 LP .28

FA-X: j .HOOo23i .(;9-lS,r--)

FA-X:415·591·1503,...._ .11

Bas Suppon: 415-637·9015
To:o; hnial Suppon; 1·800-83I.Q08.l

So:rvio:l.ine"'; 1·800-831·8010

.... r ......Ic

LEDs
-n. (Rw) S.14
TI 3/4. (G r.,..n) .16
Tl .1/4. (RrtI) .12
T l 3/4 . (Yd lo,,') . J(.

COMPUTER PRODUCT'S

1355 Shoreway Road
Belmont, CA 94002

Call or \X!rite for your
FREE Spring Catalog:
\- 800- 637-8471

24-Hour Toll-Free Order Horline:

1-800- 831- 4242
~MECO® ' ' '.OO Mi.imomO,'"

"""""'"" CCOF<>«>n>

DB25P
DB2SS
DB25H
D B25M I-I

rwNo,

XClQ9R
XCS56G
XCS56R
XCSS6Y

VlIlI(ll.tillbkhll><ll Mini ;010"l"""o,,,kd
' XX'):

50011. IK. SK. 10K. 20K. SOK. lOOK. lMEG

43PXX 314 W~ll. l j Turn ••••• S.99
63PXX 112 W~" . I T u rn ••••••• •89

Pan No, Fu no iOQ rrj"
u!s6- u o !S6K Il JI' 12On._SI-"
U !S6-\SO 2S6Kl l ll' lWn. 1.5'

5110001'·&0 l ~t BIlJI' 8On.__,."
5110001'·10 1MBml' IOOn. 5.49
41!S6A'1I-80 2S6KmtM 800.__..16.95

'2 1000'-9,1,·80 1MB SIl'l' 8OtI._~."

U lOOOM II-(,(j 1 MBS IM~t 6On. _ _.•6U 5

H lOOOMB-1O 1MBSIMM 7On _..5' .9S

421000A9B·B(j IMB SIM!'otSOn 5-I.9S

Miscellaneous
Components·

Potentiometers

Transistors And Diodes
r:"l2222 S.12 I N7SI u s
['N2907 .12 CI06B I .65
IN4004 .10 2N440 1 .15
2N2222A .IS IN·B 48 .07
IN473S .25 2N JOSS .69
2N3904 .12 IN270 .25

Swlhhes
JMTl 2J SroT.On-Oooff<w;l<1 SI.I S
206-8 SI':ST. I6-p" tDlr l __1.09
M I'CI2 I SMl T.

o....Qjf.o.. (T<>g:I<1__1.19

MSI02 SI':ST. "1orrwr" MJ"
(....... -& ,..... )_ ._ _ . .._ •• J 9

Linear ICs·

Pan No. I .'

7 4LSOO .•...•..•..•..•..•.....•..•...•...S.2S
74 LSO 25
741..504 25
7 4LS08 29
741..5 14 J 9
741..53 25
7 41..532 25
741..574 29
74LS76 49
741..586 25
74LSI 12 35
741..5123 J9
74LS138 ,39
74LSI7S 35
74LSI93 59
74LS244 69
74LS245 69
74 LS373 69
74LS374 69

r an So' 1·9
T 108 2C[' _ S.59
UI3 I7T 59
[10,13241'0 ._ J5
U 1336Z ..•, 1.09
UI339N 45
NESSSV _ . _ . .29
UISS6N _ .49
L\172JCN ._ _ _ ..49
UI741CN _ _ 29
UI14S8:"1 .._ _ _ . J 9
U11488N ._._.. . .45
L\1I489N .._ _ _._ 45
UL...2003A . .69
U13914N .._ _ 2.49
NBS32 .__.._ _ _ _ 1.19
780ST .45
78 12T 45

•CJJi".r-p'-L.n-:f{/Q

OACLE 11. ON FREE lHFOA.....t1OH CARD



INVENTI ONSI new producl sr,deas wanted: call
TlCI lor rree infofmation/IfM!f1IOfS newsletter, 1
(BOO) 468·7200 24 hou ,Siday - USA.'Canada .

INVENTORS: We SUblTUI ideas 10 induslry. Find
out wl\at we can do fOf )OJ . 1 (800 ) 288-IOEA.

FREE Catalog D..I... W..t , d

loIuld.V1 01on \402)331.32211 8 00 ,83 5 · 2330
[J"'u....I<.'" l1lO $l).12l-td 0.1126 0....... NB "l~

MAKE 575.000 .00 to $250 ,000.00 \o1lariy or more
f1~mg IBM colo r moni tOfS, No investment, start
doing il from ~r home (a telephone requ ired).
Information, USA, Canada $2 .00 cash lor eec­
chura, olher countries 510.00 US fuo.ds. RAN­
DALL DISPLAY, aox 2168·A, Van Nuys, CA
91404 USA. Fill! (818)990-7800 .

INVENTORSl Can you patent and protil from your
ide a? Call AMERICAN INVENTOR S CORP. for
tree Informal ion . Serving inventors since 1975. 1
(800) 338 ·5656,

WANTED

INVENTORS

MONEYMAKE RSI Easy! Ono man CRT rebuild­
ing machinery. 56,900.00 rebu ilt $15,900 .00 oow.
CRT, 1909 Louise. Crystalake, n, 600 14. (815)
477·8655. Fmc(8t 5) 417-7013.

NAME BRANDS AT 50% DISCOUNT
Thl. fRfE 24Jlge CGnlumer Bltylng
Guide lelll I II aboul Selelllle TV Ind
lilts llUar1nl u d lawttl p ri~ lI .

~I.,.." I ""

&31O ~ U,,"'... '., qo 3791l·"""'''. IL6161 2
1-800-472-8626

VIOEOCIPHER 11, desc: rambllng manua l, Sche·
manes, video, and audio, EJ<PIalOS DES, Eprom,
CloneMasler, 3Mu sketeor. Pay-per-view (HBD,
Cmernax. Showt ime. Adult etc] $16,95, $2.00
po stage. Schemat ics for Videocyphe/ Plu s,
$20.00 . $(:l\ema!lcs for Vldeocypher 032, 515.00 .
Col lect ion of so ftware to COfT'/ and alter Eprom
code s, $25 .00. CABlETRONI CS, Bo~ 30502A,
Bethesda. MD20824.

EA SY WOfk! E~ce llenl pay! Assemble prod uclS at
home. Call toll free 1 (800) 467· 5566 Ext, 5192.

HOME ass em bly work availab le! Guaranleed
easy mOlley! Free detai lsl HOMEWORK·R , Box
520, Danville, NH 03819.

VIOEOCIPHER IIatld plus, schemefics.manuals,
software, ail codes, updates and lTIOIe. For cata­
log send SASE, acue 154, 1614.() Unio n Valley
Ad.. W. M I~Ofd , NJ 07480 .

BUSINESS OPPORTUNITIES
YOUR own rad io stauont Llcens ed'unl'censed
AM, FM, TV, cable , Information SI.OO, BROAD­
CASTING, Box 13Q.F7, Parad ise, CA 95967.

LET 1M govemment finance )OJr sma ll bu siness.
Granls/loan s to $500,000. Free record ed mes­
sage: (707) 449-41 600. (KS1~

THE vrst ADVANCED
TECHNOLOGY IN CABLE EQUIPW£NT;

• SASE SAI\O • JERROLD oPlOfl,EER
o TOCOM 0 HA MliN • ZEN ITH
o 50ENTIFIC ATlANTA 0 OAK

FOR OUT OF THIS woao PRICES CALL
WORLDWIDE CABLE

1 800·772·3233
FREE CATAta> AVAIl.ABLE

1291 A FUlflt£R..II\E RJAD, SUITE 109
FO'/PN'lJ BEACH. R. 33009

M: / ctX)/ VSA No Aonda51...

SATELLITE TV
FRE E catalog LOW(lst prices worldwide. SK Y­
VISION, 1012 Frontier, Fergus Falls, MN 5653 7. 1
(800) 334·6455. See lull page ad The socccer
Sec t,on .

SATELLIT E TV Do it yourself, systems, up­
grade s, parts , Major brand s d,scounted
40%-60% , we'll beat EMl()")ne's price , WH INC.,
call larry (609) 596-0656,

EDUCATION & INSTRUCTION

HANDS-ON TEC HNIC AL SEMINARS
For Professionals

F.C.C. Commen::lal General Rad io telephone II·
eense. Elect ronics home study. Fast. mexcen­
s,ve! ' Free' details. CO MMANO, 0·176, Box
2824. San Pranc sco, CA 94126,

EL ECTR ONIC eng ineer ing . 8 volu mes com­
pete .$109 .95. No prior knowledQe mq ulred. Free
brochure. BANNER TECHNICAL BOOKS, 12tl3
Granl Avenue , Rockford. IL 61103 .

' CD SChool' - EW CEG
' Mlc roprocessor SChool" -fWCEG
' Camcorder SChool' -Hltochl
"Ca r Aud io CD' -Kenwo od USA
' Mlc rowave Ove n SChool"

- Ma tsushita services Co.
"Ce llulor Te lephones"

- Milsubishl Electronics America

' Dlg ltal Compact Cossette
Overview'
- Philips Consumer Electron/cs

'Swltc h Mode Power Supplies'
- 5encore Inc,

'LN, l TV Chassis' -Sony Cexp .
'PIP In the X90,E TVChassis'

- Toshiba America

MAKE a thing... make a living ... Sludy In dustrial
Design Technolog y and bnng your ideas to hle.
Learn 10 peoctem-soive. ske tch , render and de­
sign, nevetcn models, cre ate Plo slhetic appli­
ances. Build your teture in movie and theater
spacial enects,loy and ploouet, e~Mlit, Iranspor·
tabon . !urnitu ,e.' f i~lum, archi tectural and aml,lse­
ment (lf1vironmenlal design at The Art ln sllluies
of Pittsburgh , Phil adel phia, Fort Leueercere,
seattle or Th e Colorado Instltu l e 01 Art. For
in fo/mal ion wri le 526 Penn Avenue, Oep!. 61,
Piltsburgh, PA 15222. Or call 1 (800) 525-1000 .

98

PLUS: The Introduction 01 the All New EIA Curriculum
for Consumer Electron ics

Courses FREEwhen registered at the

National Professional Electronics Convention
AugusI3-8. 1992 to- Worthlng lon Holel to- Ft. Worth TX

Full $275 RegIstration Inctudes:
to- All Techn/cal5emlnars .. noaa-to-twaa Meetings Vlith
.. AllManagement and Business Manufacturers' Representatives

seminars .. NESDA/ISCfT Associa tion
.. Con tinuing Education Unlls for a ll Meetings

seminars attended .. Price Discounts Available for
.. All Sponsored Mea ls and Pre-Reglstrallon

Functions .. Doily Registration Ava8able

For more information, contact NPEC '92
2708 West Berry St.•Fort Wo rth TX 76109 .. (817) 921-9061; Fox (817) 92 1-3741

rL~-;;~;,;;;S~
Home study. Be-I come a personal I

computer expert alI hom e and in bust- I
ness. Learn al )'?lITI own pace. Exciting I
and easy to fo UeM'.I Se ndorcall ioday I
for freellternlure. I

I 800·2234542I ==;=~~= I"""'""I City S'al~ Zip I
I SCHOOL~~P~'::e'"::rE:a!RAINING I

L Dept . K H3 42 Atlan ta, Ge org ia 303 4\ .J--------



I

"'"

• '1"- DC 0U\pUt
-5 '1O-1~vee eOS-. ropple •,.,r-....-_
~tanoe O. I H.t 10 100 KHz .. 6......
OUlPUI¥OIUQe" 0 10.:.lOYI2OVp-p)
outouI~ 60D (exc:ept TTlI
OUIpu1eurr.... l : 10nu\ mo. sI>orI~ifCuit.........,nr-n -...._. IqUll te . I...~.

..... ' d .S1Ot1.... 3'Ilo (10 Hz 10 100

.~,

TTl. PIli... " .. . nd r.11t'me 25n l
drivfl20 TIl.lOe<ll
SqUllt. wave. nMlI"" rail I,mo .:.1,$ •

• \.ogle In<llcalon
8 lEO'.. IC-I".. h,gn , 1.&YOII (nom..... .
I~ fos~old. Inp ulf 1"010<:1"" 10 .:.20 YOlI.

• o.bo un.cl d pUU,!>ullOf\I (pulM"'l
2 pu sh-bullon Q08fa ted. Opefl-Q) lIo<:1Of
o utpu l pu l.., .... oaC h ... ,Ih 1 no.mally­
~. I normoJly~kI$ed ou tpu t Each
OUIpuI"" lIJn k UP lu 250 rnA

• Po""lIonMl. ...
1 - 1K • 1 10K • al l _ r,oa;labIe
. "" ....,.;omm,nO<!

• SHe con...cto...
2 eNeconnec1Of1, pi " aVlOilOt>Ie In<!
uncomm,necl_ ccn nooc1e<1 10g_

. S........
025 W, 8 1.1

• 8nI_ '''09_a2520__W PO't'tlI.-115"1OfIlI. 16" _ . " . hogh......
3 ..... N:. _ onpul I117V.60 Hz
typical).-'U

• The 101. 1deI,on """" lal 'OI1 • indud'''lI
e.pan<lOdl nll tUmon lal 'OI1. br...<lboe .<I
"""- *,, ppty

• 1003110<an l tog . <I,g ,l/It Iln<lmlc.o­
p,ooouor cl fcu n.

. 8 Iog iCP' obe e<rt:u"1
• Fu nct ,o n lI_ratO' w,lh COI1l1nUOlJSly

.~"abll llJ'.' IlqUII'•• l"""llie w• • e
IOf"'" plus TIl. PIlIMs

• Tnple po_.oupPly otl .... r ,~ 5 VOC
"'1l91yplus 2 .......0IlI OUIllUl:I - - 5 · 15
VOCIln<l-S_15VOC

• • TIl. _ ,,*LED ""'otIIOfs, . ",oteIIeo........
• Polen--.
• -.o.'PlIf'menw.on~
• U ultJp' . leoIlufeI in _ ~ IeS.t
~__"-01-'"_loo_........ts

•~ ......... ll'*W'_ on_
~_N

• Fkell DC OUIpu!
o5VDC~ I .0 -."iIPIO · 5 mV

• V..w..OCoulput
-5 ' 10-15 vee @0 5-. nDlllO­,.,

.."34.1'""31 M,,",,"

Tile pen mee lla"i ,,,, in·
eluded tlllt>1' , _ a llows rt
tOd In 1000,t,on to drawing
Itr" IIM Ion ,t~n , 'so . cc;...
rat&ly dr ei reln• • "" .......,
01' .... ou l wO'd, a nd s ho ' lpI1'_ ' WNJ II comes ...,111
128_. 11<" RAM an<l2KROM.
and Is1""II,ammed directlv vi.
tile l<~I*l'1laChe<l to it- Wolh
'II bWlI',n c:onnedOl po<t. WNJ
11 11 rft<l)l locommuru<:ale WIth
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Enter A World Of Excitement with a Subscription to

~onu at ectroniCS
Get the latest electronic technology

and information monthly!
Nowyou can subscribeto the mazannc that plugs you into
tile exciting worldofelectronics. \Vi th everyissueofPopular
Electronics you'llfi nd a wide \'aridy of electronicsprojects
youcan build andenjoy.

Popular Electronicsbrings you tnrormauve new product and
literature listings,featurearticleson testequipment and
tools-alldesigned to keep you tuned in to the latestdC\~I·

opmcnts in electronics.So ifyou love to build fascinating
electronics.just fillout the subscription fonn below 10 sub­
scribeto Popular Electronics.. . It'sa power-houseoffunfor
theelectronicsenthusiast.

EXCITING MONTHLY FEATURES UKE:
o CON STIlUCTlON-Buildin~ pro,k.-cts fr omcrystal sets to

electronic roulette
o FEATURES- Educational lrainingon di~ t.aI eec troncs,

Ohm'sLa...Antennas.Communicatioll5., Antique Radio,
SimpliflCd ThcoJ)'

o HANDS-ON·REPORTS-U~r t~t comm..ntson newand
unusualconsumer products

o SPECIALCOLUMNS- ThinkT.l.nk. CircuitCirrus.Com­
puter Bits, DXListening, Antique Radio,Amateur;Scanner
Scene

PLUS:ALL OUR GREAT DEPARTMENTS!
You'lI !td 12l'l\citingand informative issues ufPopular Elec­
tmnics for only$18.95. That'sa savin~ ()f $16.45uffthc rc!tulilr
sinj!;le copyprice. Subscribe toPopular Electronics today! Just fill
out the suhscription order formbelow.

FOR FASTER SERVICE CAll TODAY
1-800-827-0383

(7,30A M-a,30PM)
EASTERN SlANOARO TIME

. AJ~ h >lI ~' ~<JI'(' I'II l '.s. r u..d..onl)

L
Signature Exp, nate ... , "" ,. ,.......... ,.~ '" , ....._ ...... , ; _~. " ''''______________________________________________J

I I ! I IAcct. , I 1 I 1 1 I I I

r---------------------------------------------,
P0p.ular Electronics' SUBSCRIPTION ORDER FORM

no Box 338, su. ~Iorris II.. 61054 A R EG2

YES! I"",' 10subscribe10I\ ,pul" Electronics(0' PLEASE PRINT BELOW:
1 Fullyear 112 lssues)for only$18.95. That's a S<!.\; nj$
ofS16A5offlhe ne·wsbnd price.

o Pasmem Enclosed 0 Hill me later
PleasechargeIll}-: 0 Visa :-Iastt.-rcard

100
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, .. TOLL FREE ORDER LINES.
1-800~826-5432,
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ALL ELECTRONICS CORP.
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10'10'10'lO' PRESENTl NG 10'... ... 10'

CABLE TV
DESCRAMBLERS

... ... ... ...... STARRING 10'10'10'......

• RROLD. HAMUN. QAH
!>.NO OTHERf.-...oQUS MAN Ul'ACI'Ul!EIl1

• f lNUf W AJlRAN f1 PlIOGIl......~
• LCN.'E\T Ilf fAJI.I \IMOl,.El..',u I'IPICEl IN u s.
• QllOl:II$ SHII'I'EO Flf\,;lM sees \Mfl*l'~ "'1l1
• AU MAJO R CREDIT CAAOS~CePTfO

MAKE 11IE COHNEcnON~

CABlE IV EQUIPMENT "'r
ORIIIlIl TOU, t 'llt:t :
1-800-228-7404
DON 'T FORGET TO A SK AB O UT OUR

FREE C ATAlOG Willi BUYING G UIOE

FRIEN DLY, PROFESSIONAL SERVICE
30 DAY MONEY BACK G UARA NTY

BEST PRICE • BEST SERVICE

I!i!I~ 1:"""1 ~ [~
r<»1.\1IE r<oomai NU-TEK BfC1llCHCS

1-512·25G-5031.~~~~,:,.

IN STOCK

Does Your Heart Good.
•V Americo n Hearl Association

•
ACE PRODUCTS •
1·800-234·0726

CABLE TV DESCRAMBLERS:

CABLE KINGDOM!

z3EROLOz zOAKz zHAMLIN*
zZENITHz zPI ONEERz

zSCI ENTI FI C ATLANTA*

•
• CA8 LET.V. BOXES· ALL TYPES .
• LOW PRICES· DEALER PRICES.

6 MONTH WARRANTY! WE SHIP COD!
ABSOLTLEY LOWEST

WHOLESALE/ RETAIL PRI CES!
z* **zzF REE CATA~QQ z * * z*z*

::J . P . V tOE:Q
147 0 OLD COUNTRY RD

SU ITE 315
PLAINV IEW . NY 11803

NO N. Y. SALES
CALL NOW ! 1 ( 800 ) 950-9145

CIRCLE 107 ON FREE INf ORMATION CARD
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CALLTODAYFORAFREECATALOG

1-800-624-1150
~, ~~ IJfI C.O.D.

:tJ> f"lD~R ..o 0
~ M:Da;IE:iTRONICSr"
~ til' 875 SO. nod 5t.
?~Q''''' I1Y; 0Inaha. NE68114

iSij(;f~i~ssI
II Over 28.000 tl!chnicians hilVll 9ained adm it.l

la nce wo rld wid e as ce rt if ied profeu ionals .I Lei y ou r t icket ' ta rt op ening d oo rs for you.

" Se ET 0111'" Jou rn ey man certi f ica tion In

I Cunsumcr Electron ics, Industr ial, Medi cal,
Co mmun icet ions. Rad ar, Compu llt' andI Video. For mere in fo rm at ion, co ntact the

I Inter n. t lon, 1 Society of Cert ified Elaelro­
nics Technicians, 2708 Wll$t Berry S lr..t.I Fort Wort h, TX 76 109; 18171 92 1·9 101.

I Name-.=============I Add.enI cev _
I Stal l! Z ip _

I __Sen d ma ter ;a l a bout lSCET en d
be!:omil'lll certi f ied .

II Send one " SlUd y Guide for t he
- - A$socille Level e ET Tn t: ' e ....

L_~~.:.$~~~~.:...__...J

All major brands carried
•JERROLD, ' TOCOM, ' ZENITH
' GENERAL INSTRUMENTS
' SCIENTIFIC ATLANTA, ' OAK
· IIAI\1L1 N. ' EAGLE, - PIONEER
7th Year in business. Thank You
Member of Omaha Chamber of Commerce

~ 1 YcarWarTantyon ncwc:quiprncnt
30 Day money bade guarantee...

~ Orden; shipped from stock within 24 hours

!
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w
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You want a
bargraph & a full
range counter ­
Optoelectronics

can deliver!
Now for a limited time only, $160.
off the list price. for our Full Range
Model 2810 with bargraph - plus :

• Full range -10Hz to 3GHz.
• LCD display (daylight visibility).
• True state-of-the-art technology

with the high speed ASIC.
• NiCads & Charger included .
• Ultra-high sensitivity.
• 4 Jl!g gate times.
• Extruded metal case.
• Compatible with MFJ207.

Suggested opUons
TAt OOS:
Teloscoping Whip Antenna s 12.

CC30
Vinyl CalTY Case S 15.

BL28:
EL Backlight lor use in roomlighl and low
lighl. $ 45 .

TCXO 30:
Precision ±O.2ppm 20 to 4QoC temp.
compensated lime base 5100.

Universal
Handi-Counter'v
Model 3000. $375 . and
Bench Model 8030, $579 .
ecm otter frequency ,
period . rat io and lime
interval.

5821 NE 14th Ave. • Ft. Lauderdale, Fl 33334
5% ShipIHandJing (Max. 510) U.S. & Canada.
15% outside continental U.S.A.
Visa and Master Card accepted .

C1RCLI: 115 0"1 FREE INFOfI/llAnoN CARD



Within budget.
Without compromise.

• U.s-Ii.. ,,",...
- In Canada('a]] 1.s00387.J867. DI!pl. US

There is a better way.

HP344D1A Digital Multimeter
DC Accuracy11 yearl 0.0035%

ACAccuracy 11 year) 0.06%

Maximuminput l00JVdc
Readingspeed 10001sec

Resolution 100 nV,10nA,

100 ""

HEWLETT
PACKARD

Get more of what )"OU

want in a 6'h digit D~1lII

for just 5995.
ThE' liP 3-I-I0IAgives you more
pe rformance than any other moL' !
for the price. ~Iore resolution.
Better accuracy. The highest read­
ing speed. Fastest throughput. And
ui de;t AC bandwidth,

It has more standard features.
Like IIP-IB, RS-212and buill-in
SCPIcommands for more system
Ilexihtlity. Plus ten extended fun c­
lion.... including co ntinuity, diode
tes t. limit test, n'ading hold, dB and
null 10 gin' yon greater flexibility
on the bench.

\\1mt more could you want?
The l iP :J.I.IOIAabo comes with
a 3-)'cnr warran ty, standard.

S For more infonnation, or same­
day shipment from lIP DIRECT,
call 1-800-152-1&44" . Ask for
Ext. TB26. And well sen d you
a data sheet.

-./ ",'.[h~

c _ _ ...........c. nD:l>1.Y•• "'"
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