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Whether you need a han dh eld

transceive r for business or for arne­
teur-radio-or just wantto build one
for the fun of it~u rHendl-1aIkie has
a lot to recommend it. The small.
light-weight tran sceiver is powerful
and efficient. offers narrow-ba nd
FM mod ulation and can be designed
to operate anywhere fro m 27 to 32
MHz-and even up to 60 MHz with
minor parts changes! That config­
ura tion a llows the Han di-Talkie to
wo rk both the six- and ten-meter
amateur-radio band s . Thanks to the
useof surface mounttechnology, the
whol e de vic e . incl ud ing e re­
cha rgeable nickel-cadmium battery
pac k. is housed in a case less than
six inches lon g. Tum to page 35 for
all the details!
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OCTOBER 6.

PHOTO SOUND STROBE
This p roject brings t he world s o f electronics and photography
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hance-co mmunicatio ns.

CIRCUIT COOKBOOK
A va ri e ty of astable- a nd monos table m ultivibra tor circuits based
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AUTOMOTIVE POWER RELAY
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d e vi ce s as au xiliary lig h t s a nd high·powe r a udio a mplif iers.
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Here's PB·503·C. It has every feature Ihal our famous
PB·503 offers. but we added one more, portability.
Work on your projects at the office or school, lake it
home at night... it's for the engineer or student who wish
10 take their lab with them. Instrumentation, including
a function generator with continuously variable sine.
square, triangle wave forms and TTL pul ses.
Breadboards with 8 logic probe circuits. And a Tripl e

Power Supply with fixed SVDC, plus two variable
outputs (+5 to +15VDC). Throw-in 8 TTL compatible
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guarantee on all breadboarding sockets! And, because
it's portable you will always have everything you need
right in front of you! PB·503·C, one super test station
lor under S350l Order yours today!!

6j=i~ FOR MORE INFORMATION
•• CALL 1- 00-572-1028

•GLOBAL
SPECIALTIES'

GIorIoI s.:-:-'. 111 F..., 1_ Ntoo _ CTOMl2 . . ..
1.: 200'62<03lo:JiF..:~' C'lt90.-.. E~ "-­
J,lGIorIoI~~~",_""uSA. /""""'"
~.I~_dGlorlol~ 1.033 _

CIRCLE 112 ON FREE INFORMATION CA RD



4

EDITORIAL
NOW'S THE TIME

Now, according to Webster's New World Dictionary, means "at the
present time; at this moment." Electronics Now is just what its
name implies : a compilation of what is happening in electronics at
this mom ent!

Elect ronics Now brings you the latest news, the newest products.
the most useful train ing, the most exciting projects, the newest
how-to information. We help you learn how it works. how to keep it
working , and, of course, how to make your own . We even show
you what may happen tomorrow.

Above all else, we remain your electronics magazine. We know
that the great majority (89%) of you earn your living in electronics.
But you are the engineers and technicians to whom being an
electronics professional is more than just a job. In your spare
time-your leisure time-your personal time-you still want to
know and learn more about electronics.

You want to know how Caller 10 works. You want to know how
digital audio tape com pares to digital compact cassettes. You need
to know abo ut cellular telephone services and the personal
com munication networks of tomorrow. You need to know what
microprocessor your next computer will have. You have to know
what the next generation IC's will be like.

Bringing you information on those and other subjects is our forte.
We work and strive to stay on top, to learn, to explore, and follow
late-breaking developments in electronics. And we do it now!
That's where our new name-Electronics Now-comes from.
That's what we bring to you - today and tomo rrow­
Electronics Now!

Stay with us as we evolve and grow to meet the ever growing
challenge of the electronics revolution. Stay with us as wecontinue
our quest for the most exciting. most revolutionary, and most
daring developme nts of today and tomorrow. Become, through our
pages. a part of the most important and influential segment of our
modern world. Come with us as we become Electronics Now.

Larry Steckler, EHF/C ET
Editor-in-Chief and Publisher
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WHAT'S NEWS
A review of the latest happenings in electronics.

A SERIES OF MEMORY CELLS INTHE IBM/SIEMENS 64-mllI lon-blt computer memory
chip as seen with an electron micro scope.

6

54-megabyte memory chip
A computer memory chip join tly

developed byengineers at IBM <Es­
sex Junction . vn and Siemen s can
store more than 54-million bits of
data- four times the capacity of the
most advanced memory chip in
computers today.

The new dynamic random access
memory £DRAM)chip can sto re the
equivalent of about 6000 pages of
double- spaced typewri tten text .
and can " read " more than 54 -million
bits on the chip in a fraction of a
second. The chip meas ures
10.7mm by 18 .1 mm (approximately
:va-inch by ¥~- i nch).

The chip was deve loped with an
advanced CMOS technology pro­
cess.lts smallest conductive traces
are 0.4 microme ters wide, about
one two-hundredth of the thickness
of a human hair. The transistor ' gate
insulator. a nonconducting layer that
separates conducting layers on the
chip.measures only 10 nanometers
in thickness.

The electrical charges that make
up each bit of information are stored
in a buried-plate trench cell. A con-

ducnve region in this cell is diffused
from the bottom part of the trench
into the subs trate . That region
serves as the common buried-plate
contac t to all the cells. The trench's
sidewalls are covered w ith an in­
sulating material, and the trench is
then filled with conductive silicon.
Informat ion is sto red in the material
inside the trench.

The entire trench area occupies
only 1.5 square micrometers. The
cell is so small that nearly one mil­
lion of them can fit on the head of a
pin.

The 64·megabit chip. which oper­
ates from a single 3.3-voll power
supply. has borderle ss co ntacts
that eliminate the necessity for
providing a border around the metal
that forms electrical contac ts to
spec i fic area s of the c htp.Bo r­
derless contacts reduce the area of
the chip.

IBM and Siemen s began thei r
joint development on the chip in
January 1990. Their goat is to heve
the chip ready for mass product ion
by the middle of the decade .

In July IBM announced that it is

joining with Siemens and Toshiba to
develop 256-megabit DRAMS.

Faster silicon circuits
W e s t i n gh o u se El e c tri c

Co rp.<Pitts burgh. PAJ has received
a government cont ract to develop
silicon transistors that operate at
higher speed s than tcdey's devices .
The new technology is expected to
extend the use of 10000cost silicon
substrates into the higher-frequen­
cy regions of radar. cellular te le­
phones. digital radio. and ultra-high­
speed computing.

The $624.000 U.S . Navy Re­
search Laboratory contract. which
extends through the end of 1993.
supports further development of
the si licon- a n-ins u la to r tec h­
nology- called Micro;Jl; . The tech­
nology will be used for applications
in which both microwave radio and
digital functions are built into the
same monolithic chip.

Experi mental microele ctronic
chips fabricated from Mcrox beve
operated at the microwave frequen­
cies of 30 GHZ and they are ex­
pe ct ed t o achieve 4 0 GHz .
smoothing the way to a new qenera­
uon of low-cost. mixed function RF/
digit al silicon monolith ic ci rc uits
whose speeds are comparable to
those attained by gallium-arsenide
devices. West inghouse believes
these to be the highest frequencies
ever reported for linear MOS silicon
transistors .

The key inaovauons are ion-im­
planted oxide layers produced with ­
in a high-resistivity substrate that
resembles an insulator. combined
with several advanced fabrication
techniques. According to M ichael
C . Driver. manager of micro­
elec tro nics at the Westinghouse
Science & Technology Center. Mi­
crox can realize at least 10 decibels
of power qamat 10 GHz. This perter­
mance.he said. co upled wi th the
low cos t typi cal of silicon MOS
technology. opens up a broad range
of applications. R·E
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VIDEO NEWS
Whats new in the fast-changing video indus try.

DAVID LACHENBRUCH

•

• Digital TV g ai ns . There has
been a notable shih in the direction
of the worl d HDTV wind s in the last
few months. Despite the fact that
both Europe and Japan are theo­
retically committed to analog sys­
tems. the United Stales suddenly
has assumed unquestioned lead­
ership in the HOTV field . Progress
here in digital HON-and proof
that digital sys tems ac tually can
work- has se nt sho ck wa ves
thro ugh Jap anese and European
television circles. Now. for the first
time, engineers in both regions are
looking seriously at digital sys tems.
and predicti ng that their countries
" ultimately" will go digital.

Japan. In Japan, whe re the ana­
log MUSE Hi-Vls lon system is actu­
ally being broadcast by satellite for
eight hours daily. engineers are be­
ginning to forecast an eventual
switch over to a digital compressed
system. Japan's commercial broad­
casters have always been slightly ill
at ease over the publicly supported,
non-commercial NHK network's es­
pousal of Hi-Vision, but for direct
satellite broadcast only. The Hi-Vi­
sion system is now almos t 20 years
old and it ignores some of the newer
technologies employed in other
HDTV systems. Prices of HDTV re­
ceivers have been coming down­
but fr o m the ra re fied level o f
$30,000 to the still high $ 10,000­
and sales have been ext remely
slow.

One manufacturer 's view. Digital
HDTV is "quite likely to be the wave
of the future" inJapan, said Hiroyuki
M izuno in the keynote address to
the Internat iona l Confe rence on
Consumer Elec tronics (lCCE> in
June, the annual meeting of Amer­
ica 's consumer-e lec tronics engi­
neers in Chicago . The statement is
significant because Mizuno is ex­
ec ut ive vi ce presid ent o f M at ­
sushita Electric , the world's largest
producer of consumer elect ronics .
M izuno called the analog Hi-Vision

system a "bird in the hand," giving
the Japanese people and TV set
manufacturers experience in high
definition.

But Mizuno said digital HDTV wi ll
" inevitably fuse" the TV and the
computer, making TV a " digital mul­
timedia broadcast station which can
proces s, store , create, and transmi t
video images ," Conceding that "we
are experienci ng temporary tech­
nical difficulties" in supplying prac­
tically priced HDTV receivers and
VCA's in Japan, he said that these
problems eventually will be solved,
but he didn't say whether the solu­
tion would be digital or analog.

Europe. Europe's Eureka project.
designed to develop an HDTV sys ­
tem di ffe rent from Japan's , envi­
sions a two-s tage move to HDTV.
The first stage would be broadcast­
ing in a wldescreen improved sys­
tem called D2-MAC, followed by a
move to HD-MAC, a high-definition
system. However, neither system is
compatible w ith the existing PAL
and SECAM broadcasts in Europe,
and both systems were designed
for direct satellite transmission. Eu­
rope 's satelli te broadcasters are
having financial difficulties, and gen­
erally have refused to adopt MAC
broadcasting,preferring to continue
to use PAL. wh ich is com pati ble
wit h TV sets there. Despite tremen­
dous pressure by TV manufacturers
and proposals to issue large gov­
e r n m e n t s u bsidie s f o r a
changeover, MAC's adop tion has
been sluggish. Europe 's broadcast
authorities, with a nervous eye on
the HDTV research in the United
States, have been quietly working
on digi tal systems for Europe. With
the MAC structure coming under
increasing criticism (for instance, it
ignores te rres t rial broadcas ting ,
which produces 90% of the broad­
cast ad revenues in Europe and has
more than 90% of the audience),
demands for a change to digital ter­
restrial HDTV have been sounded

more frequently in recent months.
and research toward a digital sys­
tern has come out of the closet and
is being discussed openly.

Just a few years ago, it was popu­
lar to say that the United States was
far behind Japan and Euro pe in
HDTV, Today. it is accep ted that dig­
ital broadcasting is the wave of the
future, and that the United States is
in the vanguard. Offic ially. Japan
might be very proud that it was first
and that its system has been under
development for 20 years-but that
makes it a 20·year-old system, in
contrast to America 's up-to-the­
minute approach to HDTV.

HDTV set availability 'Nhen will
HDTV receivers be widely available
in the United States?The .A£lvanced
Televis ion Advisory C ommittee
(ATAC) to the FCC recently set out
to get the answer, so it sent ques­
tionnaires to all major TV manufac­
turers serving the Uni ted States
market-a total of 14, It received 12
replies. ATAC specifically asked for
" time of general availability to con­
sumers from multiple sourcesv-c­
not for the time of shipment of " one
set per showroom."

The replies indicated that HDTV
sets would be plentiful 2Vz to three
years after the FCC approves a
transmission system. That event is
tentatively scheduled for late 1993,
HCM'eVer. some respondents replied
that sets could be available sooner
if manufacture rs take a chance and
start developing them as soon as
the advisory committee makes Its
recommendation to the FCC. That
is expected in February 1993. And
the survey showed that HDTV sys­
tem proponents that also manufac­
ture TV sets - Philips. Thomson,
and Zenith-might have a stx- to
rune-month advantage over their
competitors , Other manufacturers
that develop their own IC's might
have a three·month advantage over
those that buy chips from others,
the survey revealed. R-E



Graduate as a Fully Trained
Electronics Professional!
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training. An d all yo ur laboratory
equ ipmen t. books and lessons are
included in yo ur tu ition. In aUyou rs
10 use w hile you study and for on-the­
j ab after you gradua te.

PERSONALIZED TRAIN ING....TO
MATCH YOUR BACKGROUN D.
While some of our students have a
w orking knOWledge of elect ronics
others are just starting out. That's
why CIE has developed twelve career
cou rses and an AAS. Degree pro­
g ram to choose from. So. even if
you're not sure which electronics
career is best for you. CIE can gel you
started WIth core lessons applicable to
all areas in electronics. And every ClE
Course earns cred it toward s the
completion o f your Associate in
Applied Science Deg ree. So you can
w ork tow ard your degree in stages o r
as fast as yo u \Nish . In fact. ClE is Ihe
only schooltha t actually rewards you
for fast stu dy. which can save you
money.

SEN D FOR YOUR CIE
COURSE CATALOG AND
WE'LL SEND YOU A FREE
24-PAGE CIE ELECTRONIC
SYMBOL5 HANDBOOK.

....._-
r------------,

YES! I w an t to get started Send I
me my ClE course catalog including I
detai ls about the Associate Degree I
Program. lFor yo ur conveni ence. C1E
will have a representative contact you I
• th ere is no c buqanon.} I

AE43 Y
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•Address •
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Zip Age _

I
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. ..:2.J",,;;j Cleveland. Ohio 44 114
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I A Class of One, Smce 1934, I
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largest home study school spec ialiZing
exckJsively in electronics. O E has
been training career-minced studen ts
like yo urself for nearjy sixty years and
w e're th e best at our
subject. ...ElE CTRONICS...BECAUSE
IT'S THE O NLY SUBJEO WE TEACHI

elE PROVIDESA LEARNING
M ETHOD SO GOOD rrs
PATENTED.
ClE's AUTD-PROGRAMMED- lessons
are a proven leaming method for
building valua ble electronics career
skills. Each lesson is designed to take
you step-by-step and pnnciple-by­
princ ipal . An d While all of ClE lessons
are designed for independent study.
CIE's in structors are personally avan­
able to assist you with Just a toll free
call. The result is practical tra inin g .. .
the kind of experience you can pu t to
w ork in toney's marketplace.

LEARN BY DOING..W ITH STATE­
OF·THE·ART EQU IPMENT AND
TRAINING.
O E pioneered th e first Electronics
laboriltOry Course and the firSI
MICroprocessor Course. Today. no
other home study school can ma tch
ClE's state-of-the-art equipment and

If you wan t to teem about elec tronics.
and earn a good income w ith that
knowledge. then CJE is the be st
edu cationa l value you can receive .

( IE's reputation as the w orld
leader in home study electronics is
based solely on the success of our
g rClduates. And we've earned our
reputat ion w ith an unconditional
commitment to provide ou r students
w ith the very bes t electronics training .

Ju st ask any of the IS0.00Q.plus
graduates of the Cleveland msntute o f
Electronics whO ere working in high­
paying positions wilh aerospace,
ccmpoter, med ical. au tomotive a nd
com munica tions firms th roughout the
w orld .

rheyu tell you success didn"1come
easy...bu t it did come... tha nks to their
ClE training . And today. a career in
electronics offers more reward s man
ever before.

CIE'S COMMITTED TO BEING
THE BEST.. .IN ONE
AREA.••ELECTRONICS.
CIE isn' t another be-everytninq-to­
everyone school. O E teaches only
one SUbject and we believe w e're the
best at what w e do. Also. O E IS
eccrecnec by the National Home
Study Cou ncil . And with more than
1.000 gradua tes each year. we're the

T
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LOCAL BUS
I've been hearing a lot about

local-bus computers, but I can't
seem to find a c lear definit ion of
exactl y what they are and why
they're suppo sed to be so ter­
ri fic. Several computers In the
mall-order advertisements tout
the featu re. and each one that
does is quite a bit more expen­
sive than similar ones without a
local bus. Can you explain to me
in simp le terms what a local bus
is, and whether It 's worth the ex­
tra money1-F. Geeben , Ana­
wana, NY

All the peripheral cards that plug
into your computer, such as the vid­
eo card and others, get their basic
clock speed from a single pin on the
bus. The clock speed comes from

the master oscillator on the mother­
board. which is usually the one
that's clocking the microprocessor.

For reasons buried deep in the
corporate vaults at IBM . the bus
clock was usually limited to a max­
imum of 6 or 8 MHz- that was the
speed of the last of the original AT's
that had a standard bus . With the
introduction of the PS/2 series of
compu ters. IBM abandoned the old
standard bus and began using the
M icrochannel Bus-a differen t
thing altogether.

That change left the compatible
and clone manufacturers in a bit of a
quandary since they no longer had a
developing standard from IBM . The
original AT had a 16-bit bus because
that was the inte rnal bus size of the
80286 (the last microp rocessor

IBM used in the AT). IC's suchas the
386 and 486 are 32-bit mtcrc­
processors, but IBM 's new 32 bit
Mcrochannel Bus was a proprietary
bus. The result was a lack of an
accepted standard for a 32-bit bus.

Wi th the exception of IBM , com ­
puter manufacturers have recently
agreed on the EISA (Extended ln.
dustry Standard Architecture> 32­
bit bus that has shown up in a tot of
newer PC-compatibles. The gene ­
sis of the local bus is similar.

While some cards that plug into
the slots at the back of the mother­
board have to run at speeds slower
than th e microproc essor, a few
others are perfectly happy to run at
microproce ssor speeds. A good ex­
ample of this is the video adapter,
which can easily be designed to run

he dirfiest part o f. y o ur
,.. Clean Without CFCs

or 1,1,1-Trichloroethane
With New HCFC Blend

,.. Use Envl-Ro-Tech!
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dirt. loilicone, ftu~e and limil,tr lCIils.

Although &M·llo-Tech 1677
has ul'IMnal deaningpower, its
low surface lenliorl ma~e il
Ideal for prech ion and
micrOKopic ch~an in 9 .

~ For a sample 01 this. Ot any
- Ted! Spray de.mer. deflu.er.
ji duster Ot freeze splay, contacl
1! ou r Techniul Au i ~t a nce

8 Departmenl 1011 fr ee a t
1 1.s oo-s ss. 4043.

i1!""'~.A111'"
CIRCLE 117 ON f REE 1Hf00....TJON CARD



at speeds higher than those avail­
able with the standard bus clocks.

Along with the adoption of the
EISA bus, the loca l bus is a system
in which a separate bus is provided
for certa in pe ripheral cards that
don't have to be limited to standard
bu s-clock speeds . The resu lt is
much faster opera tion, and for
something such as video, the dif­
ference is astounding.

Decid ing if something is wo rth
spending money on is a persona l
decision, so Iwon't answer that part
of your question . However, because
this is a recent developm ent. man­
ufacturers are just start ing to pro­
duce loca l-bus peripherals so you
might want to wait and see what
develops over the next fE!'N months
and whether a standard takes hold.

AUDIO CROSSTALK
I've been getting a lot of

crosstalk between audio chan­
nels and, after eliminating every
oth er possibility, I'v e come to
the conclusion that the signals
are leaking through the power
supply, There doesn't seem to

be anyth ing on t he circ uit
boards to take care of the prob­
lem so I guess I'll have to do It
myself Could you tell me what
the basic circuit setup is for
power-supply decoupling?-A_
MacDonnell, Mill Hili , NY

If you're sure that the power sup­
ply is the sourc e of your problem.
and it turns out that you 're right , you
can consider yourself lucky be ­
cause it's easy to take care of.

The basic design for power-sup­
ply decoupling is shown in Fig. 2
and , as you can see , the re isn't
much to it. You can get a lot more
involved when you're dealing with
very high frequencies. but because
you're only concemed with audio
stuff, the layout in Fig. 2 will be fine.

The resistor values should be cal­
culated by looking at the maximum
current draw of the equipment and
applying Ohm 's law. Remember that
the resistors will be canying all the
current needed by the circuit. so
you should pay proper attention to
their wattage as well. In general, as
long as you 're dealing only wi th line­
level stuff, you can use quarter-watt

DC /N~Ot/T

S £E. n::)fTIi! .1--_
FO,< V....L..il£ s IC

~

FIG. l - POWER-SUPPloY DECOUPUNG
CIRCUITRY, Thesecircuits can get a lot
more complicated, bUl for audio fre­
quencies, this Is more lhan enough.

resistors and everyth ing will be OK.
Once you calculate the needed

resistance (s upply vol tage/ max­
imum current), add another fif ty per­
cent to the value just to be on the
safe side. Aud io levels can vary all
aver the place, and if you're listen­
ing to something with a really wide
dynamic range, too low a value on
the resistor will cause the signal to
clip.

There's nothing magical about the
choice of the capacitor value either,
and I've used everyth ing from 10 to
100 fJ.F without any noticeable dif­
ference . You would think that the
circuit would call for a non-polarized

continued on page 15
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T he makers of Blue Shower are bringing you a sophisticated
line of new formulations and accessories to make your cleaning
and defluxing jobs easier.

Tech Spray has expanded its proven line of cleaners and
detluxen by adding the non-CFC Envi-Ro-Iecb'v series, new
products formulated with HCFCs, HFCs and other non-CFC
chemicals. These innovative formulas have been engineered to
clean quickly and thoroughly, matching and in some cases
surpau ing the performance of comparable CFe-based produeu.

In addition, Tech Spray hasaddedto its lineof
brushes. swabsand wipes to accommodate
thewidevarietyof cleaning tasks
found in the electronics service
industry today.

Ask for a sample01these or any Tech.
Spray product or acopy of Tech Spray's
full-linecatalog by contacting our
Technical Assistance Department toll free
at 1-800·858-4043.

~
/ TECH SPRA Y

.' P.O. Box 949
Ama rillo. TX 79105-0949
(806) 372-8523

aRa.E 1n OH fREE IJoIFO,UIAT1OH CAl'lO

Whether you're tackling the dirtiest job, or cleaning a precision piece 01
equipment. Tech Spray hu a cleaning product that makes the L1sk easier.

Tech Sprayhas expanded iti li~ 01 brushes, swabs and wipes to cover the wide
variety of cleaning and maintenance needs in the elect.roni<industry.

All TechBrushes"', Techswabs'"
and techde en" Wipe1 are
prechely manuf.Clu,«! under Tech
Spr. y's rig d sp«irations.

Tech Spray ta kes sp«i.a l eire
lhroughout the manuf .ctur ing
process .nd in tu packaging to
muimize clu nliness an d
protection 'gainst elec trostatic
diKharge .

f or a wmple 01 these, or any
Tech Spray produc!. contact ou'
Techniul Assistance Department
toll tree at 1-800·858-4043.

,.. Every Cleaning Task Made
Easier with New

Brushes, Swabs «Wipes
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EQUIPMENT REPORT UPDATE
Thank you for the wonderfu l

Equipment Report on our Compu­
Scop e LITE IBM PC-based os­
cilloscope (El e c t r o n i c s Now.
August 1992). We wholeheartedly
agree with you that " PC-based in­
struments are the leading edge of
gro'Nth for test and measurement. "
Gag e has been a major contributor
to the buildup of that industry for the
pas t five years .

In the same art icle. three valid
criticisms were made by your re­
viewe r. Because those poin ts have
also been raised by some of our
custo mers around the world , we
have been working to solve the
problems. In July 1992 we released
a new so ft ware package called
GageScope for our complete line of
CompuScope cards.

First . we have dras tically im ­
proved the hardware ins tallation
procedure. We heve rewritten the
entire documentation and software
supplied w ith the CompuScope
UTE card with special emphasis on
installation. The lt 2-page manual
has a IS-page section on board in­
stallatio n. full of examples and
charts on how to configure a new
1/0 address even if the user does
not know hexadeci mal mathe­
matics.

Second. to improve the descro­
tion of the menus in the manual. we
included a detailed description of
each menu entry. as well as a 13­
page tutorial that guides the user
through the most often-used menu
commands.

Finally. to satisfy the needs of
more sophisticated customers. we
offer other products: CompuScope
220 , a 40-MHz card with up to 8
megabytes of memory, and Com­
puScope 250 , which samples at
100 MHz. Our product s are being
used by major organizations such
as NASA. IBM, Honeywell , and
Motorola, and hundreds of smaller
less well known companies and indi­
vidual customers .

We think that. overall. your review
was very positive about the fmpor.
lance of PC-based instrument s in
general, and Compu8cope LITE in
particular. We are very excited
about our coverage in Electronics
N ow .
MUNEEB KHAUD
Vice President
Gage Applied Sciences Inc.
Montreal. Quebec. Canada

- - .....---- ----- -

SURFMAN DIODE REVERSAL
An error appeared in our Surf­
Man sound gernerato r article
<El ec t r o n i c s Now. August
1991). Diode 02 was incorrectly
drawn reversed in the parts
placement diagram. Fig. 2 on
page 35. However. it is drawn
correctly in the schematic. Fig.
1 on paqe 34.

IC SUBSTITUTION
Mr. Censti is to be congratulated

for his art icle " Digital Altimeter"
<Rad io ·Electronics. May 19921

There is one point that concerns
me. however. IC3 gives a full-scale
reading for a 100 -mill ivolt input
change (from 2.5 to 2.4 volts at pin
30l. which is an effective sensitivity
of 20 feet per millivolt. My concern
is the choice of the lM324 as IC1.
While it is a very useful chip indeed,
it does not exhibit lQIN off-set drift
with temperature. Prospec tive con­
structors who think that shortcom­
ing could be a problem might want
to consider replacing the LM 324

with four devices such as OP.07's,
which have impressively 10'v\' drift.
D.M. BRIDGEN
Reading. Berks., U.K.

CLASSIC VIDEO AMP S
RE·REVISITED

I enjoyed see ing my arti cl e.
" Classic Video Amps Revisited."
published in the June issue of Ra­
dio-Electronics. Thanks!

However. in the editing process
some errors crept in. The firs t one
occurs in the second paragraph on
page 60 . The 'NOrding implies that
the 733 is the better choice for use
in filters: that's not so. The 592 pro­
vides the greates t attenuation of
the unwanted signal. I tried to say
that the the 592 will provide zero
voltage gain with a high impedance
across the gain control pins (G1A
and GtB). the desired des tqn objec­
tive at those points for those sig­
nals. In fact. the 733 would be a bad
choice for this application because
it provide a minimum 20·dB the ­
oretica l gain for the unwanted input
signals.

Paragraph four implies that 01
through 0 4 are forward biased. Di­
odes 0 1and 0 2 are reversed biased
and 0 3 and 04 are not biased at all
or only forward biased when an
overvoltage signal is applied to the
circuit. That is necessary for input
protecti on.

Also on page 50, Fig. 7 shows 8 1
with a shorting bar across the two
wipe rs . That co nnection is inco r­
rect. There should only be an insu­
lated mechanical connection .

On page 61 . Q1 in Fig. 9 should
be a PNP device and it should be
label ed 2N495912N3906 rather
than 2N495912N3904. Also in Fig.
9, 0 3 should be a PNP device. Fig­
ure 8 can be used to illustrate the
proper configuration.

Overall, the article fulfills its ob­
jective of stating that both the 592
and 733 video amplifiers are still
recommended for new designs.
EDGARDO PEREZ R-E
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conunuedfrom page 13

capacito r, but my experien ce is that
polarized capacito rs work just as
well. Remember that you ' re not
dealing with high current and volt ­
age levels here . and tha t gives you a
considerable amount of leeway,

when you do this. but most 01 the
consumer audio stuff I've seen has
th e funct io n of t he trimmer
eilkscreened on the pnnted-cecet
board

The last approach to the problem
is 10 build a bunch of preamps with
Ime· level inputs and outputs . You
can put them between the equip­
ment and the power amp and adjust
the levels that "I'Mt. I'd do that only
as a last resort . It's a lot more work

because you'll need two preamps
for each piece of equipment tas ­
suming. of course, that you're deet­
ing with stereo). Besides the extra
work , I've never been convinced
that it's a good thing to have more
electronics on the line than the bare
minimum required. That's because
any extra electronics is a potential
noise generator. and also a potential
entryway for exte rnally produced
noise. R·E
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LINE-lEVEL DIFFERENCE
I've noti ced th at there's a con­

siderable difference in the audio
level that comes out of my CD,
tuner, cassette player. and other
equ ipment. When I switch my
amplifier from one source to en­
other I can often hear a dramatic
difference in the levels. Is there
some way to buffer those sig­
nals between the equipment and
the Inputs to my power amp so
the levels presented to the amp
are all t he same?-D. Gould,
Michigan City, IN

You can call them buffers . but as
far as Ican see . what you really need
is a preamp on each line so you can
adjust the level from each device
before it gets to the power-amp in­
puts. A lot of the consumer audio
equipment o n the market really
cbeaps out when it comes to the
output level. The cassette and CD
players on my shelf, for example,
are top of the line units, but neither
of them has a convenient front panel
control for adju sting the output
level.

There are really three ways you
can handte this problem. The first.
and easiest. is simply to drop all the
levels to that of the lowest one with
simple resistor pads. Once you've
done that, you can set the powe r­
amp level and not have to change it
every time you switch from one
source to another.

The second way to deal with this
involves a bit more work, but is not
really all that difficul t. Although
there's no front -panel con trol for the
output level, you can bet your new
pair o f white tenni s shoes that
there's a trimmer somewhere inside
each of the players that sets the
output level. Just get yourse lf a
screwdriver; take the cover off. and
start exploring. It's a good idea to
have the service manual around



EOUIPMENT REPORTS
The Checker Computer Monitor Tester

Get a quick go/no -go
indication of computer

monitor operation.

0ACl..£ 10 ON FREE IHFORMAnoH CAAD

C omputer monuors and stan­
d a rd s have ce r ta inly
changed dramatically in the

las1 decade. We 've moved from
composite video monitors through
the MDA. GGA, HOC (Hercules),
EGA. VGA, and SVGA standards.
And there are yet other standards in

use. and more in the wings. One
thing that hasn't changed. however,
is that computers monitors even­
tually need service.

The Check er. a new product from
Compute r and Monit or Matnte­
nance. Inc (6669 Peachtree Ind
Blvd. Suite B. Norcros s. GA 30092)

was designed with that in mind. Al ·
though The Checker is a rather stm­
ple service tool. it can make things
easier for any monitor repair techni­
clan. or for anyone who manages or
maintains compute r equipment in
an office environment.

The Checker is packaged ina reo­
tangular plastic box that measures
about 6 x 3lh x 1y~ inche s. The face
of the unit has a single con trol that
serves as the power switch as well
as an oot out-mode control. Two vid­
eo connectors. one a nine-pin and
the oth er a fif te en-pin connec tor.
are provided on one edge of the
device . The C hec ke r can be
powered by a standard 9·ve ft bet­
tery for portable operatio n; a wall­
adapter is also provided to run the
unit from the AC lines.

The Checker provides three out·
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put modes: CGA <color graphics
adapter). EGA <enhanced qraphics
adapter) and VGA (video graphics
array). Only standard VGA resolu­
tion (640 x 480) is supported.

Using the Checker is straightfo r­
ward: Turn the unit on, set the prop­
er mode. and connect the monitor,
In the CGA mode. you' lI see two
sets of color bars: hiqh-mtensity on
the top half of the screen, low-inten­
sity on the bottom. In EGA mode,
three sets of co lo r bars are pre­
sented . In VGA mode. the Checker
generales a single set of eight color
bars.

Even though the Checker is
rather simple. we can come up with
many uses for it. Arou nd the Elec­
t r o n ics N ow offices. for example.
we could use it for quick checks of
monitor problems. VVhen someone
reports a monitor problem. the usu­
al first check is to swap out the
suspect mo nito r with one that is
known to be good, (Of course if its
the graphics card that is bad. then
another swap is required) That first
step is basic. simple troubleshoot­
ing to narrow dONO the problem.

Unfortunately. that simple meth­
od has its own problems. First is the
time and trouble to move heavy
monitors around. Second is the hm­
ited space that is available at the
co mp ute r- there's usually not
enough room to work conveniently
The handheld Checker welq hs less
than a pound. and permits a monitor
check to be done in just a minute or
two .

For al'f?ne who maintains an in­
ventory of computer monitors. the
Checker cou ld also come in handy.
Is the monitor that is to be installed
for that new employee working?The
Checker lets you find out beforeyou
haul a non-working monitor over to
the installation site .

The Checker also has a place in
professional service shops. It can
be used , for example. to " bum in" a
monitor without ty ing up special
test equipment or a computer (wi th.
of course. the correc t graphics card
lnstelled.l When a customer comes
in to pick up his monitor, the Ch eck ­
er makes an ideal 'N8'/ to demon­
strate th at the repa ir was suc­
cess ful and that the monitor is now

working properly. It canalso be used
as an aid in setti ng vertical and hori­
zontal size con trols correctly.

The Chec ker doe s not support
H ercul e s - t y pe mo no chrome
moni tors . That's an un fortunate
oversight in our opinion. Although
such monitors are not popular sell­
ers these days, there are an awful
lot of older units in circulation, and
older equipment is more likely to
develop problems. We would also
have pre ferred to see an SVGA
(super VGAJ mode and test pat­
te rns more useful than th e non ­
standard col or bar s that are pro­
vided .

W ith a price o f $ 229 .95. th e
Checker is far too expensive for ca­
sual use. HCM'eVer. the speed and
ease wi th which the Checker can
provide a qo/n c-qo indication would
be welcome by anyone who spends
a lot o f t ime checking a lot of
monito rs . When you co nsider the
amount of time that the device could
potentially save, and the headaches
it cou ld help prevent. the Checker
could prove to be a worthwhile pu r­
chase. R·E

Shortwan
Listening
Guidebook
by Hall)' Helms

Here'syour guide
10 gell ingthe most
from a shortwave
mdio! In clear.

rlOllll'Chn ic:lllallgllag~-.Harry
explainshow. when. andwbcre 10 Hs cn
in. It~ 320 hea vily- illustrated pages arc
pacl ed withadvice on:

• antennas
• selecnng the right radio
• accessories
• recepnon techniques

Learn how 10 hear the BHC. Radio
Moscow, ham l~ralllf'S. ships. e ven
spk-s anc.I"piralc· r.lc.Iio '\t;ltit)f\.s! Incloo..'s
huntln..'ds of station frtqUt"rri.-s anti the
lim es you can hear the m.

Only $16.95 at radio equipment do.:;lt~-n;.

or order direc t from High'Iext! Add $3
shipping ($4 Caneda, 55 elsewhere). CA
atItI sales tax. U.s. funds only please.

7i211 ~lir.l.ln...r R~ Suire 15L
San I>ieg". CA 92121

Brc<lUSC it's from Beckman
Industrial. 111e new Pocket Series

from the people w ho have proven
you don't have to pay a fortune for

a top quali ty meter.

Call(Bal) 854-2708, (800)227-9781" CA

Beckman Ind u str i a l ·__ _._c..
II<dltWl lnolu"' .....l l·orp< .mm s..n 1lW»>. C\01,l!,l}-! tIOtI-
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No other trainin
to troubleshoo

computers

Professional diagnostic
hardware and software
makes troubleshooting

fast and accurate

dramatica lly increase yo ur co rn­
purer's data storage capac ity
while giving you ligln ning­
qu ick data access. BUI thai's
not all!

LESSONS
( k •• , dltNn'r<! ,n"
I><'dd I" '" uml"" u mhnll
0' ''''''1'''''''' " "1' h" " '1'

DISCOVERY LAB
( :O,rn"....... brr.kll>oJn.1Inl ' plnn
kt' ,., ..s....p' and mo><lll)'
Of<\ri <IUj;no.l'lt mol rtfWI' b lah '

••-.'...

MONITOR
IIi¢un lu' ...... "' JI.I....
U -1TI ""..-h ......

11><..... ' ... " 'i<h l il l and ;,rl-

Your NRI training now incl udes
a remarkable diagnosti c pack­
age thaI allows }'OU 10 quickly
locate and co rreci ddeCis in
fUM xr, AT H02H6/HO.~H6 , and

DlAGNOSTlC HARDWARE
AND SOFTWAR E
" "CElt pl ...In~K"
u n! and Qui<'. T..-h menu­
d.",.... ..",,,...,... . hoIh ,.....
l lt"' -X. "".. ~(...~
u!'<'rkn,·..... i,h '''d lf'
I' .. ,r......."u l 01"1:11' '''' ;'' ."' ~.

DIGITAL
LOGIC PROBE
~mplof.....m.dl"nll u.1Pf'"
" i...-" " ' ",,-"Alion

SOFTWARE
Tn.......h ~'''IX )o, .

' .\\'II->."1<:..nd l"'f"'lIr
..........'" "'-on.,
'1'f'I"1f' ~"'" .."'......

DIGITAL
MULTIMETER
I'r<>l'.., lon' I ' in'",'m..n' fu'""k• •nd ...., ......., ,,

NEW!
386sxJ20 MHz

Mini Tower
Computer!

Get inside the West Coast 386sx
computer system.. . and experience

all the power and speed of
today's computer technology!

With NRrs exclusive hands-on
training . you actua lly build and
keep the powerful new Wrsl
C03St 3R6sxJ20 Mill mini tower
comp uter syst em .

You stan by a..sem bling and
testing your computer's l Ot -kev
" Intelligent " ke yboard , move on
to te st th e: circuit ry of the mai n
logic hoard . install th e powt"r
supp ly and 1.2 meg hij,th-dt'nsity
floppy disk drive, the n interface
your h igh-resolut io n mo nitor,

What 's more. rou now go on
to install and test a powerful 40
meg IDE hard dis k drtve -c-roday's
most-warned comp uter periph­
eral-c-included in }'IlI1 r course- to

No doubt about it : Th e best way to learn to service
compute rs is to actually hudd a state-of-the-a n
computer fro m th e keyboard on up. Only NRJ. t ilt'
lea der in career-building at-horne electronics training:
for more than 75 years. ~\'t's yOll that kind of
practi cal, rea l-world comp uter servici ng experience.

Indeed. no other training -c-I n school. on the job.
WI)'II'bt>rl'-show!'o y O li how to troublesh oot and
service computers like NRI.

Only NRI walks you through
the step-by-step assembly of
a powerful 386sx computer
system you train with and
keep-iJlving you the hands­
on experience you need to
work wi th, troubleshoot, and
service today's most widely
used computer systems. Only
NRI gives you everything you need to start
a money-making career, even a bus iness
of your own, In computer service.



shows you how
and service
likeNRI!

NEWl40 MEG HARD
01$1< ORrvEI
You In.uUch!. ~O rntll lD E
!un! IIi"" <In, 'r Inlrnu.U)·, fu,
!tR'~'rr dol1 MOI':IjCC ...~
andd.au~~

NEWI 386sL'20 MHz
MINI TOWERCOMPUTERI
faJurn Jl-bil 80;!S6u CPU. I
mr'IlllA "". M K ROM. 1,2 """ll
~ ftopprdrok den..,

~~p..... .

"':':'~;

compatible computers.
You"1I\L~ rOUT Ult ra·X

Quick'Fech diagnostic software
to test the system RA.\ 1and
such perip heral adapters as
parallel pri nter ports, se rial
comm un icatio ns ports , vide o
adapters. and floppy and hard
disk drives. You'll go on 10 lise
rour R.A.C.E. R. diagnostic card ,
also from Ultra-X, to identify
individual defect ive RAM chips,
locate interfaci ng problem s, and
pinpoint defective support chips .

This ingenious diagnostic
package is just o ne more war

NRl gives you the confidence and th e know-how to
step into a full-time. money-making career as an
Industry technician , even start a comp uter service
business of your own!

No experience necessary••.
NRI builds it in

With NRI, )'ou learn at rour own pace in your ow n
home. No classroom pressures. no night school, no
need to qui t )'our p resent job unt il you're ready to
make yo ur move . And all throughout you r training,
yo u have the full suppo rt of your pe rsonal NRI
instructor and the NRI technical staff. always ready
to an swer yo ur questions and give you help when­
ever yo u need it .

FREE catalog tells more. send today!
Send toda y for NRl's big, free ca talog that descri bes
every aspect of NRl's Innovative computer training,
as well as han ds-on training in Tv/video/ audio
servicing, telecommumcnions, industrial electron-
ics , and ot her hlgh-grcwth. high-tech career fields .

If th e coupon is missing. write to NRI School o f
Electro nics. ~IcGrJw-HiII Cont in uing Education
Center, ~40 1 Connecticut Avenue, NW, Washington ,
DC2000H.

I~'" ~ • rqtt>I<m.l ,~ of !n1cma1ional -..... !lU<h'''''' O>rp
QulrH«h and R C.E.R J'<'RI."<m.l "·•• lrm.,,borU~ ..·x , Inc
," '", "'"" t "'1,..' ,of,I>< .,...,.. G....,P

••••••••••••••••••••••••••
• ..~. SChool 01 ForC':lltt1'w~apPl'U\Td .
• ..,.,. Elect ronics unokrGI Bill .

•
.\ldJr,n....mu Co nli nul ng EdiC:llion Center I!I''''.~ 0 chec k rot dcUib •
·H Ot Connceticul A\'rnue. SU' .';"ni

• \l'~on. DC 2000H •

• I'Check one fREE C'ataloM: o nt)' •

• O M tCROCOMPlITUl SER\1CL__G 0 Compu!cr f"roJ(nmntinR •
O TVI\-Idco/Audio Sn"victng 0 Security fJeruonlu

• 0 !n~trial EIcetronlu & Robot ics 0 fJceuonic .\l w; ic Terhno\ofl;y •
• DTdrcommunil:~ Uuns 0 DcsklOp !'ublhblnll •
• 0 llasic Becrronlcs 0 Programmtng in C...... wuh WlmJow~ •

• N.me (11•••"" prim) A~" •• •·,.... .
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over-current protection .
Remote talk -listen con­

teol can be exercised with
an AS·232C connection
that can be addressed in
Basic and most common
com puter languages. Key.
pad stew co ntrols permit
continuous adjustment of
volta ge up and down for
fine tuning while the output
is enabled. Separate LED
displays provide voltage
and current readout.

cells. it has an auto-off fea­
ture that extends operating
time.

The M odel 95 1 CATVI
TV signal level meter has a
price of $ 1695.-l eader ln­
strument Corporati on. 380
Oser Avenue . Hauppauge.
NY 11788 ; Ph one :
1- 8 0 0 - 6 4 5 - 5 10 4 o r
516·23 1·6900 in New York.

KEYBOARO ·CONTROLLEO
POWER SUPPLIES. «eocoe
DPS Series of keyboard­
con trolled power supplies
provide 75 watt s of DC
power in four range s from 0
to 125 volts . Eachp ower
supply is controlled by a
keypad that commands a
buil t-in microprocessor to
set voltage. cu rrent limi t,
range, over voltage protec­
tion (OVP). displays. and

The LP50 log ic probe is
priced at $45.-Beckman
Industrial Corporati on, 3883
Rullin Road. San Diego, CA
921 23 ·1B 9B; Phone :
619·495·321 B.

CIRClE 1ft ON fREE
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signal tes t point, the probe
simultaneously lights an d
LED and generates a tone
to make it easy for the user
10 understand what is hap­
pening at the test point.

be programmed for video
or so und-carrie r levels of
channels selected by the
operator.

Frequency data for the
USA and other coun rnes
are stored. Up to 32 chan­
nel readings can be stored.
DC and AC vonaqes on the
cable can also be read. The
port able instrument me a­
s u res 8 :lfe x 4 % x 7 %·
inches and it weighs lOY:!
po unds. Pow er ed by D

LOGICPROBE. Beckman In­
dustrial's LP50 is an inex­
pens ive . small 50-M Hz
logic probe that can detec t
pu lses as short as 10
nanoseconds. The pen-slz ­
ed logic probe is intended
for troubleshooting high­
spee d . micro proc es so r­
controlled circuits and the
detection of extremely fast
pulses . According to Beek­
man, the probe measures
TIL, DTL, and RI l logi c
levels at frequencie s up to
50 MHz.

The LP5G is powered
from the circuit under test
through an a ll igator clip
that provides a secure con­
nection to circuit ground .
The mini-hook clips on to
the circuit's po sitive volt­
age po in ts . W hen th e
probe tip is touched to the DSP power supplies are

L --' priced at $ 429.-Kepco,

Inc.. 131-38 Sanford Ave­
nue. Rushing. NY 11352;
Phone: 718·46 1·7000; Fax;
7 1B·767·1102.

MULTIFUNCTION OUTLET
TESTER. Polytronics Sure­
Test ProMultifunction Out ­
let jesre-ts said to be able
to provide a higher level of
assurance of powe r deliv­
ery than conventional volt­
age meters in sit ua tio ns
where the power sou rce is
critical.

The meter test for cur­
rent capability by creatin g a
12-ampere load on the line.
Applied in short intervals .
the 12-ampere power draw
can reveal the presence of
a faulty circui t breaker or a
sag in power deli ve ry
(greater than 5%) due to
poor contacts or improper
wiring .

CABLE/TV SIGNAL·LEVEL
METER. Leader Instru ­
ments' Model 951 AF sig­
nat-level meter is inte nded
for broadcast and cable TV
measurements. It features
auto -channe l search to
measure the store leve l
data for up to 32 channels.
The LED bargraph disp lay
is arranged in groups of
eight channels and it pro­
vides readout o f the se·

~ lected channel in dBmV or
.. other user-selectable engi­i neering units.
C Autoranging is featured
t but manual ranging can be
z selected. The Model 951
rJ also operates in the single-

iil
~ channel mode wi th a co m­
Oll blnetron bargraph and dig­

i tal readout of level in
selected engineering units .

22 The meter's operation can



NTE's new PC-based soltware
allows ~u access 10 theNTE
crossreferenceof over
250.000 parts inabout one
second. Checkthecoupon

box toreceive more
~;,:;:._ _,information.

A WIlRLDWlDEREPlmTION FOROUAUTT.
SERVICEANDV"LUE

I

Ad(!ress -''''"....;:;::~~~~~

Crty - - ---- - - - - -

N''''' ,
"""""" -1

State Zip, ~_ _

Attach thiscoupon toyour letterheadand mail 10:

L NTE, 44 Farrand si. Bloomlleld, NJ 01003 RE 1092 •-------_ ...QUICXCtosr soItwart tunS iI'Il.lS-OOS on.",. lau PC or~ lMlh 64(1( or
RAAI. I srrIIlllIirddriw.1I1d I 5'/4"or3'h"1loWIdtJ've. HTE's~ oetuPes
cnv2_1 Mt¥Ies orh.l.nlliscspace 'IIl'lI!n lNded, I[ isI PJbk domaiI'I rtIt.Ise.
Ms.oos is a regislefed lfadem¥k ofMoCnl$llll Corporalioll, IBM IsI regis1ered
Irademarll ot ln1ernalional 8usinessMachines.

I
I
I
I
I
I
I
I

r - - - - - - - - ,o YES PLEASE SENO ME THE FOLLOWING
NUM8ER OF COPIES OF NTE'S 1992 CROSS
REFERENCE:
_ _ Copies @$4.95ea.

Enclosedplease find my checkormoney orde r
for$,_ _ ,",,-;:== _

rus. ltrIdsonlY)

o ALSO SEND MEINFORMATION ABOUT
NTE'SaUICKCross' SOFTWARE!

NTE'sparts catalog just
keepsgetting better! Our new
1992·93 edition features:

• Over aQuarter ofamillion
U.S. , Japanese and European
devicescross-referenced 10
NTE's 3,500 qualityreplace,
ment semiconductors ­
availableoffthe shelf!

• Easierto read. thumb·
through formal

• Divided sections
Order your copydirect or
throughyourlocal NTE
distributor. For your nearest
one, callNTE toll-free
1·800·631-1250 (including
Canada) or(201) 748·5089.
FAX: (201) 748-6224.
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The SureTest Pro tests
seven outle t parameters:
miswires and incorrect wi r.
ing. proper voltage and cur­
rent capabi lity. ground
fault s (S·milliampere trip
curre nt) . ground/neut ral
voltage latch, ground/neu­
tral short. and high ground
impedance . The unit is
plugged into an outlet. and
LED indicators provide go/
no -g o rea dou ts for all
tests.

The SureTest Pro multi­
function outlet tester (Part
No. 41 3B200> is priced at
$179.-Jensen Tools lnc.,
78 15 South 46th St reet ,
Pho e n ix . A Z 8 50 4 4 :
Phone: 602-968-6231.

HEAVY-DUTY CABLE TEST
CLIP. ITT Pomona5 Model
5784 test clip permits the
probing of insulated wires
or cables without stripping
the insulation. It is intended
for use in laboratories, auto
service shops and factory
maintenance facilities. The
cl ip is said to as su re
posit ive electrical co ntact
and true readings. and it
provides safe high·vohage
lead testing with operator
prote ct ion of up to 1000
volts AC.

The spring-loaded test

Cl RnE 20 ON FREE
INFO RMATION CARD

probe has a heavy -duty.
st ain le ss- s teel needle
poi nt set within a clamp­
type jaw. allO'Ning the clip to
pierce the insulation of a
c able up to 0 .14 -inch
(3.5mm) in diameter with­
out damaging the insula­
ti o n. The In sul ated tip
assures that the desi red
wire or cable is safely and
f irmly grasped . and it
avoids contact and short s
or grounding 10 adjacent
machinery. A socket for a
sheathed test lead connec­
tion is located in the plunq­
er handle.

M ode' 5 784 clips are
priced at $12.30 each- ITT
Pomona Electronics. 1500
East Ninth Street. P.O. Box
2767 . Pomona. CA 91769:
Pho ne : 714 -469 -2900 :
Fax: 714·629·3317.

SMT PROTOTYPI NG
BOARD . The SMT-IOOO
protoboard from Precision
Circuit Technologies allows
for the placement of more
than one IC on the board.
M easur ing 2 .9 x 4 . 75
inches. it permits the pro­
totyping of ci rcui ts w ith
many IC·s.

CIRCLE 21 OS FREE
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Each SMT pad is con ­
nected to a plated-through
hole that interconnects it to
other points on the board
with wire links. Two power
busses simplify power con­
nections . M os t of the
board's part footprints will
accommodate more than
one p a r t s i z e . The
SOIC- 16's will accommo­
dat e 8-, 14 · . o r 16 -pin
SOIC 's: the SOIC-20Wwill

accommodate a ta .or 20­
pin wide-body SOIC or an
8-. 14-. or 16·pin SOIC : and
the SOIC -24W will accom­
modate a 16-. 20-. or 24­
pin wide-body SOIC or an
8·. 14-. or 16·pin SOIC.

Two Pl CC areas permit
great selectio n of Pl CC
si zes (20 · t o 100-pi n
PlCC·s). A small sec tio n
with t hrough-ho le pad s
spaced at O.I -inch is avail­
able for co mbinsed AM D
and leaded assembly.

SMf. l000 protoboards
a re p rice d at $ 18 .95
each .- Precision Ci rcui t
Technologies, 10378 Fan­
vie w Ave .. Suite 152 .
Boise. ID 83704: Phone ;
208·327-0300. Ext. 2200 .

SElF-PULSATING LASER DI­
ODE. The RLD Series of
self-pulsetinq. single-long·
Itudtnal-mode . A IGaAs
laser diodes from Rohm
Electronics can, according
to the manufacturer, re­
duce the cost of fiber-optic
transmission in LAN's and
WAN·s. The double -bet­
erostructure laser diodes
can be modula ted at fre·
qoenctes of 1.2 GHz.

The high modulation Ire­
quenctes are achieved
through the lOW' junction ca­
pacitance of the die 's ac­
tive area. They are man­
ufactured by the molecular
beam epitaxy (MBE> pro­
cess which permits atomic­
layer control in the growth
of the structure. This. ac­
cording to AOHM givers
better cont rol than is ob­
ta tne with ei ther l iquid ­
phase ep itaxy (l PE> or
metalorganic chemic al
vap o r d epo siti o n
(MOeVDJ.

RLD Series laser diodes
typic ally op erate at a
threshold current of only 32
milliamperes. Significantly
la.vering power consump­
tion. increasing sw itching
speed, and giving longe r
operating life. Recent ac­
celerated life tests of the
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laser diodes by ROHM on
one sample lot at 50° C
with a constant 3 milliwatt
optical output showed a
mean t ime to failure of
240.000 hours. This figure
compares with the 20.000
hours typical for laser di­
odes in compact and video
disk players.

RLD laser diodes are
priced below $30 each in
volume.- Rohm Corpora·
lion . address, Antioch . TN.

COMMUNICATIONS RE­
CEIVER. According to its
manufact urer. th e Lowe
HF-150 co mmu nications
receiver puts the entire ra­
dio spectrum from 30 kHz
to 30 MHz at your Iinqer­
tips. That gives the listener
ac ces s to inte rnational
shortwave bands. amateur.
ship and aircraft band s.
and time signals.The tuning
rate is variable according to
the rotation speed of the
main tuning knob.

This rugged portable re­
ceiver is made with solid
hard alloy casi ngs. metal
pane l s and mac hined
parts . It measures only
7.3 x 3.2 x 6.3 inches and
weiqhs only 2.9 pounds. It
can be operated from an
AC to DC adaptor (sup­
plied). an external 10 to
I S- volt DC so urce. or
eight internal nickel- cad­
mium rechargeab le AA
cells for 150 milliampere
drain.

Reception modes are
AM . uppe r s ideband
(USB>. and lower sideband
(l SB>. which also allows
reception of CW/ RTIY/
Fax. A phase-locked AM



AShocking Offer!
tory price includes ali lhe benefits and assistance CIE
normally extends to us full time students. You'll be entitled
to unlimited access 10 C1E's faculty and staHto assist you
in your studies via a loll free BOOnumber six days a week,
za-nour turnaround on grading your submitted exams,
CIE bookstore privileges , a patented learning method,
reference library, access to CtE's electronic bulletin board
and a free issue of CIE's scncotnewspaper The Electron

And be st 01all , when yo u dec ide to conlinue your
elec tro nics education in any of CIE's programs YOU'll
receive full acade mic credit fo r success ful lessons

subm itt ed and a $100.00
Tuit ion Cred it Cert ifi cate.

All this knowledge and
support will put you on the road to
understanding digital electronics,
automotive and industrial
electronics, microprocessing
principals, comp uler systems.
telecommunications and much,
much, more.

••
-==--

Now you don'l have to be enrolled at CIE to receive OUf
introductory Electronic and Electr icity Lesson Modu les.
This program is available lor a limi led lime 10non­
students lor the shockingly low price of only $99 .50.

With CIE's patented AUTO·PROGRAMMEDmethod
of learning you will qu ickly learn and then master the
basics of electronics and elec tricity and then mov e on to...
OC/AC c rccntbeones. tundameruals of bi-polar junction
transistors (BJT) . field ettecttransistc rs (FEn . wiring.
diagram and schematic readings. component ident ifica­
tion, soldering techniques... and much. much, more. This
introductory olle r includes
(he first 39 lessons in CIE's
Associate in Applied Science
in Electronic Engine ering
Technology Degree.

Yourccmrr utmenr to CIE
ends with your payment, but
CIE's commitment to your
success just begins when
you receive your lessons,
exams, binder and equip­
ment. This special introduc-

$99.50

$5 00,

CHARGE BY PHONE!
9 AM 10 4:30 PM Eastern Time:

1·800 ·321-2155 ext. 7314

- ' " '' ''

· 39 theory and hand s-on training
lessons and exam s,

• Patented learning meth od
• CIE elec tronic bulletin board

privileges
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• I. I,.

-
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Shipping and Handling Charge: -'= "'-_ _
Method of PaymenVAmount Enclosed: -' _

I I Personal Check or Money Order

Master Card Visa Discover
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BOOKSTORE
1776 East 17th Street
Cleveland. Ohio 44114

-
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Age: P!lone: (__l _

s treet: Aptll : _ _

Name: _

State: Zip: _

City: _

o Yes! Send me CIE's Introdu cto ry
Electronic and Electricity Lessons
and Equipment. A73 14

• $100,00 Tui tion Credit
• Academ ic Cred it
• Free issue of The Electron
• Bu ild your pe rson al burglar alarm
• Toll Free Instruc tor Ass istance
• 24·hour grading
• CIE bookstore pri vi leges------------- -- --
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system allows receptio n of
sel ection of ei ther syn ­
chronous lower side band
or synchronous upper side­
band , and synchro nous
double sideband. That ar­
rangement ob tains the
best reception from weak
shortwave signals.

In the dual-convers io n
design. the IF bandwidths
of 2.S kHz and 7 kHz are
selectable. and the master
oscillators are quartz crys­
tals. Tuning frequency is
displayed on a S-digit LCD
that also shows modes.

memory information. and
other important operat ing
functions. Six ty memory
channels. each storing fre·
quency and mode. are pro­
vided.

The loudspeaker is inter­
nal. Provision is made for
ex ternal connect ions to
headphones. externalloud­
speaker. and output for a
tape recordin g . The re­
ceiver can accept three dif­
ferent antennas: 6OO·ohm
long wire, SO-ohm coaxial
feed. or a high-impedance
whip. The rear panel has a
socket for an optional key­
pad , which allows direct
frequency entry and instant
direct memory access.

The HF-150 receiver is
priced under $600.-Elec­
tronic Equ ipment Bank. 323
Mill Street N.E.. Vienna.
VA 2 21 8 0 : P h o n e :
7 0 3 · 36 8 · 3 2 70 ; Fa x :
703-938-6911.

AUTORANGI NG DIGITAL
MULTIMETER S_ Th e
Tekt ronix DM25'O and
DM25JOG digital multi ­
meters. de signed for
bench top use , off er full
programmability with 4 Y2­
digit accuracy, an integral
power supply, and auto­
ranging or manual opera ­
tion. Functions provided by
both units include voltage .
current. or resistance mea­
surement, true RM S AC
voltage measuremen t
(200-mil1ivo lts to SOO-volt
range). dB calculation. and
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temperature measure ­
ments.

The meters measure DC
volts from 200 millivolts to
1000 volt s with 0 .03 %
basic DC voltage accuracy
and DC amperes from 100
microamperes to 10 ern­
peres with 0.06% basic DC
ampe res acc uracy. Both
units are programmable.
and the DM25JOG offers
full programmability with its
IEEE·488.1 interface.

Front-panelkeys simplify
the sele ction of functi on
and range. and permit the
setti ng of GPIB address
and termination param­
eters. The TM 2S00 Series
DMM's can be stacked to­
gether Withother product s
in the Tektronix TM250 or
TM 25 00 Series to save
bench space. Besides de­
Sign, manufacturing . and
service applications. The
DMM's are said to have

WITH A NEWSUBSCRIPTIONTO:
THE SPEC-COMJOURNAL!

ADVANCE YOUR
ELECTRONIC
INTERESTS

The SPEC·COMJ ournal
P.O. Bo x 1002,

Oubuque, lA $2004-1002
(3 19) 557-8791
BBS (3t9) 582-3235

Getting your FCC Amateur Radio U­
cense is ea sier l han ever before
(NQ.CODE requirement · see R.E.
April 91 issue, pages 27·28). SCi is
an 8O-page per issue HAM RADIO
mag alme tnet covers All the spe­
cialized modes. Modes like HAM·TV.
Radioleletyp e, Satelli tes . WXFAX
and Computer Data Transmissions.
Current issue - just $3.75 ppd.

Annual Subscriptions (6 Issues):
$20 USA $25 canada/ Mexico

$30 Foreign (Surface)

-

maximums ami
au tomatic read­
ing hold are
simple functions
with Beckman
Industrial 's
RMS225. It' s

simply th e best
met er for the

money. B ' "
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The R.Jvt5225 was
built around sim­
plicity. Instead
of a barrage of
buttons to push ,
you simpl y
sc ro ll throu gh a
men u of special
funct ions.
Minimums,
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have broad applications in
design manufacturing and
service as well as training.

The DM2510 is priced at
$ 59 5 and DM25 10G is
priced at $695.- Tektronix.
Te st & Me asurem ent
Group. PO. Box 1520. Pit­
tsfield. MA 01202 : Phone:
1-800-426-2200.

AUTOMATI C RCL METER.
Fluke:S PM 6303A auto­
matic RCL meter is said to
determine the value. di ­
men sion. and equ ivalent
circui t of passive compo­
nents accurate ly over a
wide range . The compo­
nent is connected to the
four-wire test fixture on the
front panel of the instru­
ment and the backlit LCD
display shows the domi­
nant co mpo nent value s
with an accuracy of better
than 0.25%. It also pro­
vides the user with an elec·
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tncal dimension and one of
the seven equivalent circuit
diagrams.

In addition its AUTO MOOE.
the RCl met er permits
users to select from nine
different variables : series
and parallel resistance. im­
pedance. capacitance and
inductance. phase-angle.
plus dissipation. C with a 2­
volt DC bias. and Q-factor.
Each funct ion can be di­
rect ly accessed with a
front-panel button. A press
of the TRIM button elim i­
nat es any erro rs Int ro-

duced by either a test cable
or a test fixture.

The PM 6303A automat·
tc RCL me ter. equ ipped
with a four-wire test fixture.
an operating manual. and a
lin e cord . is priced at
$1500.-John Fluke Mfg.
Co., Inc.• PO . Box 9090,
MIS 250E , Everett . WA
98206·9090; Phone :
B00-44·FW KE.

RF DETECTO R OS­
CILLOSCOPE PRO BE KIT.
This kit is for an RF-detec­
tor oscilloscope probe with
a bandwidth of 800-MHz.
Intended for use wilh any
oscilloscope having a 10­
mego hm input. Pomona
Electronics' Model 5815 kit
conta ins interchangeable
oscilloscope probes and
accessories for the profes­
sional oscilloscope user.
The RF detector os ­
cilloscope prob e kit is
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packaged in a reusable
plastic case, and replace­
ment parts are readily avail­
able. The probes' modular
design permits maximum
He xtb tflty and in t er­
chang eability of tips and
various types of interlace
connections.

The Model 5815 AF-de­
tector oscilloscope probe
kit is priced at $ 70.50 .­
ITT Pomona Electronics.
1500 East Ninth Stree t .
P.O. Box 2767. Pomona.
CA 9 1769: P hon e :
714 · 46 9 · 29 0 0 ; Fa x :
714·629·3317. R·E

WE'RE
THE
#1

HOPE
FOR
THE
#3

KILLER:
LUNG

DISEASE

1AME RICAN
LUN G

. ~Sg~.s!~J~ ·

If your mete r doesn't have
True RMS, it's lying to you.
Those nasty nonsinusoidal
unl I~' Sinl L'iOidaI waveforms
fool even the best HaveJ<]ging"
meters, Theproblemwas, 'Irue R!v1S
lISN to be expensive. Good news.
TIle RMS225 is half the price of
similar meters.

Call (0C'0)854-2il.lJ, (aU)227-9i81in0\

B ecknran Indu5tr /a r...._...._._c.
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ENCYCLOPEDIA OF ElEC·
TRONIC CIRCUITS: Volume
4; by Rudolf F. Gral and
William Sheets. TAB Books,
Division of McGraw-Hili
Inc.•Blue Ridge Summit. PA
17294 ·0B5 0; Tel .
I·BOO·B22-813B: $29.95.

Hundreds of schematics
for up -to -dat e el ec tronic
circuits, straight from the
drawing boards of industry
leaders such as Motorola.
Texas Instrumen ts. Gener­
al Electr ic . and Nat iona l
Semiconduc to r, are in­
cluded in the 700-plu s

ClRCU 27 ON FREE
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page s of this book Tightly
organized and extensively
indexed. the book includes
compl ete descripti ons of
automot ive, audio . video.
ult rasonic. alarm and sec ur­
ity. and compute r-related
circuits . The book's index
includes not only the cir­
cuits presen ted in Volume
4, but also those that ep­
pear in the first three \QI­
umes. The c ircui ts are
arranged in 104 chapters,
with circuit titles listed at
the beginning of each chap­
ter for easy reference. AI·
most every circuit is ac ­
com pani ed by a brief
wri tten explanation; those
who require mo re details
can o rde r the orig inal
sources, which are listed in
the back of the book.

BUILD YOUR OWN SPEC­
TRUM ANALYZER: byMurray
IWA2PZ OI and Bru ce
IWA20RO) Barlowe . Sc i­
ence Workshop, Box 310.
Bathpaqe. NY11n4; Phone:
516-731 -762B; $24.95.

A spectrum analyzer is a
va l uable - and expen ­
sive-piece of lest equip­
m e n t with doze n s o f
app licat ion s. Bu t profes­
s ional model s , cos ti ng
thousands of doll ars, are
beyond the means of most
elect ronics hobbyists and
many professionals. This
boo k shONS hO'N to build
the " Poor M an's Spectrum
Analyzer" for a fract ion of
the co st. The ins trume nt
does " almost everythi ng
the professi onal models
do:' but requires "a litt le
more effort and ingenuity"
on the part o f the user
when it comes to making
pre ci se measuremen ts.
The analyzer can use al­
mo st any s tandard os­
cilloscope for it s display.
The Poor Man's Spectrum
Analyzer is packaged as a
kit. available separately.

The book includes a tu­
torial covering theory of op·
eranon. layout drawings
and photo graph s . and
magaz ine articl es about
the spectrum analyzer. reo
printed f rom Ham Radio

un"'>'''l'''''"''"nn ItPI"' ,,\.YUH
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and Communications Re­
view, In addition. it features
a c hap ter titl ed " U ser
Feedback " in which actual
user mod ifications are pre­
sented and explained in de­
ta i l. The fi na l chap t er
includes copies of the in­
st ruc tions, sche mat ics.
and parts layouts for each
of the modules used in the
spectrum analyzer.

MOBILE-ANTENNA WALL
CHART; from The Antenna
Spoolali Sl' Co. , 30500
Bruce Induslrlal Parkway.
Cleveland, OH 44139-3996;
Phone: 216-349-8400; Fax:
lt6-349-B407; lree 10 deal­
ers, distributors, service
shops. RF-deslgn labs, and
service professiona ls.

.. ,..". ..

........
,""." '..-.

CIRCLE 29 ON fRU
INFORMATION CARD

This full-color wall chart
is intended to help readers
choose the right mobile an­
tenna for every vehicular in­
stallation requirement. The
54 x 38-in ch char t pre ­
sents pictu res of almos t
150 pro fe ss io nal mobile­
antenna models. grouped
by frequency range from
l o w - fr e q u en c y b an d
through 800 to gOO MH z.
The antennas are cross-ref­
erenced to various vehic­
ular mount ing schemes.
such as O n-Glass. con­
version mounts . 3/. - and ¥e­
inch hole mounts, trunk lid.
magnetic . and other tem­
porary mounts. The chart
also presents antenna so-

lutio ns for special applica­
tion s including those on
motorcycles and railroads.
Each antenna is depicted in
a photograph with its com­
ponents identified by part
number.

HIGH PERFORMAN CE PC/AT
DATA ACOUISITION PROO­
UCTS; fromAnalogicCorpo­
ration , 360 Audubon Road.
Wa kell eld . MA 0IB BO ;
Phone: 50B-977-3000: Fax:
617-245-1274; free .

This 64-page ca talog
featu res data acquisit ion
product s w ith a b road
range of capabilities. from
those wi th 12- to 16-bit ac ­
c u r ac ie s a t 5 0 k H z
throughput to those provid­
ing true 16-M accuracies
at acquisition speeds up to
1 MH z. Many o f the ec ­
qut stnon boards contain
analog output capabilities .
counter-timers. and digital
inpu t/ out put. The catalog
also fea tu re s expansio n
boa rd s . analo g-outpu t
board s, and slq nal-con-

CIRCU 30 ON fREE
INFO RMATION CARD

ditioning boards. as well as
PC-based frame grabbers.
In addi tion to hardware
products. the catalog o f­
fers high level language
(HLU drivers . se t-up and
demo routines, and inter­
faces 10 many third-part y
sof tware packages. R-E
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Y·66 0 · 60 MH: . Oual lraee $1,"9
Y·665A _ 60 MH:. DT. wleulsor _ _ $1,345
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VC-6C23 - 20 1.l ,..: , 2'01.151. $1,695
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Ve-6ll45 - l 00 MHz. 40"'51. Call
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>MII'O/Y. lmooI"''O . "'"tp<08l,on, pftt tW"n"ll. CUISO/
""' . ' uromell1s . Tn.... _ . ""81>10 ma,. ace:u,al•.
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Elenc o 40MHz Dual Trace
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I $-1340
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SZ89.00

$65 .00
5145.00
$1&9,00

Trw RWS 4 1/2
Olgtt UuIUme1.tf

...7oot
$135
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Radio Kit
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Mirror & Mal ar Kit
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motors. 2 /fontsurface ""rforl,2 mota.r bracl<ell art<! I powermtO$lal CO<ll'ollOvary
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LASER KITS
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Sal, 10use. outpul lsunderonemdhwall, KitInCudesa _ He·Nt 1.125die • S,75'
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M ode l l K- l $79.95
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In;JUIWlllage 12VOC@ 1.25 amp
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Wide Band Signal
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"'00
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FIG. 1-SCHEMATIC SHOWING THE MODULATORfTRJPLER, e ll ss-Eamplifier, limiter,
driver and low- Yoltage regulator sections of the E·Comm transceiver. The key device Is
1C1 , the FM transmlner chip.
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been s ubmit ted for FCC ap­
proval. and Its operatton on cer­
tain f req uencies may not be
allowed and/or may req uire lt ­
censmg.

The 'top panel cont rols of E·
Co m m I n c l u de a n O N ·O FF

switch. VOLUME: a nd SQUt: LC Il

knobs and an LED powe r-pack
status Indica tor. The removable
flexible seven-Inch a n ten na Is
coupled to the transceiver with
a 50-ohm bayo net-s ty le BNC
connector plu~. All th e compo­
nents except the battery pack.
microphone. a nd s peake r a rc
moun ted on the doublc-s tded
PC board . Extens ive use of Inte­
gra te d circu it s a n d s u r face­
mou nted com ponen ts a llows
the circuit ry to fi t on a PC board
that measures on lv 2.25 x 3.1
Inches . .

How it was designed
The t ransceiver h a s t h ree

mai n sections: transmitte r. re-

ce tver; and power su pply. (Refer
to Figs. 1 an d 2 .1 Th e tra nsmit­
ter Is designed arou nd Motor­
ola's MC2833. a low-power FM
tra ns m itte r IC wh ose pinout
and funcllonal block d iagra m
arc given In Fig. 3 . Th e receiver
Is des igned aroun d Motoro la's
MC3363 . a low-power. dual-con­
vers ion FM receiver IC whose pt­
nou t and b lock diagram a re
given In Fig. 4 .

Recetved s ignals p icked u p by
the a nten na a re preselec ted by
the five-pole transmit bandpass
filter consist Ing of Inductors L4.
L7 . and L5 an d ca pacito rs e l l.
C2 . a nd C30 as shown on the
right s ide of fo~ lg. I. The received
s ignal is then fed through the
rece ive/transmit switc h S l-b to
a n Imped ance-match ing s tage
consisti ng ofC IOand L3 sho wn
on th e left s ide of Fig. 2 . That
stage pro vid es a n ad dit ional
two poles of preselection .

Diodes D l a n d D2 p revent

overloading a nd the possible de­
s t ruc t ton of the RF a m plifie r
tra ns istor if It Is subjected to
overd r lvln g a t t he fro nt en d.
The preselec ted s ignal Is the n
amplified by the IC3 (MC3363)
In terna l co m mo n-e mitter RF
amplifier stage a nd fed to the
first mixer s tage on p in I.

The RF amplifier provides a
ga in o f a pp rox imately 20 d B.
The firs t loca l oscl11ator (LO)
takes a thi rd overtone from a
crys tal. and drives the firs t m IX­
er through an In ternal cascade
a mplifie r. Downco n ve reton
ma kes th e fir st LO frequency
(the first IF frequen cyllO.7 MHz
greater th an the carrier. For ex­
a mple, If a 27.145 MHz carrier
were p resent. the crys ta l fre­
q uen cy would be 27 . 145 MHz
plus 10 .7 MHz or 3 7.845 MHz.

Th e mi xe r Is a doubly ba l­
anced multi plier that provides
abou t 18 dB of con version gai n.
Th e output of the mixer Is a n
em tt te r-follo wer s tage wit h a n
ou tpu t Impedance of 330 oh ms
to match the ceramic filter. FII·
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AG.2-SCHEMATIC SHOWING FM RECEIVER, audio fllter, and audio amplifier sec­
t ions ol l he E-COmm l ranseelver. The key device here is IC3. the dual-conversion FM
receiver chip.

tcr F2. a 1O. 7·MB z ce r a m ic
ba ndpass filte r. rem oves un­
wan ted out-or-band h ar mon ics
from th e output of the firs t mix­
er. Th e second mixer takes a s ig­
nal fro m the IO.245-I\1Hz fu nda­
mental mod e crys tal-con trolled
oscillator XTAL2 whose output
Is mixed wit h the 10.7-MHz firs t
IF to ~cncratc the 455-kHz sec­
ond IF w ith a co nve rs fon ~a ln of
approximately 2 1 dB.

Th e 455-KHz cera mic filter Fl
(left side of IC3 in Fig. 21 pro­
vtdcs narrow-band filtering for
the lim it er a m p li fiers wit h in

IC I. the MC2833 FM transmit­
te r chi p. The limiters clip the
455- kHz second IF signa l to reo
move u nwa n te d a mp lit u de ­
mod ulat ed s igna ls and feed the
aud iodetector. Aquadra ture de­
tector withi n IC3 . the MC3363.
detec ts the modulat ed signal.
The parallel qu adratu re de tec­
to r tank. LIO. In the detector Is
tu ned to 455 KHz.

The demodulated (audio) s ig­
nal on pin 16 of the FM trans­
mi tter ICI Is th en filtered by an
active filter s tage tha t Includes
a n op-amp wit hi n IC3 . the FM

receiver ch ip In Flg.2. This ac­
tive filter. connected at pins 15
and 19 of IC3 a nd cons is ting of
capacito rs C13. C24. and CI5
and resi stors H.21. R22. R23.
and R15. has a rolloff a t 3 kHz

Squelch Is performed by th e
car rier-detect function on pi n
13 of the FM transmitt er ch ip.
ICI In Fig. l. Res istor RIO (be­
twee n pins 12 and 13 ) provides
hysteres is In th e squelch circu it
to prevent unwanted "brea k
th rough." This sque lch circu it
Is unusual; Its ou tpu t both en­
a b les a n d d is a bl es IC4 . a
Motorola MC34 119D low-power
audio amplifier with a C Ull' DIS .

ABLE p in 1 ICDI. 37



PARTS LIST

38

, - "I RF
osc

12- VARIABLE ts
REACTAlICE

T13
( BUffER ..... a,

4

"" 13

5 fir ~ "
e ± u,.. ~

g7 10

AI.! 9

FIG . 3 PINOUT AND FUNCTION AL
bloc k diag ra m lor le l , the Motorola
MC2833 low-power FM transmitter chIp.

Pow er co nsu mp ti o n Is re­
duced by di s abling th e a u dio
amplifier whe n the receiver Is
squelched . a nd It Is also kept
low because It Is run from the
un regu lated power supply In
combin ation with the 32·o h m
s pea ke r. Thi s ar ra nge m e n t
ho lds re ce ive r co nsu m p ti o n
down to on ly 7 m illi amperes
from th e battery pack when th e
receiver Is In the squelch m ode.
Th e gai n of th e aud io amplifier
Is se t by res istor R29 (between
pins 4 an d 5) an d nearby re­
sistor R24. and Is expressed as
(2 x R291R241.

The tra nsmit te r is a a -watt
narrow-band FM Class E circu it
wit h effic ienc y g rea te r than
90%. The front end of the trans­
mi tter Is based on le i (FIg. O.
the low-power FM transm itter
ch ip. The voice s ignal Is picked
u p by the microp hone and fed to
the MICAMI' INI'UTOn pin 5 or lCI.
Resi s tor HI I (between pins 4
and 5 ) sets the ga in of the am­
plifier. a nd th e out pu t of the am­
pllfier dr ives the FM mod ulator.

A variable reactance In the
modulator "be nds" the freque n­
cy of th e crystal-con trolled os­
c illa tor. Because t he c ry s ta l
freq uency cannot be deviated by
more tha n a few kilohertz by th e
varia b le react ance c irc u it , a
mult ip lication scheme d erives
the proper carrier and modula­
tio n frequ enci es. In the E-

Resistors (All 1206 SMO chip re­
sistors are 1/B-watt, 5%, un less
otherw ise specified)

R1--47 ohms, 112·waU, 5%, radlat-
lead

R2-22 ohms, 1206, SMO
R3-47 ohms, 1206, SMO
R4-22O ohms, 1206. SMD
R5-330 ohms, 1206. SMD
R6-470 ohms, 1206, SMD
R7-1ooo ohms, 1206, SMD
A8, A9--4700 ohms, 1206, SMD
A10-4.7 megohms, 1206, SMD
A1' , A12- 22,OOO ohms, 1206

SMD
A13, A24-10,000 ohms, 1206

SMD
R14, RI 5- 47,000 ohms, 1206

SMD
AI 6·A23-100,OOO ohm s. 1206

SMD
R25, A26-1oo,00 ohms potenu­

omeler, Bourns 51CADDI 2A20,
or equivalent

R27- 33O,000 ohms, 1206 SMD
R28-390,OOO ohms, 1206 SMD
R2S-680,OOO ohms. 1206 SMT
A30-510,OOO ohms. 1206 SMT
R31---eurrent variable resistor, poly'

mer-based, Raychem PoJyswitch
RXE040 or equivalent

Capacitors
CI-5 pF NPO 805 SMD ceramic,

Tavto-vuden UMK212CHOR5D·
B or equivalent

C2-22 pF NPO ceramic disc, 100-
vo lt, Panason ic E CC-
F2A22OJCE or equivalent

C3, C4-47 pF NPO 805 SMD ce­
r amic. 'ray to -Yud en UM K·
212CG470K·B or equivalent

C5-56 pF NPO805 SMD ceramic,
Tayio-Yuden UMK212CG560K-B
or equivalent

C6-Cl 0----68 pF NPO 805 SMD ceo
ramie. "ravlc -Yuden UMK·
212CG680K·B or equivalent

C11-82 pF NPOceramic disc. 100-
v o lt , Pana s on ic ECC-
F2A82OJCE or equivalent

C1 2-120 pF NPO 805 SMD ceo
ramie, Tayio · Yu d en UM K·
212CG121K·B or equivalent

Cl3-330 pF NPO 805 SMD ceo
ram ie , 'ra ylo -vud en UM K·
212CG331K-Bor equivalent

Co m m . a crys ta l fr equency
equal to one-thtrd of the ca r rier
Crequen cywas choscn .lnductor
L9 {In series with XTAL3 be­
tween p ins l and 16 of ICI}cen­
ters the osc illa tor freq ue ncy

C1 4, Cl5-470 pF NPO 805 SMD
ceramic, 'reyto-v ucen UMK·
212CG471K·B or equivalent

C1 6, C26. C27---O.01~F Y5V 805
SMD ceramic. revro-vuoen
UMK212Fl03Z-B or equivalent

CI7-e23-1000 pF NPO 805 SMD
ce ramic, Taytc-Yuden
UMK212SL102K·B or equivalent

C24-1500 pF X7R 805 SMD ceo
ram ie . 'ray tc- vu den UM K·
212B152K·B or equivalent

C25, C29, C31 ·C36-0. 1 ~F Y5V
805 SMD ceramic, Jaylo-Yuden
UML212Fl 04Z·B or equivalent

C28-designalion not used
C3o-a·50 pF trimmer capacitor,

Sprague ·GM GKG50011 or
equivalent

C37·C40. C42, C43, C46- I~F

1206 SMD tantalum, 16-volt
C41-designation not used
C44-1O~F electrolytic. 16-volt, 5·

mm, Panasonlc ECE·A1 CGEloo
or equivalent

C45-100 ....F erecnotyuc.16·volt,
6.3 mrn. Pan aso ni c ECE­
A1CGE10l or equivalent

Semiconductors
01, 0 2-0L4148 switching diode,

1206 SMD,
D3-DL4003 silicon rectifier, SMD
D4-1N4758A se-vott Zener diode
LED1-HLMP-1503·101 (Hewlett-

Packard) green light-emiuing di­
ode righl ' angle indicator or
equivalent

01 . 02-MPF6660 power FET.
(Motorola) or equivalent

IC1-MC2833 (Motorola) tow­
power FM transmi tte r system.
SMD

IC2-74ACL11132 (Texas Instru­
ments) quad NAND gate. Schmitt
trigger, SMD or equivalent

IC3-MC3363DW (Motorola) low·
power dual-conversion FM reo
celver, SMD package

lC4-MC34119 (Motoro la) low-
power audio amplifier. SMD

IC5-MAX666CSA (Maxi m) von­
age regulator, SMD package

Inductors
11-L3-0.33 ~H, adjustable coil,

Taka , 292KNAS· T1034Z or
equivalent

whe n no modulatton Is applied.
The buffered outpu t of the cs­
cilla tor on nrcxrn-orptn 14 then
feeds a tank circu li made up of
Induc tor Ll and capacito r C8.
whic h is tu ned to the thi rd bar-
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FIG. 4 PINOUT AND FUNCTIONAL
block dia gram for IC3, th e Motorola
MC3363DW low-power, duaJ-conversion
FM receIver chip.

Next the s igna l Is clipped by
the quad NAL,,:n Sc hmit t trigger,
iC2 , a 74ACl l 132 hi gh-speed
CMOS logic gate. Two sccuons
of iC2 lIC2-b and IC2-c) p rovtde
d rt ve to turn a parall el-con­
nec ted pair of en ha ncemen t­
m od e M PF6 6 60 pow er
MOSFET's. g l and g2, on and
off. Class E opera tio n Is ob­
tained with th e fast switch ing
as well as the low O N resi stance
of the power MOSFETs .

Theoretically. Ifno power were
requtred by the switch for ac­
tivati on (driver power). and if it
were lossless, E-Comm would
be nearly 100% effic ie n t. Al­
though the FET 's do not fonn a
perfect switch. they offer severa l
useful character is tics: The In­
put power required to d rive the
FET's is very low (drawn pr in ­
cipally in switchi ng the gate In ­
put ca pacita nce on and off at
high speed (less th an 6 nanose­
con ds ), and the ir switch ing
speed is very high.

Those characteristics give th e
transmitter a n effic ie n cy o f
about 90%. measu red as the
ratio of nns RF power (delivered
to the 50-ohm load) to the DC
su pply. A five-pole filter matches

Miscella neo u s : PC board .
custom-made battery pack with
eight rechargeable nickel-cad ­
mium AA cells. No. 24 AWG wire;
one 120-volt AC to tz-cou DC
adapter lor charging the power
pack; custom-made ext ruded
case with bottom panel and silk­
screened top panel; one custom
made speaker grill; two knobs,
Keystone, 8580 or equ ivalent
with two hex ring nuts each; lour
No. 440 x 318-inch Philips-head
screws, black; four No. 6-32 X
5!16·inch Pnlups-need screws,
black; lour No.&32mternat-tcctn
lock washers. four No. 6-32 hex
nuts, one perforated hole plug,
Hayco 2637 or equivalent; six­
inch length of shielded wire; 12·
inch lenglh of No.24 AWG wire;
line solder wire; tools and ac­
cessories as specified in the text.

NOTE: The following parts are
available from Micro Advance­
ment Products. Inc., P.O. Box
8S05, Hollywood, Fl 33084
800-358-8545

• Pri nted circuit board only­
$1 2.00

• Kh with pr inted circui t boa rd
and al l components-S97.oo

• Enclosure including all hard­
wa re, microphone, speaker,
knobs and transmit bu«on­
$38 .00

• Ba« ery pack-S17.95
• AC to DC adapter for charg ing

powe r pack, wall outlet
mount-57.85

• Fl exible " r ub ber ducky"
se ven-Inch 27·MHz antenna
with BNC bayonet-style plug­
$1 7.95

• Complete kit for one E·Comm
transcelver-$168.DO

• Complete kit tor two E·Comm
tra nsceivers-S297.00

• One E.comm transceiver as-­
sembled and tested-S229.00

Please add $4.95 fo r shipping
and handling to all ord ers. Free
frequ ency modification sheet
and cry stal list with each order.

plied to ob taI n the fi-kl-iz de via­
tion requ ire d by the receiver.
Next t he s igna l Is pa s s ed
through a tu ned common-emu­
ter a mpli fie r to a mplify a nd
smoo th the ca r r ier.

L4. l5--O.68 ~H. axial-leaded in-
ductor, 'ra tyc - Yud en.
LAl04NAR68M or equivalent

L6-1.2 ~H SMD inductor, 2.5 x
3.2mm or equivalent

L7- 1.8 ~H axial-leaded inductor,
Taiyo-Yuden LAL04NA1R8M or
equivalent

L8-2.7 ~H axial-leaded inductor,
Taiyo-Yuden LAL04NA2R7M or
equivalent

19-10 ~H adju stable inductor.
Toko F292CNS-Tl052Z orequiv­
atent

l1Q--quad coil, Toko 5SVlG­
0637BJT or equivalent

Switches
Sl -DPOT pushbutton swi tch.

(SChadow) F2UQo\ or equivalent
S2-SPOT slide swi tch, C&K .

11 01M2S3AOE2 or equivalent
Connectors
Jl-50-ohm BNC bayonet -sty le,

PC-board-mount jack with two
hex ring nuts

J2-charging jack . Cui Stack
PJ-002A or equivalent

J3 to J5--sockets, 2-pin 2mm. Mo­
lex 53014-0210 with three 2-pin
plugs, 2mm, Molex 51004-0200
and six pins. Molex 50011-8100 or
equivalent

Crystals
XTAl1 - 37.845-MHz th ird-over­

tone crystal. Toyocom, HC-49 or
equivalent

XTAL2 -10.245 -MHz paralle l-
mode crystal. 32 pF, Toyocom.
HC-49 or equivalent

XTAL3-9 .0483-M Hz paralle l­
mode crystal, 32 pF, Toyocom,
HC-49 or equivalent

Filters
F1-455-kHz ceramic lilter, Murata

CFUM455E or equivalent
F2-1O.7-MHz ceramic filter. Taka

SK107M5-AO-10 or equivalent
Other Components
MIC1-microphone, Panasonic

WM-54BT or equivalent
SPKR1-speaker, z-lncti SQuare,

az-obm. Regal. SA-2OO or equiv­
alent

ANT1 - f1exible coil antenna with
BNC bayonet-style plug.

monic of th e osc illator.
Th e s igna l is multiplied by a

factor of three to obt a in the car­
r ier freq ue ncy In th is tank cir­
cu it. Both the ca rr ier a nd th e
modula ll on s igna l a re mul tt-



'"

FIG. 5-PARTS PLACEMENT DIAGAAM lor th e E·Comm transceive r. Note radla llead­
ed component s C2, C11, R30 and F2. Axial leaded co mponents Rt , L4, LS, L7. La and
04 are vert icall y mounted.

t h e o utpu t o f t h e MOS FET
switches to the an tenna Imped­
ance while also filtert ng.

Va r iable ca pac ito r C3 0 Fine
tunes the ou tpu t s tage to match
the a nte n na or dummy load .
Notice th at to obt ai n class E op­
era tion . both the load and the
m ult ipli e r s ta ges must be tuned
In a cco rdan ce with lost ruc­
tions In the Ca lib ration a n d
Tuneup section of this a r ticle.
'-lIsmatch and overload protec­
ti o n a re p rovided by Ze ne r
clamp D4 {FIg . I. betwee n g l
a n d Q21 as we ll as (h e Po ly­
sw itch protective resistor H3 1
(FIg. 2 . upper Ieft l tn the power
s u pply.

The low-volta ge regu la to r
s ho wn In F ig . 1 In c lud es a
CMOS voltage regulator ICS . a
Max im MAX6 66 . which con ­
se rves power an d provides two
featu res : low qu ies cent cu r ren t
of a bou t 15 m icroamperes an d a
bui lt- In low-battery detect func­
tion. The regulat ed outpu t Is set
by resi stor RI B (p in 6 1and R28

to be 6 .4 volts. This voltag e level
was ch osen to provide enough
ga te voltage to s witch power
MOSFET s QI and Q2 on hard
w it hout exceeding th e max­
Imum voltage s pec ifica ti on of
the quad NAND ga te IC2,

Th e low-ba tt ery detect c ircu it
Is set by res is tors HI7 and R30
a t LB I p in 3 of IC5 to abou t 8
volts. Becaus e the voltage reg­
u lator is a CMOS device . h igh
resis tor va lu es are placed tn the
feedb ack loops for fu rt h er re­
du ction of power consu m ption.
Pin 7 of IC5 W D has an open­
d ra in ou tp u t th at dri ves t h e
low-battery Ind icator LED l.

Th e re ce ive/trans m it s wit ch
S I -a turns t h e receive a n d
transm it s ections of the trans­
ce ive r on and off for fu r th er
powe r conservation . The power
pack consists of eight M n ick el­
cad mi u m re c ha rgeab le cells .
each with a rating of 1.2 volts at
50 0 m illiam pere h ours . T h e
pack Is ch a rged th ro u gh con­
nec torJ2 (FIg, 1. upperleft! by a

120-voll AC to 12-\'oH u nregu ­
la ted DC ada pte r plugged Into
the AC line.

Building the transceiver
S u rface mount devices (SMDI

were ch osen for E -Com m b e­
cau s e t h ey p ermit the co n­
s tructio n of a minia ture trans ­
ce iver, and the ir s mall co mpo­
nent di mensions help to keep
PC board traces s h ort. There­
fore . by b u ild in g thi s tran s ­
ce ive r you l l ge t a leg up on the
whole process of s u rface-mou nt
tech nology (SMT I because you
will ga in h a n ds -on expe r ience
In pi cking and placing the m ini ­
a t u re co m p o ne n ts a n d a n
awa rene ss of bo th the benefit s
and drawback to SMT. However.
do not a ttemp t to construct th is
tra nsceiver u n les s vou a re a n
accomplished projeCt hutlder;

Transceive r as sembly
Ma ny SM D componen ts a re

not ma rked wit h values or ra t­
tn gs b ecause of t he li m it ed
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holes a nd so lder mask Is ava il­
able from the so u rce given In
the Parts Lis t. It can be pur­
chased as a s ingle Item or as
part of the options lis ted .

An orde r ly ass em bly p ro ­
ced u re is re commend ed be­
cause of the cramped PC board
layou t and th e mixtu re of small
an d la rge com po nen ts on the
board . Solde r al l surface-mou n t
ICs to the board firs t. This Is the
m os t ti me-consum ing an d te­
dious pn r t of the project!

BAnERY
SW"<
LED
r- "'r- - - VOlUME

CONTROlBNC
CONNECTOR----«~

FOR ANTENNA

to obse rve thi s w tll result In a
poor pe rfonn lng transceiver. A
p roper PC boa rd for RF circuitry
needs a n a dequ ate g ro u n d
plane a nd sho rt Interco n nects
to prevent Inadvertant oscilla­
tions . loss of sens itiv ity, a nd
noi se -related problems.

The accurat e a n d effective
mounting of S MD componen ts
requires a so lder mask on the
PCB because of the cra mped
lead s pac m g. A dou ble-s id ed
boa rd wtt h p lat ed -t hro u g h

TRANSMIT __ -+"­
SWITCH

-( ,
'\ ...

}. ;
r-e, '-
\ .
" .-r ........... »

,~ ...
~, ;

.'! '~ _/

MICROPHONE--+- 1H----11
~7?3;:::::-

POWER PACK_ _ +---i~1\!
BAACEll.S

~NG _ _ +~

AG. 6--CUTAWAY VIEW OF ASSEMBLED E-COmm TRANSCEIVER showing tile pos"
t ion s of the controls and the locations 01 the microphone . speaker, loaded circuit
board and power pack.

s pace o n t he i r cases . T his
mea ns that you m us t be ex­
tremely ca reful to avo id m txtng
lip ch ip componen ts be fore and
durtng constru ctio n .

S pectaltzed tools sh ou ld be
used in pi cking and pla ci n g
S MD components . Th ey should
be su itable for grasping small,
hard -to-handle parts . Recom ­
mend ed are s tai nless s teel nee­
dle-po tru cu rved -end j eweler's
tweezers for pick ing a nd plac­
in g small pa rts such as chi p reo
s tat o rs . capa citors a n d di od es
on the circu it board. Fine jew­
elers plie rs wJII be usefu l for
s traighten ing s tu b leads on su r­
face-mo u n t le s .

Do all so lde ring with a fine­
tipped 10· to 15-watt pe nc il-type
so ldering Iron. A lighted magnr­
fying glass will be help ful. pref­
erably one that mounts on the
edge of a ben ch . Use on ly htgh ­
quality fine (0.01· to 0 .02·l nchl
di am eter solder wire an d a suit­
able l tqu id flux. Keep fine sol­
der-removtng braid on hand to
correct any mistakes tha t you
might make.

An yone building E-Com m
sho uld be men tally prepared for
the su rp ris ing ly s ma ll s ize of
th e SMD compone n ts and their
close spa cing. Working wit h
S MD compo nen ts ca lls for nea r
p rofes s iona l quality s older in g
sk lUs and a lot of patie nce. Set
u p for b uilding E-Com m on a
well ligh ted desk or benc h and
s it in a comfor tab le chair. Do
not s ta rt Ihis fine work unless
you a re res ted an d relaxed ; mis ­
takes can be cos tly a nd frustra t­
ing to cor rect!

Refer to the parts placement
diagram. Fig. 5 . Be sure to ob­
se rve a ll con ve n tions when
mounting polar ize d co m po­
nents such as di odes and ca pac­
Itors . Dots on t he PC boa rd
denote polarity. Pos ition all po­
la r i z e d ca pa cito rs so i he
positive lead Is nearest the dot.
and position all d iodes a nd rec­
tifie rs so the ir ca t h od es a re
nea rest th e dot. Be sure to find
the markers Indi cating p in I on
all S MD packages . Il is typ ically
a white dot.

Do not a ttem pt to build th is
circuit on any PC board except
one th at has been s pec ifica lly
des igned for this circu it. Fail u re
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ttons wi th a magn ttytng glass. If
all of the Sho1D solde r ing appears
sa tisfac to ry. mount a ll of th e
lea ded through-hole co mpo­
nen ts wit h the exception of In­
ductor L8 a nd solde r them In
position . (Inductor L8 Is to be
Ins tall ed a fte r the multI p lier
s tages a re altgned .I

Thke ca re whe n so lde ring th e
con nectors because their leads
are off-centered. The axial-lead ­
ed Inductors and resi stor R l a rc
mou nted th rough h oles . Use
the s llkscreened pattern on the
PC board as a gutde. Be sure to
mount the switches a nd pot en­
ti o m e te r s s o they li e flu sh
against the PC board .

No w a s se mble the ba tte ry
pack. microphone and speaker.
Asse mble th e co nnec tor plugs
for J 3 to J 5 by crimping and
soldering them to the battery
pack. microphone and speaker
wires . Solde r two six-Inch
lengt hs of Insulated 26 AWG
wire to the speaker and twis t
the m toge the r. Next solder pins
to the ends of the speaker wires .
being carefu l not to let solder
now Into co ntact a rea. Then
pu sh the pins Into the mating
plastic plug hous ing. Eac h pin
should snap Into place if It Is
assembled cor rectly.

The assembly work on the
battery pack subassembly Is
lim ited to twi sting the wires
a nd attach ing the con nec tor
plug. Notc that th Is con n ector Is
polarlzcd an d can only plug In
on e way. Veri fy th at the battery
con nec to r polarity Is correct be­
cause reversed pola rity w ill de ­
stroy the transceiver!

Solde r a fou r-Inch length of
sh ielded coax ial cable to the mi ­
crophone with th e sh ield con­
nected to the negative s ide of
the micro phone. Then connect
the cable to the polarized con­
nector. aga in observing polarity.

Fa sten the mi crop hone In to
the pla s ti c s na p-In bu sh in g
with a room -temperature vu l­
ca n iz ing (RTVl s ilico ne a dhe­
sive . Mask the front surface of
the m icrophon e wtth masking
tape to prevent the entry of an}'
adhesive In the m icrophone or
II cou ld be ru ined. Be su re th at
the wire s ide of the microphone
Is flush with the back of the

.contin ued on p age 60

for more than the time requ red
to cau se the molten solder to
now to prevent overheating ihe
compone n t .

The next s tep Is to pos ition
and solder all SMD ch ip capac i­
to rs and resi stors . Install a ll re­
sIs to rs an d capacitors of the
same value at the same time to
avoid mtxtng val ues ! Ti n one
pad of two-terminal com po ­
nents . place the componen t In
the correct posttron . and hold It
with tweezers while soldertng It
to the tin ned pad. Next. solder
the othe r end.

As In soldertng th e ICs. use
on lyas much so lder as Is neces­
sary to form a fille t between the
componen t a nd t he PC board
pad. Be su re that the compo­
nents a re pos i tioned flus h
against the board .

After all SMD compone n ts are
mounted . clean the entire PC
board with nux remover; and In­
spec t all of the soldered con ncc-

In soldering SMD ICs. fir-st tin
one of the comer pads on the PC
boa rd . Then. with needle-nose
tweezers . grasp the pa r t a nd
center It so the leads align with
allof th e pad s. Solder th e com er
lead to the pad that has been
tinned. Next so lder th e p in d iag­
onally across from the first pin .
maki ng su re th at the case Is s till
cen te red on the pads . Before
soldering the rematntng pins.
refer to Fig. 5 and verify that the
Ie Is In the cor rect pos ition:
th en double check to be su re
that pin 1 Is In the correc t loca­
tion.

Be ca refu l not to apply too
much so lde r at eac h pad. a nd
try to avoid making Inadve rtant
bridges with the molten solder
between in tended con nections
and adjacent pins. If bridgi ng
occu rs. use a solder-removing
braid and nux to remove It . Also
avo id holding t h e solde ri ng
pencil a t any con nection poin t

WIRE SIDE 01' E-Comm tran scetver circu it board
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BUILD THIS

REFLEX TIMER

How fast are your reflexes?
The reflex timer will show you.

DAN KENN EDY

1I0 W LONG DOf-;S IT TAKE YOU TO

close a switc h after you hear a
huzzer ? When driv ing . h ow
long d ocs It la k e to h it th e
brakes after you sec an obsta­
cle? Wh at we're really asking Is,
"How quick are you r reflexes?"
Ou r reflex timer will show you.

1estlng you r reflexes Is a two­
personJob. 1b use It. one person
secretly s tarts the nmer; wh ich
sou nds a bu zzer. Upon hea ring
the buzzer. th e pe rson whose re­
flexes are being tes ted tu rns the
timer off as fas t as he can . (That
also turns off the buzzer.) The
persons reflex time ca n the n be
determi ned by observ ing a 10­
LED d isplay

Figure I Is a sc he matic dt ­
agram of th e reflex timer. which
cons is ts ora 555 llmer llel }a nd
t h re e 7 4 LS1 9 3 4- blt bi n a ry
co u n te rs lIC4- IC6 ). T he 555
timer out puts a pu lse a bo ut
twice every millisecond. or 2000
times a seco nd. The timer ts se-

cre tly ac tiva ted by 5 I which
then turns on plezo buzzer BZI
via QI, and connects the clock
ou tput from the 555 to the b in ­
ary cou n ters through one NAN D
gate (IC3-d l, as shown in Fig. 2.
Th e person being lim ed tu rns
52 off, whi ch disconnects th e
555 ou tpu t from the cou n ters
a nd turns off th e buzzer. Quad
NAND gate IC2 Is configured as
two se parate la tches , a lso as
shown In Fig. 2. to preven t the
co ntac ts of 5 1 a nd 52 from
bouncing.

Dependin g o n how long It
takes th e pe rson to shu t off th e
timer. a ce r ta in n umbe r of
LEO's light u p. The numbers
next to each illuminated LED II.
2. 4 . 8. 16 . 32. etc.I a re then
added together to give the pe r­
son's reflex ti me In millis ec­
onds . If all the LED's are lit, th e
total elapsed time is 511 mtlltse­
conds or 0 .511 seconds. The In­
dicated time can be multtplled

by a correction facto r to give a
more prec ise measurem ent . bu t
th at's not necessary for relanve
measurements or "ccntestsvto
determine who has the fastest
reflexes. We'lI talk more abou t
the correction factor lat er.

A 7805 voltage regulato r (lC71
provides + s-votts DC for the cir­
cu it from a 9-volt battery. 1\vo
5 .1K resistors (RI and R2 )and a
0.047 flF capacitor ICI) g ive the
555 a clock freque ncy ofapprox­
Imately 2000 Hz, or 2 cycles per
mi llisecond. Thyusing a few d if­
ferent 0 .047-flF ca pacito rs for
CI to get the frequen cy as close
to 200 Hz as possible. Clos ing
switch 54 puts C2 Ia 47 IJ.F ca­
pacitor) in parallel wit h C L
That slows down th e timer to
de monst rate h ow a b ina ry
cou n ter works . The numbered
LED's wl11 cou n t the numbe r of
times that LEDI tu rns on . The
fo rm u la 14 40/ (H.1+2 H2)C l
gives the timer frequency In Hz. 43
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FIG. 1-5CHEMATIC OF THE REFLEX TIMER. It conslsls 01 a 555 IImer and three
74L$193 4·blt binary counters.

ClOCK ClOCl(
INPUT OUTPUT

fROM le1 TOl~
PIN3 PINS

Bl l R:::
R3

e " "

Q1

"''''''OFF

1
, 0

R BUZZER ONlOfF

AG. 2-oUAD NAND GATE 1C2 Is con figured as two separate latches 10 prevent the
conlaets of 51 and 52 from bouncing . The clock output from the 555 Is connected 10
lhe binary counte... through one gat e of 1C3.

when RI and H2 arc In k llohms
a n d C I Is In m tcrofarad s ,
Switch 5 5 let s you tum orr the
buzzer wh en demonstra ting th e
co un ters wit h the lower cloc k
speed .

The 74LS193 counters
The 74 L5193 Is a -t-b t t u p!

down bi nary coun ter that ca n
operate at clock speeds up to 25
MHz. Data In pu t p in s PO-P3

allow a a -bit binary number to
be loaded tnto the counter be­
rare coun ting begin s . The LOAD

input (I,P . p in I II must be
pulsed low to load the 4-btt
number. Notice that the data in­
puts (PO- P3) of all three counters
a re grou nded a nd that the LOAD

pins a re h eld a t +5 vo lt s
through R4. Momentarily clos-



FIG. 3-WHEN ONE COUNTER FINISHEScounting up to 15, It sends a C81TY pulse to
the next counter. Here's how a counter respond s to 17 clock cyc les. When a cou n ter reaches 15. It

star ts coun ti ng again a t zero.

FIG. S-THE REFLEX nMER PROTOTYPE was buttl using perforated construction
board and pelnt-tc-pclnt wIring. Switches 51 and 52 are housed In plastic 35mm film
canisters and connected to the main board with tn ree-cormeetcr wire .

(.5msPEReva. E)

FIG. 4-THE COUNTERSADVANCEone count on each low-to-hIgh trenertrcn 01the
clock (polnl " X" on each rIsIng edge).

r-r- r-t- ..- r--

---- -- --

Accuracy
Figure 4 shows the clock s ig­

nal tha t Is fed to the cou nters.
which advance on e cou n t on
each low-to-htgh transltlon of
the clock {poin t "X" on ea ch rts ­
Ing edget We ca n s ta rt and stop
the cou n t anywh ere In th e clock
cycle . S u ppose we s ta r t at T I

(just after a Iow-to-h tgh tra net­
tton): the timer will advance one
co u n t when T 2 Is rea ched .
which will cor rec tly Indicate 0 .5
m illi s econd s h a ve ela psed .
However. we don't know exactly
wh ere In t he clock cyc le the
ti mer will be star ted . S u ppose
the timer Is s tar ted at T2 and
s topped at T3 - Th e timer would
read 0 .5 milli seconds mo re
than the actual elapsed time be­
cause th e timer s tarted at T2
and immedi ately reg istered one
cou nt.

A simila r s ituatio n occ u rs a t
the stop time. If we s ta r t the
timer at T , and s top at T3 th e
cou n t will be correct. But If we
s ta rt the ti me r a t T) and s top a t
T." th e ti mer wou ld read 0 .5
milli seconds less than the actu­
al elapsed time s ince we stopped
th e cou n ters just before a low­
to-high transition. That means
th at the accuracy of ou r timer Is
lim ited to ± O.5 mllIl s econds
whe n we use a 2000-Hz clock.
(That Is a lso plu s or minus the ~

least s ign ificant bit (LSB) ofour ~

co u n ters. which Is th e LED ~
without a number n ext to It. -

An oth er fa ctor that d eter- ~
mi nes th e accu ra cy of the reflex m
timer is the clock frequency. If 3:
you h ave a frequency cou n ter g
you can measure the d ock ou t- il·
put from leI directly. If a Ire- S-
quency cou n ter Is n ot ava ilable. :Ii

you can measure th e clock fre­
quency using a s topwatch an d 45

T.T,

When IC4 fini shes cou n ting up
to 15. It sends a ca rry pulse (rom
Its Ul'o (p in 12l to the cou nt u p
Input (u p,. pin 5) of th e seco nd
cou n te r. IC5 . Likewise . wh en
the secon d cou n ter reaches a
co u nt of 15. It sends a ca rry
pulse from It U Po pin to th e third
co u n te r. ICG. Figure 3 shows
how a cou n ter responds to 17
clock cycles . A low-to-hi gh tran ­
s iti on tr iggers t h e cou n ter.

T,T,

Ing switc h SG grou nds th e LD
pins and sets a ll three cou n ters
to zero. Alt ho ugh the C I.EA I~

Inputs tct.I are permanently
grounded. puls ing th em to +5
valls would also reset the cir­
cu its cou nters.

The COUI\'T DOWN Inpu ts (dn ..
pi n 41 are h eld a t +5 volts
th rough RIG. The clock s ignal
from pin 3 of th e 555 Is applied
to ptn 5 on the first coun ter. IC4.



PARTS LIST

All resistors are ¥4-waU. 5%.
A1 . A2-5100 ohms
A3-10,OOOohms
A4-4700 ohms
A5-R1$-470 ohms
R16-1000 ohms
capacitors
C1-{l.047 j.lF. ceramic
C2--47 j.lF. 10 volts, electrolytic
Semiconducto rs
IC1- 555 timer
IC2. IC3-74LSOO quad NAND

gate
IC4-IC6-74LS193 4-bil binary

counter
IC7-lM7805 5-\'011 regulator
Q1- 2N3904 NPN transistor
LE0 1-LE0 1o---red LED
LED11- yeliow LED
Other components
BZ1-Piezo buzzer
81. 52- SPOT switch with center

off
S3-8S-SPST switch
S6-SPST ncrmauy-cpen push ­

button switch
Miscellaneous: Perforated con­

struction bea rd. standoffs, project
case . Ie sockets.wire.solder, etc.

the calibra tion LED ILED II ). If
the cloc k freq uen cy is exac tly
2000 Hz. then it would ta ke
40.96 se co nds for LED II to
tu rn on twen ty times . Th e au­
tho r measu red 4 1.5 seconds for
LEOII to ligh t twen ty times. To
ca lculate the freq uency mull I­
ply 2000 x 40 .96/41.5 : tha t
comes to 1974 Hz_(A frequency
cou n te r meas ured It at 1979
Hz.) With a clock freq uency of
less than 2000 Hz. the Indicated
reflex time would be s ligh tly less
than the act uaJ reflex time. Mul­
tiplying the Indicated time by a
fa ctor of 2000 /1974 . wh ich Is
equal to 1.013. would give the
rellex time correct to the nea rest
millisecond,

Construction
No PC board is requ ired to

build the reflex timer. Instead
you can u se perfo rated co n­
struction board and potn t-t o­
poi nt wiring. The photo In Fig.
5 shows how the aut ho r's pro­
totype was built and Installed In
a plastic case .

The a u th o r u sed plastic
35m m film can isters to house
switches 51 and 5 2. although
ot her moun ting schemes ca n
ce rtai n ly be used . Three-con­
ductor wire must be used to
connect 5 1 a nd 5 2 to th e main
board .

It's a good Idea to mount the
IC's In sockets. Tha t way you
c a n ea sil y ex c hange the
74LS I93swith 74LS192s to see
how a decad e coun te r works .
The 74LSI92 has th e same pin­
ou t as the 741£193 but coun ts
only to n ine before generating a
ca r ry puls e a n d repea ting .
Using those ch ips . the ti mer
wouid d isplay up to 399/2 ""
199.5 tn binary-coded decimal
(BCD). Ifyou wanted to read th e
time d irectly In mill iseconds
(from BCD) you would have to
change th e clock frequency to
1000 Hz.

The reflex timer Is su re to be a
smash h it at your next pa rty­
with It. you will be able to see for
yourself who has the absolu te
fas tes t reflexes . R·E
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se ction . The DAC MUX
can apply the DAC voltage
to one of pins 1 through
23 of the zero Insertion
force {ZIF I tes t socke t.
Th e DAC mult iplexer ca n
also d isconnect the DAC
vo ltage from t h e te s t
socke t. The ADC multi ­
plexer can se lec t a si ngle
voltage from one of p ins 1
through 24 o f the tes t
socket and feed that volt ­
age to the input of the
ADC section . The socket ­
grou nd section s u pplies
grou nd to one of s ix test­
socke t pins (p ins 7- 12) to
con nect the grou nd p in of
th e IC und er test to
grou nd.

Tests performed

• Truth-table test
Du ri ng th is d escr fp­

no n wel l use a 7432 quad
z -tn pu t OR gate as an ex­
am ple dev ice. Bec a use
th e 7432 Is a la -ptn de­
vice. the so cket-g rou nd
section grou nds pin 7 of...._-=..._.LJ the tes t socket. Th e DAC
section Is di sconnect ed
from the socke t. The de­
vice Is looked up in th e
database and a n InpuU
outpu t (1/0) ma s k Is
stored as three variables
lor th ree 8·blt bytes). Th e
1/0 ma sk differentia te s
Inputs fro m outp u ts .
During su bseque n t test­
ing . the 110 mask protects
outpu ts from being Inad­
ver ten tly gro unded . Next.
a line of the tru th ta ble is

read Into the three va r iables
f rom t he d a t a bas e . T h e
portions of those th ree variabl es
whi ch correspond to In puts are
se nt to the Ie u nd er tes t via the
PUPD section .

At this poin t th e ADC multi ­
plexer and ADC sections scan
every test socket pin for the re­
su ltan t voltage. Voltages found
to be greater than 2.4 volts are
converted to highs. and those
less than 2.4 volts are converted
to lows . The h ighs and lows are
converted to th ree 8-b lt bytes
th at are compared to the bytes
that were read in from the truth
tabl e. If they match . the IC has

STEVE WOLFE

199 2 Issue: It selects and de­
se lects every other sec tion In
the n004. The refe rence-volt­
age section provides a 2.5-volt
reference for the a nalog-to-dig­
Ital converter fADC) section and
a lso for t he d ig it a l-t o-a nalog
conve r te r (DACl section . The
pull-u p or pull-d own se ction
{PUPDl is capab le of provid ing a
IQ-kllohm pull-up or a zoo-ohm
pull -down to a ny or all of the
test-socket pins (excep t the Vee
pin).

The DAC section produces a
voltage (tn 20- mllllvolt steps be­
tween Oand 5 volts )wh ich Is fed
to the DAC multip lexer (MUX )

PC-BASED
TEST BENCH

.-

The T1004 digital log ic IC
tester and identifier can

handle 7400-, 5400-, and
4000-series IC's.

General operation
Figure 1 shows the TIQ04

block diagram. The ch tp-selec t
section Is driven by the Fron t
End s ection wh ic h we d is ­
cussed tn detail In our June

ntis MONTH WE CO NTINUE

our PC·based test-equip.
men t series by b u ild ing
the T lOO4 digit al logic IC
tes ter and identifier. It Is
capa ble of tes ting 7400 .
540 0. a nd 4000 s er ies
Ie 's. In fact. the TI004 r--­
should be able to tes t a ny
digital IC fam ily th at has
the s ta nda rd Vee (+ 5V)
a nd grou nd con fig u ra ­
tion (Vee on the upper
left comer of the IC pack­
age and grou nd on the
lower rlght~ On a t-t-ptn

. DIP that would mea n that
Vee would be pin 14 a nd
grou nd wou ld be pin 7 .
The TlO04 wi ll a ccep t
14-. 16-. 18· . 20 -. 22-. a nd
24-pln DIP's.

T he T lO0 4 pe rforms
the following tests: Trut h
table. pos iti ve-go ing tn­
put threshold . nega tive­
go ing In put t h reshold .
Inpu t hys teresi s . output
so u rce capab ility under
load . and an open-co llec­
tor test. Add itiona lly. th e
TlO04 predict s (based on
a best-guess a na lys is )
what type of IC you are
testing (HC. HCT. TTL.
etc.). From now on. you'll
find g rab bags of un­
known IC's very a ppea l­
Ing because t he TlO04
ha s a feat u re that ca n
help you Identify those
unknown digital IC·s . If
t h e IC being tes te d
matches any of th e IC's al-
ready In the IC dat abase.
th e TI004 wtll Ond and
disp lay t he names of
those IC's. Ru nning a complete
test on one or allof those names
will. in many cases. provide you
with a comprehe nsive pictu re of
th e IC under test. The Tl 004
also le ts you ad d le 's to the
database. As we expand ou r IC
su ppor t library we will mak e up­
dated files available on the RE­
BB S (5 15 -293 · 2 283.
12ooI2400 . 8NI).



AG, 1-T1004 BLOCK DIAGRAM. The Front End drlves the chlp-select seeuee. which
selects and deselects every oth er section In Ihe T1004.

Any of t he tests descr ibed
above may be omitted from the
testing procedure. The testing
process is defined by a script.
whi ch Is a se t of tes t ins tru c­
tions for a par ticu la r IC. Each
IC has Its own sc ript wh ich TSW
or the end user writes to su tt a
pa rti cu la r IC. IC sc r ip ts a re
complied using a program su p­
plied by TSW.

Script tutorial
ICs not presently su pported

by the TlOO4 can be added to
t he ex is ti ng da ta base by t he
user. Each sc r ipt con tains Ihe
ICs name. wh ether the IC is a n
ope n-collecto r device, and Its
t r u t h - ta b le In fo r ma t io n .
Scr ip ts ca n be wri tte n us ing
any ASCII text ed itor.

The easies t way to create a
new scr ipt Is to copy an existing
sc r ip t a nd ed tt It as needed .
Once a scr ipt has been crea ted .
it ca n be complied and added to
the appropr iate databa se. You
ca n compile a sc r ipt s imply by
se lecti ng that option from the
software m en u . You w ill be
asked to give th e nam e of the
scr ipt (exa mple: S740 0. TSWI.
The compiler will th en open the
scr ip t a nd get t he IC n ame.
Next. H checks to see if the tar­
get Ie a lready ex is ts In the
da tabase. If It already exis ts .
the n th e previous version of the
IC sc rip t will not be overwr ttten .

The delete function lets you
r em o ve a ny IC f r o m th e
database , If the target IC docs
not exis t In th e database. th en
the compiler will compile the
ta rget sc r ipt file and add the re­
sults to th e database. The origi­
nal sc rtpt is written In a form
that Is easy for a person to fol­
low. Once compiled , th e scrip t
takes on a more compact form
that can be used by the maln
testing program. Scripts for 14­
p in lCs must be located In the
dl r e c tory " \T S W\ IC T E S TM
\D I4\S CRIPTS . ·· Sim ila r ly.
sc ripts for 20-pln lC's must be
lo c at ed In t h e di r ect ory
"\TS'MICTES'N>20\SCRJPTS ...
and so on.

Take a look at Listing I. The
top line (TUTOR IAL SCR IPT
NUMBER 11 a nd the numbe rs
down the left s ide (1-14) are not
part of the sc r ipt file. They have

TOZIF·SOCKET
PIN1.8.9. \0,11.

OIl "

OAe MUX

AOC MUl<

PULLUP OR
PULLIJC/\'oll

gte. The voltage on the in pu t p in
Is then read back and displ ayed
next 10 the label "Vf - :,"
• Hysteresis

In pu t hysteresi s Is the d if­
ference betwee n the trigger
poin t of an Input being taken
h igh and th e trigge r point of th e
same Input when it Is taken 10" :
ICs suc h as a 7414 In tentionally
have a large a mo un t of hys­
teres ls to give the m Increased
noise immunity. The TlOQ4 cal­
cu laies the hysteresis and dis­
plays it on the screen next to the
label "HYS:. " Th e TI 004 calcu­
la tes hysteres is as follows :
IVT+ ) - {VT-} "" (Hys teres is )
• TTL input compaUbWty

AT'I 'l-compattble input mus t
trigger when fed a voltage not
larger than 2.4 volts . If vr + Is
grea ter th an 2.4 volts th en the
IC under test fall s th e tes t.
• Output-load test

The ou tpu t-load test is pe r­
formed by taking an ou t pu l
h igh and loading It wit h 200
oh ms to ground for a very brief
pe riod. During the time th at th e
load Is present. the ADC reads
the loaded voltage. Th is tes t will
revea l weak or damaged ga tes .
help to identify the gate type.
a nd test for an ope n-collec tor
condition .

SOCKfT GROUrm

Ir.~=:;~]~"~ TO ONEor23
Zlf·SOCKET

PINS

Ir.'J~]~Jr'"'~ TO23Zlf·SOCK£1 PINS

0AlA BUS

CliP
SUECT
SECT ION

TOTIEfRO/IT ..
EIlO 1~.~=:;~]~~.fROM ONE Of 2~Z1F·SOCkET

TO PINS
EVrRY

secroa

TOOAt SlCTIOfj

· REFERENCE
VOllAGE! SE CTIO N

passed the first line of the truth
table.
• Low-to-bfgb input test

In lhl s section th ree bytes are
aga in sen t to the tes t socket.
Th e bytes are se lected based on
the following cr ite ria : A known
input pin on the IC under test Is
bei ng held low. Additionally.
when th e pin being held low Is
taken h igh , a known ou tpu t pin
will change s ta te. Worki ng to­
gethe r. the DAC and IJAC multi­
plexer sections take con trol of
the Inpu t pin and s lowly ram p
Its voltage from zero to the volt­
age level needed to ca use the
ou tpu t pin to toggle, The volt­
age on the input pin Is the n
read back and d Isplayed on­
sc reen next to the labelv v'T + :."
• High·toMlow input test

In this sec tion three bytes are
aga in sen t to the tes t socket.
The bytes are selec ted based on
the followin g criteria : A known
Inpu t pin on the IC under tes t Is
being held h igh . Add itionally,
when the pin being held high is
taken low, a known ou tpu t pin
will cha nge state. The DAC a nd
DAC mult iplexer sec tions take
con trol of the In pu t pt n and
slowly ramp Its voltage from + 5
volts to the voltage level needed
to cause the ou tpu t pin to tog-48



been added for reference on ly.
a n d s h o u ld n ot a p pea r in
scr ipts that you write.

Th e symbols In th e beginning
of each line tell the softwa re
what kind of fun ction is to be
performed. A MT tells the soft­
ware th at the two following vart­
abies a re the IC's name a nd
whether or not It is an open­
collector device. rcs pcc uvely A
..# .. tells the softwa re that th e
letters ..1. ....0 .....V.·· a nd "G"' des­
Ign at e Inputs. outpu ts . Vee '
a nd grou nd. respectively. "'V"
and MG" always represent Vee
a nd grou nd. respec tively. The
numbers M1-' and MO" a lways rep­
resen t a logic h igh and a logic
low. respectively.

An M. " tells the software that
following symbols desi gnate the
trut h table of the IC under test.
and that the dat a should be sen t
and the resu lts should be read
back. A "'%" Ind icat es that the
following symbols designate th e
truth table of th e IC und er test.
a nd that the data sho uld be sen t
but not read back. A"I" tells the
software that the following sym ­
bols designate the truth tab le
used for the "low-to-htgh input
threshold test" of the IC unde r
test. A M:Msays that the two
follo wing numeri c va riables
designate the "low-to-high In­
put thresho ld test" Input and
output pins . respectively. A """
In d ica tes that the following
symbols des ign ate the truth ta­
ble used for the "high-to-low In­
put th resho ld tes t" of the IC
under tes t. A-',:' means th at the
following symbols des ign ate the
tru th tab le used for th e "ou tpu t
load test" of the IC under test.
An " = " means that the follow­
Ing numeric variable designates
the "ou tpu t load tes t" ou tpu t
pin.

Let's take a closer look at the
scr ipt In Listing 1. Line II ) must
contain th ree string va r iables
sepa ra ted by commas. The firs t
varia ble In the line must be a "'1""
which tells the softwa re that the
next cha racter Is the name of
the IC. The IC name can contain
nine characters. In this case the
n am e Is " 7 40 0. " T he next
cha racter on lin e OJ te lls the
software whether or not the IC
being tested is an open-collecto r
pa rt: MY" for -open-collector parts

or "N" for parts witho ut an open
collector.

Line (2) represents the pin
n um b ers of t he IC bei ng
scripted . In this case the IC Is a
14-pln package. Line (3) Is th e
first line of the truth-table sec­
tio n . From that line the test
software Is able to determ in e
whet he r to treat a ny given pin
as an Input or as an ou tpu t. The
line must be cor rect forthe lines
tha i follow 10 work correctly. If
the IC being scripted has more
than one inpuUou tput mode (a

USTING1
TUTORIAL SCRIPT NUMBER 1

0) ? , HllO , .

( 2 ) II II II 0 0 0 0 0 0 I 1 1 I 1
12345678'1l 12 3 4

HAIH TRllTll TABLE

( 3 I I , I, 1,0, 1 ,I . 0 ,0 , 0 . 1.1,0, r , I. V
( 4) " , 0 , 0 , I,D , O, I . G. 1. 0 ,0 , 1,0,0,v
(5 1 " , O, I , I , O, l ,I , G,I , O, l , l , O,l , V
( 61 " , l, O, l , I , ll , I, G, I . 1. 0,I,I,O,V
( 7 1 " , l , l, O. I , I . 11 , G. O, I , l , O, I , I , V

toll to 11GB I JfPt71' TEST

181 1, 1, 0 , 1, I,O,I,G,I,l ,O,I, I ,D, v
1'1 1,2 ,3

UGH to WW I.PUT nST

(10 1 \, 1. 1 . 0, t. I ,O ,G,O,I .l.0, l , l,V
(11 1 t,2 .3

Otn'PIIT LOAt'l nST

(12) -,0 ,0 , I , O, O,l , G, l , 0,0, 1,0, 0 , v
(1 3 ) ",3

( 14 ) TS'oI ELEC'Tl'tONICS
14 PItI IC TBST SCll.IM'

74245 . fo r e xamp le). yo u
should give a new M#" lin e just
prio r to the les mode change.
You can use as many ~# .. lines
as needed . a nd you can u se
them in a ny section of the
sc r ipt. In th is case pin I Is a n
Input . pin 2 ts a n Input . and pin
3 is an output. Pins 4-6 follow
the same pattern and pin 7 is
~round . Pin 8 Is an ou tput . pi n
9 Is an Input. a nd pin 10 is a n
Inpu t. Pin s 11-13 follow the
sa me pattern a nd pin 14 is Vee '
Ifyou check your data book you
will see that th is accu ra tely de­
scribes the va of a 7400 .

Line (4) begt ns wit h an ~ e , M
That means that a ny "F's and
"O" s correspond ing to Inputs
shou ld be sent to the IC a nd
that the ''1"5 a nd "O"s corre­
sponding to ou tputs should be
read back from the Ie. If the MI 's
and "0'5 read back do not match
the those pred icted by the script
then a fall condition exis ts. A
7400 IS a quad z -tnput NAND

gate. The line tes ts all fou r gates
a t the same time. In line (4 ).
pins I. 2. 4 . 5. 9. 10. 12. a nd 13
are all ta ken low. Eac h fun ction­
Ing NAND gate mus t respond by
output ting a high . The results
are rea d back a nd compa red to
the scrt pt .Lany error with in the
script will cause geed ICs to fall
the test), Lines (5) th rough (7)
se nd and tes t the remaintng
tru th -table co nd itions . An ... ..
can be used only In the truth­
tab le sec tion. Within that sec­
tion . you ca n use as ma ny .....
lin es as you like.

Line (8 ) b egtns wt th a ../."
That character causes th e "low­
to-h tgh Inpu t tes t" (LHT) to be
performed. The LHT is used to
de term ine the voltage that an
Input considers a high . or log­
re-i . The 'T 's a nd "0 '5 co rre­
spending to Inpu ts are sen t to
the IC. Line (9) conta ins the
character M:." which precedes
the Input and output pins to be
used during the tes t. In this ex­
a mple pin 2 Is used as the Input
a nd pin 3 Is used as th e output.
When pin 2 Is tak en from low to
h igh . pin 3 changes state. It Is
not Important whe the r pin 3
goes from high to low or low to
high. but only that a change of
sta te occu rs. The T1004 In­
creases the voltage present at
pIn 2 (In 20-mtlllvolt s teps)until
pin 3 changes states. The volt­
age on pin 2 Is read back and
d isplayed.

Lines 110) and (I I )conta in the
character \ " and "l. " They work
In th e sa me way excep t that the
input voltage is swep t from high
to low This test Is used to deter­
mine VT- . Line (12) contains
the cha racter "-." That sends a
truth table th at must produce a
high on one of the outputs. The
next line contains the charac ter
.. =." which te lls the softwa re
which ou tpu t p in Is presently
h igh . We could have chosen any ..



so

one of fou r ou tputs s ince they
are all h igh . In thts Ins tance pin
3 is chosen . a nd loaded wit h
200 ohms to ground. The load
tes t determines thc sou rctng ca­
pabillties of the gate . whether
the part is open-collec tor or not.
and provides clues that the soft­
wa re uses to p red ict the IC's
family. The prediction of Iamtly
or type shou ld be considered a
best guess (not absolute) . Line
(l4 ) co n ta in s t he tex t "TSW
ELECTRONICS. " which Is there
as an end-ot-tlle marker for the
complier.

Listing 2 shows -TUTORIAL
SC RIPT NUMBER 2."' Lin e O J
Ind icates that the devi ce Is a
4040 and that it Is not an open­
collector devtce. Line (21 tndt­
cates that a 4040 Is a 16-pin de­
vice. A 4040 is a 12·bit ripple
counter. Line (3) Indica tes that
pins 1- 7 are out pu ts . pin 8 is
ground . pin 91s a n ou tpu t. p ins
10 and 11 are Inpu ts . pins 12-IS
are outp u ts . a nd pin 16 Is Vcc­
Pin 10 is a falling-edge triggered
clock Input. Pin II is used to
reset the cou n ter. and Is active
only when high. Line (4) intro­
duces the " %" command. wh ich
Is similar to the "." command.
except that no test Is performed:
" %" should be used whenever
you wish to se nd a byte to the IC
without testing for a res u lt.

In lin e (4) the IU: S I:.. line (pin
11) and CLOCK lin e (pin 10) are
taken hi gh . On th at sa me line
allof the ou tputs a rc shown low.
which is an accura te represen­
tati on of th e effect tha t a reset
would have on th e outpu ts. Be­
cause line {4JIs a "% " line. we do
not actually test the ou tputs.
On line (SI the reset line is re­
leased. On line (6) the clock is
ta ke n low activati ng the first
out put ltnetoo), Because IIne (6}
uses a n ". " Instead of a " %." the
outputs will be tested for ac­
cu racy; The "% " command al­
lows you to configure a d evice
before you begin to tes t It . It ca n
be used In any section and as
often as you like. In th e low-to­
high In pu t test. It Is used to rec­
on fig u re t he 40 40 before we
sweep the Inp ut. In this case .
we arc us ing the sess-r Input to
de te r m ine t he lo w- t o -htgh
th res hold (VI +).

The on ly pin tha t cou ld be

used for the h lgh-Io-Iow input
test is the C LOCK pin . Because
clock inpu t pins req u ire fas t
transit ion limes . th cy are not
suitable for usc in th resho ld
tes ts . fo r that reason . the hfgh­
to-low input tes t Is omitted for
the 4040 IC. You can omit any
sectio n excep t th e "7" section
and th e "TSW ELECTRONICS"
section. A " # " must precede
tru th-ta ble. th resho ld . o r ou t­
put-load tes ts . It must appear a t
leas t once or as often as needed.

LISTING 2
TUTORIAL SCRIPT NUMBER 2

(2 1 0 0 0 0 0 0 0 0 0 1 I 1 1 1 I I
• 123 45"" 012 145'

KAI N Tllunr TAlILt

(1) I, O,O, O, o , o , o ,O. O, O.I.I,O. O. O, o, v
( 4) ', 0 , 0, 0 . 0 , 0, 0 . 0 . 0 , 0 .1 . 1, 0 . 0 . 0 , 0 ,V
(5) ' , O,O. 0. O, O, O, O. 0 . O, I . 0,O, O. O, O,V
(' ) • ,O ,G,O,O,O ,O,O.O,l ,G.O,G,O,O , O,V
1'1 - , O,O,O.O,O . G.G.O, 1. 1, 0 , 0. 0 , 0 , O,V
(II -, O, O. O. O,O ,O. I . G,O.O .O ,G. O, O, O,V
('I • ,O , O.O,O, O,O.I ,G,O .I. O.O.O .O ,O ,V

(1 01 • ,O. 0.O ,O,O , O.I.G,I .0,O, O,O,O .O,V
( 111 • , O, O.O. O,O.O.I,G,l.l. O.G.O , O,O.v
( 121 • ,O , O,O, O, O.1.0.G,O.O,O,O.O,O,O,V
( 11 1 • , O,O.O ,O,O,l.11.0,O.I. O,O.O,O,O,V
(14 1 • , O.Il.0.O ,O,l.0 ,G,l. 0, O.0.O,O,O.V
( lSI • ,O.Il, G, O. 0.1. 0 , G,l .I, O.0.O,O,O ,V
(iii • , O. Il.O. O, O.l.I.G.a. o. o ,o.o, O,O,V
(Il l • ,0,11 .0,0.0,1.1.0,0.1. 0,0.0. 0, a .v
(111 • ,0 ,Il.O, O, O.1 .1.a,I . O.O,O .O,O,O,V
(111 • , 0,11.0, 0, 0,1 .1 ,0,1.1, 0,0.0,0 , 0 ,V

1011 1'0 UGH IIIl'OT nn
(201 ' , 0, 0 . 0 , 0 , 0 , 0 . 0,0 , 0.1, 1, 0 , 0 , 0, O,V
( H I '. 0. 0. 0 , 0 , 0 , 0. 0 . 0 , O. l , O, O. O, O, O. v
122 ) 1 ,0 .0.0 .0 ,0 ,0.0.0, I.O,O ,G.O,O .O.v
P31 1, 11 ,1

( 2C 1 ' . O. G, O. 0.0.0,0,0,0,1, 1. 0 , O,O. 0.V
(25 1 \ ,0. 0,0,0 ,0. 0 ,0 ,0, 0,1,0.0,0,0. 0.v
(2' 1 _, O. O, O, O, O. O, O, O, l , O, O. O. O,O. O.V
lUI - . 1

{21 1 TSll r=-rcs
U PU re ftST lICIIIPT

Detailed operation
We wllluse BASICas an exam­

ple language. As we've seen with
previous periphera ls . the fir s t
s tep in con trolling the T lO04 is
to es tablish a base address a nd
se lect the d esired peri pheral.
The first bit of code will be:
BAS = 768 : OUT BAS+31.4
768 (hex 3001Is the factory-pre­
set base address of the 11000. As
noted ea rlier. th is add ress Is

DIP-switch se lecta ble. Next. we
have an "OUT TO BAS+31." As
you may recall. that add ress Is
reserved for peripheral selec­
non . The TlO04 has a unit . or
pe ripheral address of "4 .W Con­
seque n tly. if we se nd a n "OUT
TO BAS +3 1"wlth a dat a byte of
"4 ." the Tl004 wlll be read ied
for fulll!O opera t ion .

Th e TlO0 4 s c he ma ti c ha s
bee n spl it In to two halves and
shown in Figs. 2 and 3 . Address
lines AD-At (32 bytes ) a re used
by the TlO04 (or a ny other pe­
ripheral) to address Its Ie 's. and
AD Is the LSU of the add ress
lin es. (Lines A5-A9 are used by
the 11000 on ly.) The ch ip-select
sectio n s how n In f ig . 2
(lC23- IC2SI contains t wo
74 HCTl38's llC2 3 a nd IC24 1.
Whenever thei r G2A a n d G2ij
lines arc low a nd GI Is high. one
of elgh t out puts wll1 go low de­
pending on th e add ress present
on the A. u. and c Inpu ts . IC23 Is
ac tive when m :N Is h igh . SI-:NIJ is
low. a nd RD is low. IC24 Is active
when B E N Is h igh . SEN'i3 is low.
a nd WR Is low. ·AII bu t one of
IC24 's output lin es d rive the
load line of th e 74HCT5 7 3
latches. Because th e load line of
a 74 HCTS73 must see a high to
s tore data. IC25 Inverts the ac­
tive lows produced by IC24.

The voltage-reference section .
also in Fig. 2 . is composed of
IC26. R21. RI. IC9-a . and IC9-b.
Trimmer R21 is adjus ted for 2.5
volts at TPl. That provides the
ADC sectio n with a pre cise ref­
erence volt age. The reference
voltage also passes through IC9­
b and used by the DAC section.

An "OUTTO BAS+ 7" wl1l load
a da ta byte Into ICIS (a la tch ).
DAC ICI6 . in combinatio n with
ICl7-a . will p roduce between 0
a nd 5 volt s whi ch Is p ropor­
tional to the byte s tored In lCIS.
The voltage produced will be a
function of n x (5I2SSI. where n
Is equal to the nu mber load ed
In to the latch (ICIS). ASOO-ohm
potentiometer (R22) is used to
set the full-scale ou tpu t voltage .
If ICI 5 con ta ins a value of 25S.
the n R22 shou ld be adjus ted for
5 volts at ICI7·a pin 1. Th e DAC
mult ip lexer s ectio n Is co m­
posed of ICI 8 th roug h IC22. A
la tch (lCI 8 ) used to hold the
DAC multiplexer address. The



FIG. 2-IN THIS PORTION 01the T1oo4 schematic, address lines Ao-A4 are used to
address Ie 's.

then passed through to the tes t
socke t. If the address byte Is 23
or greater. the n th e DAC voltage
Is di sconnected from the test
socket. 51
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least stgmflcant three bits ofthe
address are fed to each of th ree
S vb t t m u l ti pl e x er s
(74 HCT4 05 I). The remain ing
data lines are fed to IC l9 ta



Latch lew Is used to h old the
ADe mul tiplexer address. The
leas t-s ign ifica n t t h ree b its of
th e address a re fed to each of
th ree 8-blt multiplexers. The re­
rna tru ng d ata lines are fed to
Jell. a 74HCT138. which ac ti­
vates on lyone of th e multiplexer
Ie 'S (ICl2-IC14).Ass u ming th a t
the add ress byte sc n t to l e lO
was less tha n 24, the ADe re­
ce ives voltage from only one of
th e test socket pi ns . If th e ad­
dress byte is 24 or greater. then
th e ADC is d isconnected from
th e lest socket.

The pull up or p u ll d own
IPUPD)section . shown in Fig. 3 .
Is composed of re i. res. res.
RIO. RlI. R13--R 16. R17- R19 .
Q I-Q8. a nd Q l5-Q29. Thi s sec­
ttcn pulls any or all of the test
sock et p ins h igh o r low as
n eeded . The PUPD s ection is
primarily responsible for truth­
table fu nctions . Three bytes are
used to control th e PUPD sec ­
tion. Byte-A con trols tes t socket
pins 1-8. Byte-B con trols pins
9-16. and Byte-C con trols pln~ •
17- 23 . Pin 24 Is reserved for
Vee only an d Is not affec ted by
the PUPD or DAC sections. The
sections co n tro lled by Byte-A.
Byte- B. a n d Byte-C a re fu n c­
tionally iden tical. so well d e­
scribe the Byte-Asection only.

Well assu me that the number
85 (01010101) h as been sent to
ICI. Th e otrrtxrr ENABLE line on
ICI (O'E) Is grou nded so the "g"
ou tputs mus t follow the "0 " In­
puts . Pin 1 of DIP RIO wlll re­
ce ive a hi gh. pin 2 a low. pin 3 a
h igh. an d so on . Res u lt an tly.
th e base ofQl will be taken hi gh ..
conn ecti ng groun d to Rll pin I: , .
T h a t causes pin I of the tes t
socket to be pulled low th rough
200 oh ms. Because th e base of
g 2 Is low. it will not eonduct.
That allows RI7pln 3 to pull RI1
p in 2. a nd s u bsequen tly the test
socket p in 2 . hi gh .

The IC gro u nd section con­
sis t s of IC2-IC4 . R12. and
Q9-Q14. Any byte la tch ed Into
IC2 is passed di rec tly to IC3 .
Byte values ranging from 0 to 5
transi tion to a low one of IC3 's
ou tp u t lines . IC4 inverts th e
s ign a ls which a re then fed
t h rough R l 2 to the ba ses of
Q9-Q14 . On ly one line is active
a t a time. th us ens u r ing th a t
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FIG. 3-THE PUL.L. UP OR PULL DOWN sectIon pun. any or all of t he test SOCket pin s
hIgh or low as needed.52



o n ly o ne t ra ns is tor Is co n ­
ducting at a ny given moment.
Trans istor Q9 Is se lected when
drtvtng a 14-pln device and 9 14
would be used when driving a
24-pln device.

Regulator IC27 and Its assoc i­
ated componen ts produce - 5
volts. whic h Is used by th e DAC
(ICI61. Regu lator IC28 and Its
ass octated compo nen ts pro­
duce - 5 volts for the mul tiplex­
ers lICI2-IC14 and IC20-1C22).
Regul at or IC29 and Its associ­
ated co mpo nen ts produce + 7
volts. wh ich the op-amps re­
quire In order to produce a full
5-vo1t ou tp ut swing. Regulato r
IC31 and Its assoc iated compo­
nen ts produ ce + 5 volts for the
IC being tested . Regulator IC30
and IC32 and their associated

componen ts produce + 5 volts
for all the remaining IC's. Reg­
ulator IC31 produces + 5 volts
and Is ded ica ted to su pplying
Vee to the test socket and + 5
volts to the pull-u p res is tors
R17-R19.

ConsUuctlon
To b uil d th e T I 00 4 p e­

riph eral. a PC board Is recom­
mended . You can eithe r buy a
PC boa rd from the sou rce men­
tioned In the Par ts List or make
your O\lvn from the foil patte rns
we 've p rovided . Note that the
parts for the Fro n t End are con­
ta in ed on t h e TIO04 board
shown with a dar k line around
them In the Parts -Placement di ­
agra m of Fig. 4 . There Is a sepa­
rate Parts List for t he Front

End. whi ch was d iscussed In
detail In the J une Issue . Do not
confuse the two lists of parts. or
where they go on the board .
Also. for many of th e capac itors .
notice that there are three holes
on th e board . with two of the m
elect rically th e same. The holes
accommoda te capacitors with
different lead spacin g . Use
wh ichever pair of holes on the
print ed-circuit board that best
fits the ca pacitors you in tend to
use for the project

One of the voltage regulators
lIC3 2 1 Is In a TO-3 case that
must be mounted on the back
pane l of the TlOO4 case. Mount
the regulato r. along with an ap­
propriate heats tnk. on the back
panel and ha rdwlre It to the
board . Figu re 5 shows the com-

•

,2~ 22 20 II 16 l~ l J,

•TOllf SOCKET PINS
FIG. 4-PARTS-PLACEMENT DIAGRAM. The part s l or the Front End are shown with a
dan: line around them. There Is a separate Parts List for the Fronl End, so don 't
conf use the tvto lists of parts. or where they go on the board.

611012,
•

TO ZlF SOCKET PINS
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All resistors are V.. watt, 5%., unless
ot herwise noted.

Rl-2200 otuns
R2-10,OOO ohms
R3-2320 ohms , 1"'­
R4-1000 ohms
RS-Sl l0 Ohms, 1%
R6-2050 ohms, 1%
R8-1100 ohms
R9-240 ohms
RlO. Rl2. Rl3, Al5-1000 ohms. l&pin

DIP
au, A14, Rl6-200 ohms, 16-pin DIP
R17-R20-10,OOO ohms, lo-pin SIP
R21- 10.000 ohms. rnultiturn trimmer

potentiometer
R22-SOO Ohms, mutlllum trimmer

potentiometer
capacitors
ci-cr,C1()...C14. C18-C25, C48--0.15

ILF. polystyrene
ca. C16, C31, C35 , C37 . C39 . C42 ,

C45-100 IlF, electrolytic
cs, C15. C28, C32. C33, C34-nol

used
Gl7, e 27, C36, G3a, C40, C41, C43,

C44, C46, C47-10 ILF,electrolytic
C26-1 50 pF, mica

plcted Tl OO4 boa rd . When you
u se the TlOO4. position the Ie 's
you want to test as shown In
Fig. 6.

'.'
C29-2.2 IlF. electroly1iC
C3O--36 pF, mica
Semiconductors
IC1, IC2. ICS. IC6, icr , IG10, lets.

ICl8-74HCT573 octal latch
IC3, IC11 , IC19, IC23. IC24-74HCT138

demultiplexer
1C4, rC25-74HCT540 octal buffer
IC8-AOC0803 8-bit AiD converter
IC9--LM358 dual op-amp
IC12- IC14, IC20-IC22- 74HCT40518-

bit multiplell.er
IC16--0AC0800 or OACOS 01A

converter
1C17-lM621SAN op-amp
IC~ 'o'OItage reference
IC27. 1C28-79l05 VOhage regulator
IC29-lM317T 'o'Oltage regulator
1C30.1C31-lM7805T 'oOllage regulator
IC32-UA7805K voltage regu lato r

(1'0-3 case)
0 1- 1N4002 diode
02 1N5231 S.1-voIl Zener diode
Q1--Q29-PN2222 NPN transistor
Mi sc ellan eous: 24-pl n ZIF socket.

T().220 heatsink, TO·3 neatsink, PC
board , instrument case. wire. solder,
etc.

Software
Each peripheral has its own

software progra m to control its
operatton. All of the programs

FIG. 5-THE COMPLETED Tl OO4. One 01
the voltage regulato rs, IC32, must be
moun ted on th e back panel of the TlOO4
case.

en d up In one directory as you
add more pe ripherals . Softwa re
for the 11000 and the en tire se­
ri es of peripherals . Includ ing
the T lOO4. ca n be downloaded
f ro m t he RE -BB S
15 16 ·29 3· 2 28 3 . 120 0 /2 4 0 0 .
BNI I as a se lf-u narch lvlng zip
fil e ca lled TIO04 .EXE . Both
compiled and uncompiled so ft­
wa re Is Incl uded. Software Is in ­
cluded free with the purchase of
any peripheral from the source
that Is mentioned In the Parts
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Accr"il" by

the Accr"itina: Commis\ion or tne
N8tion81 1I0m~ Study Council

•
GRANTHAM

College ofEngineering
Grantham College Road

Slidell, LA 70460

Earn Your B.S. Degree
in

ELECTRONICS
or

COMPUTERS

By Studying at Home
Grantham Co llege of Eng ineering,

now in ou r " 2nd yea r, is highly ex­
perienced in "distance educatio n"­
tea ching by correspo nde nce- through
printed materials, compute r ma terials,
fax , and ph one.

No commuting to clas s. S tudy at
yo ur own pace, while continuing on
your present job. Learn from easy-to­
unders tand but complete and tho rough
lesson materials, with additio nal help
from ou r instru ctors .

Our Computer B.S. Degree Pro­
gram includes co urses in BAS IC ,
PASCAL and C languages - as well as
Assembly language, MS DOS, CADD,
Roboti cs, and much more.

Our Electron ics B.S. Degree Pro­
gram includes courses in Solid-State
Circuit Analysis and Design, Co nt rol
Systems , Analog / Digi ta l Communica­
tio ns, Microwave Engr,and muc h more .

An important part of being pre·
pared to mol'(' up is hold ing the right
college degree , and the abso lutely neces­
sa ry part is k nowing yo ur field .
Grantham can help you both ways­
to learn more and to ea rn you r degree
in the process.

Write or pho ne for our free ~

ca talog. Toll free, 1-800-955·2527, or ~

sec maili ng add ress below. "!

J

way of downloading it from the
RE·BBS.) With the TlOO4. yo u
a re on your way to a u to matic
troubleshooti n g. R-E

FRONT-END PARTS LIST
• 6-Ioot interlaec:r cable (DB-2S-Ei)­
$12.95
• T1001 kit (Includes PC board, en
listed parts, project case, and pre-­
assembled lront and rear panels­
$149.00
• n OOl PC board only-$49.00
• Tl00l , asse mbled and tested­
5179.00
• T1 001 software (included free with
T1001 order)-S10.00
• Capacitor kit (unm easured )­
521 .00
• Capacitor kit (meas ured 10 within
1%)-$26.00
• n003 kit (includes PC board, all
listed parts, proJect case, and pre-­
assembled front and rear panels)­
$159.00
• nOO3PC board only-559.00
• T1003, as se mbled and tested­
$189.00
• T1003 software {Included free with
Tl003 order)-$10.00
• TlOO4 kit (Includes PC board, all
listed parts , project case , and pre­
assembled front and rear panels)­
$209.00
• TlOO4 PC board only-S79.00
• Tl004, assembled and tesled­
$249.00
• T1004softWare (included free with
T1004 order}-S10.00
Add$5.00S& Hto anyorder.Check or
money order only.

Miscellaneous: 17 shorting blocks (lor
J1 and J2)

CORRECT POSmONING

THETlOO4 AU\AYS CONNECTS
Va; 1<1" 5 VOlTS DC) toTHISPIN.

PIN 1 (Of THE IPmGFVJt:D
CIRCUlT BEING TESTED) MUST

BE LOCATEDHERE.

Note: The following items are avail·
able from TSW Electronics Corp.,
2756 N. University DrIve, SUite 168,
Sunrise, FL33322(305) 748-3387:
• 11000 klt-$65.oo
• 11000 PC board only-S35.00
• 11 000, assembled and tesl ed­
sn.oo

ReSlstOB
R1-33 ohms. H'·pin DIP resistor
R2-2200 Ohms. lG-pin SIP resistor
R3-1000 ohms. l()·pinSIPresrstoe
ceeeenere
Cl-e7-o.15 v.F,50'0'0115, monolylhic or
polystyrene
C8-Cll, C2O-C28-1SOO pF, 63 volts ,
polystyrene
C12-e,9-220 pF, 100 VOltS, ceramic

.""semiconductors
1C1- 74LS573Dccter tatcn
IC2-74LS688D 8·tH! magnitude com­
peratcr
IC3-74LS24SDoctal transceiver
IC4-74L$020 quad 2-lnput NORgate
ICS. IC6--octa1 buffer
1C7- 74L$080 quad 2-input AND gale
Other components
Jl- l6-pin male header
J2-18-pin male header
J3--ma le PC-mounl DB25 connector

I~ 11m).
=~~

INCORRECt POSlTlDNING

FIG. 6-BE SURETO POSITIONthe IC's you wanllo test In Ihe tes t socket as shown
here.

List. (Software can a lso be pur­
ch ased from that same s u pp lie r
If you 're not buying a n y th in g
else from them a nd you h ave n o



A G. 7-GOMPLETED a-ccmmCIRCUIT BOARD shown actual size. Note vertically
mounted axial-teaded components R1. L4. LS, L7, La and 04.
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bushing to provid e a ga p be­
tween the top of the microp hone
and the ho les In the face of the
bush ing. (thai perrnitssound to
enter u nt mpeded .I

It Is recommended that the
bushing be snapped in to the ex­
trusion before pe rformi ng the
microphone bond ing s tep or the
plas tic s naps will Interfere wit h
the microphone.

Refe r to t h e m ech ani ca l
layou t drawing Fig. 6 as a guide
for mechanical assembly. At­
tach the front panel to the PC
boa rd . First attach h ex ri ng
nuts to the fro nt of bot h
SgUfo:LCIt potentio me te r R2 5
and VOI.UME potentiometer R26 .
and coaxial BNe connector J 1.
Be su re that the PC board ab ut s
the fron t panel a nd Is fasten ed
with hex r ing nuts on the ou t­
s ide of the threaded barrels of
the po tentiometers and BNe
connector. Avoid pla cing exces­
sive torque on th e porenncme­
te rs by holdi ng th e h ex ring
nuts behind ui e p anel w ith
pliers or w rench w h He tighten­
Ing theJ ront n uts w ith another
wrench .

l b complete the assembly of
the transceiver. place the speak­
er and gr ill Insi de the a lu mi ­
num housing ext rus io n a nd
fasten it wit h four No. 6-32 x
5/16-lnch Phthps-head screws .
In terna l too th lock wa shers.
and nu ts . Connect all cables to
their p roper Jacks on t he PC
board. a nd slide the assembly
into the h ous in g. Dep ress the
transmit switch S J shaft so that
it slides into the hous ing. (The
tra nsm it sw itch button ca nnot
be attached u n til th e board ts
Ins ert ed In the exrruston.I

Attach the en d panels wit h
No. 440 se lf-tapp ing sc re ws.
Slide the knobs on the 0 .125­
Inch diame ter squelch and vol­
u me po tentiometer shafts (R25
and R261and lock them In posi­
tio n with a 0 .0 50- lnch Alle n
wre nch .

Calibration & troubleshooting
Ch arge th e power cells by con­

necting them to the wall outlet-

mounted AC to 12 -volt DC
adap ter for 24 h ours . He sure
th e power switch Is OFf' while
th e po w er pa ck Is b eing
charged. The fol low tu g te st
equipment Is required to cali­
brate the E-Comm transceiver :
• Oscilloscope (one that Is 50
MHz or faster !
• Frequency cou n ter
• Digita l multlmeter
• Plas tic coli-tu n ing s ticks
• A 50-oh m dummy load

An Fjvl-modulated RF sou rce
Is helpfu l but Is n ot a requ ire­
ment for cal ibrating the tra ns­
ceiver. The 50-ohm dummy ca n
be made by wiring ten 470-ohm
resistors In parallel with short
leads . Be sun' that Induct or LB
Is n ot Ins ta lled before star ting
th e proceautct

Firs t tune t he rransrmt ter.
Note: whlle adj us ting the trans­
mtuerevotd touctunganyot the
output circuit componen ts be­
cause some hIgh voneges are
acvetopea th ere. Then on the
power switch a nd connect th e
oscil loscope lead s to pin 1 of
IC2 . the q uad -NAND Sch mit t
tr igger a nd observe the wave­
forms while pressing the trans­
mit switch. Tweak induct ors LI
and then L2 un til a clean s in­
usoidal waveform Is observed.
(The frequency sh ou ld be about
27 .145 MHz.)

Disco n nect the os ctlloscope .
and a ttach a frequen cy counter
to pin 1of IC2 through th e h igh
Impedance Inpu t of the cou nt er.

and adjus t Inductor L9 to set
the frequency to 27. 145 MHz.
Reconnect Lhe scope aga in and
fine tune Inductors L1 and L2 to
get the best looking waveform.
The wa ve for m a m p litu de
sh ould be between 3 and 6 volts
peak- to-peak. If th e waveform Is
satisfactory. solder Inducto r LB
Into the circu it board an d at­
tach the 50·ohm dum my load 10
the BNC an ten na Jack .

Attach a cu r ren t meter In se­
ries with the power pack or the
DC su pply to adjust th e final RF
a mplifier. Hook up the ou tput
pin of J I to the osc illosco pe a nd
set it to 10 volts per division .
Wh ile obse rv ing the cu rrent
mcte r. p re ss t h e t ran smit
switch an d look at the wav e­
form. QUick ly tweak capacitor
C30 so th at th e curren t Is less
than 400 milliamperes and the
o ut p ut voltage ac ross the
dummy load is abou t 35 volts
peak-to-peak.

1b obtain maximum efficlen ­
cy. fine tu ne inductors LI a nd
1.2 and capacitor C30 to sci the
ou tpu t power as close as possi ­
ble to th e optim u m value. That
value Is expressed as IVo ul peak
x 0 .70 7)2/50 d ivided by th e In­
put power (Vl n DC X ' In DCI.
(Th is Is a "t r tal an d error" s tep
that ca lls for pauence.) Do not
try to set the output to max­
Imum power!

If the 400-mlllla mpere max­
Imum Input cu r ren t Is exceed­

continued on page 9~
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FIG. 2-A SCHEMATIC OF AN ACTIVE DIFFERENTIAL PROBE thai can be internally
powered by four t.s-ven cells or an AC to DC converter.

TO
>--~>-- OSC l llOSCOPE

+ V

!DlffEREIffiAl.
_ V Mtf' lflER

+ BNC

factor of 2.83 10 obtain the
peak-to-peak voltage .I Exam ­
Ination of the control diagram
showed that d ifferentia l mea­
su re men t Lechn lques we re
need ed to ma ke accurate and
sa fe m easurement s of t hts
"Iloat tng" sys tem.

It wou ld be necessary to check
log ic-l evel SCR gale s ig na ls
riding on the 220-volt AC line .
Any differen tial probe suitable
for ma k in g those m ea s ure­
ments had to be capa ble of can­
celling the la rge peak-to-peak
AC waveform, leaving on ly th e
desi red logic-level s igna ls. esti­
mated at 3 and 12 volts DC, for
analysis.

The d iffe re ntial probe was
firs t con nected to Earth ground
with the oscilloscope (UNCI con­
nector. Then the probe was con­
nected to the oscillosco pe. In
thts case , the In te rnal power
su pply was used so the probe
cou ld the n be tu rned "on .

Knowing that voltages in ex­
cess of 622 volts AC pea k-to­
peak would be present. a probe
attenuation range of 200: 1 was
se lected. (Table I shows th at for
the probe used , the max imum
working voltage to grou nd and
between Inpu ts Is 5 00 va lls
rms . and the maximum non -de­
s tructive Inpu t Is 700 vol ts AC
rms or 1000 volts DC.)

The 622 volts Is d ivided by
200 to become a 3 .11-voIt slg-

DC TO DC
CONVERTER

I
I
I Il.. J

ATTf.NUATION
NETWORK

,
I
I,,,
I
I
I
I
I
I

"-'Cl< I

r1~~:~
~ r------ -- --,, ,, ,

REO I I

TO THE
CIRCUIT
UNOER

TEST

the errauc belt speed . In a t­
tempti ng to trace the cause of
the problem. the first step was
to con nec t a conventiona l dig­
tt a l m ullime ter a cros s th e
moLor's armatu re term ina ls to
vc rt f'y th at th e b e lt s peed
changes co r res ponded wit h
motor voltage cha nges. Then
th e co nveyor belt was d iscon­
nected from the dr ive motor
sheave to verify that the the
m otors speed var iations were
not due to vartauons In be lt
load ing.

Troubleshooting plan
A trou bles hooting pla n was

formulated to rule out possible
fau lts and Isola te the cause to
one or more of the system cle­
ments . Figure 3 shows th at the
PL C Is re fe re nced to Ear th
ground. But the rest of the cir­
cu it Is Isolated from ground to
prevent a build-up of damaging
or hazardous potentials . due to
an Insulatio n failure, withi n the
motor-driven conveyor-belt sys­
tem. An osc illoscope referenced
a nd connected to Earth gro und
can not make accurate measure­
ments In a circu it tha t Is not
refere nced to the sa me grou nd.

The maximum pea k-to-pea k
voltage tha t could appear In the
bridge is abo u t 622 volts. based
on th e cha racteristics of a si ne
wave for 220-volt AC. (The rms
voltage mus t be multiplied by a

A G. t - API MODEL 51-900 ACnVE DIF­
FERENTIAL PROBE suitable for making
measurements to ~ 1000 volls DC.

High-voltage application
The bes t way to explai n the

value of a di fferential probe In
an Industrial setting is to review
a problem that occurred In a n
u ngrounded closed-loop control
sys tem a nd that was solved In a
sa fe a nd ti mely manne r with
the probe.

A conveyer belt In a manufac­
turin g plant wa s exhibiting
rad ical speed Iluctuattons : it
would alte rnately s low almost to
a halt a nd then speed u p to a
rate tha t endangered nearby
person ne l. So lving this control
problem was Impor tant b e­
cause . unless It was cor rec ted
promptly. the production lin e
would be sh u t down .

Figu re 3 Is the sche ma tic for
the belt drive In a control system
closed around a programmable
logic con troller (PLC). Th e be lt­
drive DC mot or Is driven by a
s tngte- phase , fu ll-wave SCR
b r idg e thai Is elect r ically Iso ­
la ted from the PLC by fou r Iso­
lating SCR gate trigger mod­
ules . The motor Is electrically
isolated from a tac hometer that
sends vetoctty signals back to
the PLC. and bot h bridge and
motor are electrically Isola ted
from the 220-\'0It AC line by a
1:1 power Isolati on transformer.

When the belt was running,
persons close to It could hear
the so u nd of the d rtve motor
change pitch as they observed62



A G. 3-A CONVEYOR BELT SPEED CONTROL system, isola ted from Earth ground.
Includes a prog rammable log ic controller (PLC), a ruu-weve. single-p t1ase Se Rbr idge.
DC motor with isolated tachometer, and four isolati ng SCR gate-tr igg ering modules.
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FIG. 4-VOLTAGE WAVEFORMS viewed
at zzc-ven AC inpu t : trans former prj­
mary a, Iran sformer secondary b , and
molor armature (load) c.

b NO ISE

T jU-- --31tVPP

-l .

T
T'

•

m o tor 's a r matu re . a n d t he
periodic h tgh -Irequency osc illa­
tions shown In Fi~. 4-c were
see n. The ir occu ra ncc matched
th e mo tors s peed va r ia tio ns .
Next th e probe was con nected
across the anode (+ ) and cath­
ode ( - ) term inals of each of th e
four SCRs In the bridge . and
their waveforms were observed.

As s hown in Fig . 5 _ all th e
SCRs ex h ib ited some waveform
d is tor tion. but one of them, Fig .
5-c exh lb lled more severe d is ­
to rtion than the others .

As the next s te p, th e probe
was con nected across th e ga te
( + ) to cathode ( - J term inals of
each o f the t hree S CRs that
showed lower a node-to-cathode
n oise voltages. The d iffe ren tial
probe s uccessfully ca ncelled the
622 volts peak-to-p eak AC on
wh ich the ga te- to-ca th ode volt ­
ages were rid ing. The resu lt was
clean . normal ga te tri gger wave­
fo rm s wit h n omin a l 3 -v o lt
peaks . as s hown in Figs . 6-a. 6-
b . and a-d.

Ho w eve r. t he r e m a in i n g
SCR's gate-to-ca thode voltage
wa vefo rm . Fig. a-c. s howe d
ti me-va r y i ng ga t e- t r igge r
pulses . (It was th e same SCR
tha t h ad s h own t he h ighest
an ode-to-ca th ode jitter In Fi g.
5-c.) Some pulses In Fig . 6-e
s ta rt ed earlier a nd others s ta rt-R

± 3.5 V into 1 Megohm

;!: 5 mV (10' C to 40~ C)

Four 1.5 V AA cells or
6 V DC, 50 m A adapter

70 dB fir 1 kHz

transformer and a waveform es­
sentia lly the same as th e 622­
volt p eak -t o-p ea k s in e wave­
form of Fig. 4-a appea red: It is
s hown as F ig . 4 -b. However,
s ma ll distortions a n d a m p li­
tude changes were seen on the
n egative peaks . a nd they were
in synch with motor-s peed va rt­
a uons . The elect rica l noise in
the waveform was believed to be
due to the re flec ted load in g
effec ts of the motors power a nd
speed chan ges.

The d iffe ren ti al probe lea ds
were Ih an co n nec ted ac ross the

TABLE l-LEADING SPECS OF API PROBE

DC to 15 MHz

::!: 2% (nominal)

20:1 and 200:1 (selectabl e)

2 Megohm s

25 pF (each side grounded)

e zoo V DC + peak AC
(200:1 attenuation)

::!: 70 V DC + peak AC
(200: 1 or 20:1 atlentualion)

SOO V rms

,I... .J

Max . common
mode input

Common mode
rejection ralio

Max. output

Output offset

Power requirements

Bandwidth

Accuracy

Allenualion ratio

Input resistance

Input capacitance

Input rallQe
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nat . (Th e d isplayed out pu t volt ­
age had to be kept wuht n Ihe
± 3.5 volt s limit of the probc .l

The two p rob e In p u t lea d s
were then ca refu lly co n nected
across the 220-vol1 AC line feed­
In g t h e 1:1 iso lation t ra n s­
forme r. T h e osc illos co pe d is­
played th e 3 . 11· volts peak-to­
peak s ine wave shown in Fig . 4 ­
a . The regula rity of the sca led­
do wn s ine wave s howed that
there were no faults in the line
voltage.

Bot h p robes were moved to
the seconda ry of the isola tion



PROBE SUPPLIERS

Avex Probes Inc. (API)
PO Box 1026
Bensalem, PA19020
215-638 -3300
O RCl..f: 316 ONFREEtNfQRMAn ON CARD

Hewlett-Packard
PO Box 612350
San Jose, CA 95161-2350
800-452-4848
CIRCl..f: 311 ON Fl'lEE INFORMAnON CARD

In Pomona
1500 East Ninth 51.
Pomona. CA 91769
714-469-2900
CIRCLE 318 ONFREEINFORMATlON CARD

Jensen Tools, Inc.
7815South 46th S1.
Phoenix, AZ 85044·5399
602-968-6231
CIRCLE 319 ON FREEIN FORMAnON CARD

Probe Master Inc.
4898 Ronson Court
San Diego. CA 92111
8QO.n2-1519
CIRCLE 320 ON FREEINFORMAn ONCARD

Tektronix
PO Box 50
Beaverton, OR 97077
503-627-7111
CIRCLE 321 ON FREEINFORMATION CARD

Test Probes, Inc. (TPI)
9178 Brown Deer F%oad
San Diego, CA 92121
(6t6) 552-2090
CIRCLE 322 ON Fl'lEE INFORMATIONCARD

a n d Pro b e Mas ter as t h e
PM4230 .

For purposes of comparison .
consider two other di fferential
probes . the Tek t ron ix P60 4 6
and the Hewlett -Packard HP
1l 4I A/I 14 2/\ . The Te k t ronix
system consis ts of th ree se pa­
ra te cable-con nect ed un its : a
probe head . a n amplifie r, and a n
AC-lIne operated power supply.
It hasa com mo n-mode rejection
ratio (CMRRI of 10,000 :I. a n In­
pu t res is ta nce of I mego hm.
and an Inpu t capacitance of 10
p icofarads . Its maximum band­
width Is 100 MHz. a nd Its max­
Im u m DC plus peak AC Is :::!: 250
volts.

T he HP 1l 4 1A dl ffcren tl al
probe Is a I x FET differe n tial
p robe wit h a 200-Mltz band­
wid th and a CMRH of 3000: I.
The probe has an Inpu t res is ­
tance of I megohm a nd an inpu t
capacitance of 7 picofarads. It
mus t be used wil h the HP 1142A
probe control a nd powe r mod ­
ule sys tem. R·E

AG. 6-GATE-T().CATliODE VOLTAGES
viewed at the input of gate terminals of
SCR1 10 SCR4 a, b, c, and d , an d output
signals from the PLC a, b, C, and d .

"*",---l-r- :- '------- •
...1... ,
~ I_ _ -.JL ,
-Jv+ I L...-- . ,
...1... , I
-l'-----.JL--- -- ,

stgnals were to be viewed . the
di fferentia l probe 's attenuator
was s witched to 20: I (12 va lls!
20 = 0 .6 vo lt ). a n d the os­
cilloscope's ver tical scnstttvny
of 0 .1voll/d lvis lon wa s s elec ted .

Threc of thc four tz -vott logtc
s ignals from the PLC to th c SCR
gate-t rtgger lines appeared nor­
mal, as sho wn in FI~. 6-e, 6-f.
and 6-11. However; the Fig. 6-g
waveform was distorted by low­
level reflected noise that tracked
with the motor's s peed varia­
tions . It wa s the same 5CR
channel that had shown gate­
to -cathode electrical noi se In
Fif.!.5-c.

That finding na r rowed the
cause of the problem down to
one SCR cha n nel a n d it wa s
thought to be either a faulty
PLC-to-5 CR gate Isola ting trig­
ger module or a malfu nction ing
SCR. A new plug-In module was
the n su bs ti tu ted for the one
that appea red to be faulty. a nd
the problem was qu ickly so lved .

The d if feren ti a l p robe di s ­
cussed In th is a rticle is sold In
the United States by th ree dif­
ferent suppliers : Avex Probes
Inc. (API) as the 51-9000: Test
Probes , lnc.I'TPll as the ADFI5,

,
JITTER

Identifying the c ulprit
A pattern ha d now been es­

ta blished link in g the trouble to
one SCR chan nel. It was next
decided to detenn lnc the quali­
ty or tile ou tput s tgnals from the
PLC. Th observe th e PLC outpu t
lines . whi ch a re referenced to
systemlEarth grou n d. the b lack
( -) lea d o f the differen tial p robe
w as co n necte d to sys t e m
grou nd. Because l z -volt logic

•

,
FIG. 5- ANODE-TO·C ATHOOE VOLT·
AGES viewed al each brid ge Se R (tr ig­
gered at 90" Into a positive peak supp ly
voltage): SCR1 a. SCR2 b, SCR3 C, and
SeR. d.

cd later than the nominal limes
seen for the ot he r three gate-to­
ca thode waveforms.
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FROM

NOTWORKING
To

NETWORKING
Bring your knowledge to bear

on several tough LAN case histor ies.

GARY McCLELLAN

PARTS I AND 2 OF' T HIS THREE-I'ART
se r ies on troubleshooting LAN's
presented techni cal back­
ground o n n e twork t ec h ­
no jogtes Itn Pa rt 11. and on tools
an d test equ ipmen t Un Part 2).
This time we put our knowledge
to work in diagnosing and solv­
Ing network p roblem s of vary­
Ing difficulty.

In each case. we will describe
t h e type of LAN. symptoms
manifested . fault Isolation tech­
niques . use of test equipmen t.
and repair methods. To follow
th e discussion. It is Important
to have at least a basic u nde r­
standing of LAN technolog ies
and test equipmen t as d e ­
scribed tn parts I an d 2. So if
you are u nsure about a nyt h ing
di scussed s o far. re rea d thos e
parts before con tin u ing.

The computer ate my wo rk l
This one happened at a local

me tal fabri cation s hop : t he
symptoms d rove th e companys
finance people up the wall! That
shop had five XT clones commu­
n ica ting wit h an IBM PC-AT file
server via Ethernet. For a lon g
time. the network had been re­
liable. but after several years of
use. it began to run slower a nd
s lower whenever us ers ran
order entry and accou n ting pro­
grams off the file server. Error
messages began to appear. an d
so metimes users had to repeat
t he proce ss . Troubleshooting
began when s everal people In
the orde r e n t ry departme n t

complained of trashed data .
Several users were affected .

so It seemed u nlikely that thei r
computers were at fau lt. That
left the Ethernet backbone ca­
ble a nd the file server as s us­
pec ts. Th e back bone cable
cou ld h ave been the prob lem .
bu t it didn 't seem likely. Then
so meone discovered that a sel­
dom-used word-processi ng pro­
gram ra n fine. so we ruled ou t
the possib ility of cab le fault .
Th at left the file server a nd hard
d isk as a possible culprit.

That even ing we sh ut down
the netwo rk a nd ran a "disk
doctor" program on the file serv­
er. Th ose programs are available
from several so u rces . includ ing
Sy mantec (Norton Utt l tt tesl .
Ce n t ral Po int S oftwa re {PC
Tools}. and Gibson Res earch
(S p tn RlteJ. What t h es e p ro­
grams do Is perform a non-de­
structive low-level format o f a
disk drive. Typtcatly, such pro­
grams wor k by read ing a track
of data from the drive. format­
tl ng that track. and rewriting
the d ata . Any bad sectors de­
tected alon g the way ge t mapped
ou t. a nd the data gets moved
else where. If possible. Figure 1
sho ws a sample screen from th e
Calib ra te utility Included wit h
vers ions 6.x of the Norton Util­
iti es .

A related fu nction often goes
by the name of d lskdefragmcnt­
Ing . wh ich a ttem p ts to grou p
logica lly related segmen ts of a
file together phys ically In con-

secut tvesectors ofa di sk . Doing
so can dramatically Increase the
speed with wh ich DOS reads
flies . A di s k becomes frag­
mented because. when a file Is
erased. DOS subsequen tly adds
the n ow-unused sectors to a
pool of secto rs that might sub­
seq uen tly b e reus ed . A par­
ticular grou p of era sed sectors
mig h t n ot co n ta in e nough
space to h old an entire file. so
DOS puts parts of t he file In
non-adjacent areas across the
disk. The result Is that when
loading the progra m or data file.
DOS sends the readlwrlte head
all over the surface of the disk .
rather than lapping u p sectors
on e by one. That jerky h ead mo­
ti o n ca n rea lly s lo w thi ngs
down. It Is n ot unusual for over­
all ope ration to be speed ed up by
10--20% or even more s imply by
"doctortng' the hard disk. Nor­
ton and Central Poin t bo th In­
clude d isk defraggers as well.

Anyway. run ning a disk doc­
tor program on th e fabrication
sho p's serve r solved t he prob­
lem . 1b avoid that type of prob­
lem. run a disk doctor program
a min imum of every s ix mon ths
to ca tch bad cylinde rs and pre­
vent dat a loss . If you encou n ter
many bad cylinders. say 5% or
more. you sho u ld rep lace that
hard d isk before a ca tastroph ic
failu re occu rs !

Th e dead PC
Many LAN problems go like

thi s: A user can no t log onto th e 65



eludi ng th e computer, Its NIC.
the cable plu gged In to the wall
ou tlet, or even the wtring back
to the hub.

First, we checked the old wall
ca b le with t h e Pa lad in
PatchCheck tester (dlscussed In
the la s t a rticl e). PatchCheck
checks cables in seconds. if you
can access the modula r plugs
on both ends. Pin 2 showed a
di m Indication on the tes ter.
suggesting high res is tance. We
dtdri't know which end was bad .
so we replaced the connectors at
both ends . The cable then tes t­
ed good. so we reins talled It a nd
were ab le to log onto the net ­
work brtefly But then trouble
deveioped again . On a hunch ,
we pushed and held the modu­
lar connec tor In the wall ou tle t.
The user could log on to the net­
work and work normally-until
we let go of the connector. Then
the PC crashed. Replacing the
wall ou tlet solved the problem .

In gene ral . most twts ted-pa tr
ca ble p rob lems a re caused by
bad cr imps or by users pulling
Ind ividual strands out of the
connectors . In the present case.
the initial Ins taller used cheap
connec tors that probably were
not cr imped fully. whi ch in tu rn
ca used resi s tance to Increase
over time. As for the wall outlet.
close tnspectton showed that
the pins were partIy covered by a
green ish film. probably caused
by moisture in the wall corrod­
Ing the faulty gold platingon the
pins .

Uyou wa nt to avoid a career In
co n n ec to r repla cem en t yo u
should always use quali ty cable
and wall-socket connectors .

Warehouse madness
The problems descr ibed so far

represen t roughly 80% of the
fau lt s you will enco u nte r on
computer LAN's. Bu t there a re
other kinds of p robl ems that
wtll tax your troubles hooting
abilities. and that also require
specialized tes t equipment. Our
next case Is a good example.

A firm relocated to a new
headquarters 100 miles away.
lea vin g behind a wa rehouse.
The new sys tem use d an IBM
mid ra nge compute r (at h ea d­
quarters ) a nd CRT term inals
a n d pri nte r s (In the wa r e-

nectors . They take 5 to 10 min­
u tes longer to Install. but are far
more reliable.

Many connec tor problems are
caused by users who acciden­
tally damage cables by crush ing
them under cha ir legs . or drop­
ping equ ipmen t on them . Our
troubl eshootlng kit Includes a
co llection of lO-foo t cables
wh ich have coaxia l BNC co n­
necto rs . t r ip le twtsted-patr
RJ-ll con nec to rs . a nd quad
twisted-pa ir RJ-45 connec tors.
The cables are for on-site sub­
s ti tu tion of q u estion able ca­
bles.

Example two In th is category
concerned a dead computer tn a
medical bill ing office. Th e com­
pany used five IBM PC's lin ked
by telephone-type u nshielded
twisted pa ir (UTPJ cabling Into a
Compaq 386 co nfigured as a
hub. The hub se rves as both a
file se rver and as a centra l point
to which all cabling returns .

We tested the problem PC.
a nd It appeared to be working . It
Just wou ldn 't log onto the net­
work. We subst ituted a d ifferent
d rop cable be tween computer
and wall outlet : the new cable
worked for a wh ile a nd then
quit . Next we substitu ted a PC
from the office of a vacatio ni ng
user. bu t without success.

At th at poi n t the prob lem
could have been anywhere. In-

FIG. 1-S0MEnMES NETWORK FAULTS aren't netwol1l faul ts at all, but faults with
hard-dlsk drives. In an MS-DOS environment, Norton's calibrate utility can help to
locate and lock out bad eectcre.
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netw o r k. or a PC s uddenly
dro ps offline-but other users
rema tn unaffected. Followt ng
are two examples of this type of
problem . a lo ng wit h cor re­
sponding solutio ns .

Example one occ u r red in a
part s d ist r ibutor 's office. The
LAN consisted of five clone PC's
and a gene ric 80286 file server
tied toget her via ARCnet.
ARCnet operates over RG-58
thin coax ial ca b le that ru ns
from computer to compu ter.

Firs t. we tested the s ick PC
off-line and found It to be func­
tional. Tha t lefl the Networ k in­
terfa ce Card (NIC l a nd LAN
cabl tng as suspects. First we In­
spected the coax cables and th ey
looked good. But a gentle tug on
a loos e BNC ca ble connec to r
caused It to come off. Replacing
the connecto r b rou ght the com­
puter back to life.

Ge ne ra lly s peaki ng . con ­
nector fau lts are a major prob­
le m o n LAN's . Mo st B NC
con nectors arc cr tmp-on types.
a nd If In sta lled Im proper ly.
eventually they fall-but not be­
fore becoming tntermtttent and
causing lots of grtefl Connecto r
problems usually develop sev­
era l years afte r their Initial In­
stallation; often they're caused
by oxidation of co n tacts. For
prob lem Installations, we prefer
soldered to cr tmp-on BNC ca n-56



house]. all con nected Via mod­
ems and a ded icated telephone
line. The purpose of th is ar­
rangement was ( 0 generate cus­
tomer sh ipp ing orders. One day
all the terminals and printers In
th e wa re house s to pped cold .
The data process ing manager
IDPMI of the com pany fou nd
tha t h is equ ipme nt wa s no t
work ing prope rl y. a n d h e
blamed the telephone lin e. The
local telephone company check­
ed it s lin e a nd pronounced it
good! So where was the prob­
lem ?

One poss ibility was that the
fault was somewhere In t he
wa re h ou s e. bet wee n th e
modem a nd the outs ide line
con nections. With pennlsslon.
we Inspected the modem wtrlng
In th e telephone cable closet. It
looked good . but then we mea­
su red the line voltage with a
DMM. It read zero! We had ex­
pec ted 2 to 10 mllUvolts of AC
noise. typical on a terminated
line. A quick resistance check
s howed 7 oh ms . The re was a
sho rt In th e wir ing!

We then spen t severa l hours
walking between modem a nd
cable closet, di sconnecting wtr­
tn g . a nd elim ina ti ng va r ious
suspects. One look at the h uge
bundles of wlrtng on th e wall of
th e building was enough to dIs­
courage fau lt finding by visual
Inspection!

The solu tion was to use a time
d om a in reflecto m eter (TORI.
wh ich can locate faults along
the cab le. After making su re the
o u ts id e tel ephone line a n d
modem cable were s tili discon­
nected . we attached a MlcroTesI
Cable Scan ne r handheld TOR
to the line In the closet. The
TO R In di ca ted so me Irre g­
ularity about 70 fee t a way.
wh ich put the fault nea r the
modem . The n we made another
measurement near the modem
end. and the cable scan ne r Indi­
cated a dead shor t.

The n we traced the wiring
In to a storage closet where the
red and white twis ted -palr cable
ran through a hole In a steel
rise r and up the wall. Close In­
spection of the wires run n ing
th rough the hole revealed th at a
sha rp edge had cu t through the
insulation and sho rted the ca-

b le. In sula ting the wi res wit h
electr ical tape brought the net­
work back on-line .

The problem of different or-
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ga ntzattons b laming each other
for faults neither can trace Is
co mmon. because most LAN's
con s is t of d ifferent products
from d ifferent vendors , Includ­
In g co m p u te rs . te r m tn a ls ,
p rin ters , modems . NIC·s. ca­
bles . and more. Th e solu tio n is
to learn about your LAN equ tp­
ment and service It yourself. or
find a trustwort hy se rvice finn
tha t ca n do It for you .

Cloak and dagger
We save d th e mos t fascinati ng

LAN se rvicing case for last . After
this case was resolved . someo ne
must have answered so me In­
teres ting q ues tions abo u t h is
la te-night activities.

Here 's what happened : A soft­
wa re developm ent firm became
highly d is tressed when severa l
of Its workstations performed
intermi ttently in the midd le ofa
rush project. The firm promptly
called Its regular se rvice compa­
ny. which In tu rn co nclu ded
that there was a bad cable con­
necting those machines and the
res t o f th e LAN. The se rv ice
company recommended tear ing
th e old cable out of the wall and
rep la cing It . After cons ider ing
the cos t of a new cable Inst alla­
tion, the firm asked th at It be
repaired Instead .

At th is poi nt we were called In
to provtde a second opi nion .
Wisely. the service company had
bypassed the bad cable with a
temporary one : thus we cou ld
test th e bad cab le withou t shut-
ting down the LAN. This net­
work used a se ries of high-end
works ta tions lied toget her via
an ARCnet system into a mini ­
compu ter. A 60- to 100-foot
leng th of coaxial cable co n ­
nected the LAN with the last two
workstati ons In the cha in . We
kn ew that th e cable between
th em a nd th e LAN was a t fault. &'

We started tro ubleshooting by g
making co ntin u ity checks on ~

the Wiring. Ins tead of a n ope n i8
Circ u it. ou r OMM s howed 10 N
oh ms between the s he ll a nd m
center conductor of one of the !!
BNCconnectorsextend lng from i­
the wall. (01

There was dcflnttely a shor t In ~

th e cable. Bu t where was It 10- ~

catcd? Ou r Initial res ponse was
to confirm the se rvice compa- 67
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quires more skill to use.
The 1502C displays dis lance

vs , Impedance o n an LC D
scre e n. The di splay s hows .
along the en ti re length of Ihe
cable. a con tinuous "snapshot"
of Impedance. whic h In our case
was supposed to be about 50
ohms. Shorts cause the trace to
drop to 0 ohms. a nd ope ns
cause the trace to r ise off the
display. In operauon. you look
for suspec t drops and rises .
read the d is tance directly off the
display. and start troubleshoot­
tng a t the spec tfted loca tion.
Figu re 2 s hows several exam­
ples of TOR displays .

After connec ting the TDR to
th e cable. we checked the dis­
pl ay. which s howe d t he ex­
pected 50-oh ms. but wt rh a
sharp drop about 29 feet away. A
company manager. who had
b e e n l o o k in g over ou r
shoulde rs. suggested that we
check the ceiling. We Ufted ceil­
Ing panels a nd located th e ca­
b le. S ince we had no Idea of ­
distance In the cetltngspace. we
guessed at the location and In­
spected cable for some distance
each way from our access point.
Above a se rvice closet we found
th e cu lprit. Som eone had sliced
the ca b le o pen a n d crudely
spliced anothe r cable to It.

Upon closer Inspection. we
noticed that the added cable
wa s p ull e d ta ut. ca usi ng
s tra nds from the unlnsulated
connec tions to touc h. That. In
turn . red uced signal levels to
th e workstati ons . causing Inter­
mlttent problems. With excite­
ment . we tra ced the second
cable In to a closet where we
found a computer and a printer
h idden beh ind a row of shelves.

We showed our findings to th e
manager. He said h e would
watch the closet and determine
the Iden tl ty of the eavesdropper.
Aweek later he called th e servi ce
company and had them remove
the splice and replace It with a
crimp-on BNC connector and a
barrel adapter. Later we heard
that the compu ter had been re­
moved from the closet. but the
manager would not say whether
he had caught the gu ilty pe r­
son . If It ha dn 't been for the
short. we might never have dis­
covered that Illegal tap! R-E

159.2m
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days .) We chose this p remiere
TOR becau se It displays minor
faults tha t d igital TDR 's often
m iss . In the pas t we have lo­
ca ted rus ty co nnectors , loose
con nectors . and wat ersoa ked
cable sections wit h the 1502C.
all of which were missed by a
d igital TOR. The down side of
a n a nalog TOR Is that It re-
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nys assessment. and to reco m­
mend tearing ou t the old cable.
However. we firs t decided to do
some troubleshooting.

We rented a Tektro n ix model
1502C analog TOR from a local
Inst ru me nt ren tal com pany.
(Rental Is recommended a ny­
ti me you need a n expenstve
piece ofequ tpment for Just a few

AG . 2-A GOOD ETHERNETCABLE appears like Ihls on a l ime dom llin reflectometer
(TOR). which shows Impedance V B. distance. The vert ical line In 8 markllihe end 01the
cable. In b. the verti cal tine represents a bad cable tap. The TOR can " zoom" Into the
display, and c shows an expanded view of the bad tap.
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RAY M. MA RSTON

Learn how to build the 555 Ie into
oscillator circuits whose frequency you can
change so they'll wail, warble, and honk.

THE 555:
A VERSATILE
OSCILLATOR

R1 R2
22' 6 • 22'

7
2

see ~ 51STAAT

6
3

5 I 1mC1 C2

"'" .01

Astable operation
In the monos table multi ­

vibra tor c ircu it In Fig. 2 . OlITPtIT

pin 3 , DISCtlA I~GE pin 7. a n d
TlIRl':snOLD pin 6 are h eld low
when th e circuli Is quiescent. A
monostable ti mi ng per iod can
be s ta r ted by. driving TRIGGER
pin 2 low with p ushbutton
switch 51. That causes OlITPlJr
p in 3 to switch h igh . while
DISCHARGE pin 7 Is released and
free to follow the voltage ac ross
Cl. Voltage rises exponen tially
through Rl toward th e s u pply

!?
~,
iii-= .No
m

FIG . 2 -M ON OS TA BLE MULTI . [
VIBRATOR TIMING CIRCUIT ba sed on
the 555. ~_

VOltage. Even tually th e voltage a:
a t pin 7 rises to two-thirds of e
the s u pply voltage. and mono­
s table action ceases with p ins 3 . 69

v. 6

DISCHARGE 7

'" THRESHOLD 6

CONTROl 5
VOlT.tGE

1 GROUNO

Z TRIGGER

3 OUTPUT

~ RESET

gene ra tes a fixed-length ou tpu t
pulse for eac h trigger pulse a t
Its In pu t. Th is ca n be demon­
s tra ted wit h the circu it In Fig.
2. By con tras t. th e 555 In an
as table rnulttvtbra tor ci rcu it Is
s hown In Fig. 3. It h as no s table
output states a nd no ex ternal

FIG. 1- PINOUT DIAGRAM OF THE555.

trigger Is necessary to s tart err­
cult osc illatio n : it Is sa id to be
self-tr iggering. This c lrcui t co n­
figuration is a lso ca lle d a n
oscl1lato r. s ign al gen erato r.
pulsc generator; or a rectangle­
wa ve gcnerator.

As long as power Is applied to
th e asta ble c trcu tt . the ou tpu t
contin ually switches hack an d
forth bet ween the h igh and low
states a t a regula r rate or fre­
quency. The ti me In the h igh
s ta te (pu lse wid th )a nd the ti me
In the low sta te (space len gth)
depend on the selec tion ofexte r­
nal resi s tors an d capacitors. Be­
ca u s e o f It s re la t ive ly h igh
output . the 555 In an astable
circ u it ca n drive LED's. s peak­
ers . a nd me ters d irectly.

'nus ARTICI.E 1.OOKS AT Ti lt: VER·

sante 555 monolith ic int egrated
timing circuit as an as table
mutnvtb rator; the tltp-stde'of n s
capa b ilities as a monos tab le
multrvtbrator In ti me-delay err­
cutts . A recent a rticle (Sep­
tember R-E. pg.58) explored the
role of the 555 In th e monosta ­
ble mode.

Now yo u'll find out how 10
build many differen t ki n ds of
circuits with the 55 5 con figured
as a sc tr-t r tggertng oscill a tor.
You w ill want to build th e cir­
cu its th at ca n generate a vart ety
of sq uare or rec tangular wave ­
forms. wall like a police ca r. Im i­
ta te thcjar rtng he-haw so u nd of
Eu ro pea n emergency veh icles.
or reprod uce the Klaxon alarm
of the S ta r Treks' st arshtp Ent er­
prise.

The last a rt icle on th e 555 as a
monos table m ul uvtbrator In ­
cluded a fun c tional block di­
agra m a nd a n elec t r ica l sche­
matic of th e ch ip. You mi gh t
want to refer back to th ose fig­
u res if you want more deta iled
Information abou t how the 555
Is organi zed . Figure I Is a pi n­
out d iagram of the 555 as pack­
aged In th e mos t com mo n 8-pln
DIP. It was pointed out In the
last a rticle tha t. a lthough a ma­
tu re device. t he 555 remains
one of th e mos t popular IC's
ava ilab le today

At leas t five major se m icon­
duc tor firms In th e U.S. and J a­
pan make th e 555. Th ere Is a lso
a dual version. the 556 . th a t has
two Iden tica l 555's on a s ingle
ch ip. The device is usually pack­
aged In a 14-pln DIP. A quad ver­
sion. the 558. has four Inden­
tica l 555 's on a s ingle ch ip. and
It Is packaged in a 16-pln DIP.
The al ternate sou rce s uppliers
usually In clud e th e numerals
55 . 56 or 58 In th eir own des ig­
na tions for th ose devices .

The 555 occu pies a strange
postttcn in the u ni verse of inte­
grated circu its. Classed as a lin­
ear Ie beca use It can b e
triggered eit he r by lin ear or d ig­
lIal s ign als . Its output Is a lways
digita l-in th e form of rec­
tangular or square waves or
pulses.

The 555 in a m onostable mu l­
ttvtb ra tor c ircu it (also ca lled a
ti mer. ti me delay. or one-sh ot)
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FIG. 6-AN STABLE MULTIVIBRATOR
with independent pul se width and space
periods varIable from 7 to 750 micro se­
conds.

The values of H.I and R2 can
be va ried from I kilohm up to
ten s of megohms . Res ist or RI
can. however. have a s ign ificant
effect on the total circu it cu r­
ren t consumption because pin
71s essentially grounded during
half of the oscillation cycle. The
duty cycle o r pulse width-t o­
space ratio of the circu it can be
preset at a nonsymmetrtcal val­
ue.t f desi red . by th e cho ice of Rt
a nd R2 values.

The h igh time (pulse width)
a nd low time (space length ) In
this circuit must be calcu lated
separately. The pulse width ca l­
culation includes the values for
th e timing capacitor CI and
both timing res istor s RI a nd
R2 . By co n t ras t . the space
length formula Incl udes on ly
the values of timing capacitor
CI and res istor R2 .

FIG. 7-ALTERNATE VERSION OF OS­
CILLATOR shown in Fig. 6.
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to on e-t h i rd o f that voltage
through R2 only.

Notice that In Fig. a-a. the \"3.1­

ue of R2 Is very large wt th re­
spect to the value of HI. It turns
ou t that the oscillati on freq uen­
cy of the circu it Is la rgely deter­
mined by the values of R2 and
C2. Figure 3-b shows the nearly
sy m m et r ica l s q ua re ou t pu t
waveform that appears between
ovnxrr ptn 3 and ground wh ile a
nearly linear triangle waveform
Is s imultaneously ge ne rated
across CI.

The gra ph of Fig. 4 shows the
re lationsh ip betwee n t he free­
ru n ni ng fre q ue ncy of the ci r­
cu it In Fig. a-a and the ca pac i­
tance va lues of C I wit h the
range of R2 values shown on the
diagonal lin es. In this graph the
con tr ibu tion of res is tor RI Is
neglected because It Is a frae­
non of the H.2 value .

FIG. 4- THE FREE-RUNNING FRE·
QUENCY OF OSCILLATORIn Fig. 3 as a
lunclion of capaci tance val ues l or C1
and the resistance value of R2 (when
large wl lh respect to R1).

FIG. 5--THIS SQUARE-WAVE GENER­
ATOR produces a variab le lrequency 01
650 Hz to 7.2kHz.
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thirds of the supply voltage. At
that time, monos table a ction
ceases and DISCHARGE pin 7 re­
turns to Its low s ta te. Capacitor
CI t he n d ischarges exponen­
tially In to pin 7 through R2 u n­
UI th e voltage on CI falls to one­
thi rd of the su pply voltage , and
TRIGG ER pin 2 Is ac tiva ted.

At th at time, a new monosta­
ble liming seque nce Is started
and Cl recharges to two-thi rds
of the supplyvoltage through re­
sistors HI and R2. The whole
seq ue nc e then repea ts Itself
ove r and ove r with C I a lte r­
nately charging to two-thirds of
the supply voltage th rough HI
and R2, a nd then discharging

6 a nd 7 grounded by the inter­
nal circu itry of the 555.

Examine the as table circ u it
shown In f ig. 3-a. In this circuit
T RIGG ER pin 2 Is s hort ed to
TI II~ ~:S I IOLD pm S. a nd t iming re­
s is tor R2 is wi red between pin 2
a nd DI S CHARG E pi n 7 . Whcn
power Is applied to th e ci rcu it.
capacito r CI charges exponen­
tially (as It d id In fig. I ) through
resi stors RI and R2 u n til the
voltage o n C I re a ches two-

+ 5VTO +15V

FIG. 3-A ONE-KILOHERTZ ASTABLE
MULTIVIBRATOR based on the 555, B,
and wavoforms at ou tpu t pi n 3 and
across C1 are shown In b.

20
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A G. l1 ---GATEO 10kHz OSCILLATOR 01- 6-
fer ln g "press-to- turn- on" o perati o n. :E

a.CFHB and waveforms a' ou tput ofpin 3
and across C1, b. 71

abling the width-to-space ratio
to be varied from 100:1 to 1:100.
Th e oscillat ion frequency varies
as th e ratio Is alte red.

Figu res 8 an d 9 s how alter­
na te ways ofconnec ting the 555
In the astable mode so that the
width -to-space ratio ca n be var­
ied without alt ering th e oscillat­
ing frequency. In those circu its .
th e pulse wid th period automat­
ically In cre a ses as t h e s pace
len gth period decreases. and
vice versa. There fore. the total
period ofeac h operating cycle is
cons tant. In th ose circuits. the
feature of interest is the duty
cycle. In Figs . 8 a nd 9 . the duty
cycle ca n be varied from I % to
99% with poten t iometer R3.

In the circuit of FI~. 8. C l al­
te rna tely ch arge s th ro ugh Rl.
the upper h alf of R3 . and 0 1.
and 11 discharges through 02.
R2 . an d the lower half of poten ­
tiometer R3. In Ftg. 9 . C I alter­
nately charges through RI a nd
01 a nd the r igh t-hand half of
pote ntiometer I~3 . a n d it di s ­
cha rges through th e left -hand
half potentiometer R3 . D2 . and

In th e circu its of Figs . 6 and
7. the width-to-space periods
ca n b e independen tly va ried
over abo u t a 100: I ra nge. en-

A G. IO-A PRECISION LOW·FREQUEN·
CY OSCILLATOR wi th a fr equency 01
about 2{) Hz.

.. SVro -+-1SV

and discharges only through
H2. For exa mple. if HI an d R2
h ave eq u al values. the ci rcu it
will ge ne ra te a 2 : 1 wtdtli- to ­
s pace ra tio .

The Wid t h- to -space periods
ca n be Independently con trolled
with either the Figs. 6 or 7. In
Fig. 6. Cl a lte rna tely ch a rges
through RI. diode 01. a nd po­
tcru tom eter H: 3 . a n d II dis ­
ch arges through potent iometer
H:4 . diode D2 . a nd R2.ln Fig. 7.
C I a lternately ch arges th rou gh
RI. potentiometer R3. a nd di ­
ode D I. and It discharge s
through potentiometer R4. d i­
ode 02. and R2. In both Fig . 6
a nd 7 circu its . H2 protect s the
555 If po tentiome ter R4 Is
shorted .

FIG. ~AN ALTERNATE VERSION OF
OSCILLATOR shown In Fig. 8.
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FIG. 8--A 1.2 kHz OSCILLATOR with a
duty cycle variable Irom 1 to 99%.

Width-space co n trol
The ci rc u it In Fig . a-a ca n

gene ra te a Ilxed-Irequency out­
put waveform with any des ired
pulse wtd t h -to-spacc leng th
ratio by selecting the appropri­
a te values for Rl and R2. In ea ch
operattng cycle . CI a lte rnately
charges t h rough R l and H2 .

Refer to FI~. 3-b . Pu lse width
lor time to ch arge capacitor C I
is :
II = 0 .7 CIIR I + H21
S pace len gt h or ti me to dis ­
ch arge capacitor C I is :
t 2 = 0 _7 C IR2
The tot al cycle time is:
T =( . +t2
T he ratio of pu lse width to th e
tot a l cycle time Is the duty cyclc.
In a 555-based oscillator. the
duty cycle Is defi ned by the rela­
tive values of th e two ti mi ng re­
s is tors RI and R2:
Duty cycle = R2ICRl + 2R21
Frequency In her tz 1Hz) Is the
reciproca l of tota l cycle ti me:
F ~ Iff.

The circ u it in Fig. 3-a ca n be
modified in many di fferent
ways . Figu re 5 . fo r example .
s hows how it ca n be made in to a
var iable-frequency square-wave
generator by replacing R2 with
a fixed res is tor a nd po tentiome ­
ter in se r ies . Th e frequen cy can
be varied over a range of about
650 Hz to 7.2 kl'lz wit h the val­
ues of the resistor an d potenti ­
ometer R3 s hown. If required.
the frequency span can be fur­
ther increased by switch-select ­
ing alternative values of CI.
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FIG. 15-PRECI$ION VERSION OF THE
OSCILLATOR In Fig. 13, IJ, and wave­
forms at outputol pln 3 and across C1. b.

Asta ble gating
Th e 555 in the astab le multi ­

vib rator mode can be tri~ered

O N a nd OFF' in many dtlferen t
wa ys with eit he r an elec­
t romechan ica l switch or a n
electron ic signal. The most JXlP­
u lar way to tr igger the 555 Is
through RESF.T pi n 4 . figures
II -a a nd 12-a show alternative
ways of triggering the 555 with
this pin a nd pushbutton switch
5 1.

Th e 5551s organ ized so th at if
pin 4 Is b iased above abou t 0 .7
volts . th e astabl e mode Is en­
abled. But if it is biased below
0 ,7 volts by a current greater
t ha n 0 . 1 m i ll i a mp ere (by
grou nd ing p in 4 with a resi s­
ta nce less than 7 k llohms. for
example) the astable mode is

. di sabl ed. and the 555's output
Is b iased tow

for example . the circuit In
Fig. II- a Is normally turned off
by R3. but It can be turned on by
clos ing pushbutton switch 51.
wh ich biases pin 4 h igh . Figure
12-a shows a n a s ta ble ci rcui t
that Is normally on . bu t It can
be turned off by clos ing push­
button switc h S I. which shorts
pin 4 to grou nd. The circu its In
Figs. 1I a nd 12 can also be trig·
gered by applying suitable elec­
tronic Signals d irec tly to the ir
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In app ltcauons calling for a
low-frequency clock s ignal. thi s
large differential In period ca n
cause a timi ng problem, How­
ever. this problem can be aver­
ted by a d d i ng a n ex te rn a l
volta ge di vider a nd diode a s
show n In FI~ . 10. Those compo­
nents b ias CI to a point s lightly
below one -third of the supply
voltage (rather th an zero volts)
at the moment of switch -on .
Here. Rl rapidly charges Cl to
one-th ird of th e su pply voltage
through 01 at sw itch-on. and all
of theCl cha rge is subsequen tly
con trolled by R3 a nd/or R4 on ly.

FIG, 14-ALTERNATIVE GATED 1-kHz
OSCILLATOR offering " preu-to-turn­
0"" operallon, 1aand wavefonns at out­
put of pin 3, b .

1itI~~
I ,I I
--lSI a.OS£D~,

Precision as table circu it
in th e description of as table

muili vibra tor opera tio n gfvcn
earlie r in th is a r ticle. It was
stated that In the Iirst half cycle
of oscillation timing capacito r
C I cha rges fro m zero volt s 10
two-th irds of the su pplyvoltage,
but in all su bsequen t ha ll-ey­
cles It either discharges from
two-thirds to one-third of the
supply voltage or cha rges from
one-th ird to two-thirds of that
voltage. Conseque n tly. th e first
half cycle of oscillation has a far
longer period than all subse­
quent half cycles .
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R2 . Both circu its osc illa te a t
about 1.2 kHz wit h the value of
Cl shown.
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FIG. 13-ALTERNATIVE GATED 1-kHz
OSCILLATOR offering " press-to-turn­
on" operation. II, and wavefonns at out ­
put of pln 3 and across C1 . b.

FlG. 12-GATED 10kHz OSCILLATORof­
fering "p reee-tc- turn-ort" operallon, B.

and waveforms at outp ut 01 pin 3 and
across C1, b.



FIG. 2O--CiRCUIT GENERATES SOO-Hz PULSED-TONE ALARM.
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FIG. 1~IRCUIT GENERATES 8~Hz

MONOSTABLE ALARM.

tlo n of Cl and R4 close to zero
volts th rough R2 preven ti ng os­
c il la t io n. Wh en p ushbutton
switch 5 1 Is closed . Q lls biased
off. a n d the ast able circ u it Is
free to oscillate norm ally.

Refer to Fig. 13-b for th e wave­
forms of the circ u it In Fig. 13 -a.
When t he as table respo nse Is
trigge red on . th e firs t h a lf cycle
Is aga in co n si de ra b ly lon ger
tha n in s u cceed ing half cycles .
a nd th at the voltage on C l de­
cays rapidly to nea rly zero volts
when t he t rigge r Is off. Also
notice th at Ol1TI>lTf p in 3 Is h igh
In the OFF s tale.

Figure 14 s hows how th e cir­
cu it In Fig. 13-a can be mod ified
to give press-to-turn-ottosctlla­
tion s imply by rep lacing g l with
a pushbutton switch. A d igital
s ignal ca n trigge r th is circu it tf
a d iod e Is con nected as s hown
In the d iagram and th e push ­
b utton S its deleted . With 5 1 re­
m oved . t h e c irc u it wil l b e
tu rned off when the Inpu t s lg·
na l volt age Is reduced below
one- th ird of th e s upply voltage.
The waveform Is s hown In Fig.
14-b_

Finally. to comple te th is look
a t tr igger ing techn iques . Fig.

•
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A G. 18-CIRCUlT GENERATES 800-Hz
MONOTONE ALA RM that operates from
750-mllliwatts.
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FIG. 17--eiRCUlT FOR APPLYING A DC­
COUPLED FM or PPM to a 555 config ·
ured as an os cillator.

FIG. 16--CIRCUIT FOR APPLYING AC­
COUPLED FM or PPM to a 555 config­
ured as an oscill ator, a. and waveforms
al output of p in 3, b.

1<ESET pins.
In Fig. II -b . th e precise ci r­

cu it waveforms at ocrrwr p in 3
and ac ross CI are s hown. It ca n
be seen th a t th e d u ra tio n of th e
firs t half-cycle of osc llJa tion Is
con s iderab ly lon ger than the
su cceed ing h alf cycles because
of th e time for CI to charge to
two-t hi rds of th e s upply voltage.
Also. note that when th e astable
mod e Is turned off. the CI volt-

age decays slowly to zero: the
ou tpu t at OUTPUT p in 3 Is zero
volts In the OFF conditio n. The
waveform ch ara cter is tics of Fig.
12-a a re s lm Haras s hown In FI~ .

12-b .
Figure 13 -a s h ows a n alt er­

na tive method for trigger l n~ the
555 In the astab le mod e. Here
trans istor g lls nonnally biased
ON by Rl. so It ac ts like a closed
s wit ch . which pull s th e june-

15-a shows h ow the Fig. 13-a err­
cu lt ca n be modified so that th e
duration of Its lirs t ha lf-cycle Is
a lmos t equal to that of a ll s uc­
ceedi ng half-cycles . thu s giving
precis ion op cra llon . In th e Fig.
15 -a circu it. when pushbutton
switc h 5 1 Is open . g l Is satu­
rated . so th e vo lt age d ivider
made u p of R2 an d R3 pulls the
ju nc t ion of R5 a nd CI to s lightly
below one-t h ird of the s u pply 73
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FIG. 22-CIACUIT GENERATES SIREN WAIL of pollee cars.

charge from a n In itial value of
a lmost a third of the s u pply volt ­
a,ge ra th er th an from zero vol ts.
Therefore. the du ra tio n of th e
In it ia l ha lf cycle Is s im ila r to
th a t of a ll the succeed ing half
cycles.

ModulaUon techniques
All of the 555 astable circuits

reviewed so far can be frequ en cy
or p u lse-posit ion mod ul a ted
(FM or PPM) by reeding a s u it ­
a b le modulation s ig na l to
COl'ITROL VO LTAGf-: pin 5. wh ich Is
con nected to part of the internal
voltage divider chain of the 555.
The AC modulation s ignal is fed
to pin 5 through a block ing ca­
pacitor. as In Fig. 16- a . or the
DC mo dulation s ig n al ca n be
fed d irec tly to pin 5. as shown In
Fig. 17.

The voltage on pin 5 of the
Fig. IS-a circuit alters the width
of the pulses In eac h tim ing cy­
cle of the 555 . hut U has almos t
n o effect on th e s pace durat ion.
The s ignal at p in 5 changes the
PPM pulse widt h pos iti on . af­
fecting th e total cycle period so
it a lso Influences th e output fre­
quency. as s hown In Fig_ 16·b .
In so doing. pin 3 provides a fre­
qu en cy-m od u la ted s ign a l.
Those cha racterist Ics of the 555
a re useful for generaung spectal
waveforms.

FIG. 23.-CIRCUIT GENERATES PENETRATING ALA RM of Star Trek spaceship.

Alarms and sirens
Some of the most popu la r ap­

plica tion s for the 555 organized
as an astable multt vtbrator a rc
a s wave for m ge nerat o rs fo r
loudspeakers . Th ey can pro­
d uce ala rm and s iren sounds .
Figu res 18 to 23 sh ow different
ways to crea te th ose sou nds . All
of the circu its In those figures
arc tri gge red by m a k ing or
b rea k ing th eir s u pply-volt age
connections .

Figure 18 shows a n 800-Hz
monotone alarm-ca ll gen era to r
circ u it . which can be powered
by any 5- to 15 -\'01l DC supply.
The s peake r S PKRI can h ave
a ny Impedance va lue. Note .
h owever. th a t Rx mus t be wired
In se r ie s with a n y s p ea ke r
wh ose total impedances is less
than 75 ohms . Select a resist or
to give a total series resis tance
wuh th e s pea ker of 75 ohms.

con tin ue d on page 9-1
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the ci rcu it Is then free to oscil­
late normaily;

Notice in Fig. 15 -b that wh en
S I Is firs t closed . C I s ta rts to
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voltage th rough diode 01. thu s
turning th e circu it orr. Wh en SI
Is closed . g l tu rns off. 01 is re­
vers e biased th rough R2. a nd7.



Power small appliances from your
car or any other J2-volt source
with our 2S0-watt inverter.

250 WATT
POWER
INVERTER

JAMES MELTON

no YO U F.YER NEED TO I 'OWt: l{ 12Q..

volt ac equipmen t when there is
110 AC outlet available '? Ou r af­
fordable power invert er was de­
signed to supply u p to 250 watts
10 power line-operated eq uip­
ment a a fraction of th e cost of
com merc ially built units .

The inverter d escribed here
has been used to power Hood
lamps. soldering irons {both re­
s is ta nc e a n d transform er
typesl . fans. televisions . and
portable compu ters . It has even
powered an a ir pump for the au­
th or's as thmatic son. The Inver­
ter w ill power almos t any device
that ru ns on 120 volts AC. Some
motor ized devtces won"( wo rk
well. however; A variab le-speed
drill may work. but on ly a t one
s peed. Fans a nd other purely in­
ductive loads se em to run at
about ¥.t normal speed with the
In ver te r. Synchronous motors
will run a t normal speed but wtll
be a little "noisy. "

Power FET's to the rescue
Power FET (field effect tran­

s is to r )devi ces have gott en more
versatile over the las t few years
a nd, at t he same ti m e , t he
p rices for them h ave plu m m ­
eted . Noth ing ca n match a FET
In Its ease of Interfactng with
10~1c s ignals , and for the ease In
which It can work In parallel
wl lh s im ila r devices without
the need for a ny extra compo­
nents . To parallel th e FET's , a ll
you have to do Is tie th e sou rce
leads toge ther. When the they
ge t wa rm , FET's ex h ib it a
pos itive temperature cha rac­
te ris tic . which means as the
temperature goes u p. so does
th e res is ta nce: as the res is tance
goes up. the cu r rent th rough
the device Is low ered . That
makes FETs self-ltm ttmg when
working In parallel. -

FET's a re now being produced
with power ra ti n gs th a t can
often make parallel ope ra uo n
unnecess ary. The ratings for
th e IRF""L30s that a re used in
this project a rc amazing : they
ca n h andle a ac-amp load with
50 volts across the sou rce-d ra in
lea ds a n d 75-watt power dis­
sipation . a ll In a TO-220AB

plas ti c package-s-for less t ha n
tw o hucks ea c h whe n pu r­
chased In s mall quan tit ies.

Operation
Figure I s hows the schema ttc

of the Inverter. A 555 t tmcr, IC I.
along wtth H3. H2. a nd C2. gell­
crates a 120 -Hz ( ± 2 Hz) s ignal.
as sc i by th e value of poten t10m­
e ter R3.

The ou tput of ICI a t pin 3 Is
fed to the nOCK In p ut of a
CD4013BE dual D-type Iltp -tlop.
IC2-a . whi ch is wired to d tvtdc
the Input frequen cy by two: th at
gcnc ra tea the 60-Hz clock ing
for the FET ar ray (QI-Q6 ). The

ou tput fro m Iltp-flop IC2·a a t
p in I has a 50% du ty cycle .
wh ich Is necessa ry for the ou t­
put trans former. Th e nip-nap
also provides a n inverted out ­
put IU. pin 2). wh ich saves us
from havin g 10 add additio nal
co mponen ts to inve r t the Q

outpu t. The seco nd half of IC2
{lC2 -bl is not u sed. so all of Its
inpu t pin s a rc grou nded.

The e and Qou tpu ts from IC2­
a arc each fed . via R5 a nd R4. to
th ree Inputs of lC3 . a CMOS
CD4 050UE he x buffer. Each
grou p of three b uffer ou tp u ts
drtves O IlC bank of FETs in the
power s tage.
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FIG. l-lNVERTEA SCHEMATIC. A 555 11me r (let ) generales a 12G-Hz sig na l Ihal Is fed
to a CD4013B E fl ip-fl op (IC2-a) wh ich divides the Input frequency by two 10generate a
6o-Hz c locking frequency for the FET array (01-06).

7.

The Inputs to the buffers a re
also controlled by 05 and DB.
whi ch are con nected to the dra t­
ns of the FETs so that the array
th aI Is turned-on es sen tia lly
has con trol of the drivers of the
oppos tte array. When one s ide Is
tu rned on and Its d ra in Is at
grou nd pote ntial. the othe r side
can not tum on because the In­
put to the buffer for that array Is
also bei ng held at ground. It
stays that way until the cont rol­
li ng a r ray ha s com p le tely
tu rned off and th e drain voltage
has go ne above about 6 volts.
Th at Is necessary because the
turn-off time for a FET Is longer
than Its tum-on time. If the dt ­
odes were eliminated . both a r­
rays of FETs would be turned
on s trnul taneously during each
lransl sllon . which creates tre­
mcn dous spikes on the battery,
Ihe equ ipmen t tied to th e ou t­
pu t of the Inverte r. and to the
FETs the mselves .

The FET a rray can be ma de as
big or as little as your applica ­
ti on requi res . T he a u t h o r
needed at leas t 250 watts, and
used two IRFZ30 's In parallel for
each a rray. However. to play It
sa fe. use th ree In parallel (or
however many you needl for
each array as we've shown in
th e schematic. Diodes D4 and
D3 dampen inductive kickback
from the tra nsformer Wi nding
that wou ld like ly cau se over­
hea ting and premature tran­
s is tor breakdown.

Power-supply co nd it io n ing
clrcu llry IDt. HI. 0 2 . a nd en
cltmtnates sp ikes. overloads .
and othe r noise from a ca rs 12­
volt s u pply. Even though the
555 ca n handle up to a 15-volt
su pply. power-supplysp ikes wtll
su rely damage It .

Iflhe tra nsformer -you use ha s
a cen ter tap. th e center ta p musl
be con nected to the tz -vott lin e
a nd the two tz -von Wind ings

mus t be con nected to th e drains
of thei r respect tve d riVi ng tran­
s tato rs . T he aut hor u sed a
Je ffe rso n buck/b oost t ra ns ­
former that 's normally used to
reduce or Increase the line vol t­
age for AC dev ices . If you arc
go ing to buy a transformer. you
ca n use a ny center-lap 24-volt
or duat-wtndt ng 12-voll t ra ns­
fanner. It Is Importa n t to use a
transformer th at can s upply the
ammount of cur ren t that you r
appltcanon requires .

Construction
So me o f the com po n e n ts

mount on a small PC board. for
whi ch we've p rovided the fall
patte rn . The part s -placemen t
diagram Is shown In Fig. 2. We
recommend that you use sock­
ets for the ICs. After soldering
all components on the board,
apply 12 volts and measure the
frequency on th e pads marked
J 4 and J 2 . Adjus t R3 for a read-



rr

Th e author used a ca r ciga­
re tte lighter plug on the end of
the power-Inpu t lead . bu t you
a re free to use alligator clips or
whatever Is most conven ien t for
you. A s ta ndard AC ou tlet was
mou n ted on the fron t panel of
the unit . The prototype was in­
s talled In a n old, rugged metal
case, bu t you can use whatever
you have o n h and . Figure 3
shows the proto type Inverter
a nd h ow e ve ry t h in g is a s ­
se mb led . Figu re 4 s hows a
close-up vtew of the FETs and
how they are mounted on metal
plates used as heat s lnks .

Operation
1b ope rate the un it . plug the

Input power Int o your cigarette
lig h te r s oc ke t . t u rn o n t h e
power switch . and turn on the
app lia nce that's plugged in to
the inverter. When you are not
usi ng the Inverter, be sure to
tu r n It off, s ince the trans­
former wHl draw abou t 2 a mps
eve n wnh no loa d . That will
drain you r ca r battery fa irly
qu lckly! R-E

AG. 4-THE FET'S ARE MOUNTED on
metal plates used as heatsink s. " th e
heatslnk is al ground potent ial, Insulate
the FEr's from the heatslnk .

All resistors are 14-watt. 5%, un-
less otherwise noted.

R1-60 ohms. 1 watt, 100k
R2-33,OOO ohms
R3-50,OOO ohms, t a -tum potenti-

ometer
R4, R5--4700 ohms
capacitors
C1-220 ...F. 35 volts, electrolytic
C2---Q,1 ~F. 50 volts. ceramic disk
Semiconductors
lC1-lM555 timer
IC2-CD4013BE CMOS dual 0 -

type flip-flop
1C3-CD4050BE CMOS hex buffer
D1, D3, D4-1N4001 diode
D2- 1N475113-voll Zener diode
OS, Df-1N914 diode
Q1-Q6-IRFZ30 3O-amp, 6O-voll

FET
Other components
Tl-Jellerson '216-1121 buck}

boost transformer (contact VI/W
Granger, Inc., 1250 Busch Pkwy,
B u l lalo G ro ve , IL 60 0 15 ,
708-459-5445) or other 12· or 24­
volt center-tapped transformer
(see text)

S1-5PST switch
F1- 20-amp !use (or use value ac­

cording to desired output current
and nanstormer used)

Miscellaneous : fuse holder, cab­
inet, mounting hardware. AC oul­
let, car cigarette lighter plug. wire.
solder. etc.

PARTS UST

o-a
aa ac

I

IVlUOl1IG TWO

120vsc OUT
rSOlJARf 1V,\'J( 1

0

cn

P . ~C~~J JJ ,

"
J

t~{ tooi
..

J.O ••

,
J2

J
FIG, 3-THE PROTOTYPE INVERTER.OJ

P , ~~]
J6 ~ The author used a car clgarrotte li ghter

plug on the end of the power-Input lead

" and an AC outlel lo r plugging appli-
ances inlo.

Bq~ r r "' " '\,OM 1" --0
ca "

~ ~ 1 1 .'"fROM
~ CAR

u o BATTERY
~

Ingof60 Hz. and make su re the
voltage Is very close to If.z of th e
s u p ply voltage on each pa d .
That tells you th at you r du ty cy­
cle Is 50%.

Now con nect the rest of th e
co m pon en ts. T he s ma ll off­
boa rd co m pon e n ts ca n be
mounted on a termin al st rip.
However. be su re to mount th e
FETs on a heatstnk. If the heat­
s ink Is at ground potential. also
be su re to Insula te the FET's
from It.

FOIL PATTERN lor the inverter board .

FIG. 2-MOST OF THE COMPONENTS mount on a small PC board . The off -board
component s can be mounted on a termin al strip or perforated const ructio n board.



AUDIO UPDATE
Syndicated Reviewers, AM Stereo, and Consumer Fraud

LARRY KLEIN

7.

I 've frequently been distressed
by the writ ings of the syndicated
audio col umnists. the pundits

whose opinions appear weekly in
large and small local newspapers.
I' ve met many of them over the
years and. by and large. they are
nice people . but I just don't like the
job they do. VVhat"s wrong? Several
things.

I feel strongly that a writer should
not express his opinion in print on
the audio qualities of a borrowed
produ ct listened to under uncc n­
trolled conditions in a home environ­
me nt . Such ho me evaluations
with out lab lest backup are. in qen­
eral. untrustwo rthy. They actually
tell you far more about the wri ter's
mood. health. and relationsh ip with
the manufacturer than they do
about the product. This is not to say
tha i so me of the recommended
products aren't topnotch, but the
reader has no way-sound un­
heard-of confirming the reviewer's
opinions.

Am I being too harsh in my judg­
ment? I think not. The temptation to
say nice things about a product be­
comes intense when a writ er has
been personal ly w ined, dined ,
junketed , and brainwashed by a
company's public relations agency.

I can say that in the 35 years or so
that I've been writing about audio
I've kept my skirts relatively clean.
Desp ite temptations to do other­
wise , I have never confused my sub­
jective opinions with objective facts
and never praised a hi-fi component
in print without a lab test backup. I
should admit that as the technical
director of the wortds largest cir­
culation audio magazine. I found it
easy to be holier than almost any­
body. I regularty received such man­
ufac turer-supplied perks as all ­
expense-pard annual trips to audio
shows and factories in Japan. Eu­
rope, and els ewhere, and all the

lc nq-term-loan audio equipment I
could use with out extolling the vir­
tues of anyone 's produc ts. Free­
lance writers, on the other hand.
inevitably find themselves in a quid
pro quo situation. The amount of
laudatory " ink" they give to prod­
ucts in their columns corre lates di­
rectly with the frequency of invites
to press junkets. Their columns and
comments are reprinted by gratified
manufacturers. and they are on the
"A " lists for goodies.

Once I left Stereo Review for the
freelance life. my invitations slowly
dwindled as the various PR agen­
cies became aware of my new unex­
alted status. I could have reversed
the situation somewhat by taking
the same product review route as
my syndicated contemporaries, but
I chose not to do so. In any case, to
reaffirm my point: Be careful before
committ ing your dollars on the basis
of any opinions unsupported by lab­
oratory testing . It's just too easy to
be mislead.

AM stereo
Remember AM ste reo ? It' s an

idea that won't die- but won 't
come fully to life either. Perhaps a
dozen years ago. when AM stereo
was first introduced as a new broad­
cast technology, I wrote that be­
cause of the lack of con sum er
interest the format would probably
never fly. The letters of disagree­
ment that subsequently reached my
desk were mos tly from stati on
owners. broadcast engineers, and
companies with investments in AM ­
stereo technology.

For years there was no vis ible
progress on the AM-stereo front,
possibly because the FCC in it s
wisdom (hal) decided to let the
competing formats fight it out in the
marketplace. True, there was an oc­
casional press release telling of this
or that company's home or car re-

ceiver's having AM -ste reo recep­
t ion facilities, usually Motorola's
system.

A mini breakthrough almost oc­
curred in June 1990 when the Na­
tional Association of Broadcasters
(NAB) and Denon announced a
" comprehensive component broad­
cast monitor tuner that does it all."
The "all" included the now-defunct
FM X FM noise-reduct ion sys tem ,
AM stereo (M ot orola's C -Quam),
and the newly promulgated NRSC
AM standard. The new standard in­
cluded an extension of the AM tun­
ing range (520 to 1710 kl-iz), a pre­
emphasis/de-emphasis curve, and
awider. tightly specified audio band­
wid th. The tuner was promised for
"early 1991."

I recently called the Denon tech­
nical rep to ask what. if anything.
had happened to the tuner. He faxed
me a copy of a press release dated
May 1992 announcing a revised
tuner that no longer had FMX but
did have AMAX , which seems to be
the NRSC parameters under a new
name (See Radio-Electronics.
February 1992 for more details). The
AM bandwidth can be switched to
wide or narrow, providing either the
broadest audio-frequency response
or the 1000st norse. Helping to re­
duce AM impulse noise is a noise­
blanking circuit from Sprague /Alle­
gro M icrosystems.

I found the tuner's technical spec
sheet, which was printed in Japan,
to be somewhat puzzling. The audio
f requency response of the AM
tuner set to wide is given as 50 Hz
to 7.5 kHz. + 1.5 -3 dB. Certa inly
that's better than what one finds in
most AM /FM receivers, but it falls
far short of CD quality.

The claim has been made that
good AM stereo is frequently indis­
tinguishable from FM. That may well
be, given the aging ears of the c1as-

continued on page 96



HARDWARE HACKER
Histogram equalization, alternate action latches, gamma cu rve
correction. digital image processing, and semiconductor Ie houses .

DON LANCASTER

S top the presses. Murata has
just announced a Gyrostar
plezo gyroscope. 'Nhich . if it

is as great as it looks . cou ld easily
become the hacker component of
the decade. All I've got on this so far
is that brief note in the June 8th
Design News and a promise for
more tech nical information. Need­
less to say. the hacker potential of a
$ 5 navigation gyro wou ld be tru ly
revolutionary.

Be sure to stay tuned on this one.
Things are also start ing to happen

fast and furious on that di rec t-to ner
printed circuit board front. Since my
last report, the new water-soluble
decal -based Toner Transfer System
offered by DynaArt has been further
improved. The new Printed Circuit
Board Transfer Film from Techniks
looks even more promi sing .

lNh al Techniks did was take their
old differential transfer system and
add a new blue polymeric release
coating . The po lymeric release
coat ing can dram ati cally improve
the transfer: it actua lly becomes an
important part of your resist pattern .

Fa ste r than light?
Every week or so I get at least

one letter or helphne call from pee­
pIe who feel they have clearly
broken some physical law. Maybe
they have proof that the speed of
light is not a constant. Or that those
three laws of the rmodynamics just
do not apply to them. Or that per­
petual motion can be possible using
magnetic repulsion . Or they have
tapped the zero point scalar energy
from the fabric of space. Or that
their latest pet theory proves the
cold-fusion process.

Usually, they' ll also co mplain that
they've sent thei r theory every­
where and have gotten no repl ies .
Or that they are getting ignored be·
cause they are outside rs.

Very etten. their inquiries will be

self-defeaunq. How? They will m­
elude totally irrelevant religious or
poli ti cal contexts . O r they ' I! be
super secretive . OrwriUen and sub ­
mitted in such a way that they
scream " Hey, kick me, for I'm not
even computer literate ."

If it likes water, looks like a duck ,
and quacks like a duck...

But co ns ider who is receiving
those letters. Based on past experi­
ence, the editors o r the publishe rs
know that the probability is 0.99 +
that the lab work (jf any) is just plain
wrong. Or, more typically, not even
wrong. And 0.99 + that the sendee
is clearly a few chips shy of a full
board . Why should they believe
you ?

The sad thing is that need le in the
haystack. I'm going to be generous
and claim that one letter in 500 in
fact does have the germ of a new
theory or a developable product or a
fresh look at a solvable problem.
And , yes, newer ideas etten wi ll ge t
ignored or vehemently attacked.

Vv'hat can you really do if you have
genuinely beaten those overwhelm­
ing odds and your controve rsial idea
is in fact both new- and for real?

There are two possible routes you
could take to get your ideas accept­
ed. The firs t or real science method
is to thoroughly try and prove that
)OUare wrong. Be sure to use lots of
careful research, especially through
Dialog and those UMI reprints. Be
certain to subsc ribe to allof the rele­
vant inside r trade journals and go

NEED HELP?

Phone or write your Hardware
Hacker questions directly to :

Don Lancaster
Synergetics
Box 809
Thatcher. AZ 85552
(602) 428-40 73

out of your way to study the schol­
arly pub lications in the field . Learn
all the lingo. A ttend conferences
and trade shONS. Find a patient and
kno.vledgeable industry insider that
is will ing to look at your idea and
comment honestly on it.

Be absolutely certain that you
have a simple experiment that can
be independently duplicated and
venlied by disinterested outsiders.

Hire some competent enqineer­
ing or physical sc ience consultants
to study and add credibility to all
your claims . Take enough college
and univers ity level courses to make
sure you do thoroug hly understand
at least the fundamental s of the
field-along with the needed math
to back it up.

An d finally, pres ent th e ideas
clearly identi fied as a possible new
theory in some professional context
to tally free of religious , poli tical, or
any conspiracy mumbo jumbo.

The second route is to publish via
a pseudoscience press. There are
quite a f€"N underground and alter­
nate life publications that we lcome
mater ial of this type. Every now and
then , VVhole Earth Review gives you
a list and rundown of all the maga­
zines of that genre . Let me know if
you want to see a resource sidebar
on those.

One leading bookstore that does
specialize in sel ling and dis tribu ting
pseudoscience top ics is High Ener-
gy Enterprises. Ma ny of their offer­
ings are utterly fascinating. Those R
folks also sponsor several yearly I
forum s wh ere c o n t rove rsial .
pseudoscience topics are strong ly i2
encouraged. ~

Several very important tips when ~

publishing your own pseudoscience ~

tracts: Be sure to use cut -and-paste ~­
Xerox-of-a-Xerox and lots of poorly z
printed slop pt layouts . Smeared ink ~

on cheap paper is a must. Freely
quote obscure rural newspapers as 79
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The VALUE at each PEL or plcture element
doelennlnes tne brlghlness 10' thaI pel: the

LOCATION of thaI pel In Ihe array sets
the pel posJtion In your actUal Image.

'07 206 cas9,,, '"
080 128 21~n 161

this one as an input. and outputs a
zero . The zero in turn reaches
around and holds the left inverter in
its present state . We are thu s
latched and stable. Press button A
to set your latch. Press button B to
clear your latch.

It turns out that any euemete-ec­
uon circuit has to consist of two
distinct storage elements. One is
for "wbere am I?" and one is for
" \'\/here was I?" If you don't provide
t'NO storage devices. you wi ll get
into major reliability, oscillation, or
preferred state hassles.

In most integrated circuits, the
t'NO needed storage elements are
done with a pair of separate latches.
One is called the master flip-flop.
The other is the slaveflip-flop. Often
they are combined into a single
more complex logic block , forming a
type-D clocked flip-flop or some
similar device.

Check carefully, and you will even
find that the button on a retractable
ball-point pen consists of two dis­
tinct storage devices.

The Simples t alte rnate -action
pushbutton I know of appears in Fig.
t -c. The " Where am 11" storage
consists of that pair of back-to-beck
inverters . The "Vv'here was IT '·stor­
age is the capacitor.

Here's hem it works : Some brief
time afte r that latch changes. the
capacitor will charge up to hold the

101 223 1152160150011 251

083 205 001 240 032 069 093

032 093 170 079 093 106 115

119 023 126 194 091 086 004

FIG, 2-A DIGITAL IMAGE Is nothing but
an array of numbers. Digit al Image pro­
cessing takes those num bers and re­
pl ac es th em with other number. ,
following 8 ru le or set of rules. While
there Is a stunning variety of uses for
dig ital Image procelling t ricks and
techniques, two 01 the mo st Important
Involve gamma cor recti on and histo­
gram equalization.

~

.V 0----0~:-~ .v
A s«

-
creer,

(A) Ae lay converted to la tch .

'OK

~
~ ~f Clear f ser... ...

(B) Inve rte r pal, used as lat ch .

22K

~ {>-
Lo......~ 470K

Change :E O.1I1F
T

(C) Allernate ectlcn pushbulI on .

not ever, under any circumstances,
use any new desktop publi shing
tools and techniques.

AG. 1-S0 ME SIMPLE LATCHES and
alternate action clrcults .

Alte rnate action switc he s
I got a helpline call the other day

asking for a circuit to convert any
old ordinary relay into an alternate­
action on-off device. Well. as the
caller has found out on his own, that
gets a little trickier than it sounds.

Figure 1-a shows hONto convert a
regular relay into a latching relay.
Press normally open button A and
your relaypulls in. The pull in closes
a relay contact that holds the relay
engaged. To reset the relay, press
normally closed button B. The relay
drops out , opening its latching con­
tact. This is a simple example of a
latch, or a set-reset flip-flop.

In Fig. l -b we've used a pair of
digital logic inverters instead. An in­
verter outputs a one for any zero
input and vice versa. Assume the
left inverter happens to be output­
l ing a one. The right inverter sees

your prime data sources . Include il­
legible artwork . Extensively refer to
unheard-of and unavailable journals.
Use plenty of irrelevant inference
and innuendo.

Use only 20-200 year old refer­
ences , espe cially in any rapid ly
changing field. Misquote and drop
some big names, even if totally out
of context and they never heard of
you. " Billions and billions of Carl
Sagan 's ago.;" Never offer any
succinct and easily vented experi­
ment.

Always use ten words where one
will do. Make all of your paragraphs
unbearably wide and long. Then run
them all together in haphazard
order. Never come right out and
state your key points. Work Testa in
somehow. and be sure to include
plenty of obscure religious and/or
political references. Show how your
theory is nON being suppressed by
a federal conspiracy headed by the
Trilateral Commission and secretly
funded through both the WCTU and
the SPCA

Ignore all the personal computers
entirely. They are only a passing fad
that never will catch on. Finally, do
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counters. latches, and state alterna­
tion appears in my CMOS Cook­
book.

Digital image processing
I never cease to be amazed at

how st unningly versa tile tha t
PostS cript qeneral-p urpose lan­
gu ag e is . I 've rec ent ly used
PostS cript to create a group of
rapid, easy, and fun digital image
processing tools. The tools and a
few test images to go with them
have been po sted to my GEnie
PSRT Ro undTabl e as IM AG E­
KlTPS.

whet I'd like to do here is give you
a brief introduction to digital image
process ing. We' ll limit ourselves to
high-quality gray-scale images.

We will also try to zero in on doing
both a gamma correction and a
histogram equalization. Those are
both highly important and litt le un­
derstood crucial uses for serious
digital image process ing. Fail to un­
derstand either one and your jm­
ages will all end up as disasters
wailing to happen.

(black)

® Typical Gamma curve 01a CRT electron bea m
dIsplay or a "while write" laser printer will
wash out many 01the lighter whites.

® Properly gamma corrected display or printer
treats all g ray levels equally. Some available
gray levels may be los t In the process.

© Typical Gamma curve of a "black write " lase r
printer (such as a Canon SX) will muddy the
darker grays.

Perce ived
gray leve ls
at outpu t

Intende d gray levels at Input

FIG. 3-THE GAMMA CURVE for any display or pri nter relates how the brightness
levels are viewer perceived compared to how they are Input. A nOOolinear gamma
either Mmuddies the lows" or " washes out tile high s: " Gamma correction anempts to
make each gray equally slgnlficanllo the end viewer.

"Where was IT' one or zero. Press­
ing the button forces the "Where
was 17" value back onto the input of
the first inverter, and the latch quick­
Iy flips.

That happen s becau se the
cha rge o n a capacit or cannot
change immediately.Thus, at the in­
stant the switch is closed, the ca­
pac it or ac ts as a ve ry l ow
impedance which " force feeds" its
value to the inverter input. As soon
as the inverters fl ip. positive feed­
back reinforces and holds the new
value.

Releasing the button will let the
" Where am 17" pair of inverte rs
work normally. A short interval later,
the capacitor will charge up (o r
down> to its new '' If.Ihere was IT'
value, and the cycle can repeat.

The circuit can also be used as a
relay driver. It's the fastest and best
wayI know of to make a mechanical
relay reliably alternate its states .
VY'hile any old CMOS gates could
be used, my favorite here would be
a 74HC 13 hex Schmidt trigger.
Much more technical information on

C1RCU: I i:! ON FREE LNFOfl"'ATlON CARD



We'lI first note tha t good old sil­
ver hal ide " slcppmq -m-th e-slu sh "
photo work is both incredib ly ver­
satile and highly forgiving-besides
having an enormous dynamic range .

Inste ad . elect ro nic d ig it al drs­
plays . prin te rs , and any photoset·
ters demand data which is always
" right on ." If any thing misses at all.
you will ge t lousy to useless results.
That's why digital image processing
has become so important. And so
heckable .

Hmmm. To do some dig ital image
processing. you have to start with a
digital image. You can borrow one of
mine off of GEnie PSRT. o r grab one
from a scanner. off a satellite, a fax
machine. or a video-capture board.
Suc h a digital image is made up of
pic ture elements, or pets. Note that
a pel may or may not be the same
size as the final pixel on your output
device. A pel is simply the minimum
resolvable data value found in your
numbers within the digital image .

In a gray scale image. a pe l ge ts
defined by three parame ters . The

SUPER 12 HOUR RECORDER
CALL TOLL FREE
Modified Panasonic Slimline,
6 nrs per side
120TOKtape furnished.
ACfOC Operation.

Quality Playback. i.iiI~I
Digital Counter. [

Durable lightweight Plastic. $ 119 .00*

Starts & Stops Recorder ~
AutomaticallyWhen~
Hand set is Used . •
Solid Stale!

FCC Approved $28.50·

Solidstate Adjustable
~ Sensitivity. VoiCM &
- Sounds Activate Recorder

Il
lii Adjustable Sensillvity
~ Provisions lor Remote

Mike $28.50·

Z
~ • Add lor ship_& handling . Phone Adapter & VOl[

$.2.00 each. Reoanlen $5.00 each . Cob . Res add
lJ tax. U ail Order. VISA. "YC.COO'sOl<. Money Bade
.- Guar. 0Iy Disc. 8Yeilabill . Dealer il'lqu;n"s inv~ed.

~ Free data on other products.
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i AMC SALES INC. 193Vaque1oDr.
Boulder . CO. 80303

Phones (303)499-5405 1-800-9~2488

FAX(303)494-4924
82 Mon-Frl 8-S MTN. TIME
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pel luminance value will tell you how
bright thi s tiny port ion of your scene
wi ll be . Its X poSition value wi ll lell
you how far aver in the pict ure this
pe l sits. while its Yposition tell s you
how far up and down.

Fennstance. in the LENA. PS file
#463 on up PSAT. we use 256 pos­
si b le g rays ( rang in g fr o m
PostScript's 0 =black smoothly up
on through a 1 =whitel. These pels
are arranged as an image 256 bytes
wide by 192 byt es high. That size
was picked to be big enough to be
useful and interesting . yet small
enough. short enough. and fas t
enough to have lot s of fun with .
PostS cript , of course. can handle
any image size and resol ution you
wan t.

The first byte in your da ta file con ­
tains the a·bit luminance value for
the upper tefthand pel. The second
byte is for the next pe l to the right.
and so on . After 256 horizonta l
pels. the data starts over again at
the left pel of the next lme down.
This repeats for a total of 192 lines
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or 49 152 bytes . Or 48K for short .
As Fig . 2 shows us. digital image

proce ssing simp ly consis ts of tak­
ing this large array of digital bytes
and then creating a second array of
n£!IN digital bytes. The bytes 10 the
second ar ray are rel at ed to th e
bytes in the first array by some rule
or se t of rules. And your processed
new ima ge sho uld somehow be
"bette r" for whatever you are trying
to do .

For instance, ......e might just take
each indIVidual data value and make
it larger. That would brigh ten your
dIsplay and give you lighter values .
Make eac h data value smelter; and
you Will ins tead darken your disp lay,
favoring darker values.

Should there be any defect in the
pictu re. you can "retouch" by loo k­
ing at adjacent pe l values and work ­
ing out so me type o f average .
Carried to ext remes , this sort of dig·
ital image processing can remove
telephone po les from pic tures. reer­
range tree s. and literally leap ta li
buildings with a single bound .

A digital Image processmg anti·
aliasing trick lets you remove the
Jaggies from black and wh ite jmes.
For anu-atesmq. gray values should
ge t substuu ted equal to the ex ­
pected average value at each pe l
From any reasonable viewi ng dis­
tance. your Jaggies will magically
disappear.

Calculating n£!IN pe l values based
upon values of neighbor pels opens
up all sorts of powerful digita l imag e
proc es sing opport unit ie s. Fenns­
tence. if }'Ou average or ION-pass
filter against nearby pels. you can
so ften or soft focus your Image . If
you emphasize differences . you can
cri spen or sharpen your final image.
Carried to extremes , a cri spen ing or
sharpen ing becomes edge detec­
tion. where only outlines remain. A
mag ic algori thm called a Laplacian
is oft en used for high·quality edg e
detection.

Wha t if your original picture is out
of focu s or blurry? Weil, you can go
to a rather fancy Fourier or wavele t
transfor m into a transform plane

Visa, MasterCard or COD

Call Toli Free 1-800-886-8699
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Gray levels

FIG. 4-T1'iIS STOCK " LENA" DIGITAL IMAGE appears rather
"weak" or " low In ecrnraat," A glance at the histogram clearly
shows why. There are no dark blacks, no lighter whites, and the
few remaining grays cluster around the two peaks.

AG. ~ISTOGRAM EQUAUZED " LENA" DIGITAL IMAGE has
much higher contrast. The histogram shows all grayvaluesare In
full use. A lull histogram equalization Is the equivalent 01 a
perfect photo darilroom " dodge and burn."

Gray
level

usage

(black) (white)

Gray
level

usage
I • . ;•. I • I. ••

(black)

Gray levels
(while)

...

and extract a deblum"ng function.
VYhich can cancel out much (but not
all) of such things as camera mo­
tion. And perform such tr icks as
reading tho se li cen se pla te s on
speeding cars.

There are now zillions of exciting
techniques which use digital image
processing. We may look at some
of these in future columns. But the
first of the two techniques I feel are
by far the most important involves...

Gamma correction
The eye acts as a log, rather than

a linear device. And deep down ln­
side.most display schemes arealso
quite nonlinear. As Rg. 3 shows us.
the Gamma curve for any imaging
system relates hO'>\' the expected
input gray levels actually appear to
your eye at the output.

The process of " fixing" a gamma
curve is called Gamma Correction.
On a video display. ncnhneanue s
are purpose/y introduced to attempt
10 cancel out such ncnlmeentres as
Ihe square law response of most
electron beams to a control voltage.
In color work . the strengths of each

individual beam are also carefully
adjusted to make each color appear
to be equally bright. Even if the color
phosphors used have different sen­
sitivit ies. As does your eye .

If at all possible. you want to do
your gamma correction in some way
that does not cui into the number of
grays you have available. But if it
simply can' t be helped. digital image
processing can be applied to qam­
rna correct your display. It can do
that by redefining gray levels. trad­
ing off a 101 of nonlinear grays for
fewer and more linear ones.

All of tcdey's laser printers have
inherently nonlinear gamma curves.
This happens because a round dot
is used which has to be farger than
the intended square pixel it is sup­
posed to completely and Hewleasly
cover. Thus, in a black write system
(such as the Canon S)() where the
laser places down black dots. typo
ical gray levels usually end up darker
than you asked for.

The PhotoGrade system used on
the Apple LaserWriter G uses dig·
ital image processing to trade off its
gray levels for a more linear gamma.

We saw some deta ils on the
PhotoGrade hatftoning process last
month. At 106 DPI. Apple 's Pho­
toGrade system has 128 gray levels
available. A total of 61 of these are
often used for gamma correction.
The gamma co rrection redefines
lots of really dark grays and a few of
the mid range grays. The net result
is the remaining 67 distinc t and fully
Gamma corrected grays.

The PhotoGrade sys tem offe rs
you three calibralion options. The
options compensate for your par­
ticular choice of loner, density set­
ting s. humidity. and so on. On a
calibration. a coarse and a finer half­
tone square are put down for typical
gray levels. This is done for three
different pages. You then pick the
page you like the best. The intemal
code does a predefined Gamma
correction for you.

Additional details on PhotoGrade
proce ssing appea r in my GEnie
PSRT# 451LASGCAL.PS and over
in #388 LASGNOTE.TXT. Al so
quite ha nd y is a # R02311/A
Lasert\hter Ilg Printers Developer
Notes from APDA.



NAMES AND NUMBERS

APDA
20525 Mariani Avenue 33G
Cupertino, CA 95014
(800) 282-2732
CIRCLE 345 ON ~EE INFORMATlON CARD

Dialog Information ServIce
3460 Hillview Avenue
Palo Alto. CA 94304
(41 5) 858·2700
CIRCLE 346 ON fREE INFORMATION CARO

DynaArt Designs
3535 Stillmeadow Lane
Lancaster, CA 93536
(605) 943-4746
CIRCLE 341 ON FREE INFORMATlON CARD

GEnie
401 N Washington Street
Rockville. MD 20850
(800) 638·9636
CIRCLE 348 ON FREE INFORMATION CARD

Geo-Monitor
65 Washington Street # 400
Santa Clara, CA 95050
(408) 749,6n o
CIRCLE 349 ON FREE INFORMATION CARD

High Energy Enterprises
PO Box 5636
Security, CO 80931
(719) 475-0918
CIRCLE 350 ON FREE INFORMATION CARD

Hitachi
2000 Sierra PointPkwy
Brisbane, CA 94005
(415) 589-6300
CIRCLE 351 ON FREE INFORMATION CARD

KMe
PO Box 348
PortWashington, WI 5307 4
(414) 284-3424
CIRCLE 352 ON FREE INFORMATION CARD

Histograms
Those phot o darkroom techni­

cians and artists have lots of secret
tricks they use to explore the in­
cred ible dynamic range of photo
film. By lengthening or shortening
an their exposures. they can make
all of their prints darker or lighter. By
printing on a " soft" paper, they can
reduce their dynamic range and
contrast. Or increase it by using a
" hard" paper.Or eliminate it entirely
with a " litho" photo paper.

Even more sneaky is dodging and
burning. With dodging, you put your
moving and out-ot-tocus hand or a

Murata
2200 Lake ParkDrive
Smyma, GA 30080
(404) 43&-1300
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Outwater Plastics
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Sunnyvale, CA 94086
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CIRCLE 351 ON FREE INFORMATION CARD

j eehn tks, Inc
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dodging paddle between the en­
larger and the area being printed.
That holds back your light in a se­
lected area and makes that area
fighter than normal. VYhich lets you
pull details out of any dark or "mud­
dy" areas of your negative.

With burning. you hold an opaque
mask having a small, ragged. out of
focus, and rapidly moving hole in it
between your enlarger and the print
paper. Burning lets you darken your
highlights and ext ract details from
underexposed areas.

By now. most of you have seen
those spectacular Navajo slot can-

yon photos. Most any southwest
calendar should include at least one
example. And Arizona Highways will
be happy to sell you bunches of
them. These incredible prints cany
dodging and burning to an extreme,
using multiple exposures and twen­
ty or more very precisely aligned
dodging masks to bring out the sub­
tleties of color and texture.

Digital image processing can be
used to imitate these darkroom
tricks. And getting things right on
gets even more important with dig·
ital images. because you wilt always
be severely limited by both the dy­
namic range and laser resclu trcn.

The fi rst step in correcting a dig­
ital image is to find out what was
wrong with it in the first place. To do
this. you run a histogram. A histo­
gram is Simply a vote on how many
of the grays get used hO'N often.
Figure 4 shO'NS us the stock and
well- known Lena dig ital image ,
which should ap pear s l ig ht ly
"weak" or low in contrast.

That histogram underneath Lena
clearly shows us why. Those tight·
est and darkest grays are not used
at all. And most of the rest fill two
clearly defined peaks.

A digital image processing meth­
od known as histogram equalization
will let you perform a magic dodging
and burning that can often dramat­
ically improve your results. In Fig. 5
you see a much higher contrast and
grea tly imp roved Lena w ith lots
more " snap."

To do your his togram equaliza­
tion , you try to spread all of your
pels around such that each gray
gets used nearly as often as any
other. You can then selectively reo
place each pel with a lighter or a
darker gray. adjusting your accumu­
lated sum to spread out the total
number of pels per gray.

In short . you'll do an absolutely
perfect dodge and bum.

For instance , if you have 49152
pels in your image and use 256 gray
levels, you redefine your grays to
get about 192 or so pels per gray
level. A simple accumulated running
average does the job for you. Full
code details in my digital image
tools on GEnie PSRT, especially 1M­
AGEKIT.PS. As you can see in Fig.
5, nearly all of those available grays
are fully and uniformly used. 85



By dcmq a histogram equaliza­
tion . you can pnn t " auto shopper '
quality images on any unenhanced
300 DPl laser printer.

Figures 4 and 5 are available as
PSRT files #463 LENA.PS and my
#468 LENAHISTPS.

S emiconductor chip h o uses
I have been meaning to do some

resource sidebars that give you
most integrated ci rcuit manufac ­
turers. or at least the more backer­
fnendty ones. Since there's so many
of them, we'll need several sidebars
to do the Jobright. So ,Actelt hrough
fuj Itsu will appear this month, and
I' ll show you the rest of them as we
get to them.

Some data bo oks are free .
Others have " optional" pncmq de­
pending on whether the sales per­
son likes you or whether any of the
covered chips are currently being
promoted. For ot hers, just about ev­
erybody has to pay the going rate.

Your best bet is to first reques t a
short form catalog , a price list. and

their technical literature and applica­
tion note Index . These are all usually
both free and Immediate ly available.

Be sure to use your laser-printed
letterhead or a professronal sound ­
mg telephone request.

New tech lit
Data b o ok s Include t h e

Optoelect ronic Product s Catalog
from Quality Technolog ies . This
used to be the old GE/Harris opto
Ime.

Advanced Linear Devices has a
Product Databook on linear timers,
op-amps. and compa rators.

From Slgnetlcs/ PhdipS, there's a
new da ta book on CMOS Se ­
quencer Solution s. And from
HItachi . there 's a Semiconductor
Devices for Communications data
book. Included are lots of telcc and
cellular radio devices .

Our two brand new labor-of-love
newsletters include WeatherSat Ink
and the Geo -Moonoc . The first is on
weather satellite image reception:
the second on earthquake monitor-

ing and predic tion.
Over in our neat mechanica l stuff

department. a free sample of a laser
machined plastic is available from
KMC. An d an Incred ible catalog
from OutwaterPlastics .These folk s
are laboring under the delusion that
they are now in the store display
fixtures busine ss. In reaury they ot­
fer lots of useful new electronic and
prototyping hardware at unbeatable
prices . Not to ment ion off-the-wall
ideas. They even stoc k Grecian urns
for writing ode s on.

For the two key books on all of
the fundamentals o f digital mte­
grated c ir cui ts . t ry my CMOS
Cookbook and TTL Cookbook , ei·
ther by themselves or as part of my
Lancaster Classics Library.

As usual. we 've gathered many of
the resources menti oned together
into either the Names &Numbers or
the Integrated Circui t Manufac­
turers sidebars. Check these out
before you use our no-charqe tech­
nical helpline or call for your free
hacker secrets brochure. R·E
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Bonu s: You can program the output from your PC 's serial
port (RS2 32 sonware includ ed ) and read back tool
The OPS is an atrordabre professional instrument and
belongs on your bench .
wa nt moremID? Ask tor-OPS' brochllf9. 146-1768 Calt-Wf,te-Iall :
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ELEVEN·P IECE RACHET TOOL K IT
Includes reverSible ratChel handle, eeensce
bar. six bitS. two precision screwdrivers. and a
curter. Comes in fitted case. Get one lor your
shop. anomer for your car. anomer for your
tOOl kit To order send 511 .75 USA shipping
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DRAWING BOARD

Let's see what's involved in descrambling a SSAVI s ignal.

ROBERT GROSSBLATT

~COIVT~l.-----1I-'-----PIC Tl/I?£----~· 1

FIG. 1- THE SSAVJ SYSTEMa n deliver video with suppressed horizontal sync and
normal video.

could also keep a serial number in
an EPROM or some other storage
device, which meant that boxes
could be addressed individually and
the descrambling Circuitry could be
turned on and off for separate chan­
nels from the main cable company
office. The cable companies loved
it .

Understanding that kind of stuff is
a bit more difficult than the old sup­
pressed -sync sys tem, but if you
take the pieces one at a time, it all
gets cut down to manageable, bite­
sized chunks. Although the cable
company's scrambling delivery sys­
tem became much more sophlstt­
ceted. it was still face d wi th the
same cost restric tions when it had
to decide which of the available
scrambling techniques to use.

One of the mos t popular choices
was the so called SSAVI system.
That's an acronym for Sync Sup­
pression Active Video Inversion . It
allows the video to be delivered to
your doors tep in one of four flavors:
• Suppressed horizontal sync and
normal video (Fig. 1).

• Suppressed horizonta l sync and
inverted video (Fig. 21
• Normal sync and suppressed vid­
eo (Fig. 3).
• Normal sync and normal video
(we can forget this one).

Before we get into the nitty gritty
of the SSAVI system. there are a

1000IR£ / '1
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it could descramble any chan nel.
Which channels wo uld be un­
scrambled was determined by one
of the wafers on the channel selec­
tor dial. A position would be either
jumped or open, which was a major
cable company headache for two
reasons. The first was that they had
to open the boxes and solder or cut
trace s to configure the box for a
given customer. The second was
that some enterprising people reel­
ized what was going on, opened up
their cable boxes, and reconf igured
it themselves.

The only way the cable compa­
nies could guard against that was to
use screws with oddball shaped
heads to hold the box together.
I/Yhen that didn't work, they started
using screws that had a left-hand
thread. But enough history.

W hat the ca ble c o mp anies
needed was a way to talk to each of
the boxes indivi dually. while they
were in customer's homes. Making
such addressable boxes also meant
that several scrambling methods
could be used; the boxes could be
told which method was in use at any
one tim e. Since that info rmation
could be sent to the box dunnq the
vertical blanking interval (while the
beam was off the screen), the cable
operator could change the scram­
bling method from field to field-up
to sixty times a seco nd. The boxes

Fooling arou nd with the simple
video stuff we 've been build ­
ing is a nice alternative to

hanging around on street comers.
but irs not really all that terrific if
your ultimate goat is to figure out
what to do with the junk that shows
up on certain channels on your lV.
Suppressed sync is the Model-T
version of video scrambling. and
you ca n bet you r botto m dollar thai
thing s have gotten a lot more co m­
plicated. Enter the digital age .

Si nce th e s uppres se d-sy nc
scrambling sys tem was so simple. it
wasn't long before people with only
moderate electronic skills figured
out what was being done and h<Mt to
beat it. Even the simple stuff we put
together over the last couple of
mon ths could- with some minor
eddiuons-cdc the job . A s the cab le
business grew, so did the complex­
ity of their scrambling methods.

As I told you when we first started
out on this trip into cable video land,
ripping the video signal apart is
easy-putting it back together sue­
cessfully is something else entirely.
The amount of messing up that's
done to the standard video signal is
directly proportional to the cost.
M ore intense scrambling is more
expensive. Cable operators have to
balance their degree of secu rity
against the cost of the equipment.
Also, the larger the customer base.
the less expensive the scrambling
system has to be. In New York City
(and other large areas), the cable
companies have a lot of subscrib­
ers, each of whom needs a cable
box. The more boxes the cable
company has to buy (they don' t
make them themselves), the more
money it has to keep tied up in its
inventory.

The old suppressed-sync system
was a one-way deal. If you got a box
that could descramble one channel.58
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FIG. 2-SUPPRESSED HORIZONTAL SYNC and Inverted video Is also possible with
the SSAVI sys tem.

This isn't as strange as it might
seem. In a normal video signal, the
reference for color is the burst sig­
nal that follows horizontal sync. The
colorburst signal lasts only a bit lon­
ger than 2 microseconds, but it's
used as a reference for the whole
video line, which is about 63 micro­
seconds long. As far as color cor­
recti on is concerned , that means
there's no realreference signal avail­
able for more than 95% of the line!
The colo r phase for the rest of the

few basic things }"QU should know.
because they tell you some interest ­
ing things about how the system
works.

The first is that horizontal sync is
never inverted---even if the picture
is inverted. This means that any cir­
cuit designed to descramble it has
to separate the two basic parts of
the video line (control and picture
first>. We have to be able to tum the
picture righ t side up (if needed)
without inverting the control section
as well.

The SSAVI system seems even
more complex whenyou realize that
the job of separating control and
picture has to be done on lines that
might very well have no horizontal
sync pulse that can be used as a
reference mark. In the older sup­
pre ssed -sync sys tem, the sync
could be recovered from the galing
signal that was buried in the audio;
w ith the SSAVI sys tem , there's
nothing like that available .

The key to regenerating the video
signal is based on the fact that all
aspects of it are tied together in a
stric t mathematical relationship. If
}"QU can locate one part of the sig­
nal. you can determine where every­
thing else has to be.

The broad pic ture fo r a de­
scrambler, therefore, is to design a
circuit that can identify one part of
the signal, and then use the repeti­
tion of that signal as a reference for
reetcnnq the rest of the video. You
should realize by now that we're
talking about a phase-locked loop,
or PLL. Even if the identifiable com­
ponent of the video occurs only
once a field (or even once a frame),
that's still often enough to control
the frequency of a voltage-co n­
trolled oscillator. or veo, and lock
the PLL to the received video.
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posed to be. That's right people,
most of the guts of a SSAVI de­
scrambler are made of the same
standard digital stuff we've been
using in this column since the begin­
ning.

In the future we'll take apart a
typical frame of SSAVI·encoded
video and see how we can put it
back together again correctly. It's
not as complicated as you think and,
to tell you the truth. I wouldn't be a
bit surprised if a bunch of you read­
ers beal me to it In the meantime.
to help you apprecia te what's in­
volved in scrambling a video signal,
next month we'll work on some cir­
cuitry that wi ll scramble a perfec tly
good video signal. R-E

A G. 3--HERE'S WHAT NORMAL SYNC end suppressed video look like.

~CONT"f{o,{;:-~·41 ··------.'

line is based on the stand-alone
3.S8-MHz generator that's a normal
part of the TV set.

Buildin g a SSAVI descrambler
isn't as easy as building one to take
care of suppressed sync, but it's not
as difficult as you might think. Be­
fore we start to work out the details
of the circuitry. we haveto draw up a
comprehensive list of exactly what
we want the circuit to do. A circuit
designed to descramble the SSAVI
system needs the following basic
features;
• A means of knowing if the picture
will be normal or inverted.
• The ability to generate horizontal
sync pulses.
• A way to identify a definite point

in the received video. r;:=====;=======;• A circuit to place horizontal sync I
pulses at the right point.

Some SSAVI systems also play
games with the audio, but the meth­
ods used to hide the audio have
been around for a long time. The
audio is usually buried on a subcar­
rier that's related, in some mathe­
matical way, to the IF component of
the TV signal. We'll get into that
briefly when we take care of restor­
ing the picture.

Although we'll be working out the
details of the circuitry next time,you
should already have some ideas of
what it has to be like, The SSAVI
system uses digital signals for se­
curity and access rights-the stuff
that cable executives lie awake all
night thinking about (instead of less­
important things such as improving
picture quality, increasing channel
services, and widening the audio
bandwidth. Because the first step in
handling SSAVI scrambled signals
is to locate a known point in the
signal, we'll be using counters and
other standard digital logic to keep
track of where everything is sup-
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COMPUTER CONNECTIONS

Miniature multimedia machines.

JEFF HDLTZMAN

A Pple has indeed announced
a secon d miniature multi­
media machine (MMM), as

rumored here last month . Newton.
the first MMM. will be designed and
produced in conjunction wi th Sharp
Electronics. and is more computer
than gadget. Sweet Pea. the sec­
ond . will be designed and produced
in conjunction w ith Toshiba. and is
more gadget th an computer.
VVhereas Apple has publicly shown
the hand-wired Newton prototype.
Sweet Pea appears to exist only at
the co nceptual level. Nonetheless.
the implications and technology be ­
hind Sweet Pea are enormous.

Newton has no keyboard . but
uses a stylus for input. Connec nvity
to other Newtons. and 10 PC's and
Macs. is also strong . The poin t is to
service students. executi ves. facto­
ry workers. and others who need
en -th e-co co mput ing th at tnte ­
grate s smoothly and cleanly with
desktop systems and networks.

Sweet Pea, on the other hand.
appears to be aimed squarely et the
con sumer market. in part icular, a
segment that some are calling by
the awkward term infotainment ,
which attempts to combine learning
and entertainment. Sweet Pea will
play specially prepared CO's con­
taining text . graphics. audio. and
video . According to one Toshiba ot­
ficial. it may connect 10 a TV set for
home use. or it may be portab le. It
should hit the shelves in summer of
1993. and should be priced under
SlO00.

The soft ware technolog ies be­
hind Sweet Pea are mighty interest ­
ing. Katerde. the jOint venture in
multimedia between IBM and Ap­
ple, will supply these technologies.
One is called Script X: it isanauthor­
ing language that de-velopers can
use to create multimedia titles that
WIll run on multiple platforms. includ­
ing Inlel and Motorola CPU 's, and

RISC devices. lt will also run on spe­
c ial operating sy stems used by
MMM's. In fact. Kelede is develop­
ing one such operating system. the
C onsumer Operating Sy stem
<COS) that will, of course , support
Script X. Script X is also slated to
suppo rt Apple's multimedia st an­
dard. QuickTime.

Apple has signed deals with
Warner New Med ia and Paramount
Communication s to supply titl es;
Clans. Apple 's software subsidiary.
will also de-velop new titles.

Kateidagot off to a slow start . and
has been partially eclipsed by other
more immediately apparent benefit s
of the historic 1991 accords be­
tween IBM and Apple. However. the
recent appointment of a board of
directors , along with Nat Goldhaber
as head of Kaleida. not to mention
the Sweet Pea techno logy an ­
nouncements , all indicate that Ka­
leida is likely to be the vortex of
some fascinating and mdustry-sbak­
ing new de-velopments.

Less technologically advanced .
but likely to have some market im­
pact. are new pen-based pocket or­
ganizers that will be introduced by
Sharp and a joint effort between
Tandy and Casio. At an estimated
5300. the Tandy/Casio unit aims to
undercut initial pricing on Newton
and Sweet Peadevices. The Tandy/
Casio will use the GeoWorks graph­
ical environment. will have budt-in
handwri ting recognition. and will
have a PCMCIA slot for memory
and telecommunications. Look for it
sometime in 1993. The Sharp unit
adds pen input to the Wizard line.
and includes an extensrve pushbut­
ton/menu-based interface. Pricing
was unclear as of press time: the
device is scheduled for release thts
year. Also scheduled from Sharp is
an 80B8·based palmtop that should
sell for about $1000 .

Micro soft is hankering after this

market as well . Lately there has
been discussion about a CD·ROM
based machine that would run a
ROM ·based subse t of Windows .
connect 10 a TV set. and provide
infotamment. Apparent ly designed
to compete in the video-game mar­
ket. the device is currently going by
the name Wintendo,

Uphe aval in the PC business
In the beginn ing was the PC.

which meant an 8088 and one or
two 360K floppies. Then came the
XT, which added a hard disk and
bumped memory up to 640K. Next
came the AT,which added a full 16­
bit processor and peripheral inter­
face . Then came the 386 . wh ich
brought 32·M processing and un­
heard-of performance. For a good
four or five years, the boundaries
between those four divisions were
clear. However, in the past two
year s . the introduc tion of new
CPU 's by both Intel and its rivals has
almos t completely o bli terated
those bounds. N ow there is a
smooth spectrum of often overlap­
ping price/ performance choices
ranging from lowly 386SX's to 50·
MHz 80486DX·s. It's nearly Impos­
sible to keep in mind all the vana­
uone amo ng CPU·s. including
speed. bus width . power manaqe­
men t, c ac h e si z e . math
coprocessor, and system support
componen ts. Choosing a complete
system is no longer a choice among
four well-defmed categories. R

Against that backdrop. manufac- ~
turers find it difficult to make their '
offerings stand out. In the past year. ~
intense price wars have forced sys-
tem cos ts to absurdly low le-vels. At ~
first. the price wars were conducted g
almos t exclusive ly among clo ne i:j'
manufacturers. but Compaq reo
cently joined the fray. IBM has ~
promised to do so by this fall. and
second-tier suppliers like Dell have 91
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already retaliated . One industry
analys t has stated that there are
some 500 PC suppliers . of which
450 shouldn't exist. Another ana­
Iys t suggests that w ithin a few
years. the vendor base will be reo
duced to a dozen multinational cor­
poratio ns tha t supply 95 % of
industry needs .

Another trend is that toward in­
creasingly dense Integration. both
at the chip and the system level. For
example. the original PC used 16K
DRAM ·s. Tod ay's standard is 4
meqabus. an increase of 256 times.
Back then, system logic was built
from hundreds of discrete TTL com­
ponents . Today. three or four VLSI
IC's do the same job . At the system
level. many motherboards today
contain built -in serial and parall el
ports. hard- and floppy-disk control­
lers, and expansive memory- 16
megabytes or more. By contrast.
original IBM motherboards seldom
held more than 512K of memory,
and contained nothing but the reo
quired system logic.

Toget her . price wars and the
larger trend of increasing mteqranon
lead to the necessity of product dlf·
ferentiation. or some means of mak­
ing your product stand out in the
customer's mind from that of your
competitor. Price cutt ing is one way
but it can only go so far. The other

~ is to add features. and that's
what we'lI start seeing this fall.

Look for systems with built-in net­
work ing and so und capabilities .
Look for sys tems from IBM and
others with prefnstaued operating
system software (0 512. DOS/Win
dows). Look for systems with tons
of bundled applica tions. Look for
creative marketing schemes. (For
example. OAK. a mail-order house.
now qwes fNlIay a 386DX/33 with
purchase of $1500 worth of sott­
ware-and quality stuff at that. in­
c1uding current versions of wtn ­
dows . Word for WindO'Ns. Norton
Desktop. Adobe Type Manager. Par­
adox . and mo re). Look fo r pre­
assembled net works support ing
anywhere from 2 to 250 users. Look
for hard-drive upgrades from Sea­
gate and others with preinstalled
software (Windows). Look for laser­
printer upgrades that include RAM
with font and emulation cartridges.
Look for operating sys tems <Win·
dO'NS and OS/2) to include more
and more features traditionally as­
sumed to be part of the applications
realm. e.g.. networking and E-mail.

The following are several trends
to watch:

CPU Wars
Intel continues to try to fend off

attacks on its 386 business-AMD

expects to take 50% of the market
by the end of this year-but both
AMD and Cyrix are mounting ne-w
offensives on the 486 . Cyrix will in­
troduce 25-. 33-. and 40-MHz ver­
sions 01its 486 clone at about half
the price Intel charges. Meanwhile .
AMD plans similar introductions.
but a recent legal setback co uld
stall ItS efforts . liT is also entering
the race; the company stated re­
cently that it is developing a 486
clone with integrated video display
and image compression hardware,
paralleling Intel's efforts 10 combine
an X86 CPU with IBM 's XGA graph­
ics and Intel's own Digital Video In­
teractive (DVn. a digital system for
comoressmq and playing back vid­
eo on standard PC·s. Timely intro­
duction of the latter could be the
breakthrough PC-based multimedia
has been wailing for.

Intel's P5 (sometimes known as
the 586. although reports indicate
that Intel is searching for a new
name) contains two CPU·s. a 486·
compatible unit. and a Reduced ln­
strucncn Set Computing <RISC)
unit. What's the value of sticking a
RISC chip in a PC? On the other
hand. what would be the value of
sticking a 486 in a works tation (nor­
mally powered by a RISC chip)? In a
PC. let the 486 do PC things (DOS.
Windo.vs. OS/2>. and let the RISC
unit run the video system or a dedi­
cated compresston/ decompres­
sian unit. In a workstation. let the
RISC unit do Unix things, and let the
486 provide PC compatibility.

Power Pl a y
Power consumption is becoming

a hot topic not only among note­
book PC vendors, but among desk·
top sys te m ve ndors as we ll .
Consumers demand longer battery
life from their notebooks-a mini­
mum of eight or len hours. Desktop
vendors need to cut power con­
sumption for reasons of energy con­
servation. Signi ficantly reducing
energy consumption by computers
would save $1 billion per year. plus
reduce CO2 emissions by the equiv­
alent of 5 million automobiles during
the same period. Achieving these
reductions is not wishful thinking; a
recently formed tndus try/qovern­
ment coali tion tha t includes the
EPA. Apple. Compaq. DEC. HP.
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IBM. NCR. Zenith. and other man­
ufacturers announced a set of de­
sign parameters centered around
several types of "sleep" modes and
3.3-velt system components . The
goal is to reduce power consump­
tion of the average PC to 30 watts.

AMD is promoting 3-vell system
design guidelines. and it says that a
complete PC chip set will be avail­
able this summer. with product in­
troductions (probably cente red
around notebook s) scheduled for
fall COMDEX. To support this bur­
geoning mar ket. Intel has en ­
nounced a 3.3·volt version of the
386SL that includes a fully static
CPU. cache cont roller. bus and
memory controllers. that can inter­
face with both 3.3· and S-wlt pe ­
ripherals . Ci rrus Logic has intro ­
duced a dual-voltage video control­
ler.

Just A dd Water
Networking is not yet fully per­

vasive. However. ne-w chip designs
promise low-cost system additions
that will further spread the ability to
link up. One study shows steady
growth in units shipped per year dur­
ing the period 1989 (2.2 million)
through 1995 (6.7 millionl AMDhas
introduced a single- IC Ethernet
adapter that (along wit h similar de­
vice s fro m National . SMC. and

others) is going to further increase
the availabilityand use of networks.
The chip will be a built-incomponent
on many new motherboards: sev­
eral influential PC systems houses
(Apple. Compaq, Dell. HP. North­
gate) have already introduced (or
will shortly) systems with built-in
network adapters . Cou ple that with
increasingly aggre ssive marketing
by Novell. plus built-in network ca­
pabilities of the next version of Win·
dows- and you 've go t ins tan t
netv.<>rking.

The Magic Bus
WlndO'NS and OS/ 2 demand fast.

htqh-perfor mance computers . As
clock speed increases. getting data
in and out of the CPU becomes
more cnuca t to maJ<imizing system
performance. Our trustyold system
buses USA. EISA. MeAl simply
aren't up to the task. In recent
months. compute r manufacturers
haveadded a local bus that provides
a direct path between the CPU and
some other component , usually a
special video adapter. So far. hOYo'­
ever. these efforts have been ham­
pered by a lack of standards.

In response, Intel and an industry
conso rtium called the Video Elec­
t ro nic s Standa rds Association
N EStv have each devised its own
local bus standard (s ee Fig . 0 .

Some publishe d repo rts have
claimed that the two standards will
compete with each other: however.
Intel offic ials have stated public ly
that the two efforts arecomplemen­
tary. Both share throughputs in the
120-1 30 meqe bytes -per-second
range. The VESA spec includes a
connector design (based on a Micro
Channel bus connec tor) that the In­
te l spec currently lacks. On the
other hand. the Intel spec includes a
special interface IC that helps iso­
la te the C PU fro m I/ O sub­
sys te ms-and that pre suma bly
allows for transpa rent CPU up­
grades via the company's Over­
Drive technology. Due to bus-tlmlnq
and signal-reflectio n issues. local
bus slots will most likely be limited
to three. e.g.. one each for video.
network. and herd-disk control: the
latter could be a SCSI host adapter
for connecting multiple devices. The
regular expansion bus would then
be limited to slow-speed devices.

In short. the next feN years will
see many PC vendors dropping out:
the ones that remain will be fighting
too th and nail to establi sh their
products wi th increasingly dense in­
tegrat ion of hardware and software
components. Price wars are already
raging; feature wars are just about
to break out. This is going to be one
heck of an interesting battle. R·E OJ
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ed . va rtable Polyswttch reststor
R30 cou ld tri p and/or the out­
put p owe r MO S F ET 's cou ld
overhea t .

When lls lng the flexible "rub ­
ber ducky" a n te n na . It might be
necessa ry 10 fine tune capect tor
C30. ta k ing: care to keep the a n­
ten na away from people or large
metal objects.

After tuning the tra ns m it te r.
set up th e recei ver; Turn the
power ON a nd set the scuer.cu
co nt rol fully cou n terclockwise
(oFFI. With the 32-ohm speaker
con nected . Inc rease the volu me
un til the backgrou nd noise Is
audible. Us ing: the oscnlocope.
lo o k at the o u t p ut from
RECQVF.lu :n AlImD pin 16 o f the
FM recetver ch tp IC3. and adj ust
Inductor L10 so thai the signal
reaches a maximum level.

If an FM·modulaled RF source
Is aval tabl e. con nect It to th e an­
ten na Jack and se t It to a I mi ­
c rovolt out p ut level . Set the
au dio s ignal to I kHz an d th e
deviation to 4 kHz. Adju st L1 0
for a syme trtc waveform on pi n
16 of IC3. The tone s hou ld be
au d ible In the speaker. Set the
Input level toO.3 m icrovolts and
adjust L3 for minimum noi se
level. (This adj u s t me n t Is op­
tional.)

Th e range of th e transceiver
wit h t h e specified a nten na is
on e to th ree m iles . dependi ng
on backgrou n d n oise an d the
proximity of butldtngs or gee­
graphical obst r uct io ns . T he
range can be Inc reased wit h a
c it izen band (Cm base s ta tion
an ten na. or If Its tra ns mi ss ion
frequency Is set for the 10 -meter
amateur radio band and a s u it­
able a ntenna for that freq uency
range is con nec ted .

To cha nge th e tra nsceive rs
frequ ency from 25 MHz to 3 1
MHz. change crys tals I and 3
(XTALI and XTAL3 ) a n d tune
the transceiver accord in g to the
instruct ion s give n earlier. (See
the Parts Ltst for th e c rys ta l
s pe cs .) To opera te the trans­
ceiver outside of the 25-MHz to
31-MHz bands . th e tra ns m it ftl­
teras well as the multiplier com­
po ne nts mu s t be changed. R-E

VERSATILE OSCILLATOR

con tin ued from p:l~e 74

That res istance value wl11 keep
the peak s peaker cu rren ts with ­
In the 200·m llllampere out pu t
lim it of the 555. T he out put
power of th is a larm circu it d e­
pends on s pea ke r im ped ance
and s u pply voltage . b ut It can be
as high as 750 m llHwatts with a
75 -ohm speake r an d a 15-volt
s u pply. Notice th at C31a a n elec ­
trolytic capacitor,

Figure 19 shows how the ou t­
put power of the circu it in Fig.
18 can be b oosted to severa l
watts with buffer tran sistor QI.
The res u lti ng h igh s peake r out­
pu t cu rrent ca n In troduce a s ig­
n ificant r ipple voltage to th e
power sou rc e. Dio de D I a nd
electrolyti c ca pacito r C3 protect
the 555 from the effec ts of that
r ipple. Diodes D2 and 0 3 clamp
the Inductive switc h ing spikes
from the s peake r and protect QI
aga in s t damage. The ci rcu its in
Figs . 20 to 23 have a s im ila r
out put stages.

Figure 20 s hows h ow a pair of
5558 organ ized as as table mu l­
tt vt b r a t o r s form a n BOO-Hz
pulsed-tone a la rm generator. In
this c irc u it IC I is wired as a
50 0·Hz a la r m gen erato r. a nd
IC2 Is wired as a I·Hz oscilla tor
that trigge rs IC I on a n d off
th rough diode 01 once per sec­
ond. thu s generating the pu lse­
ton e alarm .

The crrcut t In Fig. 2 1 gener­
ates t he pen et ratt ng tw o-t on e
"he-haw" sou n d of Eu ropean
emergency veh icles . Here. ICl ls
a lso wired as a n ala r m ge ner­
ator. and IC2 Is wired as a I-Hz
oscillator. But In this case the
output of IC2 frequency modu­
la tes ICI through res is tor R5.
The out put frequency of le i a l­
ternates symmetrically be tween
500 Hz an d 440 Hz In one -sec­
ond a lte rna ting cycles.

Figure 22 s hows a ci rcu it tha t
gene ra tes the wailing no ise of'a
pol ice s iren . Here IC2 1s wlrcd as
a low-frequen cy oscill a tor wit h a
cycle period of about 6 seconds.
The s lowly varying ramp wave­
form of IC2. buffered by emitter
follower transistor QJ. frequen­
cy modulat es a la r m generator
ICI through resi s tor R6 . In this

c ircu it ICI has a natural cen ter
frequency of about 500 Hz. The
a la rm output signa l starts a t a
low frequency. rises for three
seconds to a hi gh freque ncy.
th e n decays over a period of
th ree seconds to a low-Irequen­
cy be fore repeaung Ilself as long
as power is a p pl ied.

Fina lly. the c ircu it In Fig. 23
genera tes an a la rm that s imu­
lates the "Red Alert" th at is often
h eard in the St arTrek TV series.
The sou n d s tarts a t a low Ire­
quency and rises to a h igh fre­
quency In abo u t 1.15 seconds.
ceases for about 0.35 seco nds.
a n d then starts rising agai n
from a low frequ ency. Here
aga in. the sou nd pat tern re­
pea ts as long as power ts a pplt ed
to the c ircuit .

The 555 labeled IC2 is wired
as a non-symmetrical oscillator.
C a pac ito r C I alt ern at ely
cha rges th rough Rl an d diode
01. and disch arges through H2.
The resu lt is a rapidly rising and
slowly falling "sawtooth" wav e­
form across Cl. Afte r buffer in g
by Q I. th is waveform frequen cy
mod ulates pin 5 of ICI through
R7 . causi ng the ou tpu t frequen ­
cy of ICI 10 r ise s lowly d uring
th e decay pa rt of the sawtooth
waveform a n d to co ll apse
rapidly during th e rising part of
the saw tooth wave form.

The rectangular waveform at
pin 3 o f IC2 turns ICI 0((
th rou gh com mon -em itt er a m ­
pli fier Q2 durin g t he decay
phase of th e a larm. Th erefore.
on ly the r isin g par ts of the
sou nd pattern a rc hea rd whi ch
sou nd very much like th e S tar
Trek Red Alert.

The ou tputs of mos t of the c tr­
cu lts In th is a rticle have been
taken from output pin 3. but
many of the figure s h aven
s hown triangu lar waveforms
developed ac ross the tim ing ca­
pact tor te.g. Figs . Sb . l Ib . 13h
a nd 15b ). There m ight be occa­
s ions wh en you w1ll find those
s a wtoo t h (or ramp ) wa ves
useful. You ca n ob ta in a saw­
tooth by tapp in g t h e c harge
voltage across the ti ming capac ­
Itor. By charging the capacitor
with a constan t-cu r ren t sou rce
ins tead of a s lmplc resist ance .
the ramp can be mad e quite lin­
ear. R-E
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.~The Dollars \ hu Save ~

To obtain the informat ion contained in
(he video YHScasseue , }'OU wcujd anend ~
a JlOlfessiona l sem inar costing $350-750
and possib ly pay hundreds ofdolla rs more .i
if you had (0 travel to a d is(ant ciry to ~

attend. N ow. for on ly 54 9 _9) ( p lus ii"
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e -rill<l"("~ Trch" iq'I~J at home and (ake ~

n 'ftC' she r \·iews ofre n . To obtain your
copy. compleu: the coupon or call •

111c professiona l d iscussions seen on
rhc T V screen in your hom e reveals how
to detect and d isable wiret aps, mid get
rad io-frequency rransrmrrers , and other
bugs. plus w hen to use d isinformal ion to
confuse the un ....-anred listener. and the
tech nique of voice scr.lmb ling telephone
rommunicano ns. In fart, do you know
how to look for a bug. where to look for a
bug. and wha t (Q do whe n } 'OU find it ?
Uu~s of a \'t' t). sma ll size are t"as} ' to

bu ild and the y can beplaced quickly in a
mat ter of seconds. in any object or room .
Today you may have used a telephone
hand St.'t t ha t ....-as bU,/;J.;N. Ir probably
contained thn.'t· bugs . O ne wias a phony
bug to fool you inro bcl ieving you found a
bug and secured the telep hone. The sec­
ond bu J:. placates the invesrigaror when
he finds rhe real rhing ! And (he thi rd bug
is found only by (he protessiorel , who
cont inued to search just in case (heft' we re
more bugs.

Th e profess ion;ll is nor with out his
tools. Spec ial equip men t has been de­
stgned so (hat the professional can S.....lOCp
a room so thar he can detec t vcice-acri­
vated IVOX) and remore-acricared bugs.
Some: of (h is equipment can be operated
by novices, oehcrs requ ire a (rained coun­
tetsun'cillancc professional.

111c Jlnlft.'Ssinlla ls viewed on your rete­
vision scree n reveal information on the
lates t tec hnolog ical advances like laser­
beam snoope rs dut an: inst alled hu n­
drcds of feer a....-.I)· from the room they
snoop on. The professionals disclose rhac
computers yield infor mation too eas ily.

111is advcmsemenr ....~I~ nor written by
a conmersurvcillancc protcssiooel , but by
a l>c,l.: innt.·r whose on ly expe rience carne
frc ;m \' icw in~ (he video (ape in the pn­
V"oIC y of his home, After yo u review (he
video carefully and understand it s con­
(em s , you have.- taken (he first impon ant
step in eilhe r acqu iri ng professional help
with yuur surve illance problems , or you
may w ry well consider a career as a cou n­
tersurvciJlance professional ,
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wha t \lo'.I.S to be an embassy and pr i\"all'
rnidence into the mos t sophist icarN re­
cord ing st ud io t hl' wo rld had net
known . The hu ildinJ.; had to be turn
dow n in orde r to remove a ll the bup ,
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Sto len lufo rmnnou
T he ope n r,lps fmm where rhe info rma­

tion pllurs (Jur may he: from FAXs . corn­
puwr com m umrar jons, rd ephelOe calls.
and e\'e ryday bus in ess mcet in~s and
lund ui me encouurers. Busines smen need
cOCln~e ll iCJg on how ro elimm.ue this in­
fcrrn.u ion dra in. U.lsic telephone lI SC cou­
pled w irh rhc user's undersr'lll<lin", tha t
someone may l>c li stl'n inJo: or rccord in",
viral data and informat ion ~rc;ll ly red uces
the 0PI'l{lrtu ni ()' fo r ot hers to purloin
meanin~fu l infonnanon .
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\r41>t "P! You may be the vict im of
sto len .....o tds-c-prec ious ideas rhar wou ld
hive made you \ '(' 1)' wealrhy! Y("S, proft"S­
sionals, even rank amareurs , mJ.}' be Jis­
lI:'nin ,!.": t o you r most privare (on­
versarions.

U'dkt up.' If ~·ou are nor rhe vicnm ,
then you an: surrounded by cou ndcss vic­
rims who need your help ifyou know how
rodiscoee r telephone raps , locate bugs, (lr
"sweep" a room d ean .

There is a rhr i\'in,g proft'Ssiona l service
steeped in high-tech techniques that } 'OU

can become a pan or. Bur first . plu must
know and understand Cn unrcrsurvcila ncc
TechnoloJo: y. Your very first insight into
this h ighly re\lo';lrd ing field is made possi.
blc by a video VHS presentat ion rhar you
cannot view on broadras r relevision . sat­
ellue , or cable. It presents an informanve
prog ram prepared by professiona ls in the
field who know rhcir ind ust ry. its rcch­
niqucs , k inks and loopholes. Men who
can tell you more in 4) minutes in a
straightforwa rd, excl usive talk t han was
ever at tempted before ,

Never before has so much
professional information on the art
at detecting and eliminating
electronic snooping devices-and
how to defend against experienced
information thieves-been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive In
any hi- tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view th is video presentation again
and again.

FoilinJ:: In fo rm a t ion Thieves
Discove r rbc tu rg e ts p ro fes s io na l

snoopers seek OUt! 111e prey arc Hock
brokers , arbirraJo: l' fi rms , rnOl1\u(;u.:rurers ,
high- rcch compan ics, any compc ririvc
indus try, or even small b usino csscs in rbe­
same com munity. TIlt." valuable info rma­
non thc)' filch may be markct inJ.; st rat­
egies, cus tomer lists. product formulas .
manufacturing techniques . ("ycn adve.-r­
rising plan s. Inform J,t ion th ieves e;IVt.'S­
d ro p on (ou r t d er isi on s , h iddi nR
information, financial da ra , 111C list is
unl im it cd in rhe m ind of ma n- es­
peciall)' if he is a thier.

)'ou kno·J.' thar th e Russians secretl t'
inst alled countlt'Ss mictophonn in the
concn:rc work of rhl' American Embass}'
buildi ng in Mosco w. They co nvened
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srcal-mu stc audience and the poor
audio quality of most FM broad­
casts. In any case, the question re­
mains: Is the listening public really
interested in AM stereo?

I don't relish raining on anyone's
parade, but I suspect that (to mix a
metaphor) the AM·stereo band­
wagon will never get oH the ground.

Consumer fraud?
One of the panel discussions at

last fall's Audio Engineering Society
convention was titled "'New Cable
Designs; Innovation or Consumer
Fraud?"' The organizer of the event
was strongly anti-cab le and had
stacked the panel accordingly. One
of t he surprisi ng gues ts wa s
Wilfredo Lopez, a non-audio person
from the Ne"N York City Department
of Consumer Affairs. He presented
his department's view about what
constituted fraudulent advertising,
and suggested tha t most audio
components are " blind" items ,
meaning thai the average consumer
is not in a position to judge the valid­
ity of advertising claims. Deceptive
prac t ice s include " false Imphca-

The AMAX logo will Identny AM re­
ceivers that meet the NRSC requ ire­
ments.

tons of quality or characteristics of
the item." M r; Lopez went on to say
that if his agency finds stores trying
to sell a speaker cable that is heev­
ler but not better-but they are nev­
ertheless claiming it is-i t might
take action against them.

I would caution Mr. Lopez to tread
carefully. In any area where consum­
ers are being sold " dreams'"-prod­
ucts that purport to make them
slimmer, younger. more beautiful, or
their equipment better-sounding­
they don't want to be told that they
are being deluded. For example, the
cosmetic industry would seem ripe
for such an investigation with its eel­
luli te removal c reams, skin re­
juvenators and other such products.
Is it a defense or justification for the
manufacturer to say that the con­
sumer " tbmks" the product works ,
notwi thstanding objective evidence
to the contrary?

In truth, it had never occurred to
me that the absurd claims made by

many high-end cable and accessory
manufacturers could be legally de­
fined as fraudulent. In the years that
I've been dealing with audio equip­
ment claims, I never became very
upset by the sometimes technically
ott-the-wall-cor at least unproven-e­
pronouncements of the var iou s
manufacturers. As a matter of fact, I
even had a hand in writ ing some ads
and technical papers for various
co mpa nies promu lga ting th e ir
somet imes strange technological
points of view.

Because the literature was aimed
at a high·end audience, I felt no guilt
at providing the kind of nonsense
they loved to hear. After all, 1 ra­
tionalized, it wasn't as though the
outrageously priced equipment was
deprtving anyone'swife and children
of food .

My ultimate conscience-clearing
maneuver was to editorialize under
my own name against some of the
properties (ult ra-wid e bandwidth,
olefin cable insulation. dual-power
supplies, etc'> that I had extolled in
the ads. In any case, I took (and still
take) none of this very seriously,
and I regarded my jabs and jibes at
audiophile nonsense as editorially
interesting but not really powerful
blows for truth, justice , and the
American Wcry. R·E
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PLEASE INDICATEin whid1 category ofclasSIfied advefllSingyou wiSh )OUt ad10appear.For
special headings, there is a surcharge 01525 .00.
( I Plansil<its (I Bvsiness ()pp:)rtun'I'1I$ l,)Forsalef IEducaliorlllnsltuCtion «I Wanted I) 1el1l1e Television

Special Category: $25,00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETIERS.
(No refunds or credits tortypeseltJrog errors can be madeu~dearly pool or type your
c:opy-l Rales indicaled are lor standard style dassiIied ads _see beloIw tor adcIilionaI
charqes lor special ads. Minimum: 15 word• •

1 2 a 4 5

6 7 • 9 10

11 " ta 14 15 ($46.50)

16 ($49.60) 17 ($52.70) 18 ($55.80 ) 19 ($58.90) 20 ($62 .00)
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31($96 .10) 32($99.20) 33 ($102.30 ) 34 ($105.40) 35 ($108.50)
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~; ID'llodlscountv urne ., 12 is$ue$__~...-; . P"'I*d. NQH..(;()MMERCIAL RATE: !tor
indrYiduaIs -.rho wan! 10~ sell ' perwnal """" 52. per word. r:c;::....nornrwnum. ONLY FIRST
WORD AND NAME HI in caps 81noer.tra chatge , Ad01Jonal bold (nd .......... caps) 55c
per word addllloNl. E"lonllld" boldIxe. $.3,~....cn:l . TINT SCREEN BEHIND EHTlRE AD: 13M p..-
word. TINT SCREEN BEHIND EHTlRE AD P S AU BOLO FACE AD: $4 .50 rE word . EXPANDED
TYPE AD; S.I,70J:j~k1. EnI,relld inboldl_. $5 ,60r:; -..ord, TINT SCR ENBEHIND ENTIRE
EXPANDED TY E AD: .scpet....cn:l TINT SCREEN BEHI D ENTIRE EXPANDED TYPE AD PLUS
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2V"- SI23(lOO.~IIr1fOlllWltlon: F~.aIes and~ dIscoo.onts ...~. All
copy SUBJECT TO PUBLISHERS APPROVAL OVEATISEME USING P.O. BOX"'DDRESS WILl.
HOT BE ACCEP'TED UHTlL ADVEAT1SER SUPPLIES PUBUSHEA WITH PEAMANENT ADORESS
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~ Of -.. dDsea 011 preoading -...g day. tor N d;tsSIf>ad . Corda NI.ft'bar
.9 on \he ftea lrIlorrnabon card

FOR SALE
rus es:.oldnt," "I3Iest° Partsand schematiCL
SASE tor 1Isf3. STBNMElZ, 7519 Maplewood
Ave., R.E., Hanvnon:1. IN -46324.

TUBES, new. up to 90'%0 eft, SASE. KIRBY, 296
West Carmel Dove, Carmel, IN 46032.

T.V. notch fill8fS. phone I8CXlfdlngeq uipment eo­
chure $1.1)0. MICRO THine. eo. 63.'0025. Mar­
gale. FL33063. (305) 752-9202.

SPEAKER repair. AI mall" models. 51_ .\
pn:fessionaI . Kits ....uabIe. Fl8toamirlg $18.00.
ATlANTA AUD IO LABS. 1 (800) 568-6971.

RESTRICTEDlectlnieal l" lormation: ElecironlC
SUl"I8illlnce, sch&fmltics . locksmi lh in g, coYelt
science• • llacking. etc . Huge ..Iectlon_ FrH
bf'och urn. M ENTOR -I, Dr_r 1549. Asbury
Park.NJ 07712.

ENGINEERING software and hardware, pC!
MSOOS. Circuit design and drawing, PCB
layout, FFT analysis, mathematics, circuit
analysis,etc. Dataacquisition,generation,
1/0 PCB's,etc. Callorwrite forlree catalog.
(614) 491·0832. 850FT SOFTWARE.
INC•• 444 Colton Rd ., Columbus, OH
43207.
CABL~ TV Equipme nt. MoS l Iype availablll.
Special . Oak M35B$39.95 . NoCClIaIog. COO01"'
cers only. 1 (BOO) 822·9955.

-uss tAal . Iru · IIl1DS . _ T'l'
U1n.e.-_I· l ·_I.II1U~
'~Olsl'o s,-.. SI9995
'~Olsl'o s,-.. S..9 95
• 2O-O'wnII D:\IIs,-.. St2" 1I5._ -...h_ ""_.... S>lI'"
" JIIl ' _ _

• too.._1SASl ' ''' "f ''U·~
PtIlI.lIl'S·TlCII WCTRONICS

I 'T.~::;:' PA au 8U3 , SCaIbd'" Ali BUU
1602IMJ·71lJl IU DO ~.on ""'"_ ....._'-.tlIIll._ .....

8OC52'8asic rNcroccntIOlIer board , Basic Inler­
~ 32K RAM, 16K Eprom. Epromprogra._.
RS232, npansion connector. Bare board w,th
rnanuat.1ch&malics S22.95 . BOCS2-Basic mil;:n)­
proce ssor chip $25.95. As.sembled and I..led
$124.95 . PROLOGIC DESIGNS, PO 80_ 1902'6,
Ba~,more, MO 21204.
JERR OLD, Tocom a nd Zen ith " test" Chip• •
Fully ac tiva tes unll . S5 0.00 . Ca ble de .
s c r,m ble r. Iro m $4 0.0 0. Ord er ' 1 (80 0 )
452·7090. ln lOlTll.atlon (310) 867-0081.

TOCOM.Jerro ld Impull e- Sc lenllflc Allenla
CorNertBfS. two year warratlbeS. also lBSl m0d­
ules lor lOU'~. ContactN"'OONAL CA­
BLE, (2 19j 93S-4128 lun detaib.

OSCILLOSCOPE SO MHz, Hewlen·Packard. sol·
id s tato call brale d, manual $290 .00 . 1 (800)
83 5-8335 X-159.

SECRET cable desere.mbler'l Build your own
descrambler loi leu thari $12.00 in $olMIII e81Y
steps . Complele ins trucllons $10.00. Rs dlO
Shad! parts lrst and lrM dBsc:rambIinQ mettwxlI
that cost nottwlg 10 Iry indudBd HARRYWHm,
PO eo_ 1790. Baylown, TX nS20 .
OESCRAMBLE.RS, COIl'o'9rters. all name brands
in slock, lowest prices. e_ampIes DPV·5 5189.00 ,
VIP $250.00 . Oak $99,00, add on d&SCt~
lVT 01"SA3- B 5@:$49,ooea,Guaranleed.COO
ordB~ OK. eeecatalog. KABLE K ONNECTlON
(702) 4~959.

CABLE. TV equipmenl. whoIe$ale 10all, Oak.Jer.
roId, Zenilh, Tocom, S .A., e_ample sween-e
wittI WlIume 5189 .00 . Ouantrty pn::es 1I'oaiIable,
C.O.D, 0tdBr$ OK Fl'lHt calalog. ULTI.....TE CA­
BLE. PRODUCTS, (702) 64&-6952. 97
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ClACl.E~ ON FREE IHFORMA11ON CARD
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PROTECT)lJUrSell and equipmenl lrom eIectneal
shocks. Comple te unit $98.95. S AFETY· UN·
UMITED. 1743 Ba ldwin Road . YOfklow n. NY
10598. 5t H $5.00.

CABLE equ;pn-.&nt at wtlolesaIe prices. TlX()m.
Oak. Zel1Ith• ...lern*I. SA. HamlIn.~ on oe­
scramblers. tes t ch ips . all l ull y guaran teed.
S.A.c. 1 (BOO) 622-3799. M-F 7A-3P PST.

TV COflv/descrambler specials. DPV $189 .00 .
RTC-56 599.00. Tocom-VIP 5250.00. SA 85XX
se-es $169.00. Zervth $199,00. Hamlin 66OO--3M
579.00. tua warranty. MOUNT HOOD EL EC·
TRONICS (206) 260-0107.

PCB: Prinled~ board art worIl. made 10)OUI'
spe<:ifocalions pIol!edon tr8n$p8f!lflCy. Multilayer
and surface~ capable . ~CUlI boaId
prodllC'lion available. tree esnmate send seee­
ma!Ic to NEGRON ENGINEERING. 159 Garfield
Place. B<ooldyn. NY11215. Fax (718) 768-4028.

PlATED ttvu hole pnnted circI.ots . $25.00 mini­
mum, Fasl luman;lund. For _ inIormalion c:all
A.P. CIR CUITS. (403) 250-3406 Of B8S (403)
291-9342(8-" .1).

•
JO"'~_~l'SII "
lIl O<IIOD AIm_SVSTlIl lI t H O
lIlO<CIII'51Al aJIllflClUJlIMl1 111210'5__-n..: _$I.,.
"'llI.3QZ% W ILIIII__

-.u.. ..1 _OlIO,.
lMl1 :l1t-1:l1q _-.m
~~
___r..--__

CABL E Steallh; protect you rse ll Irom ee ­
scramblerdotect ion and Slop the "bullet,· Preset!
teslod. only 524 .99, 54 .00 S&H. B AL DWIN
EL E CTRO NIC S. acx 9291. Ba Uim ofO, MO
21222-<)291.

LA SERS. light sllO'i'is. plans. books . .5mw to 20
watts. free cala log call I (800) 356-n14 or wnle
MWKINO., 198 Lewi s Ct.• Corona. CA 91720.

IS it true ... Jeeps lor $44.00 through the U.S.
gov'l? Toll free 1 (800) 467-8585 or (504)
64~5745 ext , S· 5192.

JE RROLD Impulse digil al converte r. Upgra de
your 400 450 uM to Ih is lales l system. (2 12)
898 ·8819.

ANTIQUE RAD IO CLASSIFIED
Free Sample!~

Anl ique g aoic's
Largest Circulation MOl'llh ly. Gl 0

ArtiCles, Ads '" cesseees. •
6-Monlh Trial : 515. 1·Yr: 527 ($40-151Cl ass ).
A.R.C.. P_O. Bo>(802· L9. Carl isle. MA 01741

THE best multiplex ste<eo FM t>ansmmer on !he
mart<el use anyau:;Iio source and llf¥'y aystaI
dear FM receptlon from any _ in )OUt"hor\"Ie
or yard. The .!C20 10 ki1 is pre tested and only
reQUontS)OUt" IitIal assembly. $99 ,95 plus $2 .50
S&H check or money order. NoCOOs.. J CBINC..
7239 Valley St. Dalton Gardens.1D 83814. (208)
772·9207.

GENERAL Instrornel'll OPV·Ts S250.00. SQen.
b'fIc AIIanta 6500, $150,00. Tocorns 5150.00 to
$250 ,00. CABLE WORLD . 1 (eoo) 234· 7193.

TEST equipment Pl'lKlWnOO now at allordable
pric es . Sig nal generator s Irom $50.00. cs­
cilloscopos lrom $50,00. Othe r equipmenl includ·
ing manuals avai lable. Sen d $2 .00 U.S , lor
ca tatog refunded on I,rsl order. J.B . ELEC·
TRON rCS. 3446 Dempsl er. Skokie. IL 60076.
(708 ) 982· 1973.

CABLE TV C4nl'll rters. Jerrold. Zen ith. PionlIer.
Oak. Scien tilic M anIa . and many rTlOfO. 12 years
expenence g'WlS us the . dvanl ag e_ Vl$iII MC
Ame~COOADVANTAGE ELECTRONICS, INC.•
1 (800 ) i52·3916 1125 RMlMood 01".• Bum.5viIle.
MN 5S337.

PLANS AND KITS
FA SCIN ATIN G electronic devices! Du ers !
Lasers! Tfansrruners! DelectOfS' Free energy'
TesIa ' Ka :assembled! CalaloQ $4.00 (r9Iunda­
b1e). QUANTUM RESEARC~, 17919>77 AWl.•
E~ AB. T5T 251.
HOBBY,broadcas ling 'HAMiC B·surve il1ance
transnwners. ampdiers. cable TV. sOenoe. buQs.
Olt&er greal projects, Caulog 51.00 . PAN AXlS•
Bo~ 130-Fl0. Patadrse. CA 95967.

DESCRAM BLE R kits . Comple te cable kit $44.95.
Complete 5alellde kit$49.95. Add $5.00 shipflinq,
Free bnxhunt. No New Yorll sales. SUMMIT RE.
Bo~ 489. Bronx. NY10465.

REMOTE CONTROL KEYCHAIN

m Comp .... Wtmlnl-lJIn&mrt"':
Q and . 5 'ide-RF _ ........

F<.IIy ....m;,led~"ltpl_
io b&MdYOU'o.... 8UI0 abl tm

$24 95 Clwd,VI.. '" M~'
• Add I , ohlppln

• 5@.19,'5,JO@'14"~:
Vlsltec t Inc. Box 14156. f ... ':;;~ril. c•. 94539'
,(~,1 0) 651-1 425 FaxJ510).651-8454:

SURVEILLANCE tra namlner klls tune lrom 65
10 305 MHz. Mains powered dupfe~. telephone.
room. comtanetc n telephone/room. Catalog with
Popul ar Co m m un l ca tlona. Po pula, El ec ·
l ronlcs and Rad lo- Electronlc a book I'IlViews 01
"Elecl ron lc Eave adropplng Eq ulp menl De­
algn," 52,00. SHEFFIELD ELE CmONICS. PO
Bo~ 3777850C. Chicago. IL 60637·n 85.

FREEl Sens ali onal catalo g of fun kit s. L NS
TE CHNOLOGI ES. 20993 Foolhi ll Blvd ., Suite
307 R. HaywaJ'd, CA 94541-1511.

TEST·Ald _1or tesbng uMs in fu ll senrlve mode.
StarOOO'l VII. $40 .00; $Ia>com VI. $30 .00; Star­
corn OPBB. S50.00; Pioneer. clealS error codes
~ E3 E4 E5, 575.00 ; Pionoorcubes. wiNnot after
Inl er llal se rial number. $175.00; Toc om VIP
550315507 , $25.00 ; SA 8500. S25 .OO; 8550
$30 .00; 8580. $40 .00 ; 857Q,'30. $50 .00 ; Zeniltl
n AC,. $25 .00: secunty tools and remotes . N.E.
ENGINEERING. (617) no-3830.
DESCRA MBLI NG. n_ secre t manual. Build
)'OUr own descramblers lor e-abl e and subKrl p­
l io n TV. lnstrudlOl"\S. schelT\ol!leS for SSAVl .galed
sy nc . Smewave. (H BO. Clnemax. Showt 'me .
UHF. Aduh ) 512.95 . $2.00 poslage. CA BLE.
m ONICS. Box 30502R. Bethesda. MO 20824.

WIRELE SS guilar tfa nsrnl ss>on sy slem. Build
you r own lor $39.95' (ki t) RADIOACTIVE
TRANSMISSH)NS 1 (800) 263-9221 ee. 2587.

ETCH PCBi wurseIf. ..- ted'niQue. no chemi­
cals . e_uy. cheap. lui in strudions. sl'&3J1IIare,
51.00. SASE . NICKNAP. SurteNTCN 1907. WaS,
ttJ On19.



BARE bones Eprom progr amm er. Plan$. MS­
DOS dIs k $15.0 0. Also parl sik its /asse mbled .
SERGEANT, 809 W, Sen AAtonio, SaroManlO"
TX 78666 .

FR EE Ca lalo g D..k.. .... ......
.,., ..~".. {4C2)3.11-n21 8 0 0.8 3 5 · 2 3 3 0
DMtt_.... 2'7)(1 so. In..I Q.'1H emu.. 1'0"11 ..1#

WANTED
INVENTIONS! !'leW producIs'ldeas wanled : call
TlCI lor lroo inlormallOM nYlHllors newsle lle f. 1
(600) 468 ·7200 2<1 hours/day - USA.Can ada.

INVENTORS: We submit Ideas to indUSlry, Find
out whll l \YOcan do lor you. 1 (800) 288- IDEA.

FORMAL b1ueprinlSlrom skelctles and scralchos
- reasonable - oonlodcntl8l- rrectveiee ean­
ing. MICROCHIP THEATRE (718j398·1163.
Le_ message,

INVENTORS
INVENTORS ! Can)OU patent and profit!rom your
iOea? Cal AMERICAN INVENTORS CORP. for
!fee Intormabon. ServIng irM:!n1ors sorce 1975. 1
(8001338--5656·

SATELL ITE TV
SATELUTE TV Do it)O.lrsetf map brands
dlscounled. wo·tl be al evtlfyone"s pl"ice. 0 15 ­
COUNT LARRY (609) 596-0656

V10EOClPHER II.desenlmbUngmanual see­
ma!ICS. VIdeo, and audio . Explans DES,~
CIoneMasler, 3'-4uskel8ef, PaYiler-view (HSO,
Cnemax. Showtime, Adult. ete.l $16.95. $2.00
postage. Schemalics lor Vldeocyphef Plus.
$20.00 . $c;:tlerTIabcs lor ViOOol:ypher 032. $15 .00 .
CoIecbon of software to COllY and alter Eprom
lXldes. S25 .00. CAS LETRO N1CS, lbl 30502R.
Bethesda.MD 20824.

rAl TV.....O SUNG
AllIl'EW l ll9H tl lTlllll ALLNEW

sa-iIIIf_, l W_I AR .
a.rblI.Ilf. 1Q1L v.a.fu(715II74-2OU-,_..._-

>- '111. kt COllIplel. Un. of D. unllll blen

>- Friendty, p",'m ioeal "mc'~I),'"

NU· EI( ELECTRONICS
3250 Hatch RD

Cect. Park tEXAS 78613

BUSINESS OPPORTU NITIES
YOUR own radIO sl alio nl Licensed/unlice nsed
AM. FM. TV. cable . IniofmatOn $1.00. BROAD­
CA5T1NG, Boll 130-FIO. Palao,se, CA 95967.

lET tho ga.oamrnent 1inanee)OUt small business.
Grants.1oans 10 S5OO.000. Free recorded mes­
sage: (707) «9-3600. (KS1 ~

Is Bad Service Driving You Nuts?

Business gets craz y enough without
your elect ro nic parts su pplie r d r iv ing
yo u up the wa ll , Tha t's Why MeM
Elect ro n ics ded icates itsel f to
customer serv ice. We' ll answer and
serv ice your call s In j ust th ir t y
seconds, We'll also answer your
questions and g ive you advice,
Whatever yo u need. Then we' ll use
our com pu terized o rder ent ry and
Inventory control syste ms to speed

~~~~~~~~-:~':"::~::"_ _ .. your order to yo u wi th in 24 hours. Of
-; course, yo u get more t han quality

service, You get quality parts and
com po nen ts; more than 17,000 of
them , all available in our h uge
d ist r ibution center.

M C M EL ECTRON ICS
6 50 C ONGRESS PAJ'lK OR.
CE N TERVILLE, OH 4 545 9 -4072

A PREMIER CompiI" y

CIRCLE 87 Otl FRE E IHFORMATIO tl CARD
99



1-800-831-4242 Your Resource for
Test/Measurement fwd Prototype Equipment

Jameco Sold.rt... Breaclltoanb
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U II} JTC I/. l(,.pin
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Z4·pin 7.95
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4G-pn 11.95
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Jameco Ie Test alp Series

EPROMs • for your programming needs
rarl Nib !'svd"" N.!'ria ran No. rn.l-a No. rn.. bit Nt, Prod!Ol.1 :so. roo
11S66 n lS1516-J.t.l5 -ti l "*' V6U·!S--5l. ... 6S'Gt 27056-12-56.4'
11603 n,lSl SM._ 5.t5 In:t VC6H5--l.95 mu VOS6- IS_U 5
3.1611 TMSl 716--'i.'t5 ",..5 !7CM.!5__ ...M. m Il !7QS6-!O_ U '
37'-'7 1702A--3.'t5 mSJ !7(;6,MS--l.95 m31 27OS6- n _ 4.'t5
39909 17{1R ••'t5 J'J'99! 17128OTl'_2.... -til" 1751m ll'_•.95
+0001 17l(' MM_ ..-J.95 J9'91S 17 1 ~8·10 __7.' 5 40150 17511.20__..6.75
40011 171(,.1 4.2S j..l'13 17118·25 7.75 -t0168 17S11.2S__..5.' S
39706 27CII, A.ZS 39'150 17128A·11 t.95 3m3 17CSI2.I1M"M7.•s
40096 17H .._ _.._A.9j J9%8 17111lA·20 _..4.71 J'l781 17C112· IS_....6.91
40109 l1j2A·~o_ _.U' J9'9M 27128A·n .__..J .71 J9790 27( SI1·10__..6..,

-tOllS 17J2A·ZS_ ._ ..1.• ' J94n 27CI28·15_s.7S 39802 17C111·2S_M5.'t5
4Oll3 2 732A~S--1.'t5 J96lI5 27CI28-H _ 7.95 3'H'>51 17COI0, U_M..' .95
39765 27C32 ••_ _ 4.'t5 olOO70 27H60Tr._U 9 6SM9 27C020-lSM..17.95
-tl191 27M·20_...J.'t5 40037 172S6-1SM.._ ...U 9 6Sb81 27C02o-20....15.95
-tl205 2764·25--3.75 4OlH5 27256.20__5.19 • .l69! 68766-35 _ ' ."
-tl1.lO 1764A·20--J.7S -40061 172'16-25__'"

P, Ke

' ·US
."
,~"
17.9S
24 .9S
31.95

l

••

,
BiDd;nl r !Un

o
c

n..~ ro.~',...o.c__
...,jt f..- , ' o.T &op.......d~
_ OC...20MHr. 1\oGaWSear........,..._
...dI 'lO"ltU f"<*a. ..... r-.. p""""......to.~
_ ~anJWo..1.and..;,"'f;di.It;r.... I'·.
~, anJpoout.lo .."b . _,.,.. -.Tmry.

1'1/1 s.. rn..I.. Sa- I>!:a<riri- Prig

l asS! GS7020 OJ<iIlota>p< U9'US

J, lh 2. 11~

6.50 Il.11S
6.S(l 13. I ~S

6.~ I "-1S

, . 7S . 5.75
1.250.7.50

Additional GoldSlar
O.cliloscopes

GoldStar 20MHz Dual Trace Oscilloscope

j.m«o"!ons.w.int:l><~ fw""'I<~rM<td ,trior<J:JOfd;NIn ....,J.... ",;ubl< '" ...., Lodl
oll"""""l'''C ....JciIc~" drwpl. Uttu llI<>dn. r.-...... hn.,..tu'l' >I...."""'" ha<1.i"ll ..;u,volup- and
".,.....s;"Cr-'-

~.J:<ldJ.u.lIQ, pjm. I; I w= COp ....l l'p inll
10600 JEll
10111 103
107~7 JUi
1:f117J JU s

""'" ''''108 11 JEl1

Put I'l'Od on
Nil. Ng. 0....;_ Price

WoOS I GS')()4JU) " OMh,l
, h.nn<!
,,,,,il~"""P<' _ 5799.95

6h077 G58100 IOOMh. j
,h.......1
"", ;110o.;"1'< _ 1349,95

• Partial Lnting • Ol'~r 4000 Elntroni(" and ComputtT
Componnlts in Sto("k! • uUfor qUAntity dn("ou1Its.

• b ..... [PRO~fl
• OF.• <n><>.dlip..", 21...........
• OF.I<t ldoip...,.,7 ........
hn /S6, r s.. I>aaip<iM Priat
1S71l O f4 Enoc.__...."
66IH1 I>EI I'o<uYob.... _ . 9.95

UVP EPROM EraserA.R.T. EPROM
Programlller

• ~.""",,, F1'llOM.mthe!7161O

Zi'S1 ! .... pi...the X2364 UPRO M
• IUll2,.....

~=-r:::So. DaaipliM Pti<I I
166Il6 £PI' l' rognmmn_SI9'1.95

..Ill( 4OOOU; S ....... Gm<nl.....""'"Drnl<n~ 5 1 9.,"

Ul~ toOO" s.......ILoP<
0 1'.9S

41roa _15 N lbu

~
l.iootot O<via>
D"..... 11.95

41.MK _11M S..-..I S;w:<ioI.....""'"Dnio:.. O' ........._ I I.' S

4Ins '1000+I " ......... I.SISfffi
0 " "-,,, 14.95

l'1IO lJOk1 hOld M~
0"......... H .95

)9r,D Z~5 l ..td L.ob<dd<d
c....,mIlorP~

"'""""-_ _ .14.'S- 1 ft.~1 -""'~- Mail KcyOOl

~
"'m,

o.duing
c J

Gdifor aJdit;onaJGoldslin'
tnt "luipM""

24 Hour ToIl·Fr« Order Hodine
1·800·831·4242
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Value_ Only aPhoneCall Awa~
Computer Upgrade Products and Electronic Components

UpgraJr your existing computer systnn!fameco wiD !Jelp you upgrade easily and economicaUy.

1 Ol -Key Enhanced Keyboard Jam.co 80386SX MotIt"'oarci

J El OJl)

-

Thd~rdf""I'" 121iul<tioa kty\.1<f'U'"
cu "", ..d"U"",,, k.,.,
' IBM PCJXTIAT>IId """I",ibk com",,'''''
•A.,,,,.,,,.,.I1, ,,,,,,hn l>rf".."XT or AT
olID lndia "", ro. """'.Upund SaolIIoJ"I..tyo.

r rod!!CI No, DnaiPPO!l
KI OI ~

Toshiba 1.44MB 3 .5" Intemal
Floppy DI.k DrfY.

• 1&.I.II'OXTIATODd"""""",,",
• e-pdIo ..... OOS H ..........
• t.drodoo • ........,. r.w-.
• l.+I.\16"--'ih;p.*""'7 __

• noK)""-=10-de.ioy~
• S<t.o; I·H . 4" . ~.9· D(><tIl.lIdInotl"d

• O"'-"'U_h.c=.rn.• • .m.ocy
f&n1i~liog Price
~4 3S6KU l) i,kD' i..~_~. H.H__• • • HHHHS99.9S

MaTlY mort Ifpgrdrltproducts dlJ<l ildblt.'

ran No.
'7~ Jl

For Imcrn~lion;l] S.iles, CUOIomct Service, Cro:d il Department andallOfher
inquiries: G1141~ ·~')2 · H 097 between7AM·~ I'M P.ST.

Memory
Pili Nil.. P rod lKJ Nil.. f ap<t iRa Prier

"'.. .12~I:!O :~ D1r n,.. so..,

"'" SIIOOU'..ao IM8D1P - '"" ", .1}%A9UO 2106K SIMM - "". 1111 4;!100Q.~9A..fO !M8SJP!' - ""417" oU100QA9fl--IO IM8S1MM - ""

Call or write for your
1993 Annual Catalog:
1·800.637· 8471

24-Hour Toll-Free Order Hotline:

1-800-831-4242

JM1ECO® '''.'' M;~•••""",
FAX: 108000237-6948~

EUCTACNC~ FA.X: 4 1 ~~')2 ·2503 0_

Jvn«:o SerncdJnc"' :
COMPUTER PRODUCTS 1.8000831.8020 (u.,-~)

1355Shorcway Road Techniul Support: 1.800083100084
Belmont, CA 9 4002 BBS Support: -415-637.9025

LED•
PU1 S o.. r ..... s..~ Prier
317M XOS6G T ! }l4. (Gr«n) U6
31?'96 XCSS6R TI }I•• (lW)_.12
31US XCSS6Y T ! Ji4. (Ydlvooo) .16

Integrated Circuits' Ie Sockets
£aa.b!............a.'IKS 1'1", I.' 10. ,- .......
..", ".. ,~ ' "

Nq. N o- l>cKriptio• r ri q

4'1O IS ,~, .~ ." SI SiO ". J. P " ......pn>IiIc _ $.10.- ,... ~ ." 17 161 ,,,. a·pn 10-f"'OIik _ . 11...., "'" "' ~, "'" '''.I' 16.p;nJu". p<u6lt_.IZ

.9110 "" "' ~,
.19335 HlI' 14.pin ...... pn>6It _ .19..,.. 15U' la-pia J- pn>I1k _ .u

"'146 ".. "' ~,

41110 ~U' ~pin 10. profilc: _ .U
•'1" 7U O ~ ."..'" 7417 "' " Connecton.... "'" ~ ." ,~ ......-,,'" 70 1 ____"' " N... No DoaiP"ioo. PDq..... "., ~ '" ISI H DBI SP Mak , 2S-pia _ S.6S
SOH I " 74 ._ _ ._.__._.. ,J9 ~, ISl S7 DBI SS F.....k, lS-pin _ _••n...., 7. 76 .s> "'

,..., DBI SH "... ._..39- , 7. 86 .•.._.....•.....,... ,tS ." ISI(l6 OBI SMII M. ...l l lo<J<l ......_... I..3S

",.. 7489 ._ _._ .._ 2.9S m
""~ ,.90 ............ ......... .S9 .so MINelianeous
. ' l J1 ,.12 1___...9 -" Components·
49912 7.192 __....._ ••79 ." _AndD......."'" 7. I ' l ." ...

,~ ,....-
Unear ICs· ,r.;... So,. DoaiV'ioo ,~

PU1 N.. r rvd.... Sll. I ·' "'" rsun TO-91_-S.12

}j!41 "'"'0' "'" rs :l907 T0-91 _ _ _ .n
.".

"'" IS_ DO-S ' _ _ _ ."

"'" ,-",on .so
'"'' 2.~ll21A TO- ll uoc__ "

'"'' u.t}2.S "' "". IS.7l5 DO-S ' _ _ _ "

"''' """'" r." "'SO ""... TO-91 uoc__ ."
".SO L\UJ9S .s>

""" 1!<o'7SI
[)().lS _ _ _ .n

27412 NB SSV .n "'" 2.~""OI TO -91 ..... _ .I S
2ua lJ,! SS6S ..,

""" IS. I48 [)().l Suoc _ _ ."
24467 ""' UCN___ _ ..__ •• 9 ",.. 2S J05 5 TO-l _ __ _ • ."

2tSJ9 lJo.t7. 1C'i .~

an.n I.M I. SlIN.,_._........._........ ..39 Swlkhes
ll lS7 lJo.t IWS__.._ _ ••4~ ,~ ,....-
2l 1S! 1.M 1 ~ Il9N .................... ...... ..~ ~q. No IkKrip~

'"'' Ul.N 200}A ..____ ." 219J6 JMTl 2} SPOT.

""" 1.M.191. N....._ ...... .........2•• 9
on __ <tog:ki __SI.l5

"'" NUSJ2 1.19 ,.." ,.... SrST, 16_pia

SIJ62 780ST_._ _ __ _ _ ••45
<VIP)_ _ __L"

"''' MSI02 S~T."""","",,,,,
SUJ4 "''' ..,

<............nonl_ -"

.'"it.."_IG i~.,.1 '''''''',i#owJ ..,,.,,._ .,,'tliL.bk

~ lIe~ fREE IHfQR.....TIOH CARD



FREE CATALOG
• CAB LE T.V. BOXES - ALL TYPES ·
• LOW PRICES· DEALER PRICES·

CD Pm NGENCY palent licensi ng. No /00$ any·
" me. Threi! decades eapenence:law. technoloQy,
negot iations. PROPAT INTERNATIONAL CO~·

PORATION. 441 Summer Strei!I, Siamfo«!, CT
06901. (2031325·334 4,

LEARN gold, siM:lr. platinum SClap rucydlllg busi.
ness. (F"ree) information, W' ite : RECYCLING,
Bo~ 11216PE. Reno, NV 69510.1216.

.., ... .. ... PRESENTING .. ..... ..

CABLE TV
DESCRAMBLERS
.... ......... STARRING ......... ......

"RROLD. HAMLIN. OAK
.....a Ol><l_'~ M.O.MWAO\.Itf;~

• IIN ESTWARRAN TY l'llOGRAM AvAllAEU
• LOWEl l RElM ! W><lLtl.Al.E /'RICES ¥'oj us
• ORDUSSHfftO fll\)OolSJOO(~l'!<IlS
• AU. MAJO Rcruxl CAllOSAC(!f"'IEO

fOR AU INf ORMAnoN
l" OO-34s.t1921

MONEYMAKERSl Eu y l One man CRT rebu*l­
rogmach:netY. $6 ,900.00 rebuiIL 515,900 .00 now.
CRT. 1909 Louise. Cfvsta/alle. IL 60014 (815)
4n -8655. FAX(815) 4)7-1013.

EASY wor'o<.! EJ:cellenl pII)'! Assemble products at
home_Ca1IIOIIroe 1 1800} 461·5566 EJ:t.5192.

HOME asse mbly work available ! Guaranteed
easy money! Flee de\alIs' HOMEWORK-R. Box
520. Oar.vile . NH 038 19.

S Millions on Inverlbr;ln$ seoets. Send S,A.S,E.
and $5.00 payIIble Cart HUfT'II)Ivevs. to INV EN­
nON MtLLiONs. 3012 Flax . El PaSo. TX7992$.

ELECTRONICS dea ler l : E~pand you' pfQducl
line. Make USI Become an AMERICAN ELE C·
TRONICS deale.! ProM oppor1UnJtJes since 1965.
C3lI SCOlI. PIuett. I (800 ) 872·1373.

MA KE $75.000.00 to S250.ooo.oo yeartyOf more
Illung IBM aPlor monrtors . No inveslmenl. start
doing il lrom your home (a telephone Rlquil'lldj ,
Inlormation . USA, Canada $2 .00 casIl lor eo­
enure. other counlries $10.00 US IUll(!s, RAN_
DALL DISPLAY. Box 2168· R, Van Nuys. CA
91404 USA. FAX (616199Q.1603.

.... ACE PRODUCTS ....

." 1·800·234·0726 '"

FREE CATALOG!
1·800·648·7938

JERROLD HAMLIN OAK ETC

CABLE TV
DESCRAMBLERS

• SI»CiaI ON., Price~
• Compat8' ourLDw Reld~
• GuatanNed Price. & ~ie'"
• Orden Shipped Immediately!

REPUBUC CABL£ PRODUCTS. INC.
c;;;;a 4 080 Paradise Rd. 115, Dept Rllcm r::::1
E::::I 1..-. Veou. NY 89109 ~

For II" othe. h" ormlltlon (702) 362 ·9026

CABLETRONICS

CONVERTERS
' --4Unlta 5 Unll. 10 Unit.

PANASONIC TZP 145 $88.00 $75.00 $70.00
STARGATE 2000 $79.00 $69.00 $65.00
' HAMLIN MCC 3000 $25.00 $19.00 $15.00

ADD-ON DECODERS

SB·3 (NEW) $50.00 $45.00 $43.00
~SB·3 FACTORY $45.00 $39.00 $35.00
SA·3 $56.00 $50.00 $45.00
OTB·3 $65.00 $55.00 $50.00
KNI2A-2 or 3 $49.00 $45.00 $40.00
*HAMllI N MLD 1200-3 $49.00 $40.00 $35.00
-zeNITH SSAVI $165.00 $149.00 $1 25.00
SA-llF $159.00 $139.00 $125.00

COMBOS
JERROLD OPV7 $299.00 $149.00 $239.00
JERR OLD OPSS $319,00 $ 259.00 $249,00
SASS8D COMBO $299.00 $225.00 $215.00
· JERROLD DRX-3-DIC $165,00 $105.00 $89.00
JERROLD CAZ·3·Dle $175.00 $115.00 $99.00
· OAK M3SS $45.00 $35.00 $30.00
HAMLIN SPC 4000 3M $50.00 $44.00 $44.00
ADD $10.00 FOR VARISYNCH

*Refurbished 8SNew

OlY ITE" OUTPUT PAlCE TOTAL..~ .R'~

CalI1","I. P ..... Cocl. ' $e:l-O F....l>kl. ~ I " "'" SUB TOTAL
1~lpplng atly cabl . d..cr.... bllng unit 10 ShIpping Add

an yone r" ldlng In th e .lat. of eal ilorn i. :1.00 P. r unll

Pd e.. . ubjec t 10 ehUlge ..thou l llollee . :oDlOe<lIlCard

Add ~ 'llo

TOTAL

Please Print
,~,

Ad... . .. O.
..." •• TeI:( Io c••IIl.'. Check 0 101"".,. ord« D cao
D VI, . D" e "'" "'0_---
DECLAA...TIOH OF AUTHORIZED USE - I. III. ulld.elgn..s, cIo h.et>, _ ...

ulld. p..... ty 0 ' pe'Jlurr lIlal " p, ...... Ctll .... 'ch..e d, 11_ end In Ill . "'Ill' ..

wlIl 011I, b......, "" TV .'u.... OIlth ell applIeabl . 'eel." ..d ._1....

FEDEA..... ANO VAAlOU9 9 TATE LAWS PAOVIDE FOR SUB9TANTI.....

CRIMIN..... AND CIVIL PE N.....TIES FOR UNAUTHOR IZED USE.

Oal' Slon od

CablBtronlcs
9800 0 Topanga Canyon Blvd., Suite 323,
Cholsworth. CA 91311
For Free Catalog, or to place an order call
(800) 433·2011 ' FAX (818) 709-7565

'02



WORLDWIDE CABLE
· PO£I:R
• 2INm<·""·""''''

• BASE BANJ

·""'"• SOENTFC ATLANTA

·"""'"

Me I coo I VISA
NO A.ORtOA SAlES

1 800·772·3233
1291 A POWERLNE ROAD, SUITE 109

POMPANO BEACH. FL 33069

CABLE TV DESCRAMBLERS
*CONVERTERS*

and ACCESSOR;;;IES.;;,.=""l'T':::":

PANASONIC.JERROLD. OAK.
PIONEER, SCIENTIFIC ATLANTA

ANDMORE. l OWESTPRICES,FREECATALOG.

C"c~'ti:":y'>Y (800) 234·1006BUY BONDS

Learn VCR repair!
Proressrooar-levet home

study program. Master
easy-to-learn . high -profil
repairs u.'ilhoul im't'Sling
in cos tly high-l ech instru­
men ts . Send or ca ll lixtay.

Free career kit:
800-223-4542

MUSICIANS. build a 19 l)Uality dIgrtaI delay.
$10.00. vory high QUahly (1u()ptlorW; synthesi.zer
- 510.00. Kits 8Iso~ , GEBHARDT. 60_
754 . Anaconda. MT 59711.(4061 563-7506.

BUILDING A Robot: A Straighllofward Approal;fI .
152 pages IUIy ~11JSl1aled. ins!JUcl1OflS how )00
can ea5l1y construe;l a 1Obol. Chedl or money
orOOI. $19,95plus $3.00 shiOPing, HUMANFORM
ROBOTICS, PO 80_ 158486, Nashville. TN
37215,

r------------,ruU· OR PART·TL\ IEJOBBUSINESS:

...,~

Cily Sl.al~ z;~

The School olVeR Repalr, Dept. VL342

L
2245 Perimeter Park. Atlanta. G-\3IJ3.41 J------------

PATENT ~ )Oln(lIf. ElirniNte huge lees. C0m­
plete praCllcal InSl ruCl lons 5995: PATENT
GUI DE,PO 60_ 654. Gumee. IL 60031.

B E S T BY MAIL
R...", W'lla N., 801 S.'....l FL :I.U3O

BUY IT WHOlESAtl

EDUCATION & INSTRUCTION
F.e .c . Commercill General R. dlotelephooe t..
cen... EIeclrorn home SfUCh'. Fasl. inexpen­
srvel "f ree- detads. COMMAND, 0- 176, So.
m.,San Fran:;;sco. CA 94126.

SAVE $ Importing radios. olllCtlOnics... directly
from manufactulllfS. For bus ineSSIllobby. Guar­
anteed easy! 52,00. MINTER ENTERPRI SES,
60_ BOO2·R. westchester. OH 45069.

LEARN elecl ronlcs and dIgItal basics. Pro·
grammed courses. 517,00 each. both 529,00 .
$allslacbon qusrameec. TEK SOURCES. 6050
NW 6811I St . Par1IJand. FL 33067.

ELECTRONIC engln"=ln• B ""lumes c0m­
plete. $109 .95. Nopnor JQQUired_Free
broctue. BANNER TECHNICA BOOKS, 1203
Grant A'4nU8. Roddord.1l611OJ.

CHINESE HOROSCOPE 1~11 52,00 Per MlnU11
IS + ttl Se r<ke.. Ft. lauOe<da la. fL 33308~)564-J022.

BUY 3O'llo • lIO'll> BeIaw~ Appw... EIecItonicI
~\Il5 . 8OUl0S, Boo:!6O:ll'. sn...... Olios, CAr. Ill "'].

MONE'FMAJlrHQ OPPORT\l NIlIES

103

, .

VCR Parts Assortment
e..---­washerf,. "P""O'. ...,
...... 10_
_d. w-.d"'E"
~0.J:oI

mgs. 10 ..:::J'14
_01-....2 .'''' ':_
ud'Id 8_0I

~:.::.~~=-.

L!E=""""''''- ...... ...

CALL TOLL FREE

1-800-338-0531

39'...-

ClRCt.£ saON Fll EE IHFQAlUoTlON CARD

' 30da)l lI'CIt>eV bIdl~· S20,oomiwrvn_· Weacoopt
~. v....o.:o..r.""C.O O,_,.24hou'oIoppng
·~cnerve·UPScIwt"le . Sl 00l$3 SO_~)
· 1-b.n ' 30 ern - 7 t1C1 pmEST. UoncSe1. F...,. lt OO ern . SODpm
SeIuRlev, .......... CUIlcwnetIo' .pINw c.IlIlor oIoppng __
cn_e""*"*'O S... . f<nOgn-.-... ........... ..-.
_ $5 .00 u.s.va1or<=-'alOll P*I9"

Piezo Super Tweeter BBC 12- Dual Voice Coil
n....-..., Subwoofer--~..... s.-~ IlaMn
~af~ _cal ....
_.... ......col ................. pocUgoe_ P__ te.m
_bit~ _2"_
aImost~ freq_~' _COl ~ ~5 Hz.
SI(.2OKHz. SPl.: .7 dB t Wll U , p......< F~_,
I\atdfIQ 80 ....~ RJ.l$. _ ......, . 5-<l.KHl ,- s.-y.
_.~1 ftllCldartd~0f_ SoId in 9lI.69 1W/l M, VAS-
~_ NeI-.ght 112lb. ~%~~-~

' RH-265-267 $2400 S22~ _igIIl' 9 h .
(I·J) «• ....,) ' RH-294-130

12 Ga. Speaker Wire
E- il1l la'9llIl"Ull"
ope.al<eo' ....a lot ...
""'" ".,., l'IogI'l pow.­
51...... Iystema _Io<~~
.......~1OnO ""'" --'
QbIe ....... 0wM 2SoO ,-,""-JalrandJ 01 36 oa __
E.<Ir.I Il>cl<. _ PVC- -ordeotIn ..... 1tIpIlM-,-

, TeChniClan'SOble
TurnIlltllIlICl "P"'l
rapIiIr at VCfIa, TV.--....--__b

-rapar,~

.......... color, t"-l.,..q.l: 5 b .

'RH~60425 S19~~

Super Horn Tweeter



Laser Pen
Pen 5tltd "*, gNl b'~
~ i'c5.~_ FltIct1l1l UW, ..e.
~s. lAPNl U. PIn • $1. 150

CIRCLE 117 ON f REE INfORM ...n ON C"'RO

Univer sal Tutorial••• .•..•..•.•S9.95
Inc lUd•• In'" d l DIft Sl""y dI I..... ac_O\)y wt<l_ ....11F1Ntl-.ng _

M & G Electronics, Inc.
301 Westminlster Street
Providence, RI. 02903

Call Toll Free
1-800-258-1134

C.O.D.

56-3 Kl t ..••.••••••.••.••••.•••••••$29 .00
Inc"",.l lll ll. n., PC Boanl .nd"'C ....,~l or , NCl
OI'I(;lUd tcl .. ,!'Ie ...."........

Tri-Mode Klt •••• ••••••....•..••.$39 .00
InCluoa. an llin. , PC llcI_nl _lid "'C "'0 11l101. ND1
IncluOt<l.. l!'Ie .ncJllIOn

Snooper Stopper ••••••••••••S39.00
Ptal ICl y....,.,Wlrom CInetllnDIII ll"IClI(In_
~ 1JIt~~_

TrI·Mode Tuto rlal••••.•••••••••S9.95
lnctudn _ gil. Dy DI1 ' _ y or 1M "".-I and 11II

~.........-

Uni versal Klt ••••••.....•..•••..$55 .00
u":",,,•• all part._ PC!l<Mtl:l NOI 01'1(;"", . <1

II l!'le " _d~lor or -'OIufa

Cable TV
Descrambler Kits

_.........
~$hps in~HGw. c "w. ofIllt Worlds?

IIYSTEAY
Levitating Device
~ loll on III arc!~ '=' !he
bJCtl. o.fla P"fY'~!t-L Pocket laser Kit
~ poetI, rnaoc tr'd<or 3nN (II' s-okG. ..., $Old SlIIe

,.~ Ii"'OI8Cl TV & FMJokerfJammer 61'(lm1~. c..eon. Clw ilia.."
AN'T1J( Eaq......) UA.ls $19.50 PociIfl SIll 0M;:e Iet$lW remcwy VRUKM 3nNlu- 1Ot . •. Ut.50

f1i
Hill E ~ TV ol'l'ado~ G<Nl VRl.$I(,M 5mwu- Q •• $111.50

FMWireless ;aQ' DtscrIlIO'lflqJQd Ea$y-to.ild IrIORELaser Kits!
M· I ~ Nt EJK1KM •••• $lIU O US" . ,- , ••- ~ - .....jcrophcnet "'w ...._ , "

"""""dNr, ultrlI-HI15IIl've _ 100,000 V• 20' Range Eny toBulIcl Q •••• •••• $69.50
.... , - LAS4KM 3mwVIIfSIOll,KIl $99.50
lrnmlS voi::es. SCUl'd$IO any FM Intimidation Device!
rdo ForMCUnfy.1lIll"OIl;rIng E~ moliJlt,mat be erdosed LAT05 LowCOIlIWH&......, TI/bt !
cnldrifl, Vlvalids. Be ltlelocalOJI lof1\aI'dle4d. partabe. orfi.ed 1l$tlS , .5mwTube' PI8ns •• only124.50
1lM'1 PllInl ..•.••• ..• 57.00 1TM2 PIuII (credotab/e 10 lull 110.00 0ttIer paItSa~allable separ'I~.
IllVPII( KIl'PI'"• •• •. •••. • $39.50 fTN2K KIl' Plan•. ••••• • $49.50 Grul low8. ScltnclI Projeet!

3 MitE tr REAOY·To.USe, AUTOMATIC Shocker Force Field
Telephone - - Phone Recordlng @ rI\ rehICleErectrllle,
Transmlttert System 'O' . ~A
AltOmalJeal)' lr~ts 2 soes 01 ~ .,Ih ••!8OOed play tiPe
~~ kl illy FM r»o. teCOrdlIr '" In l'lIerlace SM':h.
T~, easy'assemo'1 PC board. Aulctnalicaly .8CD"d$ bah $.ides01 ~

ClpetatIsrn, -.men r;h:lnt IS '" UW. CCW'!VlIIIabOtl. CIII/dII.ociI La.., on
VWPIl7 PlIns .•• •••• $7.00 Propetuv' Ready-boUse Sf'$lieIIl. ~ h¥'d VOd< b*. VOd< _arcs
VWPUK7IOl"'-'s ..•. .• m 50 TlP2CX Sp\tftl , •••• , •• $14950 tIednIy~ cmtgt~"i""'::::\: GteaI~ bideb' C'IO$t_ ~'

INFORMATION UNLlMITED~1 51"". "".,-"".",
OepIRE-4 Box116 AmherstNH03031,~lPt ""' Of lPt • • •

, 2.... CInter~.

Phone 603·6734730 FAX 603-672·5406 800-221.1705 with many more Itl!ms!
lie. VISA. coo, Check Accepted. ADO S5S&H. FREE WIlli DtdIr Of.-lld $1 P&H

CAll TODAY FORA FREE CATALOG

1-800-624-1150
- ~a; 1"[:-1Ioli1ioI . 0; C.0.0.
~l"lD~

.? 't
Q

" M~ONKlSY
~. ..> 875 50. 72 nc1 St.
~4'; • •0- Omaha, HE 68U4

Q'uO....

CIRCLE S3ON FREE INFORM...n ON eAR O

All major brands ca rried
• J ERROL. D, *TOC OM, *Zf:NIT Il
·GENERAL. INSTRUMENTS
- SCIENTIFIC ATLANTA, - OAK
- IIA~I LlN, - EAGLE, -PIONEER
7m Year in business. Thank You
Member of Oma.ha Chamber of Commerce

~ I Year werramy on new equipment
30 Day money back guararuee! Or ders shipped from stock wilhin24 hours

~
.~

j
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QUALITY PARTS • DISCOUNT PRICES • FAST SHIPPING

• ••

A~pu' A83712·I,lI
12 Wc. 36 01'1mCDlt15~.

2.:/5""", XO.Q15·lhlcl<.
02S' shall X 0.8' lang .

CATlSMT-t 16.00...c:h

'.
S6WATT

Co!T1>uI_~'Xl~S301

lnpul : I1sn:lO v.,
Ou\pul: ,,12 Vdt;O O.2A

12 Vdt;0 2.0 A
5.1 Vdt;03.5A

S.... chlng _ , "-Wiy.

R.gulaled. 15.30"X 3.113' X U' h~lI.

CAT' I'$-51 .' S.OO ...ctl

111 WATT
~ f'rociJda ' l(l5(). 8601
11'IpUI, 115f230 Vat:.
C/uIpuI: . I2 V,," ' .0 A

12 Vdt;. 1.0 A
S Vde°15.0 A

Regulo.lod IwIIdIir'l;l~~.
1.1S· X • .25· X 1.11l"119!1

CAli 1'$-711 120.00 Ndl

>,~
8 ' BCk l ll12 A.C.~ coni$. SPT. ' mvlallon.Polarb:-.:I~.

CAT' l CAC_7 21« $1.00 ' 1oo1ot SolS-CO ' 1000 1« $400.00

A.C. Line Cord

VERY SPECIAL DEAL
17Vdc 210 mil . WA LL

TRANSFORMERS

~17Vdc:.
210 ......waIl
tr.Ml",,..,..
6 1l.QlId.

"""'""co-o "-l d<rJco onend 01
QOId canbe cut011 and uMd
100_het -wlical bn .
~ quam..,.avabblo.

CAT' OCTX_I72t SU.O uch
llXI !orS I .2S NdI

IDOO bll.oo -:h

• •

••• ..... ~.... ~~ ~. -"'" "' ~ 2.5 rrrn CO"u ~aliv. DCTX-41O "-00
evee soc~ 2. I .mHO-" pod ... o<n ..., "-"8.3Vck: 10 rna. b..nerye""" DCTX-e3 10 51.50

"'" ..~ :l. l nrn CO"..
_..

DCTX·m "00
12 V.". ,OO~ 2.1 rrrn 00- ..

_..
DeTX_t210 "-'"12 Vdc 5OOm. 2.1 rrrn co-.. negan... DeTX-l l I sese

12 vee 000 rna. ".S IMI co-u
_..

DCTll _1281 ""12Vdc ,"'" ~ DeTX_121 ..'",. vee 7IXInIL 1.3 rrrn 0:0-..
""lI

aI
'"

OCTX.141O .",15 vee ecc ma. 2,5 I1V11CO' " "", .. DCTX_1S40
~'"

Al1asllA low _ 1elodrolU~
glowIIt1> &Il<l~n.... Theo.ebf..-.d­
new un" weie dellgnodto bWdglrl
. rnaIlLCO lV1.made by the CI\Ir...
Watch~. T!le '"-ler drwil
chang... 3 or 6 We 10 lIppIo.- irnofely

100 Vac . ,he wobQe ""'lU~-.d 10l;glll l,",
gbMtr1p. l ulT'inooll<:en1 . ....._ ...... II
\ .7" X 2.25', The,trlp 1I.lamon (dor
In h cI1 alate. aIlCl glowt will, when

_"good. The cl'wI: board ls 2.2" X ,',
GlowII' " and d=llry canbe f..maved

.... l, !rompi_tO;:~ng. IdNlIor
&pooc:iaIligllln; ""_.

Cliz<>r>lI 92TAopeIllI.. on3-6 W e
CATlSLU-i2 $3.50each

LARGE OUANmY AVAILABLE
10 lor $32.00 • 100 for$275.00

~ II

FI.-. boird graphlc: -.q.w-. Al1owI...
cI one OOU,.. IClf bIo::kQlOUnd ...... i:: and
......s lc-on·~ Allowsyou ta "'luallze
aIId " just \lloo~ d _ wlItlaYl
changing It.. aller. UMlul ln IIfI)' oppI­
ClIIIan ........... "'lu... o.Ilanala_al
oourceII dec~<IIlH. RCAJ-~ aIId
avIpUlI. Removable moul tontral _
la p,......t larrpering. "'S' X5.1S· X
3. 125"119"- CAT.EQ.l . ' S.OONdl

• •

- ::

Digital Voice Module

REDUCED PRICES
FLASHING LED

WI tMl il llut\iflg ~alll

5 vo1l apero.llon. T I·a'.

'''''''
RED 5Oe ...:h

CATILED-4 10lOfI"l.TS
GREEN 75c ...ctl

CAT, lEO~Cl 10 la' '7.00

Yfi l OW 75c each
CAT' LED-4Y 10101'17.00

LED HOLDER
TflO pieoo holdeI .
CATlHLED f"':!Il n
lOIClf65c \.JII bl

RED CATlLEl). l
10 lorS1.5(1· 100 1"" $1100

GREEN CAT. LED·"
10 Ior n OO -\ootor SI7 .00

YELU1W CAT' LEN
lO IorS2.00 _ 100 101'17,00

5urlB~ mount~
LED ch/p. ~
CONI........" 011. Qloen"""'" I•.
V61'/~ · 101'lo1eunh 1I0. '1 S·
XO.OSS-X O.05" 1hk:k. 11lT1l
(O.oq "",,, dWnole•. Gold·
plated ImUnllr>g IU~acea 101
~ c:ondudMl t·
CAT,SI.I..ED·2 1010l 52.00

100101$18,00
1000 10< 1"0.00

Standard JUMBO
OIl'lUMd Tl .3i' W. (S~....

Minimum Ofdar $ 10.00' ANOrders Can B6 Charged To Visa, Mastercard Or Discovercard·
Chedt.s and Money Ordets Accepted By Mail · Ca!ifomia. Add Sales Tax' No C.O.D. •

Shipping And Handling $3.50 for rhe 48 Continental United States · AnOthers Including Alaska, Hawaii,
P.R. And Canada Must Pay Full Shipping • Quantifies Limired ' Prices Subject to change withoutnotioa.

FAX (818) 781-2653 •call Or Write
For A

Free 64 Page
Catalog

Outside the U.S.A.
se nd $2 .00 posta ge .

Small
Neodymium

Magnet

- ~ - - ,., • c:::Jm 1.2'0 190 rrAh NCB-AAA 11.50 "3.60... 1.20 5OO1M1I ""..., "-00 1115.60....,......,... 1.20 500IMII NCB-SAA "-'" 120.00
_Cwi......,... 1.20 1200"'""" NCB-SC .." "".00 (lpC''' ' ()I,l(;.sQ218 OfHlI.:N , lJ,IOl llt.
c 1.20 1200 mAli NCB-C ~." "".00 Built·ln c:onl ...... 1II'ICl d........ . 01 0/8 till apo!1IIlan. SVOc~.

C". 'o'\" Duly 1.2S 1800 "'""" HDtfCB-C 5S2 S 542.60 OiSplayl lze : 8.0S" XO.r Mod.... sl. e : 7.IT X I.:M"" C~ade, size :
D 1.20 1200"'"""~ ...eo "'.'" (5 X 1 delIl :urrwn XH IS rrm. DIoLs s'- and InS!rUcfo ns .._ .
D HN"'I' lMy 1.25 04000 mAli HDNCB·D ' 7.00 "'.00 CAT,lCD451S.00 MCfl

NEW~ lluh _ n tlilooi

trorn I e:atnI><. """''''~~ ....
Clpt.tlll.. 011 3 Vclc. "'__
2 1I2"X II14' , ld6aI tor ..
• Wobo. _ ning llilhlOf an ·
lion gMl.... 1ndIdM.~up

cf"'ll'am. CAT' FSK-I
'3.75 ..,;h· IOfor 135.00

100 lot S3Z>.OO

Flash Units

12 Volt2 Amp
Transformer

'~."-&• ,\FG(2). ,
12 VCT, 2 An1>
~ 1I...1orrnooI. ,
2")( 2.35' X2.10' . 2.90' rn3UIll.

1119 - . P~I I""'".
CAT' TX·l 22A ss.oo Nth

, W..
PieJ:o EIemorIl.
f a¥! Yuden Co.'
C83 S89KIW .
SeI·.dlod piozo
.-.arlc: dl/IpIVam.
,.40' diamel... K0.021" !hid<..
~_.WlOIl :'OOch ....
S· oolOf-<:ooed lead • .

CAUPE_I:! Sl .OO oadl
10 1of$8 .SO· 100 rot $65.00

MAIL ORDERS TO: ALL ELECTRONICS CORP · P,O. BOX 567· VAN NUYS. CA 91408 105
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"CABLE BOXES"
BELOW WHOLESALE
GUARANTEED STOCK - COD 'S

ADVERTISING INDEX
Electron ics Now does not assume any responsibility lo r crrors that may appear In the
Inde x below.

n'HI Of' SERVOCl 'S A C'! ''' ( '~SUWN~ ANYDEvICE
"''' >tOUT PliR"tSSION .. . . SUBJECT ' 00 TO C'Y". OR
CRIMIN A, PENA l llrs rou " USf C"ftK WIT " 'OUR
lOCAl COelE CO " "A "Y MiD RU f OR All SlRV>C! y ou
usE " 'S kOl 'ME ,,,TI N' ""cuE SY\VAfI TO OEFRAVO
ANY 'H£Vl$ION (If'fRUOA ANO wE Wl\.l NOI OSSlSl A" Y
CO"' ''' NY OR >ROM OVA' tN OO'NG ' HE S . ...[

. 96

. K7

.... 1'\2

. . . . 95

. .. CVJ

.. . . . 46

.. ...... . IOJ

U.S . Cahtl' .. .. .. . . . .. . .. III

Viej" l'u bllcatkms .

Xa ndi Elt'l·tru nics

TEeI

R.E . " idl'll Olle r .. . .

Nnrtht·ast t :ll....tnlllks . . . . .IU

Nunll'H On~ S)S ll'm~ Lid .. . . . . '13

Sta r Circuits

()llt"t'l ~ct rlmio

111e S I' EC·(,O~ 1 Jour nal .. . 20

I'JS

192

" Ill

IIIU

177

''''

'"
'"

' 70

Sf,

Page

. . J.l

. CV4

. . . . 117

. 20 . 27

. ... . 9U

... II . 2 ~

.. . . .. 1112

..... . . I ()~" II Ell"("t rflllics .

,h'e I'rmlueh ..

Amazing Connilis . ... . . . . 1(1-1

C IE .

C&SS:,les . .

Ilt,,'knmn Indu strial

Cubletrunlcs .

1011 "!\Ie S:,ll'S H2

Free Information Number

IlH " mt'rk :1II Hcliann 1,,1'. . .. . . 11 7

'"

IllS

19.\ 1I1·,·krn:lIllndu.strbl 16. 17

7S

"
' 09

'u'

CALL

CAl l
CALL

E·Z550
E·ZY550

• DESCRAMBLERS .
(Ol Y) (10) (20) (40)
NEW 161·3 70 55 CALL
re 2 or 3 45 40 CALL
SA·38 45 40 CALL
OAK N·12 43 38 CALL
S 8 2 OR 3 43 38 CAl l

COMBINATION UNITS
DAX·OIC 89 CALL
SYL DIG 59 CALL
PIONEER 295 275 CALL

• CONV ERTERS W/REMO TES .

PAN ASONIC·
TZPC145 65 60

STARQ UEST·
65 60
75 65

1l1"("O Induslr ies 117

Kt-h in . . . . . . . . . . . . . . . . . .. . :'i

.lameco . lOll . lUI

. 81Zeutek Cor p, ..

ADVERTISING SALES O FFICE
Gern.back P ublication • • Inc .
500·B BI·County Blvd.
Fa rmingda le . NY '173 5
1-15'6129 3 ·3000
Preside"l: l arry Sleckle.
Fo . Advertis ing ON LY
5 '6·293·3000
Fa. ' ·5 ' 6 ·2 9 3 ·3"5
Larry Ste ck le r

publ' '''' e.
Chri.tina Est ra da

au ista" l to Ihe President
Arline Fis hma n

adYertisi"l1 director
Denl. e Mullen

adYertising as sistan t
Ke lly McQuade

c.ed it manage.
S ub. cribe r Custome r S ervic e
1·800·288' 0652
O rd er Entry fo r New S u bs c ribe ••
t·800-999·1139
1:00 AM- 6:00 PM M-f MST
ADVERTIS ING S ALES OFFICES
EAST/SOUTHEAS T
Stanley l evitan. ElIStem AdYe.tis' '' 9 Sales
Manager
Electronics Now
I OYerlook AYe.
G.eat NiKk. NY lt 021
1·516-481·9351. 1·516-293·3000
Fa. 1·5t6, 481·8402
MIDWESTfT...as / A ...... nsa. /Okla .
Ra lp h S erven. Midwest Advertising Sa les
Manago.
Elect ronics Now
One Northfield Plaza. Su ite 300
Northlield. ll60093·1214
1·708·446-1444
F... 1.108 ·559'()562
PACIFIC COAST/Mounta in SI"te .
Arli n" Fi. hma n
500-B Bi·Cou nty Blvd.
Farmingda le. NY 11 735
1·(5181 293·3000
fax 1·516·293·3115
EN Shoppe r
J oe S he ... . Nationa l Rep.u e " tatiyo
P.O. 8oJl 169
Idyllwild. CA 9254 9
1·114·659·9743
Fa. 1.114·659·2469

IU '
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."

. . 34

... J

. .. 7

. ID

.. II\()

... . l :'i

. 911

. . '"
. .. 104

. ... 23

.. .. .. 116

.. . . . • 18

. •.. . . 1O-t

EI,·t·tron ic ( ;oldmine ,

GI"h,.1Speclultiv

EIt'ctn mio Il' N,kUlub

lI~alhk l l .. .

Command l 'ruductlen s .

(' ht'nl~ko Products .

Kepcn r ower Su ppl)' ... 86

Lak~ s)-lv:111 Sail'S. In IOf,

IIighTextl·uhl k :lt ions.ln 17

Isn :T. . . If,

Gra nth:1l1lConege.

Hil ke .\ I:moract nrinll CV2

Electronics Enllint-ers II.C. .. . . 211

47th Stn 'l·t Ptmtu ,

( io ld.sta r I'red sinll

Mil E1«tnmics . ..

Mouw r

Mark V. E11'l' lrfluies

M CM EI«tnmics

NT t: t:l«trunics . ..

1\1&( ; EIl'CtnHlio

!'O RI SehlN,ls ,

Il7

'"

'"

12I

'"

'"

''''

' ~I

17.

5.\

"'
71
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LAKE SYlVAN SALES, INC.
SOARY NO MINNESOTA SALES
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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 28 10 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 fast gate times.
• Extruded metal case.
• Compatible with MFJ207.

Suggested opt ions
TA1 00S:
Telescoping Whip Antenna $ 12.

CC30
Vinyl Carry Case .s 15.

BL 28:
EL Backlight for use in roomlight and low
light............... . $ 45.

TCXO 30:
Precision 10.2ppm 20 to 4QoC temp.
compensated time base •..............$100.

Universal
Hanor-Counrer'v
Mode l 3000, $375. and
Bench Model 8030, $579.
Bolh otter frequency .
period. ralio and lime
interva l.

5821 NE 14th Ave. • Ft.Lauderdale, FL 33334
5% ShipIHandling (Max. 510) U.S. & Canada.
15% outside continental U.S.A.
Visa and Master Card accepted.

CIRCLE 110 0 ... fllEE INFOR"Ano~ CARD



TheDMMour
Q,$mers desigqed..~ _

~

_-f'd ftJ1

~ /fder to;rm;JF

F"'fUJ axmr to 2J(ff1.

Before we buill the new generation Beckman
Industrial Series 2000 m lMs, we asked people
like you what you really want.

You want more. Moretest and measurement
capabilities. More rroubleshocnng features . All
in an affordable hand-held 11\l\1. TheSt:TICS 2(XX)
features fhe wd es rangeFreq uen cy Counter in
anyproressionalml~l , a full-range Capacitance
~let"-1'. True R.\IS measurements, lntcrminent
Detection, SOns Pulse Derecuon. and Peak
xlea suremenrcapabilities . Plus. the Series 2IlXl
i.. the on ly meter to olfer autoranglng ~linl~ltx

recordin g and relative modes .
You want a me..f that's easier 10 usc. The

Series 20(Krs display is 25% larger, with bigger
digit.. and backlighting for easier reading, even
in the worst light. Plus the fast 4 digit display
provides the high resolution need ed fur adjusting
.power supplies and generators down to ImV.
And only the Series 2000 features a menuing
system for fast. simple feature acress.

""ada In 1M USA

The Beckman Industrial Series 2000, priced
from 5209 to 5279 offers you the best perfor­
mance for }lJllr dollar. took again at these features :
• ·i Digit. 10,000Count Resolution
• Baste Am .Jr.I!.)'to 0.1%
• TNe R\IS, AC or AC on DC
•onin Rl'SOlulion
• Autoffi:llic Rl"Jding Hold
• 1m...Peak Hoki
• f uU)' Autoran~g Relative and ~Iin xtax ~lodt'S

• lraer nunen t Detector
• Ll1244, IECIOIOIX'SiWl
• Three Yl"Jr Warrant\"

TheS(.'ril'S2IXO offl';' Ihe mos !il:l/utions for )lJllr
evervday test and measuremen t need s. The only
m l.\ ls dl'Signl'd by the people who use them. You.

For moreInrormation on these new DM~1s

call (outside CA) 1-800-8; 4-2708 or

81'"(inside CA) 1-800-227·97HI. Beckman
Industrial Corporation. 3M3 RuffIn Hd.. .:;;;;;~
SJn Dieh'o, CA 9212.H89H. -

•

Beckl7lan Industriar
An Affi lia re of Emerson Electric Co .

_CIRCu: III bH FREE INFC)A..ATlON CARD

. .
~......~ ,,<1'ungr ..-.Jw>Ul ..c."
C l'I91lln-bnon InI»iJul Corp.


