
PC·BASED TEST BENCH!

We'll show you how to build
a lab's worth of test gear!
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WHAT'S NEWS
A review of the latest happenings in electronics.

",to
SO: SMAll Ol1TlINf PA();AGE
OP; DUAL IN-lltlE f'ACl(.tIGE
SIP: SINGLE IN·UNE PACKAGE
PGA: PI~RID ARRAY
CC:CHPCARRIER
MCM; MUlTICHlP MOOULE

SOURCE: MIRe

FIG. 1 The cha nging wo rld marke t of Ie component packaging is expected l o ch ange
marked ly between 1990 and 1997. Percentages shown indicate revonues by type 01
package.

OTIlER 18%

soses,"97

I •
PGA 13% ",eM no

New Ie p ackaging
According to a study recently re­

lea sed by M arket Inteffigence,
strong growth in the Ie component
market-from $50 billion in 1991 to
more than $106 billion in 1997-will
be largely due to new packaging
technologies. Surface-mount tech­
nology (SMn surpassed throuqh­
hole technology as the leading elec­
tronic systems manufacturing tech­
nology for new designs in 1991. The
shift from through-hole technology
to other packaging technologies will
be fueled by increased operating
speeds and the need for higher pin
counts.

As world consumption of dual-in­
line packaged (DIP) lC's falls from
41 % in 1990 to less than 3% by
1997, other technologies will fill the
gap (Fig. n There is a clear trend
toward specialized packaging by m­
dividual Ie and application type,
with the fastest gl'O'Ning packaging
technologies expected to be small­
outline (SO) packaging. multichip
modules (MCM), and quad flat
packs (QFP). The SO package is
expected to gain the largest indus­
try segment. rising from 22% in
1990 to 36% in 1997. R·E

/
51' 5% ~ PGA 11%

CC.'"'

1990

and halved the beam's wavelength
to 532 nanomete rs. That produced
the 52-watt green beam in combine­
non with an invisible infrared beam.
The two beam s were pa ssed
through a dispersing prism to sepa·
rate them.

The research is part of GE's
efforts to demonstrate new eppltca­
tlons for its face-pumped laser tech­
nology. which is currently used in
hig h-speed . htqh-preciston metal
cuttlnq and drilling at GE's aircraft ­
engine manufacturing plants. The
green beam, alone or in combina­
tion with infrared beams, is well abo
sorbed by certain polymeric com­
posites and might be suited for
cutting and drilling them. Because
seawater is essentially transparent
to a green beam, the laser might be
used in submarines for underwater
de tection and communicatio ns.
With addit io nal fre qu ency coo ­
versions, the green beams can be
shifted to wavelengths in the ultra­
violet and deep ultraviolet regions
that are used in laser surgery and
other medical applications. without
Significant power loss. At present.
only exctmer lasers can approach
such applications.

GE SCIENTISTS HAVE GENERATED A
52·WATT GREEN LASER BEAM , mor e
than dou bling the previously published
brightness record l or this wavelengt h of
light produced wilh so lid-state lasers.

High·brightne s s green la s er
A 52-walt green laser beam qen­

erated by researchers at the GE
Research and Development Center
in Sc henectady. NY, more than dou­
bles the previou sly publish ed bnqht­
ness record for green ligh t pro­
duced with solid-s tate lasers . As
used in optic al physics. " bright­
ness" refers to both power-the
watts of photon energy put out by
the beam-and beam quality- a
measure of the beam's diameter
and how much it dive rge s o r
spreads out .

To produce the high-brigh tne ss
green beam, the GE researchers
passed a 16·watt beam from a com­
mercially available solid·state laser
through a telescope and other op­
tical elements, and then fed it into a
specially built neodymium·do ped yt ­
tnum -alummum-qamet (Nd :YAGl
face-pumped laser. That process
ampli fied the beam to 92 watts
while retaining the good beam quali­
ty. The 92 -walt beam was then
passed through a focusing lens and
fed into a crystal of lithium triborate
that acted as " frequency doubler"

4
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What); new in the fast-changing video industry.

6

• TV a nd X-rays . Those of you
who are at least 40 years old may
remember the Great X·RayScare of
the 1960·s. Article s about the pos­
sibility of severe radiation exposure
of TV viewers were widely pub­
lished. and specific data on rats
bred in the vicinity of net...-.urk broad·
casts allegedly shooed mutation s.
Supermarkets sprouted "X·ray de­
tection kit s" to tell con sumers
whether their TV's were leaking ex­
cessive amounts of radiation.

Congres s got in on the act and
passed the nobly-titled " Radiation
Control for Health and Safety Act of
1968.,. Among other things, that law
was intended to limit radiation from
TV sets to below the level of back­
ground radiauoo-ccertamly an ad­
mirabl e goal-and let paren ts
permit their offspring to view TV
with complete assurance that even
if it would endanger their «npres­
slcneble brains, it wouldn't hurt
their bones and other vitals.

The U.S. Public Health Service
promulgated rules to savethe Amer·
ican people from X-ray zapping by
color TV. Basically, those involved
the use of special hiqh-voltaqe hold·
down circuits in TV sets to keep
power supplies below the danger
level. the addition of more shielding
in picture tubes, and the develop­
ment of testing procedures to make
sure that no radiation deve loped
within the TV sets . Among those
test procedures were factory tests
with all user and servrcer con trols
set to produce maximum radrenon.
AC line voltage at 130 volt s. and
simulated failure of any component
that could possibly cause excessive
radiation.

In addit ion, dealers and di s­
tributors were required to keep the
names and addresses of TV-set pur­
chasers for the " useful life" of the
set.

Almos t Immediately after the ra­
diation rules went into effect. the TV
industry went to solid-state circuit s.
eliminating the power tube that was

classified as a major source of radia­
tion . Despite the switch to solid
state and the heavily leaded glass in
picture tubes, the regulat ions
weren't changed.Tenyears ago. the
Public Hea lth Service proposed
eliminating many of the unnecess­
ary regulations. but nothing ever
happened.

VYhen we asked, nobody at the
Public Heal th Service could re­
member the last time a consumer
TV set was found to be radiating
above the strict minimum. Never­
theless , the tentacles of the law
reached out last year and nabbed a
manufacturer-not for permitting
excess radiation, but because of
what the Public Health Se rvice
called improper test procedures. It
impounded 30,000 sets made by
that manufacturer. The manufac­
turer held up another 130,000 sets
until everything was cleared up, los­
ing most of the majo r Christmas
selling season of 1991 . Not one of
the 160.000 sets was found to be
radiating. but ... the law's the law.
and inspectors visiting the factory
found that the company wasn't fol­
lowing the right test procedures.

As ked the reason for the over­
reaction. a Public Health Service of­
ficial involved admitted candidly that
it was because of the widespread
criticism of the Food and Drug Ad­
ministration for laxness in enforcing
its regulations on testing drugs and
such devices as silicon breast im­
plants . Partly as a result of the
ridiculous crackdown on the TV
manufacturer. the EIA is now seek­
ing a revisionof the government's X­
ray regulations for TV sets to avoid
future problems.

• Interactive TV. Hewlett -Pack­
ard is the latest American data-pro­
cessing name to say it will havea go
at the TV industry. HP has an­
nounced that it will make home in­
terac t ive terminals for the TV
Answer two-way television system.
TV Answer might roughly be de-

scribed as the video version of Pro­
digy. Unlike many proposed pay­
per-view systems, TV Answer isn 't
designed to charge the consumer
more for using his or her TV, but it is
intended to provide home shopping.
educational , and polling services,
including pa rticipation in game
shows and the like.

The FCC recently allocated spec ­
trum space to Interactive Video and
Data Services (IVOS) at the re­
quest of TV Answer. TV Answer has
a deal with Hughes Network Sys­
tems to install "very small aperture
terminals" (VSAT"s) for transmis ­
sion to satellites in a cellular-type
network. TV Answer expects to be­
gin service about a year from now, if
the FCC acts on its promise to
choose the first allocations by lot­
tery by the end of the year. HP says
that its home terminals will cost
abou t $700 at the sta rt- " Iower
than the first VC R or the first CD
player" - but concedes that prices
could " decay rapidly."

• B etter, cheaper LCD's . Can
America solve the liquid-crystal dis­
play logjam? One company, In
Focus Systems of Beaverton. OR,
is bett ing that it can. In Focus says
that it has developed a passive mao
tnx LCD system that it believes can
solve the problems posed by active
mat rix sys tems-low yields and
high costs. In Focus is pushing a
system called "Active Addressing."
which it says solves the problems of
passive matrix systems without the
problems of going to active matrix.
The system, in effect. takes the
complexity out of the display and
puts it in the electronic addressing
system. Although In Focus products
currently are designed for the com­
mercial and industrial markets­
particularly. computing-the com ­
pany's new technology. not yet in
production, could result in a major
breakt hrough for such video de­
vices as flat·panel TV sets and proj­
ection TV's. R·E



Now, You Can Eavesdrop On The World. Introd ucing the new Drake R8 Communications Receiver.

It' s world class, world band rad io, made-in the U.S.A. From Perth to the Persian Gulf, Moscow to

Mozambique,local or global, you hear events as they happen with amazing clarity. Since 1943, Drake

has been setting the standards in electronic comm unications.. . and then raising them. Today, there's

no better shortwave receiver than the Drake R8. Dut-Of-Thls-world Performance, The new Drake R8

has more standard features than other shortwave radios. You get wide frequency range (100 KHz to

30,000 KHz), coverage of all world and local bands, and excellent dynamic range. But you also get

important features you won't find on receivers costing hundreds of dollars more. A multi-voltage

power supply. Pre-amp and at tenuator, Five filter bandwidths and synchronous detector. Dual mode

noise blanker and passband offset. Non-volati le 100 channel memory. Alldesigned to give you the best

reception with the least distortion . Down-To-Earth Design. The ergonomic design of the R8 gives you

real ease of operation. You have convenient keypad entry, with large,legible controls. The face is bold .

Uncluttered. And the liqu id crystal display (LCD) is backlighted for easy reading. Try The R8 . ..

At Our Risk. If you 're not impressed by Drake's quality, performance and case o f operation, rctum

the R8 Receiver within 15 days and we'll refund yo ur mo ney in full, less o ur ori ginal shipping

charge. For more information, or to order, call TOLL-FREE, 1-800-9-DRAKE-l. Telephone orders

may be placed on a major credit card . $979.00 (Shipping and handling $10 in continental U.S .

Ohio residents add 6 ~ 0J0 tax.} Ca ll TOLL-FREE. 1-800-9.DRAKE·l today. You can't lose.

DRAKE•
In touch ....ith th~ ....orta.

R.L. Drake Company ' P.O. Box3006 ' Miamisburg, Ohio 45342 U.S.A.
CIRCLE 116 ON FREE INFORMATION CARD
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N HY CHOOSE ete FOR YOUR TRAINING?
• 150.000 successful graduates from ev ery country aroun d t h e world,

• O n ly ClE rewards you for fast nUdy. CIE offers an Associate Deg ree
p rogram based on actual stUdy time u sed . Th e taster you complete your
degree th e less your overall tu ition .

• Sta te-o f-the-art lab orato ry equipmen t is you rs to keep an d it comes
assembled . ready for hands-<Jn expe rimen ts.

• Approved for ed ucilt lona l be nefiu under the G,I. eill for ve te rans and other
eligible pe rsons .

.. Upon gr.ilduation. CIE c trers fr ee preparation to pass t h e Certified
Electronics Technician Exams.

core lessons ilppllcab le to all ereas o f
electronics. And every e le course you
tak e ea rns you credit towardl comple­
tion o f your As Sociate in Applied
Scien ce Degree . So you can work
to w ard your degree in stages or <'IS

fast as y ou wish . In race. CIE IS t h e
on ly scncot t hat actually rew ard s you
fo r fast study. w hich can save you
mousan cs o f dollars,

SEN D TODA Y FOR YOUR ClE COURSE
CATALOG AND W E'Ll SEND YOU A
FREE 24 PAGE C1E ELECTRONICS
SYMBOL HANDBOOKI

•••••••••••••••
• D YES! I want to get st..rted. •
• Send me my CIE school cat.illog incl ud- •
• ing det.il i l$ about the As sociate Degree •
• Progra m. IFor you r co nvenience, C1E •

•
will h av e a representative con tact you - •
there Is no obligation·1 AE39• •• Name: •

• AddIess ' •• •
• CCy: SliIle: .• •• Z~, ...,. •

• ~No" I __ 1 •
• Chl'c:k bo~ for GJ. Bullet,n Ik'nclits •

• 0 Vet er<ln 0 Active Duly •

:lIl1:!m ~ :

: :;''s\W~~~gF (~)J :
• ELECTRONICS •
•

1ne East 171hStroot " 1<I'0OI '" """"""'" •
CIeveland, Ohio 44114 " .....,"'~

• (216)781.9400 ~r 1914 •

•••••••••••••••

CIE PROVIDES YOU WITH A
LEARNING METHOD 50
GOOD. IT S PATENTED.
CIF$ Auto-programmed lessons are a
proven learning method for building
va lu able el ectronics career skills. Each
lesson is desig ned to take y ou ste p-by­
st ep and p ri nclple-by- p rinclple . And
w h ile ..II e1E lessons are designed for
indepen dent srucy, CIE's instructors
are p ersonalty ava i lab le to aulst you

w i th just a t oll­
free call. The
resunu practical
tra in ing... th e
k ind o f experi­
ence you can put
to w ork In today s
marketplace .

PERSONAUZED
TRAINING.. ..TO MATCH YOUR
BACKGROUND.
While some o f our srucenn h ave a
work ing knowledge of electronics
others are just starting out. Th at' s
why w e've developed twelve career
cou rse$ and an A.A.S. Degree p rogram
to choose from. So. eve n Jf your no t
sure Which electron ics career IS belt
for you. CIE can get you sta rted with

lEARN BY
DOING...WITH
STATE-0F·
THE-ART
FACrLInES
AND
EQUIPMENT.
In 19 69. ClE

pioneered Ih e first Electron ics labora­
tory course and in 198 4. t h e first
Mi rcoprocessor Laboratory course.
Today. no o l h er home stUd y school
can m<,ltch ClE's stare-or-the-art equip­
ment ilnd t,.,ining. And a ll your
tabor.. tory eq ui pmen t. book$. and
lessons are In clUded in your tuition.
It's all yours to u se while you study at
h ome and for on -t he job aFter
grildu..ucn.

~ , ... -

[f you w an t to leam about electron­
:s, and earn a good in come wit h th at
now ledge then CIE is your be n
ducil tional va lue .

e1Fs reputation as the world
eader in h ome st udy electronics 1$
a sed solely on th e success of our
raduat e$. And w e've earned that
epuranon w it h an un condtncnat
ommltmen t to provide our n udenU
l i l h t he very b est electronics
'ainin g ,

Just ask
ny o f the
50 ,OOO-plu s
raduates o f
he Clev eland
-rsut ute o f
rectromcs
,ho aee
, o rk ing in
,ig tl'pa y in g
oOsi lion s w it h
erospace.
ompuler,
1ed ical ,
urcmotfve
n d ccmmunt­
anon firms
hroughout the
vor tc .

Th ey 'll l eU you success didn 't
orne ea sy..,but. it did come.... thanks
o ClE. And today. a care er in e tec­
romcs offers more opportun ities ilnd
Ireat er rew.. res t han ever before.

:IE's COMMITTED TO BEING
fHE BEST.... IN ONE
\REA... .ELECTRONICS.
:IE isn 't another be-everything·t o­
'very body school. W e teach only on e
uej eee and we believe we"re ene ben
It what w e do, A lso, CIE Is acc redited
ly the National Home Study ceunen.
\nd with more than a 1,000 g radu­
ues eac h yea r, w e're the largest
l ome study sch oo l specializing
~x crusive ly In electron ics. CIE has
seen t ra ining caree r-minc ed nudenu
ike yourself for n early 60 yea n an d
v e're Ihe best at our subject ... ..
::LECTRONICS •.. BECAUSE ITS THE
)NLY SUBJECT WE TEACHI



ASK ft-E
Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingda le, NY 11735

FIG, 1-A VIDEO WAVEFORM 's an extremely complex algnal. lf you would lik e to know
how you r loca l cable company does theIr scramb ling, take a few scope phOIOSof the
sc rambled signal or make some sketches 01it., end send them in 10 us,

12

TV SCRAMBLE
I've been tinkering with vid eo

signals, and I'm impressed at
just how complex a video signal
is . I'm amazed that cable com­
panies can " scramble" and " de­
scramble" the signal. I under­
stand that each cabl e system
has its own scrambling method.
What exactly do they do to the
video sign al, and how can I de­
termine what scrambling meth­
od my cable company uses?-
G. Fisch er, Deppee, NY

The fact thai a video waveform is
an ex tremely complex signal is ex­
actly wha t makes scrambling possi­
ble. All the cable companies have to
do is mess up just one part of the
signal for the pict ure to become un­
viewable. Descrambling circuitry lo­
cated in the box provided by your
cable company is then used to re­
store the original signal.

I'd love to be able to tell you ex­
act ly what jOur cable company is
doinq . but there are many different
'I'IafS to scramble video. The meth ­
ods used by cable companies are
con stantly changing in order to
keep one step ahead of the " illegal"
descramble rs that always show up.

In ge neral , most sc ramb li ng
meth ods involve some manipulation
of the control porti on on each line of
vid eo, And since the major player is
the honzontet-sync signal (see Fig .
D, that's usually the one that gets
messed up. If you take a.vay the
honzontel-syo c signal, the TV won' t
be able to tell where each line ends .
Wh en that happens, the horizontal
flyb ack in the TV will freewheel. and
you'll most likely see the entire borr­
zontal interval weaving down the
center of your TV screen with the
left part of the pictu re on the right
side of the screen and the right part
of the picture on the left .

Sometimes the picture portion of
the video Signal is inverted, so you'll
see a nega tive im age o n the
screen-or at least that's wha t you
wo uld see if they didn 't also mess

up the horizontal syn c . To make
matt ers even wo rse, the current
trend in scrambling video is to do
d ifferent c omb inat ions of these
things on each frame of video. The
informat ion needed to decode the
next frame of video is usually buried
in one of the ott-screen video lines
present in the vertical interva l.

We don't know just hON many
different methods are used by cable
com panies to scramble video, but
we'd like to find out. We encourage
all readers to take a few photos of
the scrambled signal as it appears
on an oscillo scope, or make some
ske tches of it. and send them in to
us , If yo u know wh at scrambling
method is being used, make a note
of it. If you don't, we'll try to figure
out what they 're doing and get back
to }'QU wi th the answer.

50-HERTZ HUM
I li ve In an apartment and have

a fair ly e laborate aud io system
with speakers In every room,
Recentl y, I m oved the am plifiers
to an o t h e r part of the livin g
room and s in ce then I've been
p lagued with h igh levels of s ix·
ty-cycle hum. Is there anything I
can do to get rid of t he Inter­
ference sho rt of moving all th e
equipment back to where I origi·
na lly had it1-8, Meredith , New
York , NY

The problem of sixty-cycle hum is
always hard to solve but the first
thing you have to do is find out ex­
actly where it's coming from and, as
soo n as you know that, yo u can
start to deal with it. Unt il you know
the source of the hum. anything you
try to do is wasted effort .

Sta rt by shorting out the inputs of
your equ ipment, beginning wi th the
power amps and working back to
the tape decks, turntables. and so
on dONn the line, If the hum dtsap­
pears when a particu lar input has
been shorted, disconnect whatever
is feeding that input and see if the
hum disappears , If it does, you've
got a grounding problem in either
the cable or the equipment feeding
that input. If the hum rema ins ,
you've got a problem with the input
o r power supply Circui t ry in that
piec e of equipment. and tha i 's
where you s ho u ld beg in you r
search,

This wham -bam method of hum
detection is great for loca ting faulty
components. but it 's also possible
that all your stuff is in perfect co n­
dition and you 're simply the victim of
the fr iendly fo lks from you r local
power company, Unless you live
deep in a cave, on the top of a reo
mote mountain, or on an umn­
bebted moo n of Neptu ne. you're
spending your days surrounded by a

continued on page 15
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the Electronics Book Club ...
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LETTERS
Write to Letters, Radio-Electronics, 500- B Bi-County Blvd., Farmingdale, NY 11735
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MONITOR TEST CORRECTIONS
Som e errors appea red in our

" Monitor Tester " article (Ra d i o
El ectronics . January 1992). First .
the two Schot tky diodes in Fig. 1
(0 2 and 0 3) were shown backward.
Second. the inpu t connection 10
IC1·c (pin 5) should jump two lines
10 the left to the " PSEUDO 3D
EGA2" line instead of being con­
nected to ICSpin 12.Third. theinler­
section dot at J2 pin 1 should be
re moved- as it was shown. i t
wrongly grounded to out put of le i ­
d. And last. resistor R14 should be
removed from the parts list.

SEEING THE LIGHT
I've been reading your great mag­

azine for decades. and irs still as
fascinating today as the day I dis­
covered it. Recently. something
happened that I feel must be shared
with the other readers of Radio­
Electronic s .

Back at Chri stmas time a friend
and I were standing in the light-bulb
aisle of Builder's Square talking
about the meri ts of different types
of light bulbs. All of a sudden. with­
out warning. he started telling me
about the surge of power a fight bulb
uses to warm up. and how he leaves
his lights on so that he doesn' t
waste elec trici ty turning the m on
and off. l've heard that insane notion
before. but this guy launches satel­
lites into orbt for a living. I was ab­
sol u te ly fl abbergas ted th at an
actual rocket scientist believed an
old wife 's tate-uke that.

Well . I asked him to explain. and
he to ld me that the filament of a cold
light bulb had a resistance close to
zero, and therefore was effecti vely a
short circuit when power was first
applied . I repli ed that. while that
might be true. the warm-up period is
so short that it cou ldn't possibly pull
more current than even a second of
operation. let alone the minutes and
posstbly hours he was talking about .
He disagreed . and. afte r all. he is an
engineer'

So. forget the opinions. Here's an
actual measurement. I stoked up my
trusty Macintosh and se t up my
analoq-to-diqrtat converter to mea­
sure the current of a l 00 -watt GE
soft white bulb (in my desk lamp) at
22 .000 samples per second. Any­
thing that was so short as to fall in
between the samples would cer­
tainly not affect a power meter.

VVhen firs t turned on. a l 00-watt
bu lb pu lls abo ut 165 watts. but
rapid ly falls off to a nominal 100
watt s in less than %0 second. In
fact. it falls to less than 150 watts in
just '160 second . That makes the
average wattage for the first second
only 103 watts. but by the end of the
next second. the wattage has been
stabilized at 100 watts for 50/ 60 of a
second.

My friend the rocket scientist told
me in the light-bulb aisle that he
leeves his lights on to the tune of
100 watts per second to save 3
watts for one second . In other
words . he waste s 30 times more
pow er in each ex t ra se cond he
leeves his lights on than were used
to start them up. One ext ra minute 's
operat io n w ould consume 1800
times the power to tum them on,
and an hour's would amount to a
whopping 108,000 lim es the power
to warm them up. No wonder it
cos ts so much to run the space
program!

If I were to figure in the inertia and
internal friction of the power meter.
I'm sure I would find that it would
underread so short (and small) a
change in powe r. reduc ing even
those 3-watts . I wonder how I could
measure that?

By the lNCJ'f. the same friend once
told me that if you leave a car bat­
tery Sitting on a concrete floor over­
night it will go dead! But I've never
actually checked on that. In light of
all thrs. I have actually checked for
the existence of satellites. and they
are up there-amazing!
STEPHEN A. SCHLEICK
Livonia. MI

IN HOT PURSUIT OF TV TRIVIA
If Ephrim Zirnbalist J r. did indeed

sit on his chief's desk and make
conference calls around the country
in 1958. as alleged in the " Speaker
M at e " ar ti cl e ( Ra d io - El e c ­
tronics . January 1992). the n he
did so in the company of Roscoe.
Rex, and Gerald lloyd Kookson III.
Thus. he was not in the role of of FBI
agent Lewis Erskin. but in the role of
chief pr ivate investigato r S tua rt
Bailey on 77 Sunset Strip_The FBI
aired its first episode on September
19.1965. I'm not a TV-trivia buff . but
it would have been pretty diff icult to
stage chase scenes and trattlcjams
wit h about SOD identical 1965 Ford
LTD·s. as the direc tor of len did.
when the program's sponsor was
still making Edsels. "Kookie, lend
me your comb! " Snap. snap.
MICHAEL W. TOLAND
Dover. NH

TRULY A TEStA COIL
In res ponse to the lett er ti tled

" True Testa Coi l?" that appeared in
the January issue. I would like to
point out that the Solid-State Tesla
Coil in questi on (Ra d io -Ele c ­
tronics. Sep tember 1990 is a true
Tesla coil. I refer you to Ieslaa lec­
ture that was delivered before the
Franklin Institute in February 1893.
The text can be found in the book
The Inventions. Researches. and
\r\titings of Nikola Tesla by Thomas
Commerford Mart in 0 8941 ThaI
book is available in reprint.

On page 344. Fig. 184 shows a
generator driving two different coil s.
One coil looks like a so-called Oudin
configuration. and the other coil is
directly connected with a single
wire. The Solid-State Tesla Co il
works on exactly the same principle
that Teele used to describe that fig­
ure! The generator in the diagram
could. of course . be any source of
alternating current. Iesla was hm­
ited to mechanical generators and
capaci tive discharges as source s
for his alternating currents. I called
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• ArwJog Module wnh passiveand active
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ends. Try both method s and see
which one works out best for you.

I know this doesn't seemvery set­
entfflc but it usually works. If you
find some other easy and inexpen­
sive way to solve the problem, I'd
like to hear from you since a lot of
people have exactly the same trou­
ble. A lot of folks would be mighty
happy if you did. Remember what
they say: Build a better mousetrap
and you'll catch a better mouse.

continued on page 78
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Electronics Workbench'
The electronics lab in a comp uter­
Powerful softwa re to build
and simulate analog and
digital circuits.

Buildingand testing dtcuits is fast and
e~ withElectroll ics Workbench.Just
dlck'anddragwnh a mouse to add parts,
runwires, andadjust instruments. The
traces on the simulated instruments ate
thesameasyou'dgetonrealequipment.

£lee/ronks Workbellch really isan
clectronics lab in a computer. II'Sideal for
learning about electronics, experimenting,
andprototypingdrcults,

"Eledro n ir:sWorkbendJ Is pretl)'
amazing. ~ ./~I'."~""dk, l'".D., I"1<, 'iJ ·,,rl4

picking up induced sixty-cycle hum
from the power lines running in the
walls of your apartment. Short of
spending big bucks on transformers
and other equipment. you should try
shielding the cables in your system
with aluminum foil. Just wrap them
all individually and then try ground­
ing the foil. Sometimes it works bet­
ter if the foil is left unconnected to
anything and other times it seems
to be more effect ive when the foil is
tied to a solid ground at one or both

FUSE FIX
Some errors appeared in our

Electronic Fuse ar ticle (Rad i o ­
Electronics , Dec ember, 199D.
Pushbutton switch S3 and LEDl
were shown incorrectly in Figures 1
and 2 : S3 should normally be
closed , and LEDl should be re­
versed. Also, the left side of R9 in
Fig. 2 should be connected to the
positive side of C5.

my Tesla coil "solid-state" because
it produces the same results that
Teste's co il produ ced . usi ng his
methods but introducing scud-state
electronics.

Figures 180 and 181 from the
same lecture also show his use of
direct coupling. In fact. Tesla made
many diagrams and wrote many de­
scriptions on "open" circuits or
those powered with " single wires."
Teale understood resonant phe ­
nomena very well, and I doubt that
one could say the same for Oudm.
Tesla has priority on direct coup­
ling- or any other kind of cou p­
ling-not Oudin.
DUANE A. BYWND

ASK R-E

HAM FEST ALE RTI
The Zero Beaters Amateur Radio

Club will hold its 30th annual ham­
fest on Sunday July 19. 1992 at the
Bern ie H. Hillerman Park (Wash­
ington Fairgrounds) in Washington,
Missouri, from 6 AM to 3 PM. There
will be a flea market ($4 -a·space
parking fee for the Ilea-market ).
seminars. dealer displays, non-ham
displays, and ref reshments. VE
exams will be given on a walk-in
basis starting at 10 AM: bring your
original license and a photocopy.
Parking and admission are free. Talk
in; 147.240 and 44.900 repeaters.
CRAIG BRUNE, NOMFD
Hamfest Chairman
Dutzow. MO

huge sixty-cyc le electromagnetic
field-and there's nothing you can
do about it, short of packing up and
moving into a cave.

The better your gear is, the more
sensitive its inputs are, and, unfor­
tunately. the bett er suited it is to

continued from page 12
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Multidyne TS-8-MTS TV test-signal generator.

CIRCLE 10 ON FREE "'FOflIlATION CARD

16

Track down TV video and
audio prob lems quickly
with the TS-B-M TS test-

signa/ generato r.

Troubleshooting modem TV's
and computer monitors is
usuall y tri c ky bu sines s.

So met imes an experienced trou­
bleshooter can diagnose problems
witho ut using any spec ial test
equipment. but usually he need s the
righ t tools for the job . The right tool
for repairing or aligning video equip­
ment is the TS·8·MTS test-signal
genera tor from Multtdyne Elec­
tronics, Inc. 02 Frost Creek Drive,
Locust Valley, NY 11560 . Phone
l-BOO·4·TV·TESn. It can generate
eight different video test signals as
well MTS stereo audio Signals.

The TS-S-MTS has a composite
video output on a BNC connector
as wellas an RFaudio/video output
that is swttch-sele ctable between
channels 3 and 4. An RGB colorbar
output is available on a 9-pin D con­
nec t o r for te sti ng c o mpu te r
mo nitors . Usi ng a VIOEO· SELECT

pushbuttonyou can switch the BNC
and RF outputs between eight dif·
feren t video te st patterns. Eight
LED's indicate which pattern is se­
lected . A switched horizontal or ver­
ti cal trigger pulse is ou tp ut on a
BNC connector for triggering an os ­
Cilloscope.

All controls and outputs are lo­
cated on the front panel of the unit
so it's easy to use on your tes t
bench. Housed in a sturdy metal
case, the unit measures about 12 x
6 x 3 inches.

Vidoomodes
The video section of the T5 ·8·

MTS produces 8 digitally generated
test Signals. VVhen the unit is first
powered up. it outputs an SM PTE

colorba r signal. which is split up. top
to bottom. into th ree d ifferent
groups of color bars. The tes t Signal
is used to check video gain, setup,
hue. and saturation. Three black or
gray bars on the bottom nght of the
screen make up the pluge porti on of
the signal, which is used to adjust
the brightness of the picture. That is
done by making the first two bars
blend into each other. If all three
bars are visible. the picture is too
bright ; if none of the three bars is
visible, the picture is too dark.

Next is the muluburst signal
where the video display is a series
of vertical black and white bars
ranging from thick to thin, lef t to
right. The signal is used to check
the video frequency response of a
lV or VCR. The Signal itself con­
tains six sine-wave bursts that all
have the same amplitude when ini­
tially generated. To check the fre­
quency response of a lV,you would
feed the signal into the lV and pick
up the signal inside the set at a point
just before it reaches the screen:
the sine-wave burst s should still
have the same amplitude when
seen on an oscilloscope after the
lV has processed the Signal. The
frequency response of a VCR can
also be checked with this Signal. All
you do is record the signal on the
VC Rand check the output signal on
an oscilloscope when playing back
the tape.

The crosshatch. or convergence
signal is next. The display is a grid
with a dot in the center of eac h
square. The signal is used to check
and align the red, green. and blue
color guns in a lV. VVh",n the grid·

and-dot images from the three colo r
guns are perfectly overlapped, the
picture is fully converged . The grid
can also be used to check vertical
linearity. The horizonta l bars should
be equally spaced; crowding at ei­
ther the top or bottom of the screen
indicates a problem.

The NTC7 signal, or pulse-and­
bar mode shows vertical blocks and
bars on the screen. The test signal
is used to measure short-time. line
time. and field-time luminance dts ­
tortion s. The distorti ons can be
seen on an oscilloscope as ringing,
under-shoots. over-shoots. and tilt
of various parts of the Signal after it
has been processed .

The stair-step signal consists of
five steps in luminance from 0 to
100 IRE which is seen on a video
display as a gray scale of five ver­
tical bars. (IRE is the picture bright·
ness level: 0 is black and 100 is
white) The signal is used with an
oscilloscope to measure luminance
nonlinearities.

The modula ted stair-step Signalis
used to measure differential gain
and phase . Differential gain is pres­
ent when the chroma or color gain is
affected by the luminance or black
and white gain. Different ial phase is
present when chroma. color phase.
or tint are affected by the luminance
or black and whi te gain. The mea­
surement can only be made wit h a
video vector scope having differen­
tial gain and phase measuring ca­
pabilities.

The red-field signal creates an en­
tire video display of red to check for
moire. color purity. and noise. The
black burst Signal can be used to
measure color burst and setup am­
plitude.

Aud io
In addition to video Signals. the

TS·8-M TS can generate an MTS
stereo audio Signal. Audio is pres­
ent at the RF output and a separate
phono-plug output. The audio can

continued on page 88



The new Tektronix 224 is as powerful
as they come. And goes!

Withthisnew60 MHz digital oscilloscope, Tektronixlakes
handheld pertormance toan even higherplane! The 224 packs
more power per pound than any other product and - with its on-board
rechargeablebatteries - goes ....merevel' duty calls.

With its exclusive IsolaledChannel"'arcnitedure.you can rmke ""''0­
channeilloaling lneaSUrernen~ wilhout the risI< 01 shock or damage 10
rlelicate ~o:Irooir:s . SLdr slanrlarrls asleKs sharp. bright CRI. rapidupdate
rate aM wide viewing arwJ1e rml(e ITIE2SUring last and efficient And the 224'5
Iamiliar Iroot panel ar<I ful~ autooraloJ Ieatures keep ~ ' fiIlO.

Voo get _ C3l"!Jilities like video line triggering ar<Ifo MSIs
digitizing I'" cnm; lor """'1er1I 'ng"sholperlorrrnrce,plus time­
rorreIaled 'ngl..shol ..ecrrs lor rret COITlJ'Iison.\\\~ CA1200 software
you can "'" cootrollhe 224"" phone lines 11001 halNiay roond Ihe ""'~ .

Call 1·800-426-2200 Ext. 83 toget the full story. We'll show you
more of the 224- and WifjS irs giving bench performance wings!

Copy'''l~t 0 1992. ,••t,oo" . In<;.AllIIVhl$ ,...,MIl
4llW-l&8392

Tektronix
h sl .ndMeasurtmenl
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••No other
to troubleshoo

computers

Professional diagnostic
hardware and software
makes troubleshooting

fast and accurate

LESSONS
U"" , lII"" ,... ,cd Iu,'
hulld 1""' ""lkr...",li " ll
IIf.·II"' r,"e... >tt"r hI "'1'

DISCOVERY LAB
uJftlplnc h r.-aill>oardmll · ,->lCm
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...."'i'm ...'il h lilt .,,11 .,,'hci
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dramatically Increa se your com­
puter's data storage capa cit y
while giving yo u lightning­
quick data access . But that 's
not all !

Your NRI tra in ing now includes
a remarkable d iagnostic p ack­
age that allows yo u to q uickly
loca te and correct defect s in
IBM XT, AT 80 286/80386 , and

DIAGNOSTIC HARDWARE
AND SORWARE
R.A.C.E R I'l UIC-in~'Nk

n nl anll Qu k kTcd'l men,,·
IIn .'m "oh waJ'<'. bot h fnJftl
In'ra-X• .,,,, " ... han d... ..,
n rc....."' .., wllh ,,><I.,. ',
r",(cs.,i"'..J II"~,,,'I< " .. ~.

O<GrrAL
LOGIC PROBE
Slm p lu K'S ....... )-:tin(t <1i(tJuI
<irnliC opcnl lnn

-' ,-" - JI"

SOFTWARE
TI'&IlI ...1lh M'. ·[)Q;,.

G"'''fL\.'" ~ an.! popuLu
M.n .....,. .,..,......
• f"l"'Ii'"'tiun. ",>ft .. .-aJ'<'

•

DIGITAL
MULTl METER
Pmtn""'" I ..... in>lnunml lor
...... .. ano.I ca..,- mn-u...........,.

NEW!
386sxJ20 MHz

Mini Tower
Computer!

With NRl's exclusive hands-on
training, you actua lly build and
keep the powerful new west
Coas t 386sx/20 ~tHz mini tower
comp uter sys tem.

You sta rt b)' assembling and
testing your computer 's 10 I-key
"intelligent " keyboard. move on
to test the ci rcuitry of the main
logic bo ard, install the power
supply and 1.2 meg fugh-densny
floppy d isk drive, then interface
your high-resnlurien monitor.

What's more, yo u now go o n
to install and test a powerful 40
meg IDE hard disk drtvc -c-roday's
most-wanted co mpu te r pcrt pb­
cra l-c-includcd in your co urse to

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

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

No doubt about it: The bes t wa)' to learn to service
comp ute rs is 10 actually build a sta re-of-the-art
co mputer fro m the keyboard on up. On ly NRI, the
leader in career-building at-home elect ronics (mining
for more than 75 years, gives }'Oll that kind of
practical , real-w orld co mp uter se rvicing experienc e.

Indeed . no othe r train ing-e-m scho ol, o n the job.
(wy wbt're-shows you how to troubl eshoot and
se rvice computers like NRI.

Only NRI walks you through
the step-by-step assembly of
a powerful 386sx computer
system you train with and
keell---9ivlng you the hands­
on experience you need to
work with , troubleshoot, and
service today's most widely
used computer systems. Only
NRI gives you everything you need to start
a rnoney-makinq career, even a business
of your own, in computer service.



shows you how
and service
like NRI!
EW!40 MEG HARD
15 K DRIVEl
"" in"alllhi_ 40 n''1l lllF.
, ttl <!1.L tln , ·~ i l1l" n",JJh rur
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NEW I 38SsIU20 MHz
MINI TOWERCOMPUT ERl
fr. c".... .U -bi' 1l1l.'IWt»1 ( :1'1I, I
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compatible computers .
You 'll use your Ultra ·X

QuickTech diagnostic software
to test the system RAM and
such pe rip hera l ada pte rs as
parallel printer ports , se rial
commun icattons p orts, video
adapters , and flopp y and hard
disk drives. You'll go on to lise
yo ur RA C.E.R. diagnostic card ,
also fro m Ultra-X, to ident ify
individual defec tive RAM chips ,
locate interfacing prob lems, and
pinpoint defect ive suppo rt chips.

This ingenious diagnost ic
pa ckage is just o ne more way

Nltl gi ves you the confidence and the kn ow-how to
step into a fu ll-time, money-making ca reer as an
ind ustry technician. evert sta rt a compute r service
business of your own!

No experience necessary...
NRI builds it in

With NRI, you lea rn at your own pace in yo ur own
home. No clas sroom p ressures , no n ight school, no
need to quit your present job un til you're ready to
make yo ur move. And all througho ut your trai ning,
you have the full sup po rt of yo ur personal NIH
inst ructor and the Nk t tcchnical staff, always ready
to answer your questions and give you hel p when­
ever you need it.

FREE catalog tells more. Send today!
Send to day for NRl' s big, free catalog that describes
every aspect of NRJ's inn ovative comp uter tra ining ,
as well as hands-on trai ning in TV/video/audio
servicing, teleco mmunications, ind ustrial elec tron-
ics, and o the r high-growth, high-tech career fields.

If the coupo n is missing, write to NRI School of
Electronics , ~lcGrJw-HiII Co nt inu ing Ed ucation
Ce nter, 44 01 Connect icut Aven ue , NW, Washington ,
DC 20008.

la.... k> • r<W>lnN'~ ofln"""" .><UlIlu"nc» ...... -hin<f.Corp
!J'U<kTrth .nd RA C.[. R, . "" l't"Jti"nN ,r>d. "",tf<. of I lh r:>X Inc .
,"'." eu." I, • .....-.. ,>I,I><~ux GM'p.

••••••••••••••••••••••••••
• ..~. School of ror c..~('r C<'lJt!;CS:lPPl'O\'C'd '· "IW". Electronics 0 ('\h~~~rf~: ~~I~ails I
I ...\cG raw·llilJ CtHtlinu ing Edicaliun Cen te r .j'l.~ I

·H OI Co nncd i,,1lIAH nuc, NW ~I Wa._hinl(lUn. DC 2()()(!K I.n~ •
• :,,(Chec k o ne I'REE ca ta ]0lot only •
I C MICROCO...U' UTF.R SERVlCL'liG 0 Compule r PlUltf1lmm;nll. •

o l V/Vidl'O/Au<li o Servicillil. 0 security ucc tronrcs
I 0 lnd ust r tal Elcc"lrollic5 & RobotiCS 0 Bec uonjc ...Iusi" 'recnnorogv I
I 0 Tclc«lI1l11lUnlc~ lions 0 Desktop P"bli,h lnll. I

o Il;c;ic Elee lmnics 0 Pro~mminll. in C++ whh Windows
I I
• :" .m" (P1","<c prim ) A~" •

I I
• Addrns •

•
1 CiI)'/~.., ,,rl j p Accredited Membor, National Home Study Council 3.(162 .1
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· NEW PRODUCTS
Use the Free Information Card for more deta ils on these products.

ORCLE 17 ON FREE
INFORMATION CARD

SMT SOLDER CREAMS. ln­
novat ive packag ing alter­
natives are now availab le
for EPS Jnc. 's surface­
mount solder crea ms. The
Rexpak pouch. made of a
tough. impregnable barrier
laminate, is notched for
easy opening to dispense
exact amounts of solder

eight times the sampling
frequency, key spec ifica­
tions of the device are res­
olution of 16 bits, THD + N
at 990 .5 Hz and 0 dB> of
0.005 %. sig nal-to-noise
ratio of 95 dB. channel sep­
aratio n of 115 dB . and
power dissipation of 50 mil­
liwatt s. The 0 1866 is com­
patible with all digital filter
chips and it is packaged in
16 -p in pl as ti c D IP's o r
soics.

The ADI866 audio DAC
IC is priced at $ 10.50 in
hundred s qu antities .­
Analog Device s Inc. . 181
Ball e r dvele S t ree t ,
Wil min gton M A 0 188 7 ;
Phone 617-937 -1 4 28 fo r
app lica ti ons assi stance:
Fax 617-821-4273 for liter­
ature.

than a minute at a cost of
less than 20 cents a hole.

The Copperset System
co sts $289.-Mull i core
Solders, 1751 Jay Ell Drive,
Richards on. TX 7508 1:
Phone: 214-238 ·1224: Fax:
214-437-02B8.

CIRCl E 15 ON FREE INFORMATION CARD

Copperset Sys tem i s
based on thin solder wire
rods that are plated with 25
to 30 micron s of copper
and a protective tin coat.
According to Multicore. a
plated·through hole can be
formed with the kit in less

PC BOARD PROTOTYPE KIT.
M uft icore Solders ' pa t­
ented Copperset Sys tem
provides a simple way to
form plated-through holes
f rom d rilled ho le s in
printed -c ircuit boards
quickly. reliably. and inex­
pen sively. The portable
system. intended for pro­
totyping, mod ification. or
repair. is packaged in a con ­
venien t kit con taining the
materials and tool s needed
to form 500 plated-through
holes in each of three dif­
ferent diameters. The only
additional tools required for
formationof holeswith 0.8­
mm (0 .03 1-inch) , 1.0·mm
(0.039-inch). and 1.2-mm
(0.07 4-inch) diamete rs
through standard 1.6-mm
<O.06 2-inch) thick board s
are a soldering iron and a
desoldering tool. The

16·BIT PCM AUDIO DAC
CHIP. The AOl866 is the
newest member of Analog
Device 5 Soundport family.
II is a comple te stereo 16­
bit PCM audio DAC thai
operates from a Single + 5­
voll supply. The DAC is in­
tended for automotive. por­
table and lew-power digital
audio playback sys tems.
The AD1866 requires very
few extemal components
to achieve its rated perlor- CIRCLE 16 ON FREE
mance. INFORMATION CARD

The IC comprises two in- .
dependent precision refer- grou nd circ uitry. An input
ences. output amplifiers . clock rate of up to 16 MHz
and 16-bit converters. The permits opera tion at t'NO.
DC-bias pins that position four. eight. or sixteen times
the output signal at 2.5 the sampling fr equency
volts mid scale (1.5 to 3.5· (whe re the sampling fre·
volt swing) eliminate the quency is 44 .1 kHz ) for
need for any type of false- each channel. Operating at

c ream. S tenciling and
'- ...J screening grades of solder

cream are packaged in pre­
mea sured 50 · and 150­
gram Ffexpaks. each sup­
plied with a unique di s ­
pensing too l that empties
the enure package. elim ­
inating solder waste , pre­
w e i g hin g . an d c o n ­
tamination.

For manual or pulsed-air
dispensing , SM T solder
creams are also available in
prepackaged 75- and 35 ­
gram syringes/barrels that
provide consistent dot de­
posit control for SMT pro­
totype and repair work. A
"No-Drip" piston provides
trouble -fr ee di spensing
and eliminate s sol d er
cream waste by wiping the
barrel clean as it is emp­
lied . In addition. ESP sol­
der creams are available in
5O().gram cartridges for di -22
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encouraged
by one af my

readers words
of wisdom .

fI"d bought the
Mod el 2300.

Your service u:as
sup('rb! After

testing this unit 1
pt'rsDTlD.lty feel that all serious
radio enth usiasts should own an
Opt oelectronics Frequency Finder"

Ron Bruckman
Radio ~Ionitors Newslette r
or~ laf)·land_.
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Optoelectronics has satisfied its customers for over 18years>
Seefor yourselfwhat countless
others have already discovered!
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Our Name says quality, service and dependability ­
Our customers agree!

"The best part o{the Optoelectronics LCD coun ters arc their
extreme sensitivity. their brilliant LCD readout that ca ll be seen
even ill bright sunlight and the rugged construction allowing
them to get banged around, but still continue to operate smack
dab all {requency... Yim rs is the only coullter wh ich reliably gice« us
(at Radio Schoo/) an instant frequ ency readout with its rock-steady
LCD digits {eaturin g incredible Illz resolution."

Gordon West

FACTORY DIRECT ORDER LINE

1-800-327-5912
(305)771-2050 • FAX(305)771-2052

C1RCl.£ "7~ FfIEE INFORJIIIA11OJ( CARD



8- DR l 6-BIT VGA CARD .
JDR Micro devices ' VGA
card should attract com­
put er owners plann ing to

CIRCLE 18 ON fREE
INFORMATION CARD

structed to select the prop­
er " flow well" and match­
ing hole-cle emnq "hood"
(corresponding to the lead
pattern) before setting the
temperature , flow rate. and
cycle time. The PC board is
then inserted into the unit's
carrier arms with the com­
ponent to be removed posi­
tioned over the flow well.
When all solder joints are
molten, the component
can be lifted from the board
and th e holes can be
cleaned of solder by a low­
pressure air jet . A replace­
ment component can be
immediatel y inserted and
so ldered . Custom flow
wells are available for se­
lect ive t inning. soldering
and desoldering of double­
sided PC boards and sub­
assemb lies.

The PCBRM- 12 solder
refk1..v module is list priced
at $ 7300 .- Air-Vac Engi­
neering Company, Inc.. 100
Gulf Street. M ilford , CT
0 6 460 : P h o n e :
20 3 · 874 · 2 541 : Fax :
203 ·783 ·1383.

handheld or hot-air deso­
Idering tools. Accord ing to
Air-Vac. all leads will be
even ly hea ted-even on
multilayer PC boards. This
feature eliminates the need
for reheating and desolder­
ing individual missed joints.

T h e u ser o f t h e
PC BRM-,2 i s fi r st in -

DC POWf R SUPP\.Y

that matches the lead pat­
tern o f all multi -leaded
through-hole components.
The solder can be directed
to li mit component ex­
posure to heat. and most
components can be re­
moved in about 5 seconds.
regardless of the number
of their leads .The module 's
high thermal capacity per­
mits much lower operating
temperatures than those of

.l1? D.... .31? Doll'•
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SOLDERREFLOW MODULE.
The Air-Vac PCBRM-12
solder reflew modules are
intended primarily for repair
work . but customers are
finding them useful for sol­
dering PC boards in small
production runs. The mod­
ules are suitable for mount ­
ing leaded components on
co nventional PC boa rds.
The PCBRM-,2 generates
a restr icted solder wave

1__...,;;;... .....; os eree
~3 0>.,.,.. '. a l •..c.
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DIG ITAl MUl T IMET ER - --------------

rect mounting on screen
printers . as well as in 500­
gram jars that feature a re­
usable inner seal to prevent
the paste from " crusting"
or drying out after the jar
has been opened .

For pricing information.
contact-ESP Inc . . 14
Blackstone Valley Place .
lincoln, RI 02865: Phone:
1-8 00· 3 38 -43 5 3 : Fax :
401·333-4954.

2.
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Call toll free
800.247.124 1

20 lumb er ROlld BLDG. # 2
ROSLYN. NEW YORK 11576
Phone 1516)484-7121
Teletax 15161484 -7170

1939 Plaza Re al
OCEANSIDE, CA 92056
Phone 16191630-4080
Teleta . 16191630-65 07

I-IAMEG INC.

SURFACE·MOUNT INDUC·
TORS. These miniature in­
ductors are designed for
autom atic surface- mount
assembly. The RL2S1S Se­
ries inductors from Reneo
Electronics feature molded
plastic packages. Said to
be impervious to moisture,
they are suitable for solder­
ing with either vapor-phase
or inf rared soldering sys­
tems. The series includes
35 standard values ranging
from 0.15 IJ.H to 100 IJ.H
with DC current ratings of
70 to 61 0 milliamps. These

function generator, a 100­
MHz frequency counter. a
triple-output power supply,
and a tu!l-func tion auto­
ranging digital multimeter.
The frequency counter can
stand in as a precision dis­
play for the sweep gener-

ator or it can be a stand­
alone frequency cou nter.
The power supply has three
outputs. The first output
provides variable voltage
and current <0to 5 volts DC
and 0 to 0.5 amps). It has a
three-drqitLCD display that
can be switched for voltage
or current readout. The
second and third outputs
have fixed voltages of 5
volts DC at 2 amps and 15
volts DC at 1amp. respec­
tively. The Model 72-710
has a one-year limited war­
ranty and the purchase
price includes test leads
and an owner's manual.

The Test Center 72-710
is list priced at $399.99.­
MCM Electronics, 650 Con­
gress Park Drive, Center­
ville, OH 45459-4072: Tel:
800·543·4330.

CIRCLE 19 ON f REE
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ONE·PIECE TEST CENTER.
Fourof the most commonly
used pieces of test equip'
ment are combined in the
Tenma Test Center. Model
72-710. The test cen ter
contains a 2-MHz sweep

co lo rs . It provides au to­
mode switching for VGA.
EGA. e GA. MDA . and
HGC. and it supports both
ana log and mul ti sy nc
monitors. Software drivers
for Windows 3.0 . Auto­
CAD. Lotus 1-2-3, GEM.
Ven tura Pub li she r, and
othe r prog rams are In­
c1 ude d in the pur ch ase
price.

The VGA Card cos ts
$ 49 .9 5 _- J DR Mi cro­
devices. 2233 Samaritan
Drive . Sa n J o se. CA
951 24 : P h o n e :
800· 538 · 5 003 : Fa x :
408-559-0250.

upgrade their present sys­
tems in the future. They will
be pleased to know that
this V GA card ca n be
transferred to a faster sys­
tems. Capable of operating
in either B-or lfi-bit modes,
the card can upgrade IBM
compa tib le com puters
based on BOB8 MPU as
well as those with the 2B6,
386, and 486 MPU's. Ac­
co rding to J DR Micra ­
devices. advanced ASIC
technology permitted them
to minimize the number on­
board co mponents while
provi di ng the features
found only in more expe n­
sive cards. This VGA card
sup po rts video mo nitor
resolutions of 800 x 600
and 640 x 480 in 16 cot­
ors. and 320 x 200 in 256



Its qray colo r permits it to
blend almost invisibly be­
hind the anti-glare band on
the upper surface of an eu­
tomcbue windshield. Ac·
cordi ng to j- Com. this
Inside-mounted antenn a
does not reduce trans­
ceiver performan ce. The
etched-copper ant enna is
multipolarized to provide
high gain regardless of sfq ­
nal polarization. That fea·
ture ensures good recep­
tion in rural as well as urban
locations, and it provides a
stead y signa l in your car
when it is mOVing. Because
The Stealth antenna could
pass for a decal. it is also
available with an optional
printed warning symbol as
a further deterrent to thiev­
es. The antenna is said to
have a 1eM' standing·wave
ratio over its specified fre·
quency band. and it does
not require adjustment or
tuning.

TheStealth is adheres to
the inside of a windshield
with the adhesive on its
backing: no drilling. clips or
suc tion cups are neces­
sary. Because the antenna
is mounted inside a vehicle.
it is protected from the ele·
menta and need not be reo
moved or retracted when
entering garages with 1eM"
clearance entrances or car
washes.

Sta ndard and high ­
powe r model s of The
Stealt h are available fo r
mid-band operation at 146.
220. and 440 MHz. Stan­
dard models are rated for
50 watts of input powe r;
and high-po.ver models are
rated for 110watt s. Sixteen
feet of RG 58/U coastalce­
ble is included with each
antenna.

The standard StealthAn·
tenne is priced at $59 .95
and the hiqh-power veralon
is pri ced at $69 .95 .­
jeCom. Box 194. Ben Lo­
me nd . CA 950 05 : Tel:
4 08 · 335-91 2 0 : Fa x :
408·335·9121. R-E

., "
"","- ..... ,
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ANTI-TH EFT VHF/UHF AN­
TENNA. A prominent exter­
nal antenna on an auto ­
mobile alerts thieves to the
presence of expens ive
t ransce iver equi pment
within your car and attracts
vandals. TheStealth anten­
na from ~Com is an inter­
nal antenna that disguises
the presence of expensive
transceivers in your car and
offers no temptations for
roving vandals. The anten ­
na is made as a 0.003 inch
thick etched copper ser­
pentine on a gray shaded
poty mrde subst rate that
measures 3.5 X3.5 inches.

CIRCLE 23 ON FREE
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Conversion loss is spec­
ified at 5.1 dB. The modu­
lator is housed in an EMI·
shielded case that mea ­
sures 0.8 x 0.31 x 0.4
inch.

The MIQA·70ML modu­
lator is priced at $49.95 in
Quantities of 1 to 9.- Mini­
Circuits. P.O. Box 350166.
Bro o k ly n . NY 11235 :
Phone : 7 18 -934 ·4500 :
Fax: 718·332-4661.

rruttent operation problems
that appear to be caused
by memory or disk faults
are actually power supply
problems . The PC ·Bus
Power Monitor Card is a
handy tool for identifying or
ru ling ou t power-related
problems in the field. Ac­
cord in g toWintek . the
PowerMonitor Card is per­
mits fas ter and eas ier
power supply chec king
than a digital voltmeter or
osc illoscope. especially
when the faults are inter­
mittent. By detecting a de­
te riorating power supply.
system errors and cata ­
st rophic failures can be
avoided.

The standard card pro­
vides a real- lime indication
of power quality and it s
memory stores momentary
out-of- tolerance even ts.
The enhanced versio n of
the card includes an audio
ble alarm and sepa ra te
monitoring circuits to spot
intermittent t rouble wi th
the system clock and dy­
namic-memory refresh sig­
nal.

The basic and enhanced
PC -Bus Power Monitor
Car ds co st $ 19 5 and
$249. respectively.-Win­
leek Corporallon, 18 01
South St reet. Lafayette, IN
479 04 ·299 3 : Ph o ne :
800 ·74 2 ·6 8 09 : Fax :
317·448·4823.

1&0 MOO ULATOR. Th;s
modulator is intended for
radar and communications
applications. Mini-Circuits'
M/QA· 70ML /&Q M odu·
lator offers - 38dBc car­
rier and sideband rejection .
Its third.harmonic suppres­
sion is - 48dBc and its fifth
har mo nic rejection is
- 64dBc. This 50·ohm de­
vice operates over 66 to 73
MHz frequ ency range in
both local osc illator and RF
appli cat io ns . It o ffe rs
10 :t: ldBm local osc illato r
power over a -55 to
100GC temperat ure span.

CIRCLE 22 ON FRlE
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aged on an ISA sho rt card.
the power monitor can be
plugged into an expansion
slot. It then checks to co n­
firm that all four supplies
are wi thin speci fica tions.
detect s the presence of
glitches or dropouts. and
displays the information on
an LED display. Many inter-

inductors can be used as
filters and as components
in filter networks. The oper­
at ing te mperature range of
the inductors is - 25°C to
+ 80·C.

The RL2S ' S inductors
can be supplied on tape
and reel or in bulk quan·
tities. They arepricedat 25
cents each in 2500·piece
quantities .- Renco EJec·
IroniesInc.. 60 .Jefryn Blvd.
East. Deer Park, NY 11729;
Phone : 516-586 ·5566.

PC-8US POWER MONITOR
CARD. Intended for corn­
put er-servtce personnel .
Wint ek s PC-Bus Power
Monitor Card can detect
power disturbances and
iden tify substandard power
supplies in PC. AT. and
EISA co mpu ter s. Pack-

__II__~·
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Compare the spec ifications and the pr ices of these four instruments
with the competition. Then compare the labels. Global's say "Proudly
Made in U.S.A.". Designed and manufactured in our Connecticut factory
with the val ue and quali ty that Global is known for . The competito rs, they
look alike because they are. Different names on the front. The same label
on the back. "Made in Taiwan".

With Global you'll get a Good Buy, and can say Good-bye to imports.

8m~Can't Wait? Call...1-800-572-1028

)

5499.95

•GLOBAL
SPECIALTIES'

70 Fulton Terrace
New Haven, CT 06512 • -

FAX 468-0060 t.=:.-e ,9921nle<p1e.~ AOOI 27
~ .. 1<.Clled 10~ MlI>Qul nol<:e
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2MHz Sweep Function Generator
•0.2Hzto 2MHz II

• Duly-cycle, symmetrycontrols
' 50n output
·veo input

Model 2002 5219.95

Audio/Sweep Generator
•Sine/SquarefTrianqle
' lHz to 100kHz
•Variable DC offset
' Sweepable 100:1

Model 2001 5178.50

Ultravariable Pulse Generator
' 0.5 to 5MHz
•Run. Triggered. Gate. Single·Shot
- lndependent width and space controls • \-
•Variable 50n cutout '

Model 4001 5199.95

Digitally Synthesized Generator ,". IN
• DC to 1.6MHz , I

•Trigger, Sweep, Burst.Hop and Gatemodes
· lntemaVExtemal Sweep
-Sine, Square, Triangle, Ramps
•Optional RS·485 communications port
- 16 programmable memories

Model 2003
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NEW LIT
Use The Free Information Card for fast response.

AUTOCA O FOR ELEC­
TRONICS: A TUTORIAL; by
Thomas Tumllty. Prentice
Hall , Englewood Cliffs, NJ
07632; Phone ;
201-592-2000: 543.00.

By dem onstra ting the
step-by-step development
of manufacturing drawings
for a quad power supply
and a mulnweve function
generator, this book-and
the inc luded di ske tte­
show readers how to de­
sign electronics produ cts

i
& _. -
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32·page. full·color catalog.
Designed for start . stop. or
limit control of a wide range
of process variables, the
controllers have broad ap­
pli cations in elect rica l,
chemical. petrochemical.
and other process indus­
tries. Models are available
for AC and DC voltage cur­
rent. 4- 20·mA DC. 1-5V
DC resistance. 3·wire po ­
tent iometer, fr equency,
and tachometer (rpm) in­
puts. Also featu red are
models for 2·. 3-, or 4-wire
RTD inputs and J. K. R. or
S the rmocouples . Each
Hawk series model is neat­
ly packaged in a compact
Va DIN case. The catalog
prov ides descr iptions ,
technical notes. complete
specifications, a glos sary
of terms , available ac­
cessories. and ordering in­
formation.

CIRClE 39 ON FREE
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computer-automated per­
formance data (C APO)
specifications, and perfor­
mance curves to eliminate
guesswork during the de­
sign process. Components
covered include frequency
mixers. power spli tter!
combiners. amplifiers. 1&0
modulators and dem od ·
uletors. phase detecto rs,
RF tran sfor mer s. f ilters,
switches . direct ional cov­
piers. and enenuators .

RF~F SIGNAL PROCESSING
HANOBOOK; Irom Minl·Clr­
culls . P.O. BOI 350166,
Brooklyn, NY 11235; Phon e:
71B-934-4500 ; Fax :
71B-332-4661; free .

Aimed at destqn eng i­
neers, this 71 B·page hand­
book is loaded with prac­
tical articles , answers to
fr equen tl y asked que s­
tions, definitions of terms,
co nve nient s e lec t i o n
guides, and handy con ­
vers ion charts. The com­
prehensive reference also
in clud e s hundred s of
pages of ful ly detailed,

HAWK PROGRAMMAB LE
ON·OFF CONTR OLLERS/IN­
DICATORS; from Simpson
Electric Company, 853 Dun­
dee Avenue, Elgin , IL
50120 -3090 ; Phon e:
70B -69 7- 2260 ; Fa x:
70B-697-2272.

Simpson's recently intro­
duced Hawk series of dig·
ita! on -off controllers and
indicators is featured in this

into detailed planning (list­
ing design criteria, choos­
ing components, calculate
component values, identi­
fying alternatives, and set­
ting operating parameters).
Then you're ready to create
block diagrams for your de­
sign. To keep from gett ing
bogged down along the
way, he continually empha­
sizes the importance of
keeping an open mind
about making changes in
the original design, and per­
severing unt il you have a
finished product. even if it's
not as perfect as you would
like.

Cons truction details for
dozens of basic c irc ui t
" mo dul es" that ca n be
co mbined to form more
complex- and quite use­
fu l-projec ts are pre­
sented. including a mult i­
voltage bench power sup­
ply, an audio preamp lifi er
and amplifier, a fully buff­
ered, 64K RAM system, a
programmable home-con­
trol center, a VC R sync sta­
bilizer, a battery back-up
ci rc ui t with au tomatic
switch-over; and a micro­
processor-based waveform
generator. Information on
where to find components
and technical l iterature,
and how to set up an eff i­
ci ent workbench is in­
cl ude d. To keep th ing s
from gett ing too heavy,
troub leshooting hints, de­
sign lips and tricks, and
Bob Gro asb la t ts ow n
adages are included. Com ­
ments like " First make it
work , then make it neat."
"People make more mis­
takes than electrons," and
" Versati li ty breeds com­
plexity" are liberally sprin­
kled throughout the text.
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In it s page s. Bo b
Grossblatt explains how to
minimize your chances of
running inlo such glitches­
- and how to work your
way out of those that do
ari se - by fol lowing his
common-sense approach
to the de s ign proce s s .
Working under the princi­
ple that the primary cause
of such prob lems is not
lack of knowledge but a
poo r design method. he
presents a systematic ap­
proach that can be followed
when prototyping any erec­
tromc circuit. To take your
idea from concept to work­
ing project. the author ex­
plains. you must think it
through and outline it in a
notebook before you get

BOB GROSSBLATT'S GUIDE
TO CREATIVE CIRCUIT OE·
SIGN; by Robert Grossblall.
TAB Books. Division 01
McGraw -HIli Inc •• Blu e
Ridge Summ it , PA
17294 -0B50 ; Phone ;
1-BOO-822-813B; 517.95.

If you read Ra dio-Elec­
tro nics regul arl y. th en
you 're famil iar w ith Bob
Grossblatt's columns and
occasional feature stories.
If yo u write to Radio ­
Electronic s occasionally
to request help with circuit­
des ign pr ob lems. then
you're one of the people
credited with providing in­
spiration for this book.
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48 HOU. HE N CO & HIT A CHI PRO DUCTS CA~~T':i'F~EE
SHIPPING AT DIS C 0 UN T PRIC ES '·800·292-77111-800-445-3201 (Can.)

V-660· 60"'''2. DuaI Traee Sl.149
V-665 A. 60"'1-i2. OT. ....w'SO. _ _ $1.345
V·'060 · l 00MI-i: , Dual T'aee $t .395
V·l065A · I OOMl-il . OT. ....w.so;-- $ 1.649
V-I OS5 - l OOM I-i2. OT.WICUISO' " .9 95
V· l l 00A · l 00MHl . Quad r ree e 52.195
V· I I5-Q _ 1S0MHZ. Quad Trace 52.5 95

HITACHI COMPACTSEIlIES SCOPESTIOS ......., _ uav. sucn as em
"-.c.CInot_(V·'oe!I106SA.~.~..
~ Co_ (V. '01-5~ s_~~,_....., t _ LDO<- _. &-cll C$lT.V.... _t_
_~ .._OI~IOI".a __

$40 9
SPECI AL BUY

V·212· 20MHz Sc ope

Hitachi Porta ble SCo pes
DC 10 SOMtlt. 2-Chonnel. DC offsetlune-

tion, A"emote mognif..,lunclion
Y·525 · CRT Rea ooul. Cur_ Men . 5995
V-S23 • Oelayed Sweep 5975
V 522 • Bas,c MOdel SB75
V·"22 - . OMH: 5775
V·l 2) · 20 MHz de laye d s weec _ _ $695
V-l2Z · 201.lH: lle luxe 5625

Hitachi RSO Series
(Po"abl<o Re..·~.... O'll~al SlOf~. 0I.C:IlI0~1

VC-60 23 - 20 ',A ",: , 20 l,lSi s $1 ,695
VC'6024 . 50\lH : . 20 MS/S $1.995
VC·6025 · SOMH: . 2OI,ISis $2 .19'S
VC-604 5 · IDOMH:. 4 01.1$15 c..
VC· 61<1 S· 10(l I.1H:, 100 MS/ s Callnsos __ ...- 'til qng. ....

........................"ll.~...... p~otN>\I. anot_ ......._o15 1_~ _ . _ _ a<:Q,It_.
" ""P"e<__ gl """,pie. *_""...5." _onlO

...,.. ....tI<2IO"S ;>0 ""JO:Ol>I< "'. a -..,~ .ncl
wa._ u_ v", ''''' RS-232C ........... tnJDI '''"'
<:<>mIotl oI_og.an<l,... _ IO()O)''''

25MHz Elenco Oscilloscope Elenco 40MHz Dual Trace
$349 Good '. $495

iF IT SCMH: 5 -1340
5 -1325 20MHI Digital Storage Oscilloscope b)

• Dual"Tlace . lI naIOlllQ;gltal Scope - -I .H,gn lumlllanee 6' CRT
• tmv SOnSll,",ty • 2K word parchannel momory 0 5203 • lmVSonsitivity

• s - CRT • ' OMS/s sampling rate _ ' • 10KV Accelerat,on Vonage
• x·y OPerat,on • $lalo·ol·II" lechno~y $775 • 9n. Rrsu T,me

• TVSync .Includos probes • x·y OlllllatlOn
• (2) 1)(. l Ox Probes induded S- 136O 60MHI Oe lay Sweep $715 • Inc ludes (2) l x. l Ox PIObeS

.... 1oalflM I"dud<o~~ sct>o<nala.~,......s m..-.... . nd J ,_ 12, I'" EiM'a>SCCJPHI_ld _ • .. . ".my on 1Wl>5 1abDr, Many . . .._ lot .... HI_
oc:cpn ea,,,,_. '",~-'ca'on. on__ '"...,._! ~ lx, lOx Sco~ Probe . : P- l65MH: S17.95 , P-2 lOOMHz S21.9S

os...DC Accu'acy
I'lloR. . .......".

,", OIl~,eq Count..
Oa!a_

True RMS 4 1.'2

~i1 Mullimeter

1.1-7ooT

$135

AM/ FM Transistor
Ilad io Kit

w ith Training Course

Mollel AMf M108

$26.95
14 T..... "''''• • 5 000d01

U. . .. a;,."" """"" P'~

Triple Power Supply XP-620
A~mb~ 575

1( 11 ISO
;IolSV 01 ~ .

·2 10.ISY. I"
fO/ ~lo:lOV .' ''l

atI~SV .3"
~n l\o...d .......... tot- lIc>ng• •1*......,.

f v'.' >"or1 O J<'" P'''''''''''''.oil .....,.,...

Quod Power Supply Xp· 5ao

$69.95
HOV. ;"In. ,,,

sv o :I.l
.sv0 ,SA

Oigito l Capacitanc e Met ef Dig ,to iLCR Meter Mu lh....'. lw'ltl FLUKE MULTIMETERS
am CU·1550 B !!ll], Le-1801 [ flOG" ,Copoeitonce a

SCope_Ie . , (All Model ' Avollabl . Call)

L'1 $58.95 R $'2$
_• • • TIO/'IS<SIOI '.sllH

Model 9J 51.095 00 70 Sefln
, ~.... -~ I., $55 CM-1500B ......", 51.39!> 00 ....... "" 565 00

l P!-20,OOOt,oIll COOlS lu>l-2mI IW_Vo".OMt< ......." 51.695 00 ~nll 514500

S." ba>'Cace, :!.lli e-ll1l,2I:ll:¥ c-""'.e--s. 10 Sene. ....... ".. Sl5900

Zt<otomo!. ·c... R.o OI,XU 1,_ .... Yodel 10 5"" .......
I 3 2 ,

a.; 1-~ B'll'·~ ~/ ""''''''' ......." S7<l95 "' DOel17 528900-
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Build, ou' o..n lase•. ' h,s9,eat",[ ,nducesal pa~s needed 10 bu'd ac'as$ IIlase'
Saletouse. output os veer onem,liwitl , KitIncludesanewHe·Ne1.125 I)a , 5,7S­
long laSll' lutMI Cornu .."ll butid:ng ,nstruet,ons. scnee ancand all pans

M a del LK-' $79.95

LASER KITS

Mirror & Motor Kit
j IltS-.. ... I 'CWS ,O~ \Q P"Olecl lasf'f ~em1 on If'e Cring '" _ lis YllI,t~~
\he pa:lfmt ~ .~ ee s;:ft':l III ,.. n'«0fS The... arntS~~ 1O'1II 2
moIQtI.2lW!1S1.riaee "'''C''S. 2 "'O':llt ll"ae-l!'lS and I po.e< ~m1Wl\fo1tonTt
.~oIl/1l1fP'\O~OJ

Model LM· l $19.95

Spec ,llCal./lft . l K· ' :
In;lu tlloll"g. 12VDC @I ,25amp
Ou 'PIII voIIa9" 2 -JKV @3" SMA
Tnggeo yo~aoe 6 SKV
La"" po.. eo I moll""""
Laseo ItJDelyp.lt t>elIum· nttOI'I

LasOl<' tuDe s,: o 1,125- doa • 5_7S- 1of>.g, -. .

l'oo.od-os . .... " ,anglo, 1~ """

_" 0 1' "", 11" 101"' 11,
M,I OJF... toIP.ao;li!j

Wide Band Signol
eenerc tc rs

.- •....•.... , ,..
f: .... -~.. 19500

:;,..'C:'~.=.- S28.95

FuneHon Gene.alor

-===

SG·9000 $129
Rf F.... l OOOl"SCVfl.r ."' ~·
_ol,~,;,Y__ IlF~

SG-9500 w ,' [);glIal Do, pla y oS

l SO"Utz buill _inCou nle, S2..9

Learn to Build a nd Progra m
Com puter s wilh th is Kit
~ ".,.....,"._'I_L...,..,.. "'........",

1.1'....000

$1 29.00

~__ao:IlfOU",""",a~I_OI,oJ
___ _ ,.... .. _ _ FLAUo.,

ROOolI. _ ""'• •OS5 ....... _. _ .....
__......._ I8~ PC

WE WILL NOT BEUNDERSOLD C&S SALES INC. ~ 15 DAY MONEYBACK GUARANTEE
UPS SHIPPING: 4$ STATES 5"10 1 4 R W 2 YEARWARRANTY
IL RES 75 "10 TU 1$3m,n $10 muJ 2 5 ~SE 000 , DEERFIELD, n 50015 WRITE FOR FREE CATALOG
OT"RS CRLL FAX. 708-520-0085 .(708) 541.0710

PII<rs S<J!lJICl 0 C"Afo,CI

GF· 80 16 Functio n c enercrcr
.. ith fre~ . ce cmer

$249

IIi::::::::::JrSo.... SquJI 'O, 1""..,,,,Puou, R.,"~ , ,;,0 2 ~11.!

F.-Q CO!Jn,o" I ·10Mti:
IntIE.. _ ro,,,,,,

G F·8015 without Preq . Metef $119
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SURFACE MOUNT & IC TEST
ACCESSORIES; Irom ITT
Pomona Electron ics, 1500
East Ninlh Street. P.O. Box
2767, Pomona, CA 91769;
Phone: 714·469·2900; Fax;
n4·629·3317; Iree.

Highlighted in this 14·
page catalog are Pomona's
complete lines of 8 MTI IC
test accessories. kits. and

~,-, I.
( IRQ( 3S ON FREE

INFORMATION CARD

probe sets . The booklet
features DIP/ SOle. PLCC.
QFP. and SMD Microtest
clips and assemblies. mini­
ature pincer and hooked
test clips. standard hooked
test cli ps. all igato r test
c lips. coax cable assem­
blies, test lead kits. adapt­
ers. breakouts. and inter­
faces. Fifteen major prod­
uct ca tego ri es are pre ­
sented. R·E

mattes . s imulating logic­
control circuits . FFT analy­
sis. and circui t analysis.
CAD program s for st ruc­
tu ra l analysis . de signing
electronic circuits , and pc.
board layout are also of­
fered . along with PC bus
boa rd products for control
and data acqurstncn. The
26-page boo klet contains

O RaE 36 ON FREE
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product descri pt ions. dis­
play pri ntouts of sc he ­
matics and waveforms. and
ordering information.

J . u .
. S~ lt.~· ·· :l

r ··) f ·..· ...;· ·
,,\:1.. •••
( I i 'r .... ' • •",'·l ,··,.••-:.........

•

~

8S0FT SOFTWARE ENGl·
NEERING TOOLS CATALOG
# 5; from 880FT Sollware
Inc.• 444 Collon Road, Co­
lumbus, OH 43207·3902;
Phone: 614-491-0832; Fax:
614·497·99n ; Iree.

8 5 0 FT's lates t catalog
offe rs low-co st . stand­
alo ne enginee ring pro­
grams and hardware de­
signed for engineers. tech­
nic ians . an d ho bby is ts
using IBM·PC·s or com­
patibles. Included are pro­
grams for drawing sche-

TM

VJJJJ

CALLTOLLFREE
l-lJOO.628·1118

FAX' 215-3$4·8554

- f.iili!IiI~~

$3.5Oea( 1Ominl
$10.Q5ea ~,>9,,,
sa.ssea

Precision
Metertd Spray

--

1DO M'SllV
4.7M/250V
1DOOM/200V
47M'SOV

SEMICONDUCTORS

~
2SC1 172B STKOOBO $16.95ea ~

=-:: 2SDa69 lMJp $1.99oa STK4273 S9.950a(l Om in)
2501393 STR301 211 $3.95oa
2501426

REPLACEMENT ELy BACKS
154 -D74E GOLDSTAR $19.95ea
1S4.040A GOlDSTAR $19.95ea
FCC14tSAL SAAlSUNG SI9.95ea
3214003 EMERSON S24.5Oea
TtFl4423F PANASONC $29.95ea
TlF14530F PANASQNK; $29.95ea
2434391 HITACHI $34.95ea

lIlI.fIlS
1&.1113 RCA
NPl Y0111G EZZ SHARP
NPlYlIOO6GEZZ REPlACEMENT
lQ -G-42G4-00400 REPLACEMENT

POPULAR PARTS
526.&, m lPLER $9.95oa
4·1164-031600 SANYORF S17.95ea

MODULATOR
RADIAL 2QIlor$10.00
RADIAL 10110r$5.5O
SNAP-IN 5/Ior $12.5O
RADIAL 10lf(ll' $4.50

--
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• Protects Gold Surfaces
& Base Metals!

• Improves Conductivity!

• RedllCes Irnennittent
CORlleetion Failures!

• f orrm Protective
CoOl!

• Reducu Wear &
Abruion!

• Reduces Artint: & RA!

Solid Gold P,oletl;on
for Audio, Video &
Computer Equipment

MIDELEa RON lcs'

975 JAYMOR ROAD
SOUTHAMPTON, PA 18966

16744 West Bernardo Dr.
Rancho Bernardo, CA
92127·1904
1 6 191 4~ 1 - 1 7 99

FAX: (6191451·2199
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r----------------·-------------------------------~Electronics Paperback Books
I GREAT PAPERBACKS AT SPECIAL PRICES I

I
I
I

n BPHt _ MORE
ADY ANC ED TEST
EOUIPM ENT CO N·
STR UC TION .....
U .U . Ele ....n more
lesl equ,prnotnl con·
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..,th ClfeurI dlagrarnl. e 'planalions
01 how " _ .. ... t'uetoons lor
bI-.g ..., \nIIftg. _ ""'" to
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THE PARTS PLACEs.

Micr om inI Togg le Swllch... Rek­
ability at low COSI. Raled 3A at
12SVAC. V~· -dia Slem.

S PST. '274·624 2.29
SPOT. 1274·625 •• • • • • • • • • 2.39
OPOT. '274-626 . . . . . . . • • 2.59

(1) Double -Shleld~. 4 COndue·
lor Cable. For data or audio. The
besll30 ft. '278·777 7.95
(2) Coilecl MIke Cable . Replace
ce. ham. manne radiooord:S. 4 c0n­
ductors. 5 fL 1J278.358 ••• •• 2.99

(1) tN914/4148 $wltch ing Dlode ••
Popular s~icon 1yp8 . Rated 75 PI".
'276-1122 . . • • • • Pkg . 0110/99c
(2) lN34 German ium Diod lll .
Hard -to-Ilncl signal diod.". Rated
60 P lY. '276·1123. P kg . 0 1 10 /99c

11lr-F-. 12$"C. mtl-132I u.. C.
f71ll.1J20 ZIr C. mtl-U<2 . • • . lxfI l.n
I2l """...... 101. ReMIance .. propor.
~ to -"-a1ur• . '271-110 ... 1."
(31 5 11ft••·........t Rnliton.. 200
-.15poclI.f.ar._, FlMId 1\1 .an.
5'llo. .-rn·313 ~ I ."

(II TO· 220 Heat Sln~ . .,..1 lor PC
bolt<! uN n16·1:)63 •••.••.. .• 8$ C
(21 TO· 3 Mounllng Ho,d ...... Com­
plele ~t1. '276-1311 • • ••• .•••••• 11ge
TO·no MIg. Kit. ' 279·1373 •.... 9ge
(3) ....1 $Itlk ant . ... ............ ......~
........ hMllranaler. ' 276-1372 ..• 1.59

(1) l 'h to 3VDC Motor. Use ,n "lI a.
P<"*er <Ie.....,.. • 273·223 OOC
(2) ElltCtr.t Ellml nl. .270·092 . 2.09
(3) 12VOC U~nlUc Buu... A morl
p1easono_r . 273·026 . 2.10
(I I ~ CNno·Oongri CIWInI. ClaMy entry
-. II to l1VOC. .v;)·071 ..... I .n

(1) Collfll ' ·ft . Tn t lI.d• . Wh~ PUI
up WIth tangl" 1 . 278 ·7SO . . sall l ."
(2) PO.l. to 8Ne.•271· 715 ... . 1.15
(3) PO.l.IO 8an.nn. •271·718. 1.15
(I ) 5tael<&lM 0...1 Inlln. 8.... ...
Plug__1 1. 271 ·717 , 2,"
(5) ' · f l . BHC-t o-8HC. .2711·~. S."

IC Inurte r/ Ext ra cto r Kit. Why
risk ben ding or brea king pins on
e xpen sive ChipS? This kit ma kes it
easy to installand re move any DIp·
style ICtronI6 to 40 pins. Both tools
are grO\,lndable to prevent stanc
ri18ps R

• '276.1581 6.9 5

Right ·Angle D·Sub 25 Fe male
Conn«lor . Ideal lor us e with PCI
xr Circuitcard at lell. Radio Shack
also stocks e big se lection 01D,sub
and IDC·type connectors lor cern ­
pute r hookups . '276-1504 .. 2.49

lIafl'o.Ihack"'N eE ,g2'

A M E R ICA'S TECHNOLOCII' S TORE·

PC/Xl Elp.rimenter ·. Circ uli C.rd. l his premium·quality prOlotyping
board tnsa compuler's Xl e xpans ion eua eeenectcr, Feat ures dura ble epoxy
glass COMtrUClion and plated· thlough holas on s tandar d 0.100" cente rs .
Acce pts D·s ub connector shown at righl . 3 ',,"x 10' /.. " '/'0 ",
'276·1598 •••••• • . . .. •. . . . . , . . . • . • • • • • . • • • . 29 .95

SIncIIU'1 Radio Sl\Kl "" _ \hi pl.-c. 10 -.... u p- to- o.lI~ p.an•
.......""..ity ........ t"leq..~_IoCC_ .._pricn. Nn rly 7000
location. arl ..aely to ...... you_NOBODY CQU PAAES__.~"'l .... • • _ ..r....,~

UL. Llll!'d DVM. M>cronta' makes
el ec tronics tes t ing a sn apl
AUloranging. \I:z " LCD digits, bar
gfllph 10 spot peaks. datil hold 10
lreeze display. con'inuity sounder.
d>ode·ch&Ck. • 22-186 . . . . . 69.95

32

ClRCt.£ 711 ON fREE INfORUATION CARD





FIG.1-THREE ADJUSTABLE TIME DELAYS Interact 10 conlrol lhe rcocrs movem enl.

A G. 2-T1MJNG DIAGRAM. Either antenna will reverse both motors and the robo t
backs up. When th e back-up time is over, one of the motors continues in reverse ,
cau sing the robot to l urn away fro m th e objecL

T hree li me-de la y ci r cuits
s hare the co n tro l of two revers ­
I n~ relays . Wh en the right an ­
ten na Is tr iggered . It activates
the back-u p delay and the r igh t­
tu m delav. When the len ant en­
na Is triggered , it activates the
back-up delay and the left-tu rn
delay. The back-up delay acti ­
vates bot h revers ing relays for a
pe riod of 1f1 to 2 seconds. Du r­
Ing tha t tim e, the robo t moves
stra ight back , away fro m the
obstacle. A tu rn ing delay (right
or left) Is set for period of 2 to 5
seconds. That keeps one motor
In reverse afte r the ot her stops.
If the left motor conti nues In re­
ve rse a fte r the r ight moto r
s tops, th e robot tu rns to th e left.
and vice versa. The s ize of th e
tum depends on how long one
motor can t Inu es In reverse after
the other one stops. If both a n­
tennas arc triAAcred, all three
lime de lays are activated. The
direction the robot tu rns is de­
termt ned by whiche ver tu m de­
lay is longes t.

The robots con trol ct rcun ryrs
ba sed o n s imple "one-s ho ts"
tha t wa ll to receive a s igna l be­
fore tu rn ing on for a p redeter­
mined lime. Th ree po ten uo me­
ters let you adjus t each one-sho t
sepa rately The timing diagram
In Fig. 2 will help you visualize
th e d ifferent timing even ts . EI­
ther an ten na (or both )will s tart
the back-up one-shot whi ch re­
verses bot h motors . One poten­
ttometer sets the lim e th at the
robo t spe nds go ing st ra igh t
back . Whe n the back-up time is
over, one of the "t u rn ing" one ­
shots keep s one of the motors In
reverse. ca using t he robo t to
tu rn away from the object. The
di rec tion of the tu rn is dete r­
mined by the moto r that s tays
In reverse : the s ize of th e tu m is
dete rmi ned by how long that
moto r s tays In reverse after the
back-up time Is over.

Circu Itry
As shown In Fig. 3 . th ree one­

shots lle l . IC2, and IC3 lcontmi
two relays IRYJ a nd RY2 ). Th e
backup time delay is controlled
by IC3 . and is var iab le be twee n
"h and 2 seconds vta R20 . Th e
left- and righ t-tu m delays are
con trolled bv lei a nd IC2. reo
specuvety and are variable be-
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ELECTRONIC PARTS LIST

FlG.3-THE BACKUP TIM E DELAY is controlled by IC3, and variable between~ and 2
seconds via R20. Th e left - and rig ht-t um delays are controlled by IC1 and IC2, respec­
ti vely, and variable bet ween 2 and 5 sec onds v ia R18 and R19.

All res istors are Ya'watt, 5"10, un­
less otherwise noted ,
A1. R2, A6, A7, A9-R11-4700 ohms
R3. A5--47,OOJ ohms
R4, ae-a oo ohms
R12-47 ohms
At3-l megotm
Rl4--100,OOO Ohms
A1S, At6-470 ohms
A17-3 ohms
R18-R20-125,OOO ohms,
potentiometer
R2t-SO,OOO Ohms, potentiomete r
Capacitors
C1, C3, C4, C6, C7, cs. C11. C12-o.47
1J.f. monotythic
C2, CS, C10-33 IlF, electrolytic
C&-100 I1F. electrolytic
C13-220 I1F, electrolytic
C14, CIS, C17-o.033 I1F. Mylar

tween 2 a nd 5 secon ds via R IB
a nd R19 _

To s ee how the 555 timers a re

Cl6--0.01 IlF. Mylar
C18-22 IlF,electro lytic
C19-1 IlF. tantalum
semiconductors
ICt-JC3-555 bmer
D1-D8-1N4148 eeoe
Q1-Q3-2N3904 NPN transistor
04-2N3906 PNP transistor
LE01, LED2--red light-emilling diodes
LED3. LE04-ju mbo round or rec­
tangutar lighl-emilting diodes
Oth er components
RY1 . RY2-0PDT e-ven relay
S1-5PST switch
SPKRt-Knowles etectroncs W().360
speaker mex:lule or equiva lent
Miscellaneous: ic sockets, PC board.
Iwo dual -M" ballery holders, all me­
Chanical parts (see mechanical-part s
Iisl ), wire. etc .

used as o ne-shots, take a loo k a t
IC2 In the s chem a tic. Wh en a
ncgattve-gotng pulse Is recetved

From the r lAht antenna at pin 2 ,
the follo w tn u liming cycle Is
s ta rted : pi n 3 or IC2 goes h l~h

a n d turns o n Q2 and RY2. At
t he sa me ti m e . C5 c ha rges
t hrough potentiome te r R i g .
The cha rg ing ti me depends o n
the setting or the poten tiometer,
Whe n C5 c ha rges to approxt­
matcly 4 volts. It beg ins to d is­
cha rge through IC2. Pin 30rJC 2
returns to a low s ta te a n d H.Y2
tu r n s o rr, The one-s ho t no w
watts fo r the nex t pulse a t p in 2.
T he c i rcu it bu il t a ro u n d IC I
works In the same way.

T he ba c kup ttme-d elay cir­
cuit built a ro u n d IC3 dt ffers
fro m the other two one-s hots In
that It ha s fou r d iod es added:
D2 a nd D3 at p in 2 a nd D4 a nd
D5 a t pin 3 . The di od es serve as
a n MOl t Iuncuon ." caus tng pi n 2
to respond If either ante n na 35
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AG. 4-FOLLOW THIS DIAGRAM as 8 mechanical assembly guide. Nole thai the
motors come attac hed to the metal chassis piaIe, and can bre ak rose It you fle l o r bend
the chass is .
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makes con tact. Pin 3 of IC3 Is
controlled by the output of the
other two one-shots: if either
turning one-shot Is ac ti vated .
the backup delay. whi ch takes
precedence. Is also activated.

Mechanical assembly
The rob ot Is assemb led In

th ree steps . The firs t s tep Is to
assemble the mech anical parts .
th e second Is to assemble the
circu it board. and the third Is to
joi n the two sections together.
The robot kit available from the
source mentioned In th e Pa rts
List includes all of the mechan­
ical parts . If you wish to build
the robot withou t buying t he
k it . we've provided a list de ­
sc r ibing all of the mechan ical
par ts. Ifyou can't find th e exact
parts we've specified. it's very
easy to Improvise usln~ s imilar
parts. All th e robot really needs
Is two Independent drive wh eels
and o ne t ra i li ng wh eel.
mounted o n a chass is with
enough room to accommodate
the two motors. two battery
holders . and th e PC board .

Follow Fig. 4 as a mechanical
assembly gu ide, Note that the
mo tors come a tt ac hed to the
metal chassis plate Inc lu ded
with the kit. Do not pull on th e
motors as they ca n break lose .
and d o not flex or bend the cha s­
s is as It will make the wheel
align men t more di fficu lt. S ta rt
the mechanica l assembly by
press ing the melal wheel s leeves
Into the nylon b ushi ngs . The n
assemble each fron t wheel on to
the meta l cha ss is as s hown.
usi ng a sc rewd river to tighten
th e bolt whil e holding th e nut
with pliers. You might wan t to
put a small drop of all on th e
bushings. bu t do not get any all
on the outside surface of the
wheels whe re the ru bber band
attaches.

Turn the chassis over a nd at­
ta ch t he rear-wheel hexagon
standoff as shown . and tighten
it securely. Note th e position of
the hole through the s ta ndoff; II
sho uld be all~ncd parallel to th e
back edge of the chassis . As­
se mble the roller ball as shown
onto t he s ta nd off. Again you

might wan t to put a small drop
of a ll on the inside of the roller
ball . After tightening the assem­
bly, mak e su re th e ball can s tili
tum.

The DC mot ors Included In
t h e kit have one terminal
ma rked with a while do t. If
you're us ing motors with no po­
lar tty markings. make the clec­
tr tca l co n nec tio ns temporary.
Later. wh en tes ti ng .. if bo th
wheels do not tum in the for­
wa rd d irection wh ile th e robot
Is Irce -runntng. s imply reverse
th e leads to th e moto r(s) run­
n ing In th e wrong di rection. For
now. though . we 'H assu me
you 're using the motors In ­
cluded in the kit.

Solder a 3 -lnch red wire to
each mo tor term in al marked
with a wh ite dot and so lde r a 3­
Inch black wire to the other two
motor tenninals . Put two MM"
cells In one of the battery hold­
ers a nd put a rubber band over
the wheel and mot or pulley on
each s ide. Temporarily twis t th e
battery-holder wires to the right
motor wi res-red to red a nd
black to black-and make su re
the whee l tu rns and the rubber



MECHANICAL PARTS LIST

FIG. S-PARTS-PLACEMENT DIAGRAM. Install LED3 and LED4 bent forward like
headlights.

37

hand s tays In place.
If the rubber band comes off

you mus t a lign the wheel by
be nding t he chass is s ligh tly.
Run the mot or aga in to see If
the rubber band stays on. If It
s tays on. revers e the battery
leads and check it again- you
may have to readjust the wheel .
(Never bend the ch assis where
the motors a re attached a nd do
not pu t a ny s tres s on the moto rs
a s they may come lose from
thei r mo u nting.) Whe n you
fin ish aligning the right wheel.
repeat the proces s for th e left
wheel.

1\vo metal s ta ndoffs are tn­
s ta lled on top of the ch assis
u sing b olt s a nd w a sh e r s
through the bott om of the chas­
s is . The bolts go u p throu gh the
ch assis . through the standoffs.
through the PC board . and the
board h eld down with the nu ts
as sh own. But first we h ave to
build the PC board .

Electronic assembly
Ass emble the circu it board as

s hown In FIg. 5 . Watch the po­
la r ity of the IC's. elect rolyt ic ca­
paci tors . and d iodes . Note that
the leads of LED3 a nd LED4
should be bent at 90" angles so
that they look like headlights
when m ounted on the board.
It 's a good idea to Ins ulate the
exposed portions of the h ead­
light LE D·s . In s ta ll SPKR I as
sh own . DO NOT att empt to reo
move the capacl tor so ldered
across the s pea ke r terminals :
the leads of the ca pacit or are
us ed to con nect th e speake r to
the board.

Now ins tall fee le r wire s as
s hown in Fig . 6 . Eac h feeler is
made from a lengt h of s pring
wire. bent as shown in Fig. 6 .
Fit the s tra igh t portion of the
le ft feele r wire a t t he poi nt
sh own u ntil It Is flush with the
board . Be nd the ot her end
a rou n d an d Insert It Into the
ot h er hole as s hown and solder
that end. Repea t th ose s teps for
the right feeler wire.

Now make two feeler posts by
bendi ng wire as s hown in Fig. 6 .
After bending. s older the posts
to the board In pla ce over the
feelers. Adjust the s tra igh t par t
of ea ch feeler wire s o that It's
ce n te red u nder th e post. Mak -

.,
RIO

AIG IfT
ANJ£NNA

• One 'Itle-inch threaded hex standotl
lor the roller-ball assembly. cross-drilled
onthe bottom end
• One mounting screw lor rouer-bau
standoff
• Two spring-wireantennasrleelers
• Twoantenna posts
• Two 'loSe·inchthreaded hexstandoffs
and mounting screws lor thePC board
• Rubber pads and eonestve-backed
leUlor the twobattery holders
• Two rubberbands
Nole: The following Items are evan­
able from The Electronic Goldmlne,
PO Box 5408, SCottsdale, AZ 8526t
(602) 451-9495: (Add $3.50shipping!
handling)
• Complete robot kit (C6466, bat­
teries not Included)-$39.95
• PCboard only-StO.OO

LEFT
AUTIN'"

• Metal chass is plate, approx. 3J.l1
inches wide (after the sides are ben t up
8190" angles) x 3\7inches long. drilled
to accommodate all other hardware
• Two DC motors with shafl pulleys
• Two lront wheels (the kit uses two
plastic knobs, l V.-inch outsidediameter,
with y., ·inch shaft hole)
• Twonylon or metalwheelsleeves,V. ­
inch outside diameter, J.il· jnch inside di­
ameter, ' Yle·inch long
• Two nylon bushings, J.?inch outside
diameter, y.-inch inside diameter, 'Ia­
inch thick
• Two t-inch wheel screws with a nut
and washer lor each
• One "·inch diameter roller ball with
holedrilled throughthe diameter
• One toner-ban axle screw with two
nuts and two washers



Operating tips
Find a la rge area a nd turn on

th e robot. The robo t works best
on a smoo th . hard floor. It docs
not work well on carpeting , ce­
men t. d ir t. or asphalt . Th e back
up time de lay should always be
much shorter than either the
left or righ t u me delays. If th e
left or right delay Is really long .
the robot will mak e loops and
other s tra nge movements . In
s mall spaces a ll time delays
shou ld be kept s h or t and in
larger spaces longer time delays
work better, Make su re tha t th e
obs tacles th e robot encounters
a re so lid all th e way down to the
floo r. Whe n th e rubber bands
gel dirty from p rolonged use.
they will begin to s lip. Replace
them wh en ever necessary R-E

FIG. 7-HERE'S WHAT THE ROBOr S
board looks like close up. You can also
see how the feelers work.

Final assem bly
Ins tall felt s tr ips on th e so lder

side of the PC board wh ere the
battery packs will come in con ­
ta ct wit h It. Lay the battery
holde rs (wit h batter ies in­
stalled) In to chassis wit h the
wires com tng out on top near
th e motors. Se t th e board on to
the standoffs and secure It with
one nut on each s tan doff. Do
not overti ghten the nuts .

len wh eel sho uld reverse dtrec­
(Ion for a short period of lime
lLED2 will a lso light for just a
secon d ). Now bum p the righ t
a n ten na: LED2 should light up
a nd t h e r ight whee l s hou ld
change d irection . Bum p both
a nte n nas : LED I a n d LE D2
sh ould light u p and both whe els
s ho uld change direction.

sure S I Is In the "off' position
and pu t fou r MAA" bauertes In
the ho lders. Hold the robot In
you r hand so that the wh eels
ca n spin freely. and tu rn on the
power. Both wheels shou ld be
turning In the forwa rd dtrec­
lion . If either wheel Is tu rning
In the wro ng direc tion you'l l
have to reverse Ihe leads going
to th at motor.

Se t RIB a nd IU 9 fully clock­
wise a nd se t H20 fu lly co u n­
te rclockwis e. With the motors
runn in g. bump the left an ten­
na: LED! sho u ld light and the

ANTENNA
WIRES

FOIL PATTERN FOR THE ROBOT shown actual size.

Ing sure the feeler is not touch ­
Ing the pos t . so lde r th e straight
end of the feeler to the board .
The feelers mus t not touch any
part of the posts a fte r they're
so ldered in place: reh eat the sol­
de r If necessa ry to reposi ti on
the feelers . Check the operation
of the feeler by pushing on the
circu lar pa r t-the s tra igh t part
of the feeler sho u ld hit the pos t.
Figure 7 show s t he fin is hed
robot.

S olde r the battery-bo ld e r
wires and the motor wires to th e
poi nt s shown In Fig. 5. Make

FIG. 6-THE FEELER WIRES are Installed as shown here. The teeter pos ts are sol ­
dered tothe board over the feelers. with the straIght part 01each feeler centered under
the post.
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a n address DlP sw ltch. As
far as software goes. well
use BASIC due to it's
broad popularity. but al­
mos t any other language
can be used .

Sending a byte
Refer to Fig. I for the

Iollowtng example. When
the BASIC Ins t ruc tion .
"OUT 7 6 8 .8 5 " Is ex­
ec uted . the byte " 8 5"
(0 1010101) Is sen t to ad­
d ress "76S" (where the
11000 restdes), The PC ex­
p ans ion bus a d d r ess
lin es A5-A9 a re attached
to t h e ca r d-a d dres s
block . along with the
ADDRESS ENAULt; {AF.'NI
line. which Ind ica tes that
the address data Is valtd.
an d the WRln ; (\\o'R 1 lin e.
whi ch indicates that an
"out" wa s performed . If
the AE:N and WH lt n cs are
low (logic 0 ) and the ad­
d ress lines match the DIP
switch sett ings . an a -b it
magnitude co m parator
In th e card-a ddress block
changes state (goes lowj,
Th at tells the 11000 that
th e CPU h as selected It.

The PCS WH iTt; p ulse.
In conju nc tion with the
ENAIlLE puls e from th e
ca r d -a d d ress bl o ck .
causes the add ress la tch
to store th e add ress. an d
the data la tch to s tore the
PC b us data , Al t hat
po i nt, t he 11000 Is
fini shed us ing the expan ­

s ion bus . and It places the data .
address. and SEND pulse on the
Interface cable that Is goi ng to
the peripheral. The SEND pulse
Is sen t along a s confi rmation
th at th e data an d address Infor­
mation Is valid . Approximately
750 n anoseconds la ter. the
11000 sends a SOD-nanosecond
peripheral WRfi'E pulse. By the
ttme the WRITE pulse reach es the
pe ripheral . the d at a . ad dres s .
and S t;NU pulses have fini shed
any r inging associated with par­
a llel Interfacing. Additio na lly.
each of the s ignals mentioned
a re terminated and buffered on
the 11000 and at th e peripheral.
That defea ts anverror an d noise
{reflectio n. "b o u n ce , a nd

STEVE WOLFE

nected In parallel . uslng 25-con­
duetor ribbon cable. The 11000
Is si mple to program: an "out'
or "wr it e" co mmand sends a
byte. and an "In" or "read" com­
mand receives a byte.

nooo opera tion
Each card InaPC has Its own

address. That Is neces sary to
ensure that In formation Intend­
ed for a ce rta in ca rd Is received
on ly by that card. and to ensu re
tha t on ly one card can p lace
dat a on the bus at a time, Typ­
Ically. the 11000 Is set La address
768 (hex 300)-an address th a t
IBM left ava ilable for prototyp­
Ing . The 11000 ca n be re-ad­
dressed as needed by chan ging

=- --_.-.J
=-~---J

PC-BASED
TEST BENCH

In this series of articles
we'll be building various PC­
controlled test equipment­

but first we need a
universal interlace card.

A PC IS TIlE PERFECT TIliN G
to use to accu mulate . ma­
n ipulate. plot. and s tore
th e res u lts of an experi­
men t. PC -based test
equipmen t has an ad,va n ­
tage ove r traditi onal In ­
st rumen ts: since vario us
In struments sha re the
same PC. the money that
would norma lly be s pen t
dupli ca ti n g the di s p lay.
keyboard, etc .• can be
saved . That's the Idea be­
h ind th is seri es o f arti­
cles . Well build a number
of PC-based tes t Ins tru­
men ts , Includ ing a ca ­
pacttance meter. a 100-
MHz frequency counter, a
logi c IC tes ter/ldentlfler.
and an oscilloscope. Well
star t this mo n th with an
Interface ca rd.

The search for th e per­
fect PC Interface begins
wit h the ser ial port. Un­
fortu nate ly. th e seria l
port Is too s low for trans­
ferrin g large quantlt les of
d ata need ed to co n trol
an d monitor test equtp­
m en t. Anot he r pos­
sibility Is the parallel port
which can transfer 8 btts
in 500 nanoseconds (best
easel. Unfortu nately. the
parallel port Is n ot truly
b idirectional. A cou ple of
handshake lines ca n be
used as data inputs . but
t ha t mea ns convertin g
fa st pa rallel d a t a Into
s lower ser ia l da ta . Also.
several data lines would
have to be sacrificed so that they
could be used as address lines .
Anothe r p os s ibl e sol ution
would be to connect a circu it
di rec tly to the computers ex­
pan s ion bus. Tha t wou ld be
very fast and easy to program.
but It would require giving up
a n ex pans ion s lot every time
you added anot her device.

What's needed Is a gene ral­
purpose. fu lly bid irectional par­
a llel po r t that can selec t a nd
drive d ifferent pe r ip h erals all
connect ed to a s ingle gener ic
ribbon cable. Tha t Is all con­
ta ined In the 11000 Data In ter­
face that well butld thi s mon th.
The 11000 can address up to 256
pertphe ral devices . all eon -



Detailed op eration
lake a look at the timing d i­

agrams In Figs . 2 and 3 a nd th e
schema tic In FI~. 4 . A 74LS688
8 -bit magnitude comparato r
(lCI) compares DIP switch Si s
setti ngs to the address present
at add ress lines A5---A9 (PI. pins
A22-A26l. It also checks to see
th at WH: and AEN a re low. When
those co n d itions a rc met. IC I
p in 19 goes low. telling the 11000
th at It has been selected by the
CPU. Add ress lines An-At (P I
p lnsA27- A311are connected to
IClO. a 74LS573 add ress la tch .
When p in 19 of ICI goes low. It
causes pin 6 oflC 2-b {a74LS86)
to go high. latching the add ress
in forma tion Int o IClO . When

pe riphera l where the bytes do
n ot match . that pe ripheral will
Igno re or d isconnect itself from
the da ta b us. Once a periphcral
has bee n ca lled . U continues to
be con nected to the da ta bus
un til ano the r bas +3 1 act tvatcs
a di fferen t per ipheral.

Suppose peripheral I is an N
D conver ter with a u n it address
ofOand peripheral 2is a capact­
tance meter wit h a unit address
of 4 , An "ou t bas e-S t .O" would
selec t th c N O conver te r u n it .
Th c N O would not ac tually do
a nyt h ing other than con nect to
the bus . After that. outs and ins
to addres ses be tw een ba s + 0
(768) a nd bas +30 (798) would
cause the N O pe riphera l to per­
form It's job. An "ou t bas + 3 1.4"
at th is poin t wou ld rem ove the
NO conver te r from the cable
a nd co n nec t the capacllance
meter. Agai n . outs an d ins In
t he range ba s + 0 to bas + 3 0
would con trol t he Inst rument
selected.

Ftnalty, an "out bas + 31. 9 9"
would di sco n nect both of the
per ipherals from the in terface
cable . T hat occu rs beca u s e
there is no device cu rrently con­
nected wit h a hard-wired Idenn­
fica lion byte of99. The data bus
Is eigh t bits wide. so 256 (2"')
di fferent per ipherals ca n be ad­
dressed . Leavtng bas + 3 1for ad­
d re ssi n g d ifferent u n its. 3 1
add resses (0-30) remain for ac­
cess ing le g wit h in eac h u nit .
The to la l nu mber of locations
accessible by one 11000 Is 7936
(256 x 3 1).

ORMR
BUffER
WAVE­

SHAPER

.

played on the PCS monitor.

Control register enable
The 11000 has the ability to

talk to 32 locations withi n 256
peripheral devices . Tha t t re ­
mendou s Ilexrb tltty Is acco m­
plished th rough the usc of the
con trol regis ter; When th e 11000
is set to a base address of768 . It
Is ac tu a lly active from 768 to
799. and covers 32 addressable
bytes . If we say that the variab le
"bas" is equal to 768 . then one
11000 ca n cover bas + O (768 ) to
bas +3 1 (799). With in the
11 0 00 . ba s + 3 1 has bee n de­
coded to a si ng le line. In other
words. when an "out" is sent to
bas +31. the C REN line goes low.

When the ClmN line goes low.
a ny peripheral a ttached en ters
a co m pa ra to r mod e. While In
tha t mode . each periph e ra l
co m pa res the informa tion on
the data bus with Its own hard­
wired Iden ti fica tio n byte. If they
match . that per ipheral will at ­
tach Itself to the data bus . In a

SEND
PULSE

.§iN. .1~ f-------....

~I:---

::.11:---

DATA
lATCHES

~~~s •":::"H- - -

ADDRESS

PC -SION
BUS

"'-M
Rl>.wRtAEll

-

M- M AD

. PC DATA BUS 00- 07 •

Receiving a byte
For the following exa mple. we

will execu te the line of BASIC:
A = INP(768) , A =INP(768) ,
PRINT A. Wh en t he A U DJU':S S
ENAULt: lAEN) and the PC S IU:AD
hml lines are low. the card-ad­
dress section once again goes
low. a nd the send a nd add ress
In formation is sen t to the pe­
ripheral. A READ pulse Is sen t to
the pe r ipheral 500 na nosec­
e nds later. whtch causes the pe­
rlpheral to send the dat a back to
th e 11000. The data from the pe­
rlpheral Is st ored in th e 11000
250 nan oseconds la ter. The sec­
ond In pu t s ta temen t moves the
dat a from the 11000 to the varia­
ble tAl. Finally. th e byte Is dts -

FIG. 1-11000 BLOCK DIAGRAM. Th is interface will let your PC co mmu nica te with the
te l t equ ipment we'll be working on In future articles .

crosstalk ) problem s commo n ly
ass oci at ed wit h pa ra llel dat a
t ra ns fe r. T he pe r iphe ral reo
sponds to t he wmn:.: p u lse by
s tor ing the dat a byte (I>o-m)
w ithi n th e location d ict at ed by
the a ddress In formatio n (Ao-M)
tha t It received .
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a nd SENi) puls es pass through
ICI3. a 741.554 1 line d r tve r/
buffer. T he Wii puls e Is reshaped
by R9 and C30 to a waveform
more s u ited to a long cable with
Inductive rea ct anc e. The SEi'ffi
pulse Is simila rly res haped by
DIP res is to r RIO (p ins 6 and 11)
a n d C 2 7 . Du r i ng a Wii
operation . the data lin es DO-Il7
a re co nd iti on ed by R ll. RI6 .
a nd C3 1-e38 on the way to the
pe r ipheral device . The address
lines at the output of ICIO(Ao-M)
a re con d it toned by RIO a n d
C22-e26. Those address lines
a nd the "\:fo: NIl pulse are a pplied
to IC I I. a 741.5 138 demultiplex­
e r. If \V1':Nf) Is low and the ad­
d ress Is e q ua l t o the b a s e
address l768 ) plus thirty one (as
dis cuss ed earlier} , prn 7 of ICll
goes low producing the C Rfo: N
pulse .

, "

, "

PIN 11

"

MOOOPARTS UST
All resisters are Yo·wan, 1%, unless

otherwise rored.
Rt A3, A5-1000 ohms. 5%
A2. A6-4320 ohms
A4-9090 ohms
R7. R8-20,OOO Ohms
R9-33Ohms
Rl0. Al1-33 ohms. l&-pin DIP resistor
R12-A14-10.000 ohms. multltum pc­
rentcmerer
RI5-4700 ohms. lG-pin SIP resistor
Rl6-2200 ohms, tc-pnSIP resistor
Capacitors
C1-e13-0.1S ...F. 50 vollS. monoIythic
or polystyrene
C14-C21-105 pF, 100 volts. dipped
m<a
C22-G29-1500 pF, 63 vons. poly ­
slyrene
C3O-O.001 IiF. 100volts. ceramic disc
C31-eJ8--220 pF. 100 volts . ceramic
disc
C39-100 Ii F. 2S volts, electrolytic
C4()....C45-10 Ii F, 35 volts, electrolytic
Semiconductors
IC1- 74l $688D 8-bi1 magnitude com­
pa"''''
IC2-74lS86D quad 2-input XOR gate
1C3-74lS32D quad 2-inpul OR gate
1C4, ICS. IC,o-74lSS73D octal latch
IC6-IC9-74HCT221D dual one shot
IC11-74l S138Ddemumplexer
IC12- 74lSOBDquad 2-inpul ANDgale
IC13-74l S541Doctal buffer
Other compone nts
J1-Aighl-angle PC-moun t femal e
0825 connector
Sl--8-posilion DIP SWitch
Miscell aneous: 11000 PC board. PC
mountirlQ bracket and hardware wilh
D82S cnon. SOk:Ief. etc.

b and IC6-a. The WiITffi pul se .
gene ra ted by IC9-a . when ANoed
with the RENO pulse . produces
the S E ND pulse. The SiTIill pul se
tells the peripheral that the bus
Information Is valid , The \ VE ND

a nd S ~;N D pu ls es a lso enable
ICW a nd IC4 . a llowing AD-M
and n O- 1>7 onto the periphera l
buses .

At the same time IC9-b Is trig­
ge red . IC6 -a Is triAAered. pro­
duc ing a 750-nanosecond delay
pulse . As ICG-a ti mes out. It
triggers IC6-b. wh ich produces
a SOD-nanos econd WR p ul s e
th a i Is cen te red wit h in the 2-~s

SENI> timing window. The WR

leI ADOf\£S$ • • U-l--!--i .

VH.rD_" '~~

:::::::,Btttr-
I onpq-n-;-:-:V1.rj.-H-~

lC7.aPI~ 4 ',.". ' ~ I . , ..

I I I , ! 1 ! i , : I I~ ll l i l l l i ,, ! ,d l : l li ljl l l l l t, , , , ,

the WI( a nd EN pulses a t the In­
pu ts of lC3-a (a 74LS32l go low.
th e ou tp u t o f IC3-a docs the
same. Th ai ca uses the ou tp u t of
IC2 -c to go h l~h a n d moves
fl O-Il7 data from the PC In to
data la tch IC4 ,

C o m p o n e n ls l e 6 - I C 9
(74 1ICT2 2 1's ) a re ri sing-edge
tr igge red m onc stable mu lll ­
vibra tors (on e-s hots ) triAAcrcd
by rising pulses . After a pproxi­
mat e ly 500 n an os econds . the
W I{ and EN pulses return to thei r
tnacuvc high sta te and. as a re­
s ult . the ou tpu t of lC3-a retu rns
10 a h igh sta le. The ris in g edge
produced by IC3-a trtggers ICg -

, ,
1Cl~ LRO - 500 M
~ 5 ,",. . "

i:1'''D~ ~

D.'~':.:-=mmf::!r::Ennnmrrmm
PEflFHElIAl j , i i , , ! " ; " "" l , , , 1 , l l , , 1 ! , '" " l !

FIG. 3-UOOO READ, or " in" t iming sequence.
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11000 construction
To build the 11000 In ter face.

you ca n either buy a PC board
from the sou rce mentioned in
th e Part s Lis t or make one from
th e foil patt erns we've provided.
Insta ll parts on the boa rd as
shown in Fig . 5 . You wlU notice
that for many of the ca pacitors.
t he re a re three h oles on the
board . with two of them elec­
t r ically the same. Thos e tw o
holes are for mounting ca paci­
tors of di fferent s izes . Use the
pai r of holes that best fit the ca­
p a citors yo u u s e. Figure 6
shows a completed ca rd .

Receiving a byte
Wh en rece iving a b}1C. leI op­

erates the same as wh en It Is
sending except th at th e RD line
goes low. T he addres s d ata
(AO-Mlls again s tored In ICIO.
The RD and E N pulses go low.
and as a result IC3-b transitions
low. T he PC then reads back th e
con ten ts of res. {The Informa­
lion read back at thi s point Is
Irre leva nt . s in ce Information
from the periphera l unit has
not rea ched the 11000 ye t.I As
the iffi and EN pulses end. a ris ­
in g pu lse edge occ urs at IC3 .
That ac tivates IC7·a.IC8·a. and
res-a.

The RENii pulse Is produced
by ICg-a . which. wh en It passes
th rough ICI 2.-d . becom es SEND.

A SOO-nanoseco nd delay pulse
Is produced by IC7-a : as IC7-a
times ou t. it t ri ggers IC7-b .
which produces a tooo-nancse­
cond HD pulse which Is sen t to
the peripheral unit. (Th e S END

pulse a nd address Information
a r r ived a t the per iphera l 500
nanoseconds earlter.l Upon re­
cervtng the R D pulse. the pe ­
r ipheral sends th e 00-1>7 data to
the 11000 (lCB-a went ac tive a t
the sa me t tme as IC7-a . and pro­
duced a delay pulse of 750 nano­
seconds], As ICB-a tim es ou t. It
triggers ICB-b to prod uce a 500­
nanosecond latching pulse. The
pulse controls the Ut.TC Il line of
IC5 a nd s tores the Informa tio n
sen t by the peripheral du ri n g
the (still active) 1000 -n a nose­
cond 1m pu lse. A second Identi­
ca l In pu t s tate men t will now
ca use IC3 -b to p;o low. Tha t
agai n activa tes IC5 and returns
va lid da ta to th e PC.
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AG. 5-1NSTALL PARTS AS SHOWN HERE. For many of the capa citors tMore arethree
mounting holes to accommodate different-sized eapaencrs.

FIG. &--COMPLETED INTERFACE CARD. This Is Ins lalled In one 01your PC's expan-
44 slon slots .

The front e n d
Any l t Ouc-co m patt bl e p e­

ripheral must con ta in a n In ter­
face section to con trol the flow
of data and clean up any noisy
pu lse s . We'll ca ll th is In ter face
sec tion t he "fron t e nd." Th e
front end will be nearly Identical
for each IIODO-com pati ble pe­
rtpheral showcased In th is se­
ries of articles. Each peripheral
wtll con ta in Us own front end .
whi ch wtll be Included on the
main PC board. Although we
will nOL be di scussing any of the
PC peripherals th is month. let's
~o ove r the ope ration of t he
front end now.

As s h own In Fig. 7. eac h fron t
end con tai ns a da ta termIna­
tlon block and an add ress and
hands h ake te rm ination b lock .
These sectio ns are activated by
Inser llng push-on jumpers . If
th e jumpers are rem oved . the
term lnallon section will be elec­
trica lly Ine rt. The 11000 is capa­
ble of a d d ress tng up to 256 (2M)



BEN

DATA

TOANDfROM
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TERMINATION
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WR . eREN

8lDlRECTIOflAl I DATA
ORAREGISTER !-"""'-_\ TO REMAINDER

OF PfRPHERAl

WA. RD,SEND
ADDRESSLINES (AO - A41

COMPONENT SIDE ol lhe 11000 Interface board .

on t he bus a n d on ly a t t ha t
po in t. If mo re than one pe­
ripheral were terminated a t the
sa me place. the tenninatlon Im­
pedance and Its location would
be al tered . thus dtsrorttng the
pe rformance of the fron t ends.

After pass ing the ac tive or in ­
active tennlnatlon sec tion . the
data bus is attached to the Pe­
ri pheral Add ress Compara tor
(PAC) and the Bidi rectiona l
Data Register (BDR). Th e PAC Is
res ponsi ble for activati ng: a pe­
ripheral called by cm::N as pre­
viousl y des cr ibed . Ea ch pe­
rtpherals PAC sec tio n con ta ins
Its own unique address . If. dur­
in g: a n active C RE N pu lse . the
da ta on the bus matches t he
PAC ad d res s . th e PAC sec tion
produces a low BOA lm ENABLE

handshake (U F.N). Th at si gnal
a nd Its complement (m:N ) con­
nect the rema inder of th e pe­
r iphe ra l to the data bus and
handshake lines (RD. WH. etc.).

The BDR is now capab le of
passi ng data to. and recetvtng
data from. the main peripheral
circuitry. Th e BDR is con trolled '­
by nn, S"EN5. and m ;N. Those ~
lin es tell th e UDf{ th e d irection ­
of da ta movement as well as the .~
timing of that movement. After :D

pass ing th e active o r Inactive .~
termina ti on se ction . t he a d ­
d ress a nd handsha ke s igna ls f
enter the address a nd hand- :5
sha ke buffer. The s igna ls a re ~.

round ed by the terminat ion sec­
tions to min imize crosstalk and
other noise associated with fast
rise a nd fall times. The add ress 4S

-

in parallelwith one another. Tcr­
minatl on of the data bus mus t
occu r at the most d is ta nt poin t

•••• -:!t..• • • • • • • • • • • •• • • • • • • • • • • • •
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periphera ls . The DU·25 con ­
nect ors on the rea r of each pe­
riphera l are s imply con nected

FIG. 7-ANY 11000-c OMPAn SLE PERIPHERAL must conta in an interface sect tcn to
control the llow 01data and clean up any noisy pu lses. Thi s front end will be nearly
identical for all 01the per ipherals .
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FIG. 8--fRONT-END SCHEMATIC. Each lronl end contains a data termination block
and an address and handshake termmancn block that use push-on jumpers.



SOLDER SIDE of the 11000 Interface boa rd .
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FRONT-ENDPARTS UST
Resistors

R1-33 ohms, 16-pinDIP resistor
R2-2200 Ohms. H)·pin SIP resistor
R3-1000 ohms. 1().pin SIP resistor
Capacitors
C1-G7--Q.15 .,.F, 50 vons. monoIyIhic or
polystyrene
C8-C11, C20-C28-1500 pF, 63 \,OIls.
polystyrene
C12-e19-220 pF, 100 volts, ceramic
disc
semiconductors
ICl-74LS573D octallalch
IC2- 74LS688D 8-bil magnllude com­
parator
1C3-74LS245D octal transceiver
1C4-74LS020 quad 2-input NOR gate
IC5, IC6--ocIaI butler
IC7- 74LSOBO quad 2-input AND gate
Other components
Jt-1&-pin male header
J2-18-pin male header
J3--Righl·angle pc-mount male 0 825
cconecto-
Miscell aneous: 17 ShOrting blocks (tor
Jt and J2), solder, etc.
Note: The lollowing Items are avail­
able from TSW Electronics Co rp.,
2756 N. Univers ity Drive, Suite 168,
Sunr ise, FL 33322 (305) 748-3387:
• 11000 klt-$65.00
• 11000 PC board only-$35.00
• 11000, assemb led and tesled­
snoo
• 6-fool interface cable (0 8-25-6)­
Sl2.95
Add $3.00 S&H for each order. send
check or money orde1' only.

bi nary 4 appears a t the output
of ICI and, s ubsequently, at the
Input of IC2 , an g-bn magni­
tude co m pa ra tor. The m agni ­
tude comp a ra tor (IC2) com­
pares the byte fed Into It from
ICI wit h Its h ardwired add ress
(sec th e IC2 address-con figu ra­
tion cha rt con tai ned In Fig. 8).
If the two bytes match , pin 19 of
1C2 goes low (llE'N ). BEN Is then
comb ined with s~:l'm by IC4-b to
produ ce t he OUT PU T ~: NA8LE

control line signal fOE ) used by
IC3. wh ich transfers all the data
to and from the peripheral.

When BEN is h igh . IC3 Is In ac ­
tive. The Il EN line (IlE N'S com pli­
ment) Is produced a t IC4-e a nd
enables or d isables the ch tp-se­
tee t sec tion In the periphe ra l err­
cut try

The lII~N and HEN lines a rc the
p r imary lin es tha t determi ne
whethe r a per ipheral on the bus
Is ac tive or dormant. The direc­
ti on p in on IC3 IDm) is co n ­
trolled by the iffi pulse . The Ri5
pulse Is high during a write op-

-------

---

var iable "bas.' L ine 20 causes
the SENTI a n d Cfi"E'N puls es at IC6
pins 8 a nd 9 to go low (refer to
the timing diagrams In Fi gs. 2
and 3) . I f the sh orting block s
h ave been In s tall ed at h eader
J 2, then the RD. WH. ADDlU:SS.

SEND . a nd em:.:N Jines a re a ll te r­
minat ed. Li ne driver IC6 re­
stores the original wa ve shape
of a n}' s ignals fed to It . The SF-NO

and C IU': N pulses exit IC6 a t pins
12 a nd I I. If the shorting blocks
have been Installed a t JI. then
the da ta lines 1>O-Il7 are termi­
na ted . Eit her way, the da ta Is
fed to the Input of la tch ICI : IC3
Is Inac tive a t th is ti me . At a tim e
750 nanoseconds lat er, the wn
pu lse en ters IC5 ·a where It is
res haped. It Is combined wit h
the cleansed C R E N pulse by IC4 ­
d to produce th e \\'H ·C IU :N pulse.

The WR-CREN pulse latches the
dat a ta bina ry 4) Int o ICI. The

••

••
• ••••• •

• •• • j•

and handshake buffer res tores
the ortu tna l fas t r is e a nd rail
ti mes of the s ignals.

Sen ding a byte
When descrtbmg software-re­

lated fu nction s. well again u se
BASIC due Its wide popularity
a nd we 'll a ss u me the followi ng
i n itial cond i t ions:
• The base address of the 11000
Is 768 Ihex 3001.
• T he front e n d of the p e ­
ripheral has n ot been selec ted.
• The address of the peripheral
Is 4 .

Refer to the fron t-en d sche­
m a lic In Fl ~ . Band the follcwt ng
so urce code : -

10 BAS =768
20 OUT BAS +31.4
30 OUT BAS +2.170

Line 10 In that exam ple as­
signs the a dd ress "768" 10 the
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Lines 10-30 are assu med to
have bee n executed previously.
Therefore. ou r theore tical pe­
ripheral has alre ady been se­
lected Iacttvatedl, Line 40 pro­
du c e s a r ead fun ctio n a s
des cribed ear lie r. The S"ENi)
pu lse goes low. The addres s
lines (Ao-A41 fu nction as they
did dur ing the wr ne Iunct ton.
At a ti me 500 nanoseconds
later. a I-IJ.S fill pulse is received
by the front end. It is reshaped
by rC5·c a nd IC5-d. The RD pu lse
passes through lC7·d to IC3 pin
I. Th e pe riphe ral s ide oflC3 be­
comes an octal Inpu t whtle the
11000 s ide of IC3 becomes an
octal ou tput.

The ill pu lse a r r rves at the
read chi p-select sectio n of the
pe ripheral circ uit ry. The flO
pulse. in conjunctio n with the
address lines . cause the target
IC to place Its byte onto th e bus.
The t ra ns m itted byte pa sses
through IC3 to the 11000 wh ere
It is latched. A data bus dt rec­
tlonal delay (DBDDl ls provided
by IC5-e-IC5-h In combIna tion
with IC7-a-IC7-d.

Th e DBDD provid es a delay
after the read cycle has fin ished
before return ing IC3 to Its nor­
mal "ou t pu t" co nfigu ra ti on .
That prevents IC3s per iphe ral
s ide from going in to Its low-Im­
pedance s ta te before th e IC that
was just read is able to de-acti­
vate . Line 50 causes the byte
latch ed in th e 11000 to be sen t to
the PC where it Is s to red under
the variable ''A.'' Line 60 prints
the value con tained In variable
MA" on the sc reen .

As mentioned before. the re's
no se parate fron t end PC boa rd :
ea ch per iphera l con tai ns Its
own front en d . Next month
you l l see the front-end parts tn­
stalled on the fir st peripheral
board we'll work on : the TWOl.
That peripheral con ta ins a 100­
MHz frequen cy coun ter for d ig­
It al s igna ls . a per iod eve n t
meter. and a ca pacitance meter
cover tng 1 picofarad to 10.000
m ic rofa rads . Other PC-bas ed
test Inst ru ments tha t we will
build In fu ture ar ticles. Include
a lagle-Ie tester/id entifier. a nd
an ND-D/A peripheral tha i can
also be used as a low-frequency
8 -chan nel d igital s torage os ­
cilloscope . R·E

cratlon . al lcwtng data to flow
from the 11000 side of IC3 to the
peripheral side of IC3 .

Line 20 in the software exam­
ple activates the peripheral by
caus ing i"iEN to tra nsition low.
Line 30 In the softwa re example
will not affect lCl or IC2. As ex­
plained ea rlier. only a n "ou t" to
bas + 31 will ac tiva te CiiEN. Line
30 will cause the following se­
q ue nce of events : SEiiffi will go
low. The data (a decimal 170 in
this easel wlll pass through IC3
to the periphe ral circuitry. Ad­
dress Information (a decim al 2
In th is easel will pass th rough
IC6 to the peripheral circu itry.
At a time 750 nanos econds
la te r. a 500 -n a n oseco nd WI{

pulse will pass through rc s to
th e peripheral circu itry. The ad­
dress Is decoded by the ch tp-se­
lect circu it In the periphe ra l
a nd the WR pulse is then routed
to the addressed IC. Any "out"to
a n address between bas + 0 and
bas +30 w1lllnit iate the process
comma nded by line 30.

Receiving a byte
As we describe how the front

end end receives a byte from the
11000 Interface. lets assume the
followin g In itia l cond itions:
• The base address of the 11000
is 768 (hex 300).
• Th e fro nt e nd of t he pe ­
ripheral has been activa ted at
a n earlier time.
Next refe r to t h e foll owing
sou rce code :

40A=INPIBAS + 3J
50A =INPIBAS +3J
60 PRINT A

Termination
The terminati on sections are

composed of J I. Cl2-CI9. R2.
J2. C20-C28. a nd R3. Those
sectio ns provide a termination
Impedance to ground as well as
a n R-C time constan t. The ter­
m in ation impedance reduces
t he reflected s ignal caused by
t he inducti ve a n d re s is tive
properties of the s ix-foot cable.
The R-C time consta n t s lows
down th e rise and fall times of
the s ignal In the cab le. thus re­
ductng cross talk. As stated ear­
Iter, t h e o r igi nal t ra n sit io n
ti me s a re s u bseq uen tl y re ­
stored.
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This solid-state thermostat
can replace those old
mechanical units at

a cost of less than
twenty dollars!

53

a ture Is not measu red!
Nat ional Semiconductor has

been maktng a number of temp­
erat ure sensor/co n trollers for at
lea s t 15 yea rs . The LM3 911
( - 25 to + 85°C) and the LM35
(-55 to + 150°CI are two exam­
ples . Th ey a rc easy to work Wi th .
but they a re more d ifficult to
find an d ones with a large tem­
pera ture range a re n ' t exactly
cheap.

Se nsors are also made by lin­
ea r Technology (the LM134 with
a -55 to + 125°C ra n ge) and
Analog Devices (the AD590 wt th
a-55 to + 150°C range) as well
as dozen s of others . Th e only
catch . besides ava ila b ility. is
that th ey arc precis ion sensors
mea n t to measure as well as
cont ro l tempera ture. They are
also qu ite expensive.

Complete controllers are also
made by ot her compan ies suc h
as Omega. b ut the cost Is about
the same as a cheap personal
computer. That Is due partly to
super accuracy a nd dtgtt al tem­
perature readout.

Looking around
Before anyone decides to de­

sign a nd build somet h in g . it
pays to have a look around to
see what's available on the mar­
ket. F irs t there 's the Rad io­
S hack Thermometer/Controller.
Total cos t (with switches. etc.I ts
about twenty eigh t dollars. The
tem perature range Is - 40 to
+50°C ( - 40 to + 122°F). and It
has a digita l readout and tem­
perature m emory. S o far s o
good-If the temperature range
suits yo u r n eed s . Max imum
measu rement speed is once per
second. However. the real dra w­
back is that If the temperature
limit Is exceede d . the outpu t
goes high for one minute; dur­
ing that time period the temper-

Iter, or turn on cooling fans .
you 11fin d that this simple solid­
state thermosta t wlll do theJob .
Note that th is projec t Is only a
con troller. so you mu s t supply
the heater (or cooler l. a su itable
relay. and a tem pe ra ture-mea­
suring device for ca lib ra tion .

TIl~; MI':ASUHEMI':NT AND CONT I{OI.

of temperature Is one area In
which ele ctronics has h ad a
great impact. From "set back"
home thermos ta ts to laboratory
con trollers \\11h ::!:c .cot-degree
acc uracy and digita l fever ther­
mometers . the u s e of elec­
tronics has all bu t elimi nated
mechan ical systems.

Many methods are u sed for
mea suring and con trolling tem ­
perature. Including the expa n­
sio n of mercury or alcoho l. b i­
met all ic st r ips. the rmis tors.
s ilicon senso rs, a nd thermo­
co u ples . Ea ch has Its ad van­
tages and disadvantages.

The a u tho r wa s rec en tl y
asked to desi gn a n Inexpens ive
th ermostat to rep lace some old
hi -m etalli c-t yp e thermostats .
The new the r mos ta t had to
meet the ± 5°C accuracy of the
bt -me tallt c s trips. have a -50 to
+ 150°C range. a nd cost less
than twenty dollars . A simple
soli d-state thermostat was the
only so lution .

Whether you 're rrytng to keep
a fish-tank tempe rature to wit h ­
In tOC. mainta in working tem­
perature for PC-boa rd etchant.
sh ut down anoverheated a mptt-



Rollin' your own
When so many peop le a rt'

m a k in g tempera ture senso rl
con trollers. whv b u ild one from
sc ra tc h? There a re two bas ic
rea sons :
• Co m m on ly ava ilable pa rt s
can be used .
• You ca n con trol s uch param­
eters as accu ra cy a nd te m pera ­
tu re measu remen t bandwidth .

Th eory of operati on
If a c o n sta n t c u r re n t I s

pa ssed through a n o rd ina ry s tl­
Icon di ode. th e voltage across
the diod e will be a fu ncti on of
tem p eratu r e . T he re a re m ore
accurate ways to measure a nd
co n t rol temperatu re. but a t
twenty for a dollaryou ca n ' t beat
the pr ice. and con trol accu racy
of = O.5°C Is typt cal.

The ac tual volta ge across th e
diode with 1milliamp ofcu r ren t

pass ing through it Is abo u t 0.75
volt a t - 50°C and 0 .35 volt a t
1 50~C. Tha i works out to about
2 millivolts per °C. Although a
co n t roll er cou ld be made to
work at that level. a little ampli ­
fication ma kes Ihl nAs m uch
s impler.

The schematic of the con trol­
ler Is shown In fiA . 1. Tran­
s is te rs QI and Q2 make u p the
I-m ill ia m p co ns ta n t -cu rre n t
so u rce for th e tempe ratu re­
sens ing d iode, DI. Th e ba se ­
emIller juncucn ofQ l ls used to
temperature-compensa te t he
base-emitter drop of 92. The
1,25-\'0It reference of the LM3 17
regulator a ppears ac ross re­
s is tor R4, keep ing the emitter
cu r ren t (and th erefore the 001­
lec tor cu r rent! ofg2 cons tan t a t
abou t 1 milliamp. The actual
amou nt of cu rre n t isn 't nearly
as cr it ica l as the fact lhat the

cu rren t remai ns cons tan t.
Differen ti al a m pli fie r IC I-<t

serves two purposes . The first Is
to subtract a DC voltage from
the tem pera tu re-sens ing diode
DJ. That's necessary so tha i a
DC am plifie r ca n be used to a m­
pli fy the s ignal from DI wit hou t
saturat ing .The signal is also in­
ver ted by ICI ·a so Ihat an in ­
crease In temp era tu re produces
an Inc rease In voltage.

Op-am p IC I· b Is con figu red
with a ga in of II (I + RII /RIO).
Tha t ma kes t he Job of co m ­
parator ICI -d eas ter;

The temperature set point is
con trolled by res is to r R15 a nd
buffered by le I-c. Note that by
cha nging the values of RI4 a nd
RIGvou ca n restrict the con trol
ra nge, making It easy to vary.'
the se t po in t in very fine s teps .
Using the values sho wn . con trol
Is adjusta ble from abo u t - 50 to
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FIG. 3-THE TE MPERATURE·SENSING
diode can be seated In a length of grass
lubing and sealed with RTV enteene . You
must use a shielded cable between the
probeand the measuringcircuit.

lEO~ Q3

~..l 0 '..,....".....
t~;.-RS- -RI2~ ~ ~
JI + - R6-:: E)' -RI3- +

JI~C3~ tel =,R l~l ecf),
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R1 5'n..J -1110- i RI' ..

• ."",~_;R"14JUl 11 ~-
02 .8i J +'\Z"

!Q L "' <. •
O Rl- \,.:J Cl ~

01 --'- R2- IC2 .

FIG. 2-PARTS-PLACEMENT DIAG RAM.
Any method01 construction can be used.
bUI irs best to use a PC board. You can
make one fromthe loll pattern we've pro­
vided or buy one lrom the source men­
tioned in the Parts LIst.

solid-s ta te re lay. A solid -state re­
lay Is p referable s ince Us re­
lia bility Is much greate r tha n
tha t of a conven tional re lay. (If
you 'd like to build your own sol­
td-state relay. s ee Radio -El ec ­
tronics . May 199 2 .1 Any relay
rat ed from five to twelve volts
will work Ifvou co n ne ct It to the
postttve s ide of C I through the
appropr ia te res is to r. Tha t re­
sis to r valu e ca n be ob ta ined by
divi d ing th e vo ltage d rop r e­
qui re d by t he c u rre n t con ­
s u med b y t he rel a y. If a
co nve n ti on a l rela y Is u s ed. a
s n u b b ing d iod e s uc h as a
IN4002 s hou ld be used to pro­
tec t Q3 when the re lay tu rns off.

Construction
Any method of constructton

can b e used s in ce t he r e Is
nothing cr it ica l a bo u t the ci r­
cu it layou t. bu t It will be easter
ustng a PC board made fro m the
foil patter n we've provt ded o r
one pu rchased fro m the source
me ntioned in the Part s List. Do
not s u bs ti t u t e a noth er reg­
ulator for the LM3 17. In addi­
tion to provid in g a regu lated
milage. th e LM3 1Ts 1.25- \'011
refere nce Is u sed to operate the
co nstant-cu rrent sou rce for d i­
ode 0 1. Figu re 2 shows t h e
parts-placemen t d iagram.

Twelve-vol ts AC can be s u p­
plied from Just abou t a ny trans­
form e r s inc e on ly a few m ill i­
amps a rc required- no t cou nt ­
Ing th e re la y c u r re n t. Relay
curre n t of up to 100 m illiamps
ca n be ha ndled by Q3 .

The tempera tu re probe ca n be
made of meta l or g lass. T he d i­
ode Is so s mall that It ca n be pu t
In to s ta nda rd glass tub ing a nd
s ca led with RTV (room-tem pe r-

Temperature Range
1<,
•(Degrees C) Rl' RIS R16

~
- SO 10 - 30 10K l K 330ll "- 30 10 - 10 9.1K l K 1.2K

~- 10 to 15 8.2K l K 2.2K
15 to 35 7.5K lK 3.3K ~
3510 55 6.2K l K 4.3K

.L g
55 1075 5.1K l K 5.1K FOI L PATIERNlor the solid-state ther-

,
75 to 95 4.3K lK 6.2K

<;

mostat shown actual size. •
95 10115 3.3K lK 6.8K

115 101 35 2.2K lK 8.2K a t urc vu lca n iz ing) s il ico ne .135 10 155 1.2K lK 9.1K
Coa ti ng th e d iode wuh RW s tl- 55

+ 150"C. With tha t mu ch ra nge .
a s mall move ment of a sl ngle­
turn pctennomcter will produce
a la rge cha nge In the set po int.
A ten-tum potentiometer wou ld
be a better choice for a la rge­
r ang e t he rmosta t. Tab le I
s hows recommended values for
R14. R15. a nd RIG for s maller
temperature ranges.

Co m para to r IC I-d compa res
the set-po in t volt age with the
output voltage of IC I-c . If the
voltage a t TP3 Is g reater than
T P4 . t he o u tp ut o f the co m ­
pa rator will he low. th u s s hu t­
ting off tra ns is tor Q3. If more
h eat Is ne ed ed. the voltage a t
TP3 will be less than TP4 a nd
the com parator ou tp u t will go
h igh . tu rn ing on Q3.

Res ts tors RI B a n d Ri g p ro­
vide s ome hysteres is . Provid in g
a s mall a mo u nt of hys teres is in
a comparator ens u res a smooth
transit ion from one state to the
o the r. Although it limi ts the ac­
cu racy somewhat. the benefits
far outweig h the dtsadva n ­
rages . Wit hout hys tere si s . t he
output of the comparator would
dit her. o r oscillate from o n e
state to the other when the In­
pu ts are about equal. Imagine
orderi ng a n oi l-bu rni ng furnace
to tum on a nd off a thousand
ti mes a second !

The a mo un t of hys teresi s ca n
be con trolled by res is to rs Hl B
a nd Rig . Decreasi ng RI Bwill In­
crease th e hys teres is a n d ca use
a grea ter temperatu re vartnuon
in the co nt roller. For exa mple.
u s in g th e h igh es t res is ta nce .
the te mpera tu re window migh t
be O.5"C. At the lowes t. it might
be 3 'C .

The ou tput of the controller
can con tro l a conven tiona l or

TABLE 1-RESISTOR VALUES



FIG. 4-THE AUTHOR'S PROTOTYPE. If you will need 10 adjust the temperature often,
run wires from the PCB to standard-type potentiometers.

leo ne m igh t also work a lthough
t he thermal time co ns t a n t
would probably Increase using
that method . You must u se a
s hielded cab le between the
probe and the measuring cir­
cu it . Figure 3 Is a close-up v lew
of the probe assembly with the
diode insta lled in a len gth of
glass-tub ing.

Th e printed c ircu it board Is
des igned to accep t two differen t
trim po ten tiometers . h ence the
four h oles instead of three. If
you mus t adjus t the tempera­
ture often . you mi gh t opt to run
wires from the PCB to standard­
type potentiomet ers. Figure 4
shows the author's com ple ted
prototype.

~sting

You shou ld first tes t the I­
m illiamp cu rren t sou rce. If the
vo ltage a cros s R4 mea sures
about 1.2 . you 're In business .-

Placing a m illiammeter in series
with 01 ca n con firm that.

For the purposes of testi ng.
irs handy to replace Dl with a
l K potentiometer. Since a eo n­
stant curren t of I milliamp Is
Ilowtng through the resistor. a
voltage fro m 0 to I volt ca n be
obtained de pendi ng on Its se t­
ting. Of cou rse that range Is too
mu ch sin ce t he d iode voltage
va ries on ly from abou t 0 .8 volt
at - 50°C to abo ut 0 .3 volt at
+ 150°C.

First measu re t h e voltage
fro m p in 3 of ICI to grou nd . It
s h ou ld b e a b ou t 0 .55 vo lt.
Using the IK pot entiometer. ad­
j ust TP I for the vol tages shown
In Table 2 . and make sure the
TP2 and TP3 vol tages agree with
Table 2 for each voltage at TP1.
Next check lhe temperature se t­
poi n t range. Measure the volt­
age from TP4 to grou nd: with
the poten tiometer se t at the ex-

PARTS LIST

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

Al-l00 ohms
R2-75Oohms
A3. R1D, A12, R17- 10.000 ohms
R4-1 200 ohms
R5-1000 ohms
A6. R7. Al ' -100.ODO ohms
R8-1 megohm
A9-56,OOO ohms
Rl3-2200 ohms
Rl4-1500 ohms (see text)
Rl 5-10,OO().ohm potentiometer

(see text)
Rl6-330 ohms (see text)
Rl8-1·megohrn potentiometer
Rl9-470,OOO ohms
capacitors
Cl -470 Jl-F.25 volts. electrolytic
C2,C4-10 J.l.F, 16\'0115, electrolytic
C3--0.1 iJ.F. Mylar
Semiconducto rs
IC1-LM324 quad op-amp
IC2-lM317L voltage regulator
D1. D2- 1N41 48 diode
LE01-light· emilling diode. any

color
Q1. Q2- 2N3906 PNP transistor
Q3-3N3904 NPN transistor
BRl- SO-volt bridge rectifier
Miscellaneous: 12-\1011 AC power

supply, PC board, glass or Other
sim ilar lube lor temperature
probe. RTV cement. wire , solder,
etc.

Note : Th e fo llowing items are
available from Q.Sat. PO Box
110, Boalsburg , PA 16827:
• PC board (Temp-PCB)­
$7.00 postpaId
• All parts (InclUding PC
board) except tz-vott tran s­
former (Temp-K IT)-S18.00
postpaid

Pennsylvania residents please
add 6% sales tax.

TABLE 2-TEST-POINT VOLTAGES

Approximate
Temperature

f C)

150

50

- so

TPl

0.300
0.350
0.400
0.450
0.500
0.550
0.600
0.650
0.700
0.750
0.800
0.850

TP2

0.766
0.717
0.665
0.616
0.566
0.515
0.465
0.415
0.364
0.315
0.263
0.212

TP3

8.3$
7.84
7.28
6.74
6.81
5.63
5.08
4.54
3.97
3.43
2.87
2.31

treme cou n te rc loc kw ise pos i­
tion . TP.4 s hou ld be about 0 .31
volt. Clockwise. It s h ou ld be
abou t 8.88 volts .

If th e tes ti n g works ou t .
you 're ready for the real test.
With R15 set cou n terclockwise
a n d th e te mperatu re-s ensing
diode at room tem perature.
I..EDI {and g3l s hou ld be off.
Turn Rl 5 s lowly clock wise un til
the LED comes on. Now heat the
d iode with a so lde r ing iro n or
match: the LED s hould go off. If
everyth ing Is a llright. the fina l
s tep Is to ca libra te the controller
with an accu rate temperatu re­
measuring device. R-E
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CLASSIC
VIDfO A~lI)S

!7[etJuited
Learn to put mature high
performance video amplifiers
to work in your latest
video and RF circuits.

57

ex ternal feed back La co n trol
gai n . the video amps have built­
In In temallocal feedback for op­
eratio n In th e ope n-loop mode
on ly. Because they Include only
NPN transi stors (as s hown In
Fig. I}, the ou tpu ts are always
2 .4 to 3 .4 volts above ground
w h en bot h Input s a r e
grounded.

Construction guidelines
You ca n take ad vantage of the

low prices for these devices in
you r next RF- or video-circuit
design Uyou a re wtlltng to follow
so me basic ru les for designing
a nd building radto-Irequency
circu its. So before you s ta rt to
build anyt h ing. let s ta ke lime to
review those gu idelines .
• Use only passi ve componen ts
tha t are stable a t radio frequen ­
cies. For exa mple. use on ly ca r-

repor ted . but you can expect to
pay from 70 to 90 cents for a
plas ttc-Dll> version from you r
d ist rib u tor.

There are slIgh t d ifferen ces In
performance between the 59 2
wh ich was Introduced In abou t
1974. a nd the 733 wh ich was
In troduced a few years later. For
most of the circu its in this a rti­
cle the 592 and 733 a re pta-for­
p in Interchangeable. Ftgure I Is
th e sc he matic of the 592. with
an Inset showing the circuit dif­
ferences In the 733. (The 592
has two transistors In Its first­
s tage d ifferential a mplifier (g i l
and g I2) while the 733 has only
one (g il).

Des tgners use bot h of these
video amps In the differential
ou tpu t mode for DC a pplica­
tions. or with AC coup ling for
s ingle-ended ou tpu t. In place of

lJANUWIOTl l S OFTI I t; LATEST MONO·

lithic vid eo a mplifiers h ave now
rea ched 600 megahertz. That
perform ance has been ac hieved
In dt fferc nttal two-stage video
am pli fie r IC 's because of re­
ce n tly In troduced vertically in­
tegrated PNP s tructu res . Th ese
new products have pre-empted
ea rlier. more mature video a mp­
lifiers . In cluding the 592 and
733 . from many new designs.

Nevertheless . the 5 92 a nd
73 3. in t rod uced In t he carly
19 70's for suc h applica tions as
tape- or d isk-memo ry read a m­
plifiers remain versat ile devices .
Lead ing-edge vi deo amps In
the ir day. they offered typ ical
differential voltage gai ns of 400
a nd a djustable pass b a nds .
Moreover. neither requi red fre­
quency compensatio n. The typ­
Ical bandwidth of the 592 Is 90
mega hert z while that of the 733
Is 120 megahertz. Rlsetlm e on
t he 733 Is 2.5 nanoseconds .
and typ ica l propagation delay
tim e Is 3.6 nanoseconds.

Origina lly developed by Falr­
ch ild as the !J.A592 and ,...733.
th e parts were second so urced
by Ie s u p p lIe rs in c lu din g
Motorola. Nationa l Semico n­
ductor. Stgn ettcs . Texas Instru­
ments . and vrc Inc. Th ey were
redes ignated by th ose manufac­
turers with th eir pre fixes such
as MC173 3. LM59 2. SE592 .
TL~92 . and VA592.

After making th em for many
yea rs Mot orola a nd Na tiona l
Semiconductor recently bowed
out. bu t SI~netics . TI. and vrc
have co nfirmed that they a re
s t ili producing one or both of
those video a mps. Both devices
are ava ilable In a varlet)' of pack­
ages Including plasuc a nd ce­
ramic DIPs. and metal ca ns.

Although their performance
has bee n su perseded by newer
vtdeo a mps . th e characteris tics
of the 592 a nd 733 rem ain at­
tractive. Th ey might no longer
be a t the forefront of video a m­
plifier IC technology but they
a re d efi n it ely no t obs olete !
Wh at 's mo re . m a tur ity h a s
brought about a s teady decline
In p rIcin g. Barga In p r ices as
low as 25 cen ts apiece have been
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FIG. 2-TOP VIEWS OF 592 and 73 3
packages: (a) metal can and (b) eeramle
and plast ic DIP.

Ie the power su pply fro m the
a mplifier. In ad d ition. If you
have a problem decoupltng the
power s upply fro m the video
a mp. t ry a radio-f re q ue ncy
choke (RFC) In place of the re­
s istor. or s lide a few fer rite
beads on the res is tors leads.
• Keep th e input res is tance as
low as possi b le to reduce t he
effects of Input noise cu rre n ts .

Com munications applications
Oath monolithic video amps

will give you access to th e emit­
ters of their first d ifferent ial a m­
plifier s tages (as s hown in Fig.
II via gai n -selec t p ins G 1A• GIIJ .
Gv.. and G2 U" By placing a vari­
able po tentiometer bet ween the
G 1A and G m pins (p ins 4 and II
on the DIP). you ca n adjust di f­
ferenti al volt age ga in over a
ra nge of 250 to 600.

With the add ition of frequen­
cy- d e pe n de n t com pon e n ts .
these le s ca n fu nction as video­
band active lilters or RF a mpli­
fiers . Figure 3 lIIus tra tes five
poss ible filter co n figu ra tions .
The co m pon en ts are p laced
across the G1A a nd GIU pins (4
a nd li on th e DIP) for the ou t-

G
GAm iiIucr

seen 4(K10
30011

pccrally true for feed back re­
s is to rs . The us c o f resi stors
with values of less th an 2 K is a
good point of departure in re­
s is to r selection.
• Use a ground plane to keep
ret u r n res is tances a s low as
possible. Avoid poin t-to-poi nt
wir ing but jf you mus t use that
co ns t ruction tech n iq ue. be
sure to ret urn all ground leads
to one a nd only one point to re­
d uce the possibility of ground
loops . In circu it s wh ere large
s tray noise s ignals cou ld show
u p. su itable Inpu t shie ld ing is
required .
• Each power su pply lead of the
video a mplifier shou ld be pro p­
erly bypassed to ground with a
ca pac ito r located as close to th e
Video-amp as poss ib le. A 10­
oh m resistor a head of th e ca ­
pacitor will also help to decoup-
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AG . l-SCHEMATICFOR THE 592 with an Inset Showing the differences In the 733.
Transistor 011 and three related resis tors replace transistors 0 11 and 012 and two
emitt er resistors.

r--~--''---''''--~----'~-'-- v~

bon-composition or non-Indue­
li ve meta l-rum resi s tors . For
small capac itance values . usc
on ly s livered -mica (ruther tha n
fall and mica ). cera mic. and my­
lar-film capacitors . For large ca­
pacita nce values . use solid or
foil t a n talum ca pa c it ors In
place ofaluminum electrolyt tcs.
• Keep a ll traces on yOU T PC
boards short and wide to m in t­
rntze bo th st ray Inducta nce and
s tray s ignal cou pling fro m the
In put to the ou tpu t. Th at pre­
cau tion preserves the sys te m
bandwidt h and eliminates pos­
s ib le circu it osc illa tion.
• Keep ca pac ita nc e a nd re­
s is tor values as small as possi­
ble to minimize all un wan ted
ti me co nsta n ts . High ca paci­
tance and resi s tance va lues
cou ld also cause osc nlatron or
reduce bandwidth. This Is es-se
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put responses.
In Fig. 4 . th e additton ofa 4 .5­

MHz cera m ic filter between pin s

4 a nd 9 of the 592 co nve rts th e
c trc u tt In to an audio In termedi­
a te-frequency a mplifier that Is 59
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su itable for use with 1Vsignals.
Ma ny va ria tio ns are possible.
You could a lso place passive fil­
ters on the In p ut. outp ut. and
ga m-cont rol p ins for even be tte r
signal rejection and separation .

The 5 9 2. li k e th e 7 3 3 . per­
mits you to con tro lga in with an
external impedan ce value. How­
eve r. the 7338 d ifferen tia l volt ­
age ga in (1\.,j ) ca n be as low as 8
wit h all ga in - select p ins ope n .
an option not available on the
592. Thus . In a filte r a pp lica ­
lio n . the u nwanted s ignal will
have a theoretical voltage gain
0(20 dB minimum. mak ing the
592 u nsuitable for that applica­
tion . However. the video amps

ca n us ua lly be Interchanged
with min ima l or no modifica ­
tio ns to your basic design .

In strumen tation applications
Because these amplifiers are

wid e-band d evices . they a re
suitable for li se as prea mplifie rs
in meter a n d osc illoscope cir­
cu its. Figure 5 shows a basic
ge nera l-p u rpose Inst ru menta­
tion prea m pllJie r tha t will oper­
a te a t freq uencies down to DC.
The preamplifier in Fig. 5 will
work wit h e tthcr the 592 or 733.
You can set resist or R3 IRIS) to
me et you r requ iremen ts up to a
max imum o f a few h und red
ohms. This d esign is lim ited .

however. by Its Inheren t low In­
put im pedance and h igh ou tpu t
impedance.

Figure 6 sho ws an im prove­
men t o n the circu li in Fig. 5
maki ng it suitable as a p re­
a mplifier for a frequency coun­
ter prea mplifier. An FET b uffer
g l has been placed on the In pu t
of th e 592 or 733 . and the In pu t
impedance has been increased
to I Megohm wit h R I. Input pro­
tectton Is prcvtdcd by forward­
b iased d iodes 0 1 to 04 which
prevent Input s tg nals from over­
d riving the amp lifier. Diodes 0 3
and 04 a lso kee p the video­
amps ou tput s from saturating
with Increa sed swttch tng fre-
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a re nulled by the com mon-mode
rejecuou rat io ICMRR) In he ren t
In t he verti ca l-d eflectio n dif­
ferential a m plifie r. Ca pacitors
C3 to C5 are in pu t- compensa­
t ion ca pac itors that can be ad­
justed wit h a square-wave Input
a fter the prea m plifier has been
com pleted an d tes ted. Trim mer
ca pacllo rs C l4 through C I6
com pensate a ten -power magni­
fication probe so that It wlll re­
spond the same way to all in pu t
a ttenuators.

The circu it In Fig. 8 shows a
mod ificat ion of Fig.7 . It pennits
th e video am p to be used In a
s ing le-ou tpu t mode byeltmt na t­
Ing the DC offset. A voltage­
shifter a rrangement around g 4
performs that fu nction. Wit h
the rela ted componen ts sho wn .
the out put of g4 's collector is
ze ro vo lt s . To maint ai n the
bandwidth of th e video am p, a
bu ffer configu ra tion made u p of
g5 a n d g 6 isolates th e loa d
fro m t he h igh Im pedance or
Q4's collector. The b uffer wtll
d r ive a 50-oh m load to 20 MHz
at abou t 3 volts peak-to-peak.
Th is cha rac ter is tic ma kes It
po ss ibl e to coup le the p re­
amplifier to the front end or an
os cil los co pe n ear t he at­
te n uato rs so that the verttcal
amplifier ca n be d riven th rough
a coaxtal cable.

Befo re placin g eit her vid eo­
am p IC in the ci rcu its of Fig. 6.
7 or 8, adjust the 200-oh m off­
se t pot entiometer (H7, IU3. or
HI7 , res pectively) so t ha t the
voltage a t th e emitt er of g 3 (a
2N3904} Is zero. Th at moves the
Video-amplifiers ou tpu t In to a
"ballpark" opera ting regio n .

In the frequency-counter pre­
a mplifier circu it Fig. 6. the off­
set potentiometer R7 and the IK
trimmer HI I at gots emitt er will
va ry the thresho ld po tnt of g s ,
so bo th mu s t be adjusted to ob­
la in t he bes t swttc ht ng speed
and bandwidt h .

Fo r com m u n ica tions p ur­
poses . the ctrcun s hown In Fig.
8 ca n be mod ified once aga in to
tha t s h own In Fig . 9, a DC­
10-20-MHz line d river. That type
of gene ra l-p u rpose a m plt fie r
ca n be a variable-ga in video di s­
tribution ampli fier or even a
b road-band local-area network
(LAN ) line dr iver. R-E
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If yo u wa nt to d es ign yo u r
own osctll osco pe . modify the
circu it In Fig. 6 to those sh own
In Figs . 7 or 8 . Both a re os­
cilloscope prea mplifier circu its
that w ill operate at frequencies
u p to 10 MHz. In t hose p re ­
a mplifiers mo re elaborate Input
circuits and gam- switchi ng a r­
ra ngements ca n p roduce the
s ta n da rd 1-2-5 ca lib ra ted os­
c l11oscope steps wit h a range
from 10 mill ivolts per divis ion to
5 volts per division .

Figu re 7 shows a met hod for
cou pling th e preamplifier to a n
osc illoscopes ver ucal dcllect lon
amplifier for DC measuremen t
withou t concern for the DC off­
se t wh ich occurs at the ou tputs .
In th at way. the eq ual offset a t
bo th ou tpu ts of the video amp
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q ue ncy Th e FET buffer has a
bandwidth of 100 MHz so it wl1l
n o t res t r ic t the bandw idt h of
the video amp.

Fo r In t e r fac i n g t he p r e ­
am plifier to 'rrt. devrces such as
those found in a TTL frequency
co u n te r. the c trcuu in Fi~. 6 al 50
has a n ou tpu t buffe r a nd TIL
tra ns lator made up of g4. g5.
and a 74 14 In verter. Thos e w ill
operate to 45 MHz with the gain
of the 592 or 73 3 set to 10. (The
ga in p tns of th e 7 3 3 a rc left
open .I To obta in measu ra b le
gain fmm the 592. a n em tucr
re s is tor of t he prope r va lu e
mus t be placed across the gam­
select In puts G1A and GlII lplns
4 a n d I I o f t he D IP). Alte r­
nattvely; a IK poten tiometer ca n
be adjus ted for the des ired gain.

FIG. 9--GENERAl PURPOSE OUTPUT amplifier based on either the 592 or733 video
amps.

FIG. 8-SEcnON OF PREAMPLIFIER circu it of Fig. 7 showi ng addi tional outpu t
compensaUon.
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THE INSIDE STORY

BYRON MILLER

ON
HARD-DISK

STANDARDS
Decisions, decisions, decisions. Here we
sort out the differences between today's
competing disk drive standards.

T IIERE IS A IJArrt.E HAGING . IT IS A
hallie to assume the role of stan­
dard bearer for the PC hard-disk
d r ive Interface. The venerable
ST·506 served the PC industry
well during Its first decade. bu t
as we move off Into the 90s with
Increasing reliance on high-per­
form ance 386, 486. and 586
systems. us ers deman d ever­
g rea ter s peed . ca pac ity. a nd
ease-or-use .

Three technologies-ESDi .
IDE. and SCSI-are vytng to be­
come the next s tand ard . But
h ow d o es a person c hoose
among them? In th is a rticle we
w ill exa mine the bas ic Ideas a nd
hi s tory behind each. co mpare
a nd co n trast their st rengt hs
and weaknesses. and point ou t
s ituations where each would be
useful.

Background
Because each of th e three ne w

drive-Interface standards repre­
sen ts. In some way. a response
to the ST·506. let 's begin with a
little h istory a nd background
on that s tandard.

P rop er ly s p ea ki ng . the
ST·506 was the model number

of a hard-disk drive that Sea­
ga te Tech nology Introduced In
1980. The capacity of that dr ive
was a whopping five megabytes !
Several yea rs la ter. Seagatc In­
t rodu ced a lO-megabyte mon­
s ter (the ST-412) with a s imilar
electr ical In terface. and a new
feature called buffered seeking
tha t allowed the drive to "col­
lec t " s e q u en tia l seek co m ­
ma nds and the n move the read!
write head across the su rface of
the d isk In one qut ck. smoot h
motion . These drives recorded
data on the disk platters using
modified frequen cy modulation
IMFMJ.

The combination of recordi ng
meth od a nd electr ical In terface
lim ited the maximum rate at
which data could be transferred
to an d from the drive to five
megabits per second (5 Mbps).
By encoding the data on the
drive In the run-length limited
(HLLJ format. desi gners cou ld

Increa se da ta t ransfer ra te by
50% to 7.5 Mbps : capacity also
Increased bv 50%.

The market con tinued to de­
mand greater pe rforma nce . so
by spring of 1983 . a n ad hoc
co m m ittee formed a n d pro­
duced the first draft of a specifi­
ca tion for a new drive Interface.
what la ter became known as the
Enhanced S mall Device In ter­
face (ES DlJ, By 1986. ESD I be­
ca me a p roposed ANS I s ta n­
dard . a nd early In 19 9 0 . it
became cfftctatly recognized as
ANSI X3.170-1990.

Developmen t o f the Inte l­
ligen t Drive Electronics (IDE)
In ter face began In 1984 when
Compaq got togeth er wlth wes t­
ern Digita l to develop an ST-506
con troller that mounted directly
on a hard -d isk drive. Th e follow­
Ing yea r Com paq worked wtth
Imprimis (now a pa rt of Sea­
gate) to In tegra te Western Dig­
Ita l circ u it ry on a Wren d is k 63



TABLE 1-ESDI AND ST-SOG SIGNALS

ESDI Signal ST-SOG Sianal Pin No.
Head select Reserved 2
Head select Head select •
Wrile aate Write aate 6
ConfiQistatus data Seek cc mclete 8
Xfer Ack Track 0 10
Attention Write Fault 12
Head select Head select

"Sector Pin 7 on data cable 16
Head select Head select 18
Index Index 20
Readv Readv 22
Xfer reouest Steo 2.
Drive select Drive select 26
Drive select Drive select 28
Drive select Drive select 30
Read oaae Drive select 32
Command data Direction in 3464

d r ive. Soon Compaq shipped
the first PC with an IDE drive:
other ma n u fac turers followed
suit s hortly the reafter. The a p­
pea l of IDE Is that It elim ina tes
one PC board a nd most of the
Interface elec tron ics re qu ired
be tween a system b us an d a
h ard di sk. thereby significa nt ly
lower ing cos t. Tod ay, IDE h as
p re tt y much di splaced S T-506
as the s ta nda rd d rive Int erface
for desk top PCS.

The Small Com puter System
In terface (SCSI) traces back to
the S hugart Associates System
In terface (SASI). which was de­
veloped by the same company
(Shugart Associates) and the
same des igner lAIShugart) that
developed the ST-506. In fact.
Shugart deve loped SASIaround
th e same time as the original
ST-506. Fro m the b eginning,
the SASI in terface was designed
to be more gene ra l than the spe­
c ia liz ed In ter fa ces heretofore
developed for perso nal compu t­
er periphera ls . Rat her than
using s pec ia lized s ig nals to
control various low-level hard­
ware fu nctions . SASIISCSI in­
cluded fro m th e begin ni ng a
~eneral-purpose a -b u parallel
bus and severa l control signals.
The hope was (and still Is ) that a
general-purpose bus would a t­
tract designers of var ious types
of periph erals.

SAS I s u ppor ted seve ral im ­
p o rtant feat u res . In clud ing
daisy-ch aining drives an d tssu­
Ing hi gh -level commands via a
c o m m a n d bl o ck . Vendo r s
qu tckly adopted SASI a n d be ­
ga n to add fea tu res and func­
tio nality, e.g.. s u pport for Write
Once Read Many (WORM)drives
and other types ofdevices . S tm­
Ila r ly, vend ors increased t he
maximum n umber of devices
from two to seven. They also
added th e ab ility to se rvice sev­
eral devices at on ce. After some
evolution , the SASllnterface be­
came so popular that in 1986
th e X3T9.2 ANSI working group
ado p te d It as s t an da rd ANSI
X3 . 13 1-1986 , o r SCS I- I for
s hort. An en ha n ced ve rs ion ,
SCSI-2, was finalized In 1990 : it
provi des for wid er bus widt hs
and ot he r p e r fo r m ance -en­
h ancing features.

With that b a ckground in

m ind . let 's now look a t eac h type
of Interface In more detail .

ES DI b asics
ESDI is a disk-controller in­

terface that is like an enhanced
S'f-506. For one, ESDI uses a
s im ila r cable a nd con n ector
sche me : a 34·conduc tor con trol
cable that Is datsv-chatncd from
drive to drive. an d a separate
20·con d uc to r d ata ca ble fo r
ea ch dr ive . ESD I con t ro llers
typ ically s u pport only two driv­
es , even th ough the spectflca­
tlon a llows a m a x imu m of
seven .

The sr gna ls on ESDI a n d
ST-506 cables a re similar but by
no means Identica l, so you ca n­
not run a n ESDI drive on an
ST-506 c o n t ro lle r. n or an
ST-506 drive on a n ESD I con­
t roller. Elec trica lly, a ll signals
a rc TTL com pa ti ble: the m ax­
imum length of a n ES DI drtve
cable Is n ine feet. Table I com ­
pa res s ignals from both of those
sys tems.

Another st m tla r tty be tween
ESDI and ST-506 1s th at ESDI is
a devtce- level tnterface. In other
words , its control s ignals direct
low-level actions such as selec t­
in g a drtve head and moving It
to a desired track on the disk .
As well sec , SCS I and IDE de­
vices contain htgh-level inter­
faces in which the operating

sys tem issues commands like.
"Gtve me a block of data . as
qutckly as you can , a nd don't
bother me with the details!"

The biggest difference b e­
tween ESD I a nd ST-506 drtves
is the da ta tra ns fer rate. wh ich
for bas ic ESDI d rives runs at
twice the ST-506 rate 110 Mbps},
a nd wh ich rea ches its m a x­
Imum at 24 Mbps.

As for di s k format. ES DI d riv­
es typica lly pu t abo u t 34 sec tors
on a track (versus 17 for a s ta n­
da rd ST-506 d rtvcl. a n d they
run with a I: I interleave .

In ope ration on a PC, m ost
ESDI con trollers emu la te s ta n­
dard ST-50 6 con tro lle rs Ie.g..
the ubiquitous \VDIO03 1. so no
add it ional software dr ivers are
required. IDE drives also emu ­
la te the WDIO03, but SCSI driv­
es a lways requ ire exte r na l
software d rivers .

IDE
The IDE Int erface s trongly re­

se mbles th e AT I/O expans ion
bus, as s hown In Thble 2 . There
are some Important d ifferen ces ,
and there is so me inconsistency
in the way d ifferent manufac­
turers use some signals. For ex­
ample, IOREADY ca n appear on
p in 2 1. 27, or both , depending
on the d isk drive manufacturer.
Many new system boards con­
tain a built-In IDE Interface . so



Signal '51 Exnlanatlon
OBO-7 8·bit bidirectional oaral1el data bus
OBP Data bus oaritv line tcctcnat
ATN Attention, used to send message to target when it has control

of the bus
BSY I Busy indicates that the bus is unavailable lor use
ACK AcknowIAdae, used bv initiator for handshakina
RST Reset, used to initiatea bus free ohase
MSG Driven bv tamet to indicatethat current transfer is a messaae
SEL Used by initiator to select targetbefore command execution.

Also used by target to reconnect when the resetecnon phase
is imolemented.

C/O ControVOata, used during information transfer phases to
translercommands, status, messaaes, and data over the bus.

REO Request by target during information transfer phases.
Handshakes with ACK to enveicodata.

VO Input/Output determines direction of transfer during
infonnation transfer chases.

IDE signal AT 110 slanal Descric tlon
CS1FX- NlA Chip select lor ST-506 compatible

VO
CS3FX NlA Chip select for 5T·506 compatible

VO
DA(}DA2 SAO-SA2 Driveaddress bus lines
DASP NlA Drive Active I Driveone percent
OD(}DD15 500·5015 Drivedata bus
OIOA· ·IOA Drive 1/0 read
DIOW- ·ION Drive110 write
OMACK· ·OACKx OMAWO acknowledae
OMARa OROx OMA request
INTRa IR014 Drive interrupt
IOCSI 6- -VOCSt 6 Drive16-bit I/O
IOROY IOCHROY YO channel reacv
POIAG· NlA Passed diaanostics
RESEO· RESET Reset; on AT bus is opposite

I POI.otv.
SP5YNC NlA Spindle sync. Produces clock for

slave drives.

TABLE 3-SCSI BUS SIGNALS
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had produced a draft of an AT
Attachmen t (ATA) In terfa ce
s ta ndard . That doc u ment has
evolved qu ite a bit over the
years, and It Is now well on tts
way to becoming an ANSI s ta n­
dard, by way o f t he X3T9.2
working group.

Like th e ST·SOB, the IDE s ta n­
dard allows a maxtmum of two
devices on Its shared bus. Dr ive
o functions as the master, and
d rive I as th e slave. Maximum
cable length is only 18 Inches.
so the drives must be s ituated
close together.

SCSI
SCSI is an Inte lligent system­

level In te r face that. tn theory,
can connect through a common
parallel 8-blt bus a variety of de­
vices . Including d isk drives , op­
tical scan ners. printers , tape
drives, network adapters. and
various types ofopticald rives . It
is an unfortunate fact ofUfe that
in pracucc. you'd probably end
u p in s talling a different SCS I
host adapter for each type of de­
vtce In you r sys tem. (My main
system cu r ren tly has three SCSI
adapters: hard disk, CD-ROM.
an d Ber nou lli Box. -Ed ltor)
And It Is di fficult If no tlmpossl­
ble to use a SCSI devtce tn tend­
ed for one sys tem (e.g.. a DOS­
based PCI on a nother (e.g.. a
Macintosh) sys tem,

The S CSI bus cons is ts of
eight data bits, a parity bit, nine

mand s C4 and C5 allow the sys­
tem to read and write multiple
sectors. respectively. However,
mos t AT BIOS's do not yet su p­
port t he enhanced d isk-drive
commands.

The IDE In terface has evolved
ra pidly s ince 1984, occasionally
with d ifferent vendors creattng
Incompatible e n hancemen ts .
Hence, In 1988 a Common Ac­
cess Method (CAM) committee
fanned to define s ta ndards. By
sp rlna of 1989. the committee

TABLE 2--1DE ATltD BUS SIGNALS

there's no need to waste an ex­
pans ion slot on a disk con trol­
ler. Inex pens ive IDE a dap ter
ca rds are also avail abl e for olde r
systems. If you 're not buying a
preconfigurcd system. you must
ensu re compau btltty be tween
you r Intended co nt ro lle r an d
d rtvetal. Elect rica lly. a n IDE
drive con nects to the controller
wi th a 40-c0nductor ribbon ca­
ble.

Like ESDI. th e IDE Interface
emulates a s tandard IBM hard­
di sk con troller, a nd an IDE drive
masqu erades as one with a cor­
responding va lue In th e hos t
syste m's BIOS d rive table. In ­
ternally, an IDE drive typically
has 34 secto rs per track . al­
though translation ca n make it
a ppea r to have 17. to mat ch a
BIOS table value. In addition .
IDE d rives usually operate at a
1: 1 Inte r leave. You cannot
change In te rleave. perform a
low-level format . or run low-level
d is k u ttlttt es. for example t he
Norton Utility, Calibra te.

The controller electron tcs re­
s ide at standard dtsk-drtve I/O
port addres ses {l FO-W7 and
31"0-3 1"71, and respond to all
s ta nd ard commands (format
tra ck, read secto r. write sector,
etc.I. as well as en ha nced com­
mands that allow more efficient
operation . For example. com-
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cont rollincs . a nd a IInc for ter­
minator powe r, as shown In Ta­
ble 3 . The bus can b e driven
wit h either s ingle-end ed or d if­
ferential line d r ivers . In both
cases, the bus has a total of 50
lines . A srng le-ended system al­
terna tes grounds wit h si gnals.
in a differential system, even
and odd p ins form differential
signal pa irs . Maximum cab le
length is s ix meters for s tngle­
en ded and 25 meters for dif­
ferential systems. SCSI devices
on PC's and Macln toshes us u­
ally fo llo w t he si ng le-e n d ed
s tandard .

A hos t dev ice Issues a com­
mand to a SCSI device via a 6­
b yte co m ma nd descr i ptor
block. which spec ifi cs a n op
code. a logical unit number a nd
block address. a length control
byte . and a co n trol by te . Th e
control byte h as a feature tha t
a llows m ult iple S CSI c o m-

FOR MORE INFORMATION

For more information on disk·drive
technologies, see these exce llent arti­
d es (published in Bytemagazine):"The
E'oOluliOn 01 ESDI,- June 1990:1he IDE
Hard Disk Drive Interface: March 1991:
"The SCSI Bus. Part 1: February 1990:
"The SCSI Bus, Part 2.- March 1990 .

For detailed technical information on
ANSf standards and technical commit­
tee , contact the American Nahonal
Standard s lnslilute , 1430 Broadway,
New York, NY 10018. (212) 642·4900.

For printed copies of ANSI specifica­
tions, contact Global Engineering Docu­
ments, 2805 McGaw Avenue, Irvine, CA
92714. (800 ) 854 -7179, (714) 261·1455.

Eleclronic copies (including working
dratts) of SCSI and many related stan­
dards are available lrom the SCSI BBS.
(316) 636-87 00. 300-9600 bps , 8N1.

For producl informalion . contact Con­
ner Peripherals Inc. m 1Old Oakland
Road. San Jose, CA 95131; Micropalis
Corp. 21211NOfdhoff Sheet Chalsworl h,
CA 91311: 80agale Technology Inc. 920
D i s k Dr i v e s ee u s Valley C A
95066-4544.-Editor

mands to be sent In a s ingle
block. Every SCSI com mand re­
turns a staius byte. each bit of
which has a s pec ific meaning
(good , busy. etc."

Mos t devices cu r ren tly on the
marke t ad he re to the SCSI-I
standards . However. ma ny n ew
d evices co nfo r m t o SCSI-2.

which offers much grea te r po­
ten tial perform ance . Whe rea s
SCSI-l allows a max imum of 4
milli on tra nsfe rs per secon d .
SCS I-2 allows 10. In addition.
S CSI-2 Increases maximum
bus width from the 8-b lt SCSI-l
s ta ndard to an op tional 16 or 32
bits . The X3T9.2 com m it tee
completed the SCSI-2 specifica­
tion In August 1990: after ed i­
torial polish ing. it shou ld b e
published some lt me In 199 2 ,
(The com m ittee has also begun
work o n a n ot he r s t a n d a rd .
SCSI-3_-Editor)

SCSI can com mu n icate with
severa l different dev ices s imu l­
taneously. For example. a n SCSI
host can disconnec t from a ta r­
get devi ce after Issuing a com­
mand. con n ec t to a differen t
ta rge t devi ce . g tvc It a co m ­
mand. disconnect from It. an d
then reconnec t back to the eng­
Inal device. By con tras t. IDE op­
erates in a master/slave mode In
which the In ter fac e can Issue
only a s ingle co m ma nd a t a
time.

To usc an SCSI dcvfce In a PC
requires BIOS-level software
drivers. typi ca lly added through
adapter-based EPROM or a de­
vice driver loaded a t boot lime.
T he Macin tosh has a b u tlt -tn
SCSI Ma nager.

SCSI co mpati b ility ts sli ll a
problem. Alt hough electrica lly
Id entical. SCSI per iph era ls
fro m d ifferent vendors may be
d issimila r. In other words. an
SCSI drive from vendor A may
work fin e wit h a g iven SCSI
adapter, while a n SCSI dr ive
from vendor B does not. Tha t Is
due to va ria tions In In terpreta­
tion and impleme ntation of the
SCSI command se t. Hund red s
of commands arc av a ilab le .
some of which work differently
with different types of devi ces .
For exa mp le . one form of the
wr ite command can be used for
writ ing to a Direct Access De­
vice lOAD)a nd another for a Se­
quential Access Device (SAD).
One vendor can Interpret a d isk
drive as a DAD where another
would In terpret It as a SAD.
Sendi ng a SAD write command
to a DADdevice will not work. In
response to tha t d ilemma . the
CAM commtuee has defined a
standard su bset of SCSI com-

mands t hat p e r fo r ms b a sic
fu nct ion s (read. wr ite. etc.l. The
resulting eleven com mands arc
known as the Co m mo n Co m­
mand Set ICCSl. and are part of
the SCSI-2 s tanda rd .

Compare and contrast
Like ST-506, ES DI Is an unin­

telligent device- leve l Inter face
that transfers dat a ser ially from
drive to controller. wh tch com­
p lies serial bits Into 8-. 16-. or
32· bit chunks of data and pre­
sen ts them to the h os t. IDE a nd
SCSI devices . by contrast. bu ild
up data bytes on the drive a nd
present them to the system In
8-. 16-. or 32-blt chunks. The
advan tages a re several: less-ex­
pen stve controllers and adapt­
e rs . less ca bling required . more
reliable performance. a nd high ­
er performance .

IDE d r tv es (even with an
adapter. If req u tred l typically
cost les s than SCSI an d ESDI
drives of comparable capacity
a nd performance. However. a
given system can hold a max­
Imu m of two IDE d r ives. where­
as seven SCSI devices can be
hand led di rec tly. a nd t h e­
oret ica lly thousands indirectly.
ES DI con trollers typically a llow
only two dr ives. a nd there is no
pretense of s u p po rt tng ot her
types of devices.

Bo th IDE and SCSId rtves s u f­
fer fro m vario us types of com ­
pallbllity problems th a i ma ke
sys tem in tegration tr ickier than
It s ho u ld be.

Recommen da ti on s
Selecti ng a d rive in terface de­

pends o n you r performance
needs , capacity needs . budget.
a n d futu re sys tem mig ration
pla ns . If cost Is the m ain de ter­
mi nant . you l l probably want to
go with IDE. If perform ance is
paramount. ES DI or SCSI will
be you r ch oice. Remember that
pe rformance you d on ' t n eed
rtgbt now may become neces­
sa l)' In the futu re . Sometimes a
lit tle added expense tu m s ou t to
be a good In ves tmen t. If you
need a reallyla rge drive. ES DIor
SCSI will also be required . Uyou
hope to s h a re a s ingle Inter fac e
card a mong multiple peripher­
als . SCSI may eventually he lp
you reali ze that goal. R-E



WORLD'S SMALLEST FM TRANSM IT­
TERS! New Surface Mouni Techno logy
(SMT) makes all others obsolete! XSTSOO
Transmitter--powerful 3 transistor audiO am­
pli fie r, tra nsmits whispe rs up 10 1 mile .
XS P250 Te leph one Tran sm ille r- li ne
powere d , transmes conversation s up 10 Y.
mile. Bothtune 88-108 MHz. Easy to assem­
ble E·Z K ITS (S MT components pr e­
assem bled to circui t board )! XST500­
$39.95, XSP25G-$29.95, VISA/ MC . COO
add $5. XAN DI ELECTRON ICS , 201 E.
Southern Ave ., Sulle 111, Temp e, AZ
85282. 1·800-336-7389.
CIRCLE 194 ON FREE INFORMATION CARD

FM BAND SOdBNOTCH FlLTE R-Can easi­
ly be tuned to eliminate any troublesome sig­
nal in me FM b an d. Uses high Quality
Johanson tuner. Tuning range 0188-120 Mhz
is also usable 00 Cable TV channels 95 thru
99 or A-1 thru A-5. Just $30 each, includes
shipping , Visa, MC, or check. (C.O.D. $5 ex­
tra .) Fast delivery, 30 day money back . Quan­
tity prices to $16. STAR CIRCUITS, P.O. Bo x
94917, Las Vegas. Nevada 89193. Call 24
hours 1-800-535-7827 FAX 1-702-795-2729.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 ;0< rate $940.00 per each inser tion.
• Fasl reader service cycle.
• Shorl lead lime for the placem ent ot

ads.

• We rypeset and Iayoulthe ad at no
addItiOnal cha rge.

Call 516-293-3000 to reserve space. Ask
lor Arline Fishman. limited number 01
pages avaIlable. Mail materials to;
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi ·Counly Blvd . , Farm ingdale . NY
11735.

FAX: 516-293-3315

CREATE INTELLIGENT PROJE CTS WITH
THE VERSATILE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerlu l comput­
er wasdesigned for neXlt)ility and canbeused
lor varoos elect ronic profects. 110 Intensive.
Up 1020MHz operation. Download programs
or run EPAOM code . Special hardware rea­
teres included. Prices lrom $125.00 . Banery­
backed RAM, X-assembler, and olher options
availab le . CALL FOA FREE BROCHURE.
MJS DESIGNS , INC., 1438 W. Broadway
Ad ., Su i te B185 , Tempe, AZ 85 282 ,
602-966-86 18.

CIRCLE 181 ON FREE INFORMATION CARD
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G ET YO U R ~ECHARGE C ATALOG
FREE... EARN BIG 5$ IN YQUR SPARE
TIME- All supplies and Do- lt -Yoursell kits
with comple te instructions available. Sup­
plies cost from $9.95 in qty and )00 can sel l
recharged toner cartridges lor $40 .00 10
$55.00 each. Printers include HP laserJel
and series II, Apple Laser'Nriter, QMS, etc.
Canon PC·25 Copier also . CHENESK O
PRODUCTS, 2221 Fifth Ave., Su it e # 4,
Ronk onko ma, NY 11779 , 516·467-3205.
FAX 516-467-3223 , 1-800-221·3516

­CABLE TV CON V ERTE RS AN D DE-
SCRAMBLERS SB-3 $79.00 TRI·S I $95.00
MLQ· S7 9.00 M35B $69 .0 0 OAZ- DI C
$149.00. Specia l combes available. We ship
COO. QuantIty oscocnts. Cal l for pricing on
other produds. Dea~rswanled. FAEE CATA­
LOG, We stand behind our products where
others lail. One year warranty. ACE PROD­
UCTS, P.O, Box 582, Saco, ME 04072 .
1-800-234-0726 .

CIRCLE 75 ON FREE INFORMATION CA RD

TUN ABLE SOdB NOTCH FILTERS-4or TV.
Can be tuned precisely to required frequency.
Mod el 23H·C h·s 2-3 (50-66 Mhz) Mod el
46FM..ch·s 4-6 plus FM (66-108 Mhz) Model
713-Chs 7·13(174-216 Mhz) Model 1417-Ch's
14-17 (120-144 Mhz) Model 1822-Ch's 18-22
(144-174 Mhz) $30 each, includes shipping.
Visa , MG, or check. (C.O,D. $5 oKlra). Fast
delivery, 30 day money back . Quantily prices
10 $16. STAR CIRCUITS, P.O. Bo x 94917,
Las Vegas, Nevada 89193, 1-800-535-7827.
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TWO TRANSMITTERS IN ONEI 5 MINUTE
ASSEM BLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensi live, powerlul,
stable room nansmrner you can buy, Uses
any 3V-12V battery Or allach to telephone
~ne to monitor all telephone conversations
over 1 mile away withoul baneoesr lOOmW
output!80-130MHZ. Receiveon any FM radiO
or wideb and scanner. VT-75 miclOlransmitter.
549.95 + 1_50 S&H. VISA , MC, MO. COO·s
add 54.00. DECO INDUSTRIES, Bo x 607,
Bedlord Hills, NY 10507. 1-800..759-5553 .

CIRCLE 127 ON FREE INFORMATION CARO

579 PC DATA AcaUtSITION SYSTEMt
Have your PC: Control relays, lights, motors.
Measure temperature. pressure . Input switch
positions, thermostats. Greal for robotic s,
Home control systems. Model 30 Features:
• 24 lines of programmable input 'output . 8
channel 8 bit A 'O conversion . 12 bit CMOS
count er • Optional 7 channel SOVdnver $5
• Example program s included (360K floppy~

Check , vaMG. COD. Include S7 10r2nd day
s 'h. PRAIRIE DIGITAL, INC., 846 17th 51.,
Prair ie Du Sac, WI 53578, 608-64 3-8599
FX 608-643-6754.

CIRCLE 201 ON FREE INFORMATION CARD
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Councersurweillance

CALL
NOW!

1-516-293-3751

111e Dollars ' liu Saw
10 ob tain thc informarion containlu in

th... vidl"')VI is cassette. ~·ou .....ou ld attend
a p" ,fl'Ssional seminar c05 r i n~ H')O·75ll
and possib ly pay hundn...ls ofdollars more
if )"00 had 10 n avel to a di slant cily III
altl:nJ , Now. fo r on lr $4 9. 9') ( p lus
$·1.00 P&H ) you can vie"'" ClIu" 'l'nu r­
"l'il/a" el' Tl'(bll;qllrs at ha ll1e and take
n:fn:sh l'r ... ie..... s o ften. Tu ohta in your
CClpy. wmplete IIll' CO\lf"llll be lo..... Ot call
ro ll free.

111e profes s jonal di scussions SC-1.·n on
th e TV screen in yout home reveals how
to de tect and disable wiretaps , mid~"'1

radio-freq uency rransrnir rcrs , and ot her
bugs , plus when ro usc disinformarion ro
confuse the un ....anted listener, and the
technique of voice scra mbling telephone
rommunicarions. In fau, do you kno.....
ho..... to loo k fot a bug . where to look for a
bug , and .....har to do w hen )"00 find it ?

!lugs of a very small size are easy to

bu ild and they can be placed quickly in a
mailer of seconds , in any object or room .
'Ioday )·ou may have used a telephone
handsel that was hUgJ;l-cl. Ir pr obably
contained three bu~s . O ne ....-a.s a phony
bug co[ool you inrobelicving you found a
bug and secured th e telep ho ne . 11ICsec­
ond bu~ placates thc invesrigator .....hen
he finds the real th ing ! And rbc third bug
is found on ly by the professional ho
cominued to sea rch jusl in cast' th ere e re
more bo gs.

The professional is not w ithour hi s
10011s. Specia l eq uipment has be...:n de ­
signed so that the profcssional can SWlOCP
a room so that he can llercct vckc-acr i­
vated (VOX) anJ remore-acricared bu~s.

S ome uf rht s eq uipment can he ope rated
by novicl'S, OIh...rs requ ire a trained COUll·
rersueveillance pni ession;al.

Th e profession als viewed on your reje­
vision screen revea l informarion on th e
latest rec hnologrcal advances like laser­
beam snoof"l.'rs thar are installed hun­
drcds of feet a.....ay fmm the room Ihcy
~IIlIUP on. 11lC plllft'Ssionals d isclose tha i
fo ml' ule rs yield information 100 l.",1s ily,

111is adver t iscmcnt was nor w rincn by
a couutcrsurvcitlance pmft'Ssional. bur by
a be~inner .....hO$!.' unly t'xpe rienc... caml'
frum vil·.....in~ Ihc viJ l-o [ape ill th pri•
\-J.Cy of his home, After )"00 l"C\·ic Ihl'
video u refully and und... rstand its con·
It·IlIS. you hJ.\"t" taken Ihl' first important
Slt'p in t'ilher acqu iri ng ptofl"SSional hel p
.....ilh )~ lU r sur...r illance rroblems , ot )lIU
may ...cry .....ell consider ;a canocr as a coun­
te rsu rveillance prufessional .

So, •• c........'~';~2"~.~~~~=~",, ",," '.1"''''''" ' •......... .."" ,.,,""".
T .....
.... .... 0 ' 1" \ D "••".-n.>nl
l Mol". ,--_ _ ,-- _
h I""' 1 ' __

I'k" n"" "'l "'1" ' · l ' .,... "'ciU. ... . · T" h n...' .....
, , " It- • :. ....~,.. I.., 1..", •• • ~.\ 'i'\ . -.. h '" h,,'h

i h"k.... , <Of I"'.... ~" . "" h" " rr"'lCl

Stole n Informarion
111t, open taps from .... hl·": rhe informa­

tion pours OUt may be from FAXs. com­
p'.llcr rornm umca rions, te lephon... calls,
and t'veryda)' b usiness meet ings and
lunchtime encou nters . Businessmen 1I(1.U
(Uunsc: lli n~ on how III chminate this in­
format ion drain . Hasic telephone usc cou­
pled wirh rhc users understa nd ing rha r
someone may be l i sl e nin~ or n 'Cordi ng
" ita l e1al a and informat ion gn-ady redUCt'S
t he llpporlunily for IIIhe rs to pu rlo in
mc-,1ningful information.

HAVE YOUR
VISA or MC CARD

AVAILABLE

what was 10 be an ...mba.ssy and private
residence in ro rhe most sophisl icarl,<J rc­
corcl i n~ st ud io th e wo rld had eve r
known . The bui ld ing had HI he (Urn
down in order ((J remove all the hu~s ,

•••••••

o ~~~~~~~~~~~;~~~
o
o
•
: I ...

: .. 11I",,,,,,n'.,nl"" h""h l ~...J"""~ " ' . ' I..,. \'II'
: . -. ...." .. ","""""" ,........ I

~- - - - --- - - ---- ----- - - --- ------ ~

r-----------------------------,
CJ:...\ GG K I:\ C. RE
p,n . Ik>lr; 4099 • Farmitlj.,'<ble. :'IiY 11735

"':db, up.' 'rlm may be t he victim of
sw lcn words-c-p rccious ideas [hal \\1J1I1J
han" made ),( JU wry wcakhy! Yes , pmfl~­

siona ls. e\"~..n rank amateurs. may be lis­
fen in~ 10 )"ou r mliS I privat e ( 0 0­
vcrsarr on s.

U'~lr II)'! If }11U are nOI the vicnm ,
then ) '(111are surrounded by coundcss vic­
urns .....he OI"t"<1 p lll f help if you know ho.....
rodrsrover relephonc raps , loc arc hu!:s, or
"swee p ' a room d ean .

111l'I"\: is a rhr ivin,c.: I' rofessiolhll service
~ rl'(:l'ed in hi,c.:h. lloc h nxhniques that you
can lx.ocome a par i ur. Ilur first , yuu m use
know and unde~t;l.nd Counrcrsurveilance
Tl'Chnolog r Your very first insi,c.: ht mro
this hi!:hl r re\l;anl in!: field is mad ... poss i­
ble by a video VI IS prcsemallon rhar )1lU

ra nnor view Otl b ecadcasr Id l:\'ision, ~I­

elhre , or cable. Ir presentSan informative
pnlgram prepared b)' proles sioruls in the
held who know their industry, irs rcch­
niques , kinks ,In,1 I' Hlphoks, ~kn who
fan tell )'0 11 more in 45 minutes 1lI a
srraig lu forw,u d , l'xdusive 1;!lk 1I1;!n ....-a.s
...' ·... r ancmploo hefo re,

Never before has so much
professional in fo rmation on the art
of de tecting and elimina ting
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 inlo an honorable,
rewarding field of work in
countersurveillance, you must
view this video presen tat ion again
and again.

roiling In furm ;!t io n Thieves
D iscover rh e ta rg ets p roft' s5ional

snoupc:rs sc,.~k out! The Pfl:)' are slUck
hrnkl"rs , arbit ragl' firms. manufaClun·rs.
high-ux h fom l'a nil·s. an y com pe rill \'c

~ induslty. or l"\'l'n small husinnl'Ssc:s in 1I1l'
eD salm' cummunilY. 11le va[uabll' info rm,l.
~ l ioll Ihey tilth may he ma rkel ing Slra r­

• eg les. ( USlnlm:r lists. p roduct for mulas,-i manufacturing Il'Chnilj ues , t"\'l'n adv... r-
- rising plans. Informat ion Ihie\"t'5 t-J.H'5-
j drop on cou r! d ec isions . b id d ing
~ in formalion . financ ial dala . Thl' lisl is
"'C un l im it ed in rh e mind of m;ln-i."S-
i1 f"l:c i;ally if he is ;a thit'f!

Ylm kno..... t hai till' Russians sc"'( n:d~'

insralbl cUl.ml l'Ss microphonl'S in rhe
68 Cllllfn'fl' .....ork of 111(' Amer ican Embass)'

huild ing in Mus( uw. They ( ullvert ed



HARDWARE HACKER
Super Nintendo update, FM stereo broadcasters, Ockham's razor
revisited , DYS and other resources , and CD-to-car-radio adapters.

DON LANCASTER

AG .1-TtiE SUPER NINTENDO RGB SYNC output only looks like It Is TIL or CMOS
compatible. Add the elltemal resIstor shown for an lSTTL interlace.

Let's start off with an update to
those Nintendo interface cir­
cuits we looked into back in

Apri l. For those of you who came in
late. you will find a special con­
nector at the rear of the Super Nin­
tendo ma chines that le ts you
connect them to stereo amplifiers.
headphones. AGB monitors. Super
VHSrecorders . and bunches more.

We looked at the connector in
some detail. and we saw several
useful and low-cost interface cir­
cuit s. And we found that Redmond
Cable offers all sorts of cus tom and
stoc k video-game interlace kits.

But afte r some further testing.
the RGB SYNCline on a Super Ninten­
do connecto r pin 3 is not quite what
it appears to be. As Fig. 1 shO'NS
you. the pin looks like it should be
both CMOS· and TTL-compatible.
but it is not. You can 't pull it up fully
for CMOS. and there isn't enough
current-sfnkmq capability for much
of TTL. Some (but not all) RGB
monitors win refuse to lock to the
output.

The problem is tha t the output
does not come from a " real" logic
gate. It apparently arrives from an
emitte r fo llower that has a weak
pull-down resistor. And a lOON supply
voltage.

There seem to be several simple
workarounds you can try. The easi­
est is to add the externa l GSO-ohm
resistor shown in Fig. 1, That should
give you enough current sinking for
typical LSTTL inputs. Use a scope
to verify your levels. There is even a
place for the resistor on the circuit
board we looked at in April.

Otherwise , you should be able to
directly interlace to any low-cost but
rare 74HCT CMOS logic. Or you
can use the sync stripper circuit we
saw in April as a substi tute , deriving
your sync from the composi te
NTSC video instead.

Finally. next month we might look

at a simple syncamplifierwhich also
will be needed for an upcoming new
Neo-Geo interface. It should also
work and is based on adding feed­
back to a 4049 invert er to make it
into a simple AC amplifier. Stay
tuned.

O ckham's razor
See , I even got the spelling cor­

rect. Will iam of Ockham was a
fourteen th ce ntury English phi­
losopher. Paraphrased , Oc kham's
really big thing in life was that "The
simples t po ss ible explanation is
usually the best and probably also
the mos t correct. " And Ockham's
razor can be your ongoing 'process
of slicing away and reducing every­
thing to its bare (but still quite cor­
rect) essent ials.

Very few engineering design
courses ever ment ion Ockham. But
his razor should be the very center
of virtua lly all engineering design, a/l
analysis, development. debugging.
and repa ir. So, I thought I'd us e
Ockham's razor as an excuse to
simplify the few loose helpline odd s
and ends that I've been meaning to
com ment on anyway.

SUPER NINTENDO

2.4 'Ide (1)

3

10K

5

Cold fusion. Ockham's razor says
they had their chance to get their
act together, and they blew it. Yes,
strange amounts of heat can appar­
ently be produced in highly unusual
lab circumstances. No, such rather
mundane reasons as hydrogen
fires, rmxed-qas fuel cells, or an em­
brittlement st ress re lief have not
been tota lly ruled out. And no, I have
not seen so much as one credible
and reproducible shred of evidence
that anyth ing atomic is in fact com­
ing down. Barring any new develop­
ments, cold fusion seems to be on
hold . And it probably remains a
sucker bet for hackers at this time.

Pseudo radio astronomy. Several
years back, a "radio astronomy" re­
ceiver appeared in Radio-Ele c ­
t r on ics t ha t seemed to be
responding to extragalact ic signals
in a circuit that was vastly simpler
than those used by far more credi­
ble researchers. I've often been
as ked for my comments , so
Ockham says the circuit was jus t a
simple analog thermome te r th at
was me asuring the temperat ure
drift of the offs et voltage of a 741
cp-amp. When the sun set , so did

5 3

B-~
multi-out

To LSTTL gate
or AGB monitor

SYNC Input
680n n -2 4

'

0.2 v
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D YS AN D OTHER RESOURCES

70

the 741. And the circuit capaci tors
that mysteri ou sly acqu ired charge
are no mystery at al l. The effec t is
known as bounceback and has to do
wi th late ral charge migration in a
dielectric .

Utility linemen do learn all about
bounceback in lec ture one of day
one in lineman's schoo l. And there
is a very simple way to spot any
utility lineman who knows all about
bou nceback: they are sti ll alive .

N()V,'. the circuit might or might
not have been rec eiving the extra­
galatic signals . But the temperature
drift and bounceback effects clearly
wou ld have been many millions to
many bi llions of t imes large r. Thus
there wou ld be no way to tell until all
of those fir st-o rder effects have
been care fully and painstakingly reo
moved from the circu it.

The Newman mo tor:. The N ew·
man mot or is (or waS) a perpetual­
motion machine that still seems to
eke out a meager exis tence o n tete­
night talk shows. This one-time
media circus has been around for a
decade or so . Yet, for some strange
reason , working medals still remain
few and far between. N()V,'. if we're

N EW FROM
DON LANCASTER

HAR DW ARE HACKER STUFF
H.rdw.'11 Hllckll' Aep,l nt. IIor III 24.50
l.Ildn lghl Eng l.... tlng Allprlnt. 11.50
Inc,edlble Sec,e l Mo ney Machi... 11.50
CMOS Coo kbOok 24.50
rn Coo kbook 24.50
Acllye Fillo, Cook book 11.50
Micr o Coo kbook yol I o r II 1t.60
L.nc" ' lIr CI. u lc . Llbfllry 101.50
"'ppleW, lter Coo kbook 11.50

PO STSCRIPT STUFF
.... k Thll Guru Aepr lnt . I. II or III 24.50
Lu . ,WrUor S.cre"lllll/M.clPC) 21.50
Po.tSerlpl Show a Ti ll 31.50
InUo to Po" Serlpl YHS Video 39.50
Po. IScr lpl Beg inne r Stull 39.50
PO. tSe,lpl Coo kboo k ("'dobe) 15.50
Po . tSc,lpl A.1. Uan ual ll ("'dobe) 21.50
POIlSc rlpl P'og,.m Delign (Adobe ) 22.50
Type I fonl f o,mal (Adobe) a .50
lIt_W,iter Referen ce (Applll) 19.50
Relll World Po.uc';pl (Roth) 22.50
Po.tScr illl VlauI I "'pprOlCh (smllh) 22.50
Thlnk lnll in POIISCript (Reid ) 22.50
UncI. 1PS Pgrmmg (Holtrgang) 26.50
The Whole Worh (I n Po. tScripl ) ).41.50

aOOK-ON- DEMA ND STUFF
Oook·o n-illlmind ,u o urce kit 39.50
GEnlll PSRT n mpler (Ile1M lclPC) 31.50

FREE VOICE HELPLINE VISA/MC

SYNERGETICS
Box 809· R E

Tha tcher. AZ 85552
(602) 4 2 8-4 0 7 3

CIRCLE13 ON FREEI"lFORMATlON C-.RD

going to grant the true believers that
something wei rd was in fact going
o n. then Ockham's razo r reduces it

NEED HELP?
Phone or write your Hardware
Hacker questions d irectly to :

Don Lancaster
Sy n erg etic s
Box 809
Thatcher, AZ 85552
(602) 428-4073

Brookstone
127 Vose Farm Road
Peterborough, NH 03460
(603) 924-9541
CIRCLE 30 1 ON FREE INFORMATION CARD

Harri et Cart er
Stumps Road
North Wayles, PA 19455
(215) 361-5151
CIRCLE 302 ON FREE INFORMATION CARD

Comb Corp
720 Anderson Avenue
St Cloud . MN 56395
(800) 522-3035
CIRClE 303 ON FREE INFOR MATION CARD

Crutchfield
1 Crutchfield Park
Charlottesville. VA 22906
(800) 336-5566
CIRCLE 304 ON FREE INFORMATION CAR O

OAK
8200 Remmel Avenue
Canoga Park, CA 91304
(BOO) DAK-oBOO
CIRCLE 30S ON FREE INFORMATION CARD

Damark
Box 29900
Minneapolis. MN 55429
(BOO) 729-9000
CIRCLE 306 ON FREE INFORM ATION CARD

47th Street Photo
36 East 19th Street
New York, NY 10003
(800) 221 -7774
CIRCLE 301 ON FREE INFOR MATION CARD

Harbor Freight
3491 Mission Oaks Blvd
Camarillo, CA 93011
(BOO) 423-2567
CIRClE 308 ON FREE INFOR MATION CARD

Hello Direct
140 Great Oaks Blvd
San Jose. CA 95119
(800) HI-HELLO
CIRCLE 309 ON FREE INFORMATION CARD

d()V,'n to "sparks may lengthen bat­
te ry life."

That might bear furt her looking
into as a hacker topic. An ordinary
flashligh t cell does not yield all of its
chemical energy whenever it " runs
down." C lear!)'. if so much as a t iny
sc rap of the zinc case remains. then
recoverable chemical energy migh t
still remain-at least in theory. In­
stead. a cell wi ll polarize and thus
raise its series resistance to the

J&R Music Wor ld
59·50 Queens·Midtown Express
Maspeth, NY 11378
(BOO) 221-81BO
CIRCLE 310 ON FREE INFORM ATION CARD

Micro·Mark
340 Snyder Avenue
Berkeley Heights . NJ 07922
(800) 225-1066
CIRCLE 3 11 ON FREE INFORMATION CARD

Northern HydraUlics
PO Box 1499
BurnsVille, MN 55337
(800) 533-5545
CIRClE 312 ON FREE INFORMATION CARD

Porter Camera
Box 628
Cedar Falls. IA 50613
(BOO) 553-2001
CIRCLE 313 ON FREE INFORMATION CARD

Quill
PO Box 50-050
Ontario. CA 91761
(714) 988-3200
CIRCLE 3 14 ON FREE INFORMATION CARD

Real Goods
966 Mazzoni Street
Ukiah. CA 95482
(BOO) 7B2-7325
CIRCLE 315 ON FREE INFORMATION CARD

Tandy Leath er
1400 Everman Parkway
FI Worth, TX76140
(817) 551-9770
CIRCLE 3 16 ON FREE INFORMAT1OHCARD

Taylor Gifts
355 East Conestoga Road
Wayne. PA19087
(215) 789-7007
CIRCLE 311 ON FREE INFORMATION CARD

JC Whitney
1917-19Archer Avenue
Chicago, IL 60680
(312) 431-6102
CIRCLE 318 ON FREE INFORMATION CA RD



point where it can no longer deliver NAMES AND NUMBERS Micro Cookbook I and Micro Cook-
useful power. Analog Devices book II that can get you started on

What if you recycle a fract ion of One Technology way many of the fundamenta ls.
the power back into the cell as a Norwood, MA 02062

hiqh-curren t pulse? Let's sey we put (61n 329-4700 Wire le s s broadcas te rs
in ten amps for ten milliseconds per

CIRCLE319 ON FREE INFORMATIONCARO
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Except for that switchover relay,
the rest of the circuit runs on the
dynamically regulated l.a -volt sup­
ply. Theoret ically, a single AA cell
could be used instead.

The heart of the circuit is the
great Rohm BA-1404 FM stereo
broadcaster chip that we have
looked at in the Hardware Hacker II
reprints . Only this time, the internal
RF transmitter circuitry is not used
and gets very carefully deactivated.
A 3S-kHz signal <Xl) is needed to
modulate the incoming audio and to
create the 19-kHz pilot signal. Con­
trol V Rl adjusts your balance, and
VR2 sets the 19-kilohertz pilot level.

The multip lexed audio output is
added to the pilot and routed to a
c o m bi na ti o n d r ive r and pre ­
emphasis network via 01 and 02.
The amount of high-frequency pre­
emphasis is adjusted by TC I.

The linear and broadband " crystal
puller" is an interesting reactance
modulator scheme using a pair of
varactor diodes at 01. A simplified
circuit of the modulator appears in
Fig. 4. Wha t you've got is a crystal in
series with the parallel resonant cir­
cuit "A." which is, in tum, in series
with a second resonant circuit " B."

Tank ''A'' is tuned well below the
crystal's parallel resonance and will
normally appear as a high inductive
reactance . Tank " S" is tuned above
the crystal parallel resonance and
will appear as a capacitive reac ­
tance. In the absence of any audio
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matchbox-sized module appears in
Fig. 2, while an approximate and un­
official schema tic is shewn in Fig. 3.
Because of the surface-mount parts
used. certain component values are
based only on my estimates . The
exact circuit shown also might not
be fully accurate .

At first glance . the circuit seems
deceptively simple. But if you flip
the board over, you' ll find nearly a
dozen more surfac e-mount semi­
conductors on the foil side. It is ob ­
v io us that bunch es o f time and
effort went into the design.

As with any circuit, you usually
want to start off with your power
distribution. The twelve volts from
the car battery turned off and on by
an auxiliary CAUX) logic signal. The
power is applied only when your CD
is to be used. The power switching
is via input-s witc hing field-effect
transistor 05 and series power driv­
er 06. Driver 06 is follCJlNed by a
two -volt regulato r IC2. which in turn
is followed by a dynamic regulator or
capacitance multiplier at 08. The
pc st-requlator will obviously intro­
duce a temperature drift that might
or might not be intent ional.

Several refinements in the supply
switching include Zener diode 0 2 to
prevent tum-on with a weak batte ry
or during cranking . The network
R27-C30 gives a slight tumoff delay
to eliminate clicks or thumps.

AUl orv'cft input

AG . 2---MOST LOW-END FM WIRELESS BROADCASTERS sim ply will no longer work
because nearly al l the newer synthesized receivers now demand precisely en-c nanoer
stations. The Pioneer CD-FM--l (b lock diagram shown here) generates exact-frequen-­
cy stereo FM signals. The CD-FM·l is eas ily made wire less.

rect frequency. Sony's product is
called the XA-7A. and Pioneer's is
the CD- FM·1. VYhile the intended
use of those units is to let youcan­
venrently add a CD player to your
car radio , either one will apparent ly
make up most of the critical circuitry
for an excellent and very high-quali­
ty FM stereo wireless broadcaster.
Dealer cost for the units is in the
$42 range, and they seem to be
easy and fun to hack. They offer
bot h on -chan nel lock and nea r­
broadcast quality.We will look at the
PioneerCD-FM-l here.

Obvious uses for a short -ranee
FM broadcaster include " Please
buy my house" messages for drive­
bys: baby sitting or handicapped
monitoring; and cord-free audio for
a teacher.a public speaker. or a vid­
eo actor. But there are also zillions
of non-obvious uses, including such
things as getting data onto or off of
a rotat ing shaft, and short -range
rocket telemetry.

Limited-range and limited-power
FM broadcasters are n(YoN generally
allowed by the FCC , while the more
powerful units have to meet specmc
licensing and certain type-approval
requirements. More details on get­
ting and meeting FCC specs appear
in our Hardware Hacker IfJ reprints .
Both the unm odified Sony and
Pioneer seem to have been create d
with full FCC compliance code in
mind.

I could also see several wired or
semi-wireless broadcaster applica­
tions that might use twin lead to
route hlqh-quahty audio all over your
plant or whatever. With wire s, you
could easily go several hundred feet
with out running afoul of FCC speci­
ficat ions, all the while avoiding the
hum and noise problems of using
" real" audio. And awhole new world
of point-ot-siqht light -modulated FM
data links is also newly opened up.

In their intended use, you unplug
your car radio antenna, plug in the
CO-FM·1, and then reconnect your
antenna. A OIN-S connector goes
to your CD player, and the usual red
wire goes to your + 12-volt batte ry.

When your CD is turned on, its
audio appears at 8S.1 on your FM
dial. All other stations are muted .
That quickly and conveniently lets
youuse your existing car audio sys­
tem without needing anything fancyn
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frequency is set by the crystal but it
is rapidly shiftable either INaY by the
multip lexed audio . Usually a fre­
quency change varies as the square
root of a capacitance change. But.
because a pairof varactcr diode ca­
pacitors is changing, the resonant
frequency changes linearly with the
modulation input.

At any rate, Q3 is a Pierce-style
osc illator that can osc illate at the
frequency determined by the hiqh­
est impedance sum of the crystal's
third overtone resonance and the
reactance modulator tanks. A fre·
quency of 88.1megahertz is used in
my particular sample. with a final
trim given by TC2.

The fundamental crys tal frequen­
cy is INaY down at 29.7 megahertz .
but the oscillator tries its best to run
at 88.1 . The resultant waveform thus
has so me uneven subharmontc
lumps.

It is very important 10 keep the
loading on any FM oscillato r con­
stant , es pecially when using an
overtone crystal. So. a buffer and
driver transistor follows at Q4. That
in tum drives a special bandpass
filter (probably a surface acoustical
wave. or a SAW device) to eliminate
any subharmonics and out-of-band
harmonics. Only the crystal's third
overtone at a frequency of88.1 MHz
is allowed through the filter.

Even wit h the attenuation through
the bandpass filter. the output signal
is still too strong to directly couple
into an FM receiver's antenna, so it
is further attenuated by A20 and
R21.

Recall that the supply power is
turned on only when you want to
listen to your CD player. V'lhen the
t .a-volt DC supply voltage is pres­
ent, relay-driver Q4 and spike-sup­
pressor D4 pull i n the re lay.
connecting the Bf -ccnverted CD
audio directly to your auto-radio an­
tenna input. At the same time the
antenna is disconnected to prevent
any back radiation or unintentional
broadcasting. You do. of course,
also have to pushbutton select 88,1
MHz on your car radio to listen to
the CD audio.

Once again. this description is for
the FM-CD-l . The XA-7A uses a
somewhat different circuit that we
might look at in a future column if
there's enough mterest.
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c ies . On positi ve mod ulat io n
Swings, both tanks increase their
resonant frequencies: on negative
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modulation. the reactances will can­
cel. and the series combination of
the crystal and the two tanks be­
comes a high-impedance open cir­
cuit.

Those varac to r diode s ac t as
elect ronically variable capacitances

FIG. 3-APPROXIMATE SCHEMATIC 01the Pion eer CD-FM-l. While Inlended as a Co..
audio-Io-car·radlo adaptor, this module can easllv become a highly stable and en­
channel FM ste reo wireleSll broadcaster. Apply ing +12 volt s to th e AU X Input act I­
vates the module.
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The AUDIO MODULATION uses
a pa ir 01 VARACTOR DIODES
to vary thesa capacitors.

_ _ __ J

experiments seems to be the col­
lector of 04. Figure 5 showshowto
rou te a 3D-inch an te nna wi re
through a grommet in the case. I got
a 50-foot useful range with a good
car radio that way. Be sure to insu­
late the wire tip to prevent possible
shorti ng of the DC supply or
damaging of the filter. A far cleaner
but weaker takeoff point would be
the pin·4 filter output.

I/Yhile the BA1404 supply voltage
can be raised as high as 3 volts.
doing so may change the perfor­
mance of the reactance modulator.

The bes t way to increase the
range is to improve the antenna on
your receiver. Be sure to connect a
good receiving antenna and discon­
nect any cable connections. Experi­
ment with the antenna orientation;
vertical might be best for car radios
and horizontal might work out better
for a home hi-fr.

The range can also be improved
by placing a ground plane. such as a
grounded cookie sheet (or prefera­
bly something bigger), under your
transmitter. That could give you a
hemi pattern with do uble fie ld
strength.

A directional receiving antenna.
such as a correctly cut Vagi, can
also dramat ically improve your
range.

Note that lower power plus good
antenna matching and orien tat ion
will give you vastly more range than
will high power and poor or Im­
properly aligned antennas.

1-
TANK A res onates ABOVE tlla
crystal's f requency al"ld appears

as a high IND UCTIVE reactance ,

TANK B resonates BELOW the
cry stal'a IreQuel"lCy and eppears

as a high CAPAC ITIV E reactance.

The th ird overtone PARALLEL
RESONANC E 01 the crystal Is a t

the desired FM channel lreQuency.

The l inal TOT Al, IMPEDANCE ct me
ent ire cir cuit appears as a vary high
RESISTANC E at the Instantaneous
IreQUency set by tM crystal and by
the present audio modulation vetee .

Hacking the CD ·FM·'
In the absence of a CO player. the

CO·FM-l can be activated by con­
nect ing the AUX input to the + 12­
volt supply. Your left and right audio
inputs are normally at " line" level;
additional gain will be needed for
most microphones. Any find all aud ­
io connections must be shielded.

The antenna change over relay
migh t be optio nally defeated by
short ing A23. Supply current is 30
milliamps with the relay active and
17 milliamps with it defeated . An­
other four milliamps can be saved by
disconnec ting the AUX input and
shorting the collector to emitter on
06. Nearly another milliamp can be
saved by removing A22. The re­
maining power nee ded by the
"u seful" part of the circuit is then
1.4 volts at eleven milli amps, or
something around fifteen milliwatts .

With those poeer reductions . you
could probably substitute an ordi­
nary 9-vol t tran sistor battery for
your 12-volt supply. But be sure to
tum the power off when you are not
using the transmitter.

Theoretically. you might want to
replace the dynamic regulator 08
and substitute a single AA cell in­
stead. A bypass capacitor or two
would also be a good idea if you try
that. One way or another, though,
you can easily get the circuit down
into the millipower range but not the
rmcropower range.

A possible antenna takeoff point
for any 1eM'·leveldirect -broadcasting

FIG . 4-SIMPLl FIED SC HEMATIC 01 th e lineer reacta nce modulalor.
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Thirty inch
vert ical wire

A G. S-AN ANTENNA CA N BE ADDED
as shown 10 th e CD-FM-l lor yo ur Inillal
ehcrt-renqe FM br oadcast ing expert­
ments. Be sure to Insulale the far end 01
your coup ling gimmick. Experiment to
get th e best leng th and orie ntatio n.

DYS re sources
I thought we'd do something a tad

unusua l fo r our resource sidebar
this month . There's a group of dr­
rect-meil out fits that I will call DYS.
short for Distressed YuPw Surplus.
All these folks specialize mostly in
overpriced toys for the non-tech­
nical types. But every once in a
while. an electronic gem or two
shows up at a really unbeatable
prce. Or a useful tool. Or a great
idea.

An exam ple or two; Tho se
" meals in minutes" food vacuum­
packa ging machines seemed to
bomb out as a Yuppy prize. Their
intended use 'NCIS to package sin­
gle-portion leftovers so they can be
frozen, boiled. or nuked. And they
are great for just that. But at $29
each via DYS. they also make very
effective software and book vac­
uum-packlnq machines. Be sure to
get the type that has the little elec­
tric pump with it. Plain old Saggies
work just fine with them.

Those automated bread ma o
chines also bombed at retail. This
happened because far too many
females viewed them as an outright
threat and they throw both the mao
chine and whoever gave it to them
out of their houses. So I got one via
DYS. Around here these days. any
bread that is even twenty minutes
old is considered " stale." and even
the birds won' t touch it. 75

New tech lit
From Analog Devices. the fat nE!'N

Data Book Volume 10on their ana­
log integrated circuits . From WSI,
there 's a new Programmable Pe­
n'pherals Design and Applications
Handbook that includes lots of free
demo software . From Intel. you can
get their new PLD shell Plus pro­
grammable logic design and its su­
pervistoo software. It is free on a
professional request.

Assorted free samples of Kydex
thermoplastic sheets are obtainable
from Kfe erdex. This s tu ff look s
great for custom thermoformed
cases and enclosures. There's lots
of colors. thicknesses. and surface
finishes . And free tactile dome key­
switch samples are available
through Snaptron. Finally. AveI)' De­
nnison now has test-fixture samples
of their FasTape UHA super-strong
clear adhesives.

A reminder that I still have lots of
book-an-demand bound reprin t

continued on page 88

You do have to be selective . For
instance. a CPM computer is pretty
much worthless at any price. as is
any laser print er that does not
speak real Postx cnot or, for that
matter any teletext receiver with no
teletext to receive.

My three favorite DYS sources
are Oak. Comb. and Damark. But
every once in a while . a good solu­
tion to a technical problem can even
be found in such unlikely sources as
Taylor Gifts or Hemet Carter.

I thought I had a lot more of these
DYS catalogs than I could find at
column deadline time. Is JS&A still
around? They invented DY5 in the
first place. HO'A' about the Sharper
Image folks? 50 why don't you tell
me about the rest of them?

As a second contest. just tell me
about any non-obvious direct-mail
resource that can be used to get
ideas and solve hacking and other
technical problems. Include a sam­
ple copy if you are able to .

I've also added a great heaping
bunch of other unusual d'rec t-med
sources to our sidebar. Wh ile sev­
eral of these are clearly not DYS.
they do offer very interesting and
very usefu l cata logs. And every
hacker should definitely know about
them.
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Anothe r c ont es t or two
This CD·FM·l is one of the most

hackable projects to come dow n
the pike in a long. long time. For
here wehaveall of the compac t and
millipower core circuitry needed for
one very high·quality and quite sta­
ble FM stereo (or mono) broad­
caster all in one place and ready to
gO-With the nasty stuff fully debuq­
ged. And one that wo rks with syn­
thesized auto receivers.

For our first contest this month ,
just teUme about a nE!'N or unusual
use for a short-renee and hiqh-quah­
ty FM stereo or a mono wireless
transmitter. Or show me a variation
on the circuits we just looked at.

There will be all of those usual
Incredible Secret Money Machine /I
book prizes going to the dozen or
so best entries. In addition there will
be an all- expense paid <FOB
Thatcher. AZJ tinaja ques t for two
going to the very best of all.

Be sure to send your written en­
tr ie s dire c t ly t o me he re at
Synergetics per the help box. rather
than o n over to Rad io-Elec­
tronics editorial.

While there is that extra booster
amplifier remaining unused in the
BA1404. it might be tricky to access
and still have it remain stable. An
external boost circuit could also be
bui lt using a 2N918 transisto r or
some thing similar. That would best
be done in a separately shielded
and a properly decoupled box. Do
not. under any circumstances. at ­
tempt to amplify the unfiltered out­
put. Doing so will create cneccepta­
bly st rong outband sign als es ­
pecially at 29.7 megahertz.

What can you get away with in the
~ of increased power? Any boost
at all gets you into a legal gray area.
But. as a practical matter. if your DC
input power to your boost stage is
under 50 milliwalts. and if nobody
complains. and if your total useful
range is well under a hundred feet.
and if you use the transmitter your­
self rather than selling it to some­
one else. you can probably get away
without any serious problems or
hassles.

On the other hand. using one of
these as a predriver to broadcast
heavy metal to your entire college
campus is a very big no-no.
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C onve nncnalhstentnq te st s
have always been problem­
atica l for de dica te d au­

dioph iles. By "convent io nal." I
mean tests posing as scientific with
such methods as double-blind tech ­
niques. careful controls . statistical
analysis. and instant switching w ith
precise level equalization. The edi­
tors of The Absolute Sound. Ster­
eoonne. and other non -mainst ream
audio publi ca t ions believe that
th ose techniques obscure the
sound quality differences that the,'
hear so easily when lis tening under
relaxed conditions. i.e .. where an
audio component is listened to for
hours. days.or evenweeks to evalu­
ate its sound quality, and then its
sound is compared to that of a refer'
ence component under similar lis­
ten ing condi tions. If qual it y dil­
ferences heard during thi s lonq­
term audiophile testing fail to ap­
pear under the tightly contro lled
"quick-switch" procedures. then. in
their view. the purport edly rigorous
scientific procedures (espoused by
people such as myself> must be
somehow flawed and thus ter ribly
misleading.

Incidentally. it's worth pointing out
that the con tentio n between the
two opposing camps seldom is reo
duced to determining which of two
ampli fiers sounds better, Instead.
th e argum ent is us ually ab out
whether properly operating modem
amplifiers sound alike or different.

If. as cla imed by most au ­
diophi les. careful ly pe rformed
switching tes ts based on double­
blind techniques £in which neither
the lester nor the listener know the
identity of the components being
compared) are of dubious value. Irs
impor tant that those involv ed in
new-product and new-technology
evaluat ions know that their tools are
flawed. David L. Clark. of ABX fame.
discusses these matters and more

in the Aud io Engineering Society
prepnrn.

Ten Y ea rs of ABX T esti ng
(David L. Clark (3 16 7 K- 1Jl

About ten years ago. David Clark
and his associates invented the
ABX switch. a sophisticated com­
ponent that enables a listener to do
double -blind listening evaluatio ns
with oul the need for a second or
third party to handle the random
swi tching involved. The A8X switch
aut om ati ca lly charts a listener 's
judgment about whe ther compo­
nent A or B is the same as X.which
might be A or B in a given trial se­
ries . At the end of the test series.
the number of correct decisions is
given.

\;\'hen it became available. Clark
and his associa tes thought that the
ABX comparator wou ld be a power
ful tool for determining. once and for
all . whether small differences in
components such as power ampli­
fiers are audible and co mmonl y
heard. However. the debate raged
on as though the ABX device were
never invented . Wh en th e ABX
co mpa ra to r confirmed that au­
diophile listeners consistently fail to
identify components on a basis of
sounds th at they tho ugh t th ey
heard. the audiophiles were not ern­
barrassed. Most convinced them­
selves tha t th ey hear d tho se
difference s clearly under normal,
not test. listening conditions.

Audiophiles offered lwo explana­
t io ns for their failure to discern
acoustic differences during ABX
testing: CO The SWitching relays and
connectors used in the ABX switch
introduce art ifacts that somehow
mask the differences, and (2) short­
term. quick-switched listening does
not permit differences that are read­
ily apparent on typical lonq-term au­
diophile testing. In other words. the
stress induced by a rigorous test

de-sensitizes the listener and im­
pairs his ability to hear differences
that are apparent under more relax­
ed circumstances.

Clark set out to test the reality of
the explanat ions and excuses . Two
audiophile societies partic ipated:
The Audiophile Socie ty eTAS), con­
sisting mostly of true believers in
htqh-e nd audi o equipmen t and
C lark 's gro up. the Southeastern
Michigan Woofer and Twe eter
Marching Society <SMWTMS) who
tended 10 be rationalists .

The test consis ted of the inser­
tion/ non-insert ion of a black box
non-linear circuit that injected 2 .5%
harmonic distortion into the signal
pa th. Two sets of tes t s were
planned for each group. One em­
ployed the ABX swi tch for the typ­
ica l quick-SWItch procedures pre­
fer red by the " sc ienti fic " audio
group. while the other called for the
long-term listening preferred by the
high-end. every thing-sounds-d if­
ferent crowd .

As might have be en predicted .
the " golden ears" of the TAS group
refused to have the signa! passed
through the ABX comparator. and
instead used a much slower. man­
ually plugged 16·trial co mparison
test wil h a very expensive high-end
sys tem familiar 10 mos t of them .
The SMWTMS group listened in an
unfa miliar room to an unfamiliar
sound system.

Double -blind b lack boxes
The second part of the test at­

tempted to sel up the long-term .
relaxed lis tening si tuation favored
by high-end audiophiles . Ten sealed
black boxes were distributed dou­
ble-blind to at least 16 membe rs of
each group. Half of the boxes con­
tained the disto rtion circuit : the
others were simply bypass circuits.
Parti c ipant s were in st ructed 10
patch their black boxes inlo the tape
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sounded different from each other.
<It was assumed that allof the ampli·
hers would measure up well in con­
ventional testing . and be operated
within their ratings)

Appmximately 70% of the AES
audience indicated tha t they
thought the amplifiers would proba­
bly so und diff erent! Along wi th
Clark, I find that result dishearten­
ing, especially in light of all the care­
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that have failed to show that such
audible differences exist. R·E
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Final note
People I co nsider to be fuzzy­

minded, non-technical elitis ts are
not the only ones who believe that
rigo ro us double-blind te sti ng
obscures small audible differences
under non-test cond itions . When
C lark was chairma n of an AES
Workshop on Esoter ic Audio in
1988. he asked the audience to indi­
cate by a show of hands whether
they believed that different modern
qam-ma tched power amplif iers

loops of their home preamplifiers
and listen for as long as necessary
to decide whether or not the black
box was neutral.

No one in either group was able
to dis tinguish the distort ing box
from the non-dlstortmq box reliably
in long-term lis tening on a home
system. Moreover, no one in the
TAS group could identify reliably the
distorting black box in the manually
patched series of relatively quick tri­
als. However; with the ABX com­
parator. the SMWTMS group was
able to differentiate between the
distorting and non-distorting black
boxes within 45 minutes. And they
went on to perform just as well with
the black box at even 1000000r distor­
tion levels!

This. to my mind. constitu tes an
ultimate rebuttal to those who claim
that long·term listening is required
for detecting differences. and that
instant switching with boxes such
as the ABX comparator somehow
masks acoustic differences. To reo
peat: the Audiophile Society failed
10 detect the 2.5% total harmonic
distort ion (THO> under its preferred
listen ing conditions . By contrast.
the SMWTMS group. using the
ABX switch. detected the distortion
quickly and. later, at even 1000000r lev­
els.

Those who have been involved
with ABX testing agree that the rea­
son for the high sensit ivity of the
ABX procedu re is the ease and
speed of the comparison. which en­
ables one to focus on the detection
task. Dependence on one's memo­
ry of what one thinks one heard­
interrupted by juggling cables while
switching components-obviously
does not make for reliability in eval­
uating component s. de spi te au­
diophile claims to the contrary.
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ASK R-E

ANALOG SWITCH LOSS
I'm building a circuit that uses

a 4066 CMOS analog switch to
select between various audio
sources, Everything works fine
but I notice that th ere's some
loss In signal level throu gh the
switch. According to the data
books, a closed 4066 switch
acts like a 75M ohm resis tor and,
since that is a characte ristic of
the IC, I'd guess there's no way
around It. Or Is there?- W. MerM

edith, Elkins, WV
Analog switches are neat devices

that allow digital circuits to control
the flow of analog signals. When
these IC's first appeared on the mar­
ket they were immediate hits , But
you're tight. there is an intemal loss.

While there '5 no way to pop the
cover off the IC and do a bit of ere­
ative microsurgery to cut down the
signal loss, there are some more
conventional alternatives that can
help. After all. the losses are due to
routing signals through transistors
as opposed to mechanica l co n­
tacts.

The most obvious answer is 10
put a simple ampli fie r after the
switch, which is what I would do if
faced with your prob lem. A one­
transistor or op-amp circuit doesn't
cos t much nor does it lake a 101of
board space. An added benefit is
that you'll be able to adjust the over­
all gain to any level you want. And
since you're dealing with audio. it's
not much of a job 10 tailor the amp's
characteristics to match whatever
equipment the circuit has to feed.

If you're not using all the switches
in the IC, there's no reason why you
can't use two or more switches in
parallel. The apparent resistance
will drop in the standard reciprocal­
addition pattern used for calculating
the equivalent resistance of parallel
resistors, You can never reduce the
resistance to zero bul you might be
able to get it down low enough to
make the problem unimportant

Your iast alternative is to use a
different IC . Some of the more ex­
pensive analog switches designed
for video and other high·frequency
applications have a lower inherent
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signal loss but they're much harder
to get in single quantities. A less
expens ive and mo re available
choice would be something like the
4016. the father of the 4066. That
earlier chip has a higher internal re­
sistance <about 300 ohms>, but
does a better job of preventing sig·
nalleakage. Anyonewho stocks the
4066 would probably stock the
4016 as well.

FM ANTENNA
I'm having a lot of trouble get­

ting good FM reception in my
home, No matter what kind of
antenna 1try or where 1put it in
t he room , t h e rec e pti o n I s
garbled and dis to rte d, I live only
a few miles from the main trans­
mitt ing antenna so I know it 's
not a problem with th e level of
the signal, I'm th inking of get­
ting one of th ose devices I've
seen adve rti sed that tu rn my
elec trica l wi ring into an anten­
na. Do they re ally work?-L.
Lasky, New York, NY

I thought those phony baloney
contraptions disappeared along
with more important things like the
Rosicrucians <AMORe everyone)
and VYhite Cloverine Brand Salve.
The answer is a definite no. Few
things in life are for sure but the fact
that those antennas are a waste of

time is something you can bet on.
The reason you're getting such

terrible reception is because of mul­
tipath reception.The signal from the
transmitter bounces around off the
metal in buildings andyou're getting
several delayed versions of the
same Signal. If you had the same
problem with TV reception you'd be
talking about ghosting. And the IN'ir'f

to solve the problem is 10follow the
same route you would with ghost­
ing: increase the signal strength.

I've seen lots of devices that pur­
port to eliminate multipath FM reo
cepnon but I've never run across
one that delivered what 'NaS prom­
ised in the ads. The bottom line is
that if you have excessive Signal re­
flection and the ref lect ions are
strong enough, you're going to have
poor reception. FM antenna ampli­
fiers-the ones that go in front of
the antenn a inputs-ca n so lve ~
problems caused by a weak Signal
but they can't do anything with mul- f8
tipath reception. As they say, gar- N
bage in, garbage out. ~

Until someon e ou t there can T

shCJlAt me otherwise, all you can do ~
is try to get cable FM service, or put a
your antennasomewhere that it has ~
a clear shot at the transmater's an­
tenna, That would be out a nearby
window if you're up high enough, or
out on the roof if you're not. R-E 79
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COMPUTER CONNECTIONS

Windows 3.1, OS/2 2.0

JEFF HDLTZMAH

OLE
Object Linking and Emb edd ing

(O lE) provides the most interesting
and far-ranging enhancements to
Wind ONS. Recent versions of vari­
ous Windows appl icat ions (Excel,
W inWord, Ami , PowerPOintl have
been getting smarter and smarter
about how they integrate data from
other applications. For example,
you might want to include an Excel
worksheet in a budget statement,
or include an Excel graph of data
collected as part of a school report .
In the old wayof doing things , you
would leave a big hole in your docu ­
ment, print the worksheet or graph
separately, then paste the printout
physically into the docu ment S<J\I\o)'
W indows use rs have, for several
years, eliminated the physical cut
and paste , instead doing so through
the Windows cl ipb oard . However,
doing so has limitations. What if the
Excel data changes?Then you must
delete the version in the document
and " paste" in a new one.

A better way is to set up a " link"
between the Excel data and the
word-processor document . The link
ellows you to work on both doc u­
ment and data separately, perhaps
with separate users performing dif­
ferent tasks. The word processor
watche s aver the link; when it de­
tects new or changed data , it up­
dates the documen t with a new
copy of the spreadsheet.

An embedded objec t is quite dif­
ferent. and there is much confusion
floati ng around about this point. An
embedded objec t exists only in the
main document. not in a separate
file. That means that only one user
can get at an embedded object at a
time.

Let's back up a couple of steps.
VoIhat does Microsoft mean by the
term object?

In the WindONS scheme of things,
an object is a chunk of data. It could

Print YBDB C.

trulyl Put simply. Win31 is not as
robus t as OSI2, but it's better than
Win30. Vv'hen a program crashes, it
usually bring s up a dialog box stet­
ing where the fault occurred, and
anocvs you to terminate the applica­
tion without rebooting or corru pting
Windows' inte rnal memory-man­
agement scheme. I say usually be­
cause Cat least in the beta), it's still
not 100% reliable .

A related feature is Ctri-Alt-De­
lete trapping: You can't simply re­
boot at any time. If you press Ctd­
Alt-Delete . a text -mode screen
pops up advis ing you to press the
key combination again if you really
want to reboot. to press Esc jf you'd
really rather not reboot. or press En­
ter to terminate the current applica­
tion. The purpose of the latter is to
terminate hung applications. If an
application hangs. you can "reset "
just that session and return to Win­
dONS. (DESQview has had that fea­
ture fo r years ; it's about t ime
WindONs got it as wellD
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FIG_1-WlNDOWS 3.1 con taIns Improved rel iab ility, ob ject linking and embedding,
and lot s of small Improvements I lla llogelher add up to another run-away success lor
Micro soft.

W indONS 3.1 is destined to
be an extremely popular
upgrade to Microsoft's al­

ready popular graphical operating
environment. Itis an incremental up ­
grade that fixes many small prob­
lems and adds several significant
new features. I wish Microsoft had
gone further wi th some things. but
there is enough new and improved
here to capture a heck of a lot of
user interest (and dollars>' This re­
port is based on the " final" beta
(3.1.061d. shoon in Fig. U: some
features might vary slightly in the
finished product (due out by the
time you read this).

Win31 contains five major areas
of improvement: higher rel iability.
Objec t Linking and Embedding
COLE). the TrueType font system, a
new Fife Manager wi th "draq-n­
drop" file management. and lois of
small user-interface enhancements.
l et's discuss each in tum.

Improved reliability is first on the
mind s of many (including you rs

..



be a cell in a spreadsheet, a range in
a spre ads heet. o r th e en t ire
spreadsheet. It cou ld be a para­
graph of text or a whole document
It could be a bit-mapped image cre­
ated in a paint program. It could be a
sound file containing voice annota ­
tions to a document. The point is
that it could be just about anything:
the "d ocument" containing such an
object does not need to know how
to display it or print it.

Object linking and embedding
doesn't happen in a vacuum; ap­
plications must be " OLE-aware."
There are two types of OLE-aware
appl ications; OLE servers , which
provide objects that can be linked to
or embedded in other documents,
and OLf clients, which can accept
objects supplied by an OLE server.
A given application can be a cl ient. a
serve r, or both. In Win31, Paint­
Brush and the Sound Recorder
(only availablewith multimedia hard­
warerareOLEservers; CardFile and
Write are OLE clients. Current ver­
sions of Excel and Word for Win­
dow s can functi on in both rotes.
<The next ve r sion of Word is
rumored to have extensive built·in
OLf capabilitiesJ

whereas a linked object exists in
a separate file, an embedded object
exists only in the primary file. You
edit an embedded object by double­
clicking on it, which causes the cor·
responding application to load with
that data. After you edit the data.
you close the second application,
which insert s an updated copy of
the object in the document.

What about applications (DOS
programs, for example) that are not
(and may never be) OLE·aware?
Win31 includes a special program
caned the Object Packager. What it
does is link an application and its
data file to an icon that you embed in
an OLE client. The type of applica­
tion and data is irrelevant: all that
appears in the OLEdocument is the
icon. To access the "packaged"
data, you double-click the icon. Win­
dow s then execu tes the corre ­
sponding application.

The iconic representati on has
som e in te resting ramif icati o ns.
Hard-copy and on-line versions of
OLE documents differ. The hard ­
copy version will contain only the
iconic representation. not the actual

data. The irony is that the en-hue
version will be richer than the hard­
copy version, not the other way
around. The implication is that you'll
need a computer to gel at aU the
information contained in the OLE
document. As computer hardware
continues its evolution toward rich,
s t and ardi ze d m ult imed ia ca ­
pabilities, this will become the rule
rather Ihan the exception.

The whole OLEprocedure is ewk­
ward. time-consuming. and distract­
ing . In the current way of doing
th ings , a wh ole new appl ication
launches in a separate windON that
takes you out of the context of your
document. Ideally, when you se­
lec ted an embedded object. the
menus and tool palette s of the cur­
rent application would change to reo
flect available capabilities. Thenyou
would have the feeling that it was
your document that mattered, not
the compu ter applications used to
create it. OLE represents the first
cut at that type of transparent edit­
ing capability.

TrueType
M icro soft's answer to Ad obe

Type Manager (as well as similar
pro duct s from Bit St ream an d
others) is called TrueType. IT pro­
vides built -in device -independent
scalable fonts. Device-independent
means that. within the resolution of
the device, fonts will appear identi­
cal on any supported video display
or printer. Wi th font support built
into the ope rating sys tem, docu ­
ments can easily be ported among
different machines without loss of
formatting information.

Win31 includes four typefaces
corresponding to Helvetica. Times.
Courier. and Symbol. These fonts
are rendered quickly and are quite
good looking; Adobe might be in for
trouble on that count. Professional
desktop publis hers will likely still
prefer ATM and Ad ob e Type 1
PostScript fonts, but run-of-the-mill
users probably won't care what's
under the hood as long as it work s.
And even in this beta, It does. I've
already seen lots of public-domain
IT typefaces floating around on the
telecom munication s services .
Win31's ability to work with bo th
TrueType and PostScrip t Typ e 1
fonts was unclear as of this writing.
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It's important to understand that
TrueType i s no subst it u te for
PostSc ript. PostSc ript is a robust
language for describing both fonts
and complex page layouts : True­
Type covers only the font port ion.
Microsoft has a related technology.
Iruelmaqe. that attempts to make
up for the deficiency. However; few
laser-pr inter manufactu rer s and
even fewer application programs
support either Truelmage or True­
Type. The point is that PostScript is
well-supported. hence is likely to be
with us for a long time.

Other improvements
File manager is incrementall y

faster and easier to use. Using the
Multiple Document Interface (MOD,
it allows you to open multiple win­
dews into various drives, and then
to cap/and move files among them.
Drag-n-drop allows you to select a
file from the file manager, then drag
it to another application to move,
copy or print the file. Moving and
cOp/ing work fairly well: the print

feature is not so elegant. For exam­
ple. if you drag FILE.TXT to the Print
Manager, it in turn launches NOTE­
PAD.EXE. wh ich does the actual
printing. You can drop the file icon
on either the minimized PrintMan
icon, or on the open PrintMan win­
dow. The idea behind this capability
is great. but the implementation is
awkward. If I drag something to the
printer icon, I just want it to start
printing while I go on about my busi­
ness. Instead. the dropped-on ap­
plication takes over the screen and
keyboard until printing is done. For
this capability to worksmoothly. ap­
plications vendors are going to have
to cooperate. l.e., provide DOE-ac­
cess ible print modules that do their
thing in the background.without dis­
turbing the user. FileMan also pro­
vides a "backdoor'' capability for
adding new funct ions: already there
are shareware packages that do so.
FileMan is much better than in pre­
vious incarnations. but I would have
a hard time giving up the Norton
Desktop for Windows.

As with Microsof t's recent re­
lease of Wo rd for Windows 2.0,
thereare lots of small user-interface
improvements that together add up
to a much more pleasant computing
experience. To name a few. Prog­
Man and FileMan save sett ings
much quicker when exiting: hrqh­
speed support for many super-VGA
cards is built-in: full mouse support
for DOS apps running in a window:
faste r sw itching among applica­
tions: a large collection of applica­
tion icons: built-in screen savers :
built-in multimedia support: built-in
tutorial on WindOW"s operations: a
Startup group in ProgMan (the visu­
al equivalent of the LOAD = and
RUN = lines in WIN.IN!) : bette r
support for COM3 and COM4 se­
rial 1/0 : variable size fonts for win ­
dowed DOS sessions.

In prior versions of Windows. you
could press Alt-Tab to cycle through
all open applicat ions. Win31 in­
c1udes a "smart" version in which
you press and hold Alt; subsequent
presses of Tab cycle through a win-
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Snooper Stopper•••....•••••••••S39.00
Th . Of."._mllIeO.,.o 1_.11 h ..cl r" Qu.tlCy
l Ofi.5Mn.L S/lOCll)" 5 101'0.' lar mOSlJ_O ry st.... s.

Protect yourself from descrambler
detection and stop the Butter with
one of our Snooper Stoppers.

Visa , MasterCard or COD

Northeast Electronics, Inc.
PO Box 3310

N. Attleboro, Ma. 02761

Article Parts

Cable TV

Macrovision..now you see it,
now you don't.
Macrovis ion KIt•..••••••••••••••••S29.00
11lClUO" iJDlM ono;I~ p.,.. & EICfWO. DnII
~.scr- PC BoaC,Ong~ Pu:oUlWd ..
R.ll lO E/Ktn>noC'I .... oa:m.

We stock the exact Parts & PC
Board for an art icle published in
Radio Electron ics Magazine on
building a Snooper Stopper.

Snooper Stopper Klt •••••••••••S19.95
1ncJu<l• • &111M ono.naJ Pun & Eler..a . enu.c
5H~.s~..cl PC 6<>ard ,

OS/2 2.0 update
Rash: I just received beta version

6.304 , which now allows Windows
and OS/2 windows on the screen
simultaneously. My initial tmpres­
sio n is highly favorable. Choosing
between OS/2 and WindO'NS is no
longer as easy as it once was. More
next time .

Multimedia update
As soon as things settle down on

the system software front. I will get
back to my promise to provide an in­
depth look at CompuAdd 's multi­
med ia upg rade ki t , w hich puts a
CD·ROM , sound card, and optional
AM/ FM and TV tuners in your PC .
You've gotta see it to believe it! R·E

Parameters: 8N1 (8 data bits, no
parity, 1 stop bill or 7E1 (7 data
bits, even parity, 1 Slop bill.

Add younell toour user files to
increase your access.

Communicate with olher R·E
readers.

Try the

E/iii:'mnjl;s.
bulletin board

system

IRE-BBS)
516-293-22B3

RE-BBS
516-293-2283

The more you use li the more
useful it becomes.

We support1200 and 2400 baud
operation.

dow that lists each running appbca ­
ton. complete with icon and title.
VVhen you reach the one you want,
release Tab and you switch to it.
Simple but elegant.

Win3 1 includes an updated ver­
sian ofM icrosoft 's disk cach ing pro­
gram SmartDrv. SmartDrv 4 .0
hooks in at the DOS level, hence is
able to cache more types of de­
v ices. The program now inc lude s
the ability to cache both reads and
writes. In addition, the final version
should have its own Ctrl -Alt-Delete
trap whi ch w ill help ensure that
cached wri tes actually are wri tten to
disk before the system reset s.

In conclusion.Win31 sports many
small improvements and several in­
dicators of great things to come.
Windows is still not perfect, but it's a
whole lot better. The detailed etten­
tlcn paid to improved user interac­
tton echoes similar improvements in
the recent release of Word for Win·
dows 2.0. This type of user focus is
what would -be compet itors had
better pay attention to.

leave your comments on R·E with
lhe SYSOP.



HAR DWARE HACKER EQUIPMENT REPORTS

ADVANCE YOUR
ELECTRONIC
INTERESTS

continued from page 75

r----------,

The SPEC~COM Journal
P.O. Box 1002,

Dubuque, IA 52004-1002
(319) 557-8791
BBS (319)582-3235

Getting your FCC Amateur Radio U­
cense is easier than ever before
(NO-CODE requirement - see R.E.
April 91 issue, pages 27-28). SCj is
an 80-page per issue HAM RADIO
maIJ azme that covers ALL the spe­
cialized modes. Modes like HAM-TV,
Radio teletype, Satelli tes, WXFAX
and Comp uter Data Transmissions.
Current ieeue • just $3.75 ppd.

Annual Subscriptions (6 issues):
$20 USA $25 Canada/ Mellico

$30 Foreign (Surface)

WITHA NEWSUBSCRIPTION TO:
THE SPEC-COM JOURNJU.!

IHf UNCfNSORfD
CONHNJOf

IHIS MAGAllNf IS
MADf POSSlBff BY
lHfCONSmON

AND
lHf Bin Of RIGHJS

OfIHf
UNmD SlAHS.

.... ...... """"" ....... .... eon........... ...... , coo- m!l
............ W.'"''''''''''. l>.C. ~<>006 . T'" Comm 'o _ • ~

.-on .... "".....__ "' '"'"''u.s. eono<,..-..

IHf CDNSnJUIIDN.1H1 WDRDS WI UVIBY.

be switched between the frequen­
cies of 300 Hz, 1 kHz, 3 kHz, and 8
kHz. and the output level can be
swi tched between 0 and - 6 dB,
Stereo-pilot and SAP (Second Au­
dio Program) signals can be switch­
ed on and off, and stereo-sum and ­
difference signals (L + Rand L - R)
are also individually available. With
the four audio output signals from
the TS-8-MTS, all sections of a TV's
decoding circuitry can be checked.

The TS-8·MTS is a versatile piece
of test equipment. and at $895 it's
also co mpe t itive ly priced. It's a
wort hwhile investment for anyone
who regularly works on TV 's and
VCR 's-or someone con sidering
gett ing into serv ic ing. The gener­
ator is intended for troubleshooting
and aligning video equipment but it
wou ld be great if stores had them to
demonstrate the quality of the next
TV set you are about to buy' R·E

con tinued from page 16

CIRCLE 108 ON fREE INfORMATION CARD

, L EARN
: COMPUTERS!

~

g: I Horne s tudy. Become an expert with
- personal co mputers for home or busines s
~ I use. Step-by-step instruction is easy to un­
-'l I de rstand. eve n if yo u have lillie or no com­
<Ii puter experience.Learn in your spare time,
.0 I at }'Our ownpace.Send or call l oday fore }'Our free career literatu re.

~ , CALL 800·223·4542
~ I ~

1j , . ..~,.~=;:~=5;:==
~ 'I S~HOOL OFCOM;;£R ;;AINING

2245 Ienmeter Park
88 L Dept. KID<l1, Atlanta. Georgia 3OJ41 J---------­CIRCLE 189 ON fREE INfORMAno/ol CARD

sets available on pretty near all of
my recent columns. Includ ed are
Ask the Guru I, II, and III . Hardware
Hacker II and III. LaserWriter Se­
crets. and Blatant Opportunis t.
Write or call me for more details .

rYe just posted my printed -circuit
layout package up 10 GEnie PSRT
as our fite #401 PRINCRCT.PS. It
lets you do ultra-fancy PC layouts
using nothing but your very favorite
word pro cessor or edit o r. And
please note that all my A sk the Guru
and LaserW,iter Corner columns
continue to be electron ically pub­
lished, also on GEnie P5RT-on time,
full length , and uncensored . [ have
also upda ted all my book-an-de­
mand publishing secrets as # 410
BOOKDEMD.PS.

As usual. we have gathered most
of the sources together into either
our Names and Numbers or ou r
DY$ Resources sidebars. R-E



BUYER'S MART
FOR SALE

ruBES: -oldest,· "letest." Parts and sdlemalics.
SASE lor lists . STEINMETZ, 7519 Maplewood
Ave., RE" Hammond. IN 46324.

CIRCUIT Boards Completll printed Circuit lab­
riCatlon l rom singl e sided 10 production mu lti ­
layell. T_ nlv·lour hour lutna round available .
CIRCUIT CENTER, PO Box 128. Addison, IL
60101. (7081543-0671.

RESTRIC TED led micallnlormalion : Elec tronic
surveillance, schematics. loclI$ffilthing, CO'o'ert
scerees. haclm>g. ete. Huge eeteeuen. Free
b ro c hur". MEN TOR-Z, 0,_ , 1549. Asbu'y
Par1<.. NJ On12.
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CAB LE TV Eq uipment. Most type lIYiIilable.
Special: Oak~8 $39.95. Nocatalog . COO 0'­
ders only. 1 (800) 822-9955 .

T.V.noIdI filletS.phone recording equipment tiro­
<ture $1.00. MICRO THIne. eo. 631i025. Mar­
gate . FL 33063. (3051752-9202.

.. .... .. P'Il£SENTlNG........

CABIFTV
DFSCRAM8LFRS
........ .. StARRING ...... .. ..

JaRROLD, HAMLIN, OAK
I'oNO0fHl1 M.YClUJ ............o(1UI(.-s

• '''''Uf~ P'lI'lXiolNo' -.J\af
• lOo\f 6 f IEfAI. 'WHQl.6AlE """(1 IN us.
• OID( IIS~ fllLJMm:x:Jc\lIm'W\I14_
• AU. M.o'UOIt CIEOfT CNO'I ACc r rno

FOR AU INFORMAn ON
1-!OO·J-45-8911

TUBE S, new. up 1090'10 off. SASE. KIRBY, 298
~ Carmel Otive. Carmel, IN46032.

CABLE TV converters: Jorrolcl . Oak , Scienm~
Allan tic . Zenilh & many OThers. ·New MTS' stereo
IIdd-on: mute & volume. Ideal tor 400 and 450
owne" l 1 (800)826-7623 . Arne. , ViSli. M/C ec­
cepled. B & B INC.. 4030 BearD·Rue DriY6.
Eag an, MN 55122.

SPEA K ER repair.. AI mak es models. S1etoo&
plOIessiMal . Kits a'4iiiIbIe. RetoiiIminQ $18.00.
ATlANTA AUDIOLABS , 1 (8001568-6971.

ENGINEERING software and hardware, pC!
MSDOS. Circuit design and drawing, PCB
layout, FFT analysis, Mathematics, Circuit
analysis, etc, Dataacquisition, generation,
110 PCB's,etc. Gall or write for free catalog.
1614) 49' -0832. 8S0FT SOFTWARE ,
INC., 444 Collon Rd ., Columbus, DH
43207.

CLASSIFIED AD ORDER FORM

lei "'~ _ _ clo»lIie<l..s. ""' _ -""""'""'___ .n<l _ IhI.IomI""""'"_ u-l<IO:
Radlo-ElKtronlcs Classified Ads. 500-8 Bi-eounty Boulevard. Farmil'lgdale. NY 11735

PL.EASE INDICATEin wNch category cA dassthed adYe1ti$irIg)OUWISh your ad to appear,For
special headml}S, there ISa surcharge at $25.00.I I Plans,'Kil$ () Bu$ine$s Opportunities I I For Sale
I IEducabonlnstrucbon () Wanted (I 5alen.le Television

Special Calegoty: $25.00

PLEASE PRINT EACH WORDSEPARATELY, IN BLOCK LETTERS.
tNo I(Ilunds Of credits tor typeselllllg errorscan be madeUol~ dearly pnnt or type)OUr
COpy) Rates indicated ate lor slandard slyle classified ads y. See below for additiOnal
charges lor special ads. Min imum: 1Swords.

, 2 3 , 5

6 7 8 9 10

11 ta ra " 15 ($46.50)

16 ($4 9.60) 17 ($52.10) 18 (55580) 19 (558.90) 20 ($62.00)

21 ($6 5. 10 ) 22 (568.20) 23 1$71.30) 24 ($74.40) 25 (Sn.SO)

26($80.60) 27 ($83 .70) 28 ($86 ,80) 29 ($89.90) 30 ($9300)

3 1 ($96.10) 32 ($99.20) 33 ($ 102 ,30) 34 ($105. 40) 35 ($108.50)

we~MasterCardand V'sa lor p;rym8fllol OIders. "~ ....'"10use YCIU'CfOOrtca'd 10pay lor jCU' ad"l
on me lolIow1ng add,tlOl\al",rormaloon(Sorry. no lelephone orders can be accepted,):

Card Nurnl:Ief EqlO"atoon Dale

/
Please PrroI Name ......
IF YOO USE A BOX NUMBER YOO MUST INCW DE YOUR PERMANENT AOORESS AND PIiONE
NUMBERFOROURALES. ADSSUBMrTTEDWfTlfOUTntiS INFOfI MAT1DN WIlLNOTBE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (lor hrrn$ 01 indMduaIs=QOfTVTIefaal producIs or serwicesl
S3.IOJl"I" word prepaid (no chaZ lor zip code ~ . MI NIMUM 15 WO OS. 5% diKOUnt lor same ad on6
lSSUeS:1O'i'e lb::ount lor same '" 121$$Ue$Wlll\in onesC: ar: .prvpa>d, NON-COMMERCIAL RATE: (lor
'ndl'llduals wl'IO want to~ sell a personal ~em) 52. per word.~....no mon,mum ONLY FIRST
WORD AND NAME set in CIijlSat no O. trll ctl<ll90. Add,tiOnal bokl ace (no! iI\IlI,lab~ as all caps) 55~
per wold addltlonll. Enl,mad in boIdl1lC$. S3.1t&s word,TINTSCREEN BEHINDENTIRE AD: S3.a5 pe-r
_ ' d. TINT SCREEN BallND ENTIRE AD P 5 ALL BOLD FACE AD: $.0150 pe, word. EXPANDED
TYPEAD: $4.10~r woru repald. Ent,road til boldface. $5 ,60~' 'I'Ord TINT SCREEN BEHIND ENTIRE
EXPANDED T!' E AD: 90 per word TINT SCREEN BEHI 0 ENTIRE EXPANDED T!' PE AD PLUS
AU BOLO FACE AD: S680 pet word DISPLAY ADS: l ' • 2\-',--$41000: T x 2\-'''-S820,oo: T x
2\-',' - $1230 00, a-,.I 1I'lom'Iallo n: f~ '81es and Pft!'Pa~ d'sooun!s ani _ liable , AU
COpy SUBJECT TO PUBU SHERS APPROVAL DVERT1 SEUEN USING P.O. BOXAOORESSWILL
NOT BE ACCEPTtO UNTIL ADVERllSER SUP1>UES PUBUSHER WITH PERMANENT AOORESS
AND PHONE NUMBER. Copykl be in.,.... hands on !he 5th 01 ee llord monlh IlfOOIl'CIong_ clIIe ol ltoe
ISSUe , (Le . Aug, o»ue QQpy mtI$I be'-"'" I)y May 5th~ ~ normal=t=..'* on $IIII.IrWy.
s...day-or~ ISSUlIooseson~-..orl<lng day, s.ndtor hda$ll>ed .~ Nut1'tle<
~9 on_ F_ r.torrnalOI Card
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All major brands carried
•J ERROLD, · TOCOM, · ZENITH
· GENERAL INSTRUMENTS
· SCIENTI FIC ATLANTA, · OAK
· HAMLl N, · EAGLE, · PIONEER
7lh Year in business. Thank You
Member of Omah a Chamber of Commerce
1 Year warranty on new equipment
30 Day money back guarantee
Orders shipped from SIOl;k within 24 hours

CALLTODAY FOR AFREE CATALOG

1-800-624-1150
_ r;a~ rEm
'~ ~ L£J C.O.D.

t'0Mt>~
~ .,.

Q da M:lUEtECJ'RONICST
"" ~ 8 75 SO. 7200 se

?.... . ~(> omaha, Nll68U4
....0''''0....

CIRCLE s.3o~ FREE I~FORMATlO~ CARD

FJ.,,\SlUNG InOP

"' · ::80N ~-~-
~=
:=i- STOP
C6458 , .
$10.- :i' rr

CIRCLE 192 ON FREE INFORMAnON CARD

: . , ...

8OC52·8asic microconl ro!ler board . Basic i"1O<'
pmter, 32K RAM,16K Eprom, Epromprogrammer.
RS232, expansion connector. Bare board with
manual. sctemetcs S22.95. 8OC52-Basiemicro­
processor ch ip $25.95. Assembled and tested
$124.95. PROLOGIC DESIGNS, PO Bo~ 19026,
Baltimore. MD 21204.
JERROLD, Toc om and Zenith "tnt" chIps .
Full y ac tl vat81 un it . $ 50 .00. Cabl e d e­
sc ra m b lers from $40.00. Or de ra 1 (800)
452-7090. Information (310) 86N I0ll1.

CLOCK, 1-32MHz variable square WINe gOO8f'
etcr, Req uest specs, pr ice. TROLEX, 1292
Mearns Rd., wanllinst8l'. PA 18974.

WIRELESS CAlU • IFlS· MMtlS. A'lI31" TV
Ullr.1fIIII ,"",~I' I · r_*" 1.1 10 U lillt.

•~C_ Oosh Syslem $ 199,95
• 36·Cnan~ Oos.hSySlem $149,95
'~OIsh Syslern S12~95
'_~""d_""'_""' '''' '''
' Yl\l_,~, C.......I_"'_
• Col .. _ rSollll b " ' AW""ofog

P!IlWPS-Ttat WCTRDIlIC$•~*:;"- P.o.. 80. .533• SC<Ilt>d.... A1. . S252
.. (6021941·1700 ($3 00 C"d~.11 pl<lRe " dot' l_ .'/Iu.-.. t...... .t!IlI ,.-._

FIBER opllcs kils, Experimente rs $24 .50,
Datahok wlf'CB $36,25. HILL ELECTRONICS,
Box 47103. Phoenix , A2 85068·7103.

TOCOM-J err o ld Impu Ise-Sc le nl ilic Alia nls
Cool'8r1ers, two year warranties. also tes t mod­
ules lor~urconl'8r1ers. Contad NATIONAL CA­
BLE, (219) 935-4 128 full details.

H I GH v o lta ge re ctlll e ra l 6KV-$4 .50 ;
10KV-511.oo; 14KV·$13.00 : 16KV-$16.00 . All t
amp. $3.00 shipping perorder. S"",Box 5S00-A,
Lakeland, FL 33807. (813) 646-7925.

FREE calalog. Great software $1.50 per disk .
'Mile: FESTUS MASAI, POBox 1036. DeKalb. IL
6Ot15,

SENCORE test equipmeot. parts and manuals,
DON JACKSON, 255 North Ramey Lane. Cave
City, AR 72521. (501) 283·6236.

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Antique Radio'S
Largesl Circulalion Moothly. 0 "
Articles, Ads & ctassuecs. •
6· Mont h trial : $15. t -v r: $21 (540-1sl Class).
A.R.C., P.O. Box e02·L9, Carlisle, MA 01141

FREE cable descramblers. 2 lree M-35B when
you buy 8 at 529.00 ea. 1 lree Tocom when you
buy 4 In' $185.00 ea. 1 free RTC·56 wren you buy
4 (a' 599.oo ea. 1lree SAJ·Bor FTB wtlen you buy
9 @; $59,00 ea. Others in stock . C.O.O. 01<.
MOUNT HOOD, (206) 260-0107.

OESCRAMBLERS Oak, Jen-okl. Zenith. Toeom,
Hamlin. t cwcst pnces. best walra nty, C.O.D. OK.
Same day shipplng. quanlily discounts S.A.C., l
(8ooj622·3799 M·F 7-3 P.S.T.

TEST·Alda lor lesting units in flIll aerv lce mode.
Starc:om VII, 540.00; Slarcom VI, $30.00: Star­
com OPBB. $50.00 ; Pioneer, $75.00; Tocom VIP
55Q3.'5507. $25.00; SA call; Zenith.$25.00; N.E.
ENGINEERING, (61?) 170-3830.

BUYING cable boxes. any quantity. Also selling
test n rmM S. Call 6-11 PM EST (305) 425-4378.

CABLE TV
"BOXES"

Converters·Descramblers
Remote Controls-Accessories

* Guaranteed Best Prices *
* 1 Yea r W arranty - C.O.O: s *

* Immediat e S hipping *
* FREE C AT A LOG *c.,o•.,~ ..

NASITRANS·WORLO CABLE CO.
39 58 North Lake B lvd. • Suite 255

Lake Park , Flo rida 33403
1-800-442-9333
1-800-84 B-3 99 7

BATIERIES. Huge savings en Ni-cad , alkaline
and hard to find bat18fies. Custom made battery
packs to your scecmeeucns. Camcorde r, RIC
electric model, cordless phone and other bat­
ter ie s. Calalog $2.00. B &J , PO Bo~ 1833 ,
Snohomish, WA 98291. 1833.

CAB LE TV descr emblerslconverters. Whole·
sale price club. Nobody beat s ou r p rice s ! All
major brands. Money-bac:lt 9uafanlee.COD/credo
~ card ordGfS":" CABLE ONE 1 (800) 669-5306.
Sorry. no California sales.

CABLE equ lpmenl.. whole sale on ly. Starcom
7 lest kits 518.00. New lags lrom $25.00. New
ccnvertere from $48.00. Stun gu ns from $28.00.
Sten;om 6factory TrI-b1combos lrom 599.00....
in quantity to tho trade 1 (800) 866-2232.

PLANS AND KITS
FASCINATING e lec tronic devicesI Oa l e rs!
Lasarsl Transm illers! Detectors ! Free ener9y l
Iesta! KrtsJassambled! CalaJoq S4.00 (refunda,
ble), QUANTUM RESEARCtl, 17919-77 Ave..
Eanonlon, AB. T5T 25 1.

HOB BY/broadcasl ing/HAM/CB/surveillance
Iransmit18fS. am!1lifiers. cable TV. science. buqs,
oth8f groat projOcts! Catalog 51.00, PANA Xfs ,
Bo~ IJO·F6. Paradise, CA 95967.

REMOTE CONTROL KEYCHAIN
:'m·· Ccmplelll wliili nl-lrlnomll lH0 ':"""" . nd . S"de Fl F rKoi,",

./~' ",full u ..fIilolC'dlrteIUdlngpllll$
.: .••,"".... " .,;:/:••,rd build your ownl u\Ol ll rmh:" "'/'OWonijly diteeurnt Iv.ir.~

.... ;; $24 95 Clwek,V1.. " r M,'C
;, "" x -' • Add $ 3 ohlppl ng

VI SITECT IN C. : B Ol 1/ 158, Fremont..C.. U S19
(510l651 ~1425 « j;.". , . all (510) 651-8454

PCB and schematic CAD. $195.00 IBM EGA CGA
Multilayer, rubbetband. autovia, NC drill. lasar. dot
mat/ ix, plot1m , library, Gerber. AUTOSCE NE,
l 0565B1ueb/d SI., Minneapolis, MN 55433, (612)
757,8584 free demo disk.

DESCRAMBLER kits. Complete cable kit 544 .95.
Complete satell,te k,t S49.95. Add S5.oo shipping ,
Free brochum. No New York sales. SUMMIT RE,
Box 489. Bron~, NY 10465.

SURVEILLANCE Iransm ltt er kIts lune from 65
\0 305 MHz. Mains powered duple~ . telephone.
room. combination telephone/room. CalaloQwith
Popu la r Com m un icatio ns , Po p ule r fil ec ­
Ironies and Radio-Electro nics book reviews o!
" Elec l ronlc EaVeBdro PPln1 Eq uip ment De­
sig n," $2.00. SHEFFIELD E ECTRONICS, PO
Bo~ 3n78s-c. Chicago, IL 60637-7785.

DESCRAMBLING. New secret manual. BUild
your own descramblers lor cable and subs c/ lp­
tloo TV. Instructions. SChematics torSSAVI. gated
sync , seewev e. (HBO . Cm emax. Showl ,me.
UHF. Adull ) 512.95. $2.00 pos tage . CABLE­
TRONICS, I30x JOS02A. Bethesda. MD 20824.



SATELLITE TV

•
MAKE THE CONNEcnON~

CABLE TV EQUIPMENI "'~~
---I
:"/
iii

011...:11 TOLL HU:.:
1-800-228-7404

DON1 FO~GET TO A SK ABOUT 0lR

FREE CAIA10G WITH BlJYlNG GUIDE

FRIENDLY, PROFESSIONAL SERVICE
30 DAY M ON EY BACK G UA RA N TY

BEST PRICE • BEST SERVICE

~ 1:"""'1 ~ [~
f<lll(ll _ N\F1B< IIlC1IlONCS

1-512-25(}5()31. ~w~~,:",

UNIQUE kitsl Sendlor flee catalog. LNS TECH­
NOLOGIE S, 20993 Foothill BIYl;l-, Su ile 30 7R.
~. CA 94541-1511.

SATELUTE TV Do it yourseIl, systl;lfll$, l4l­
grades , pa n s . Majo r b ,ands di scoun led
4O"Jl..6Cl%. we" beaI tIYllI)OIl85 price. W H INC-,
cal Lany (609)59&0656.

VHf.fM 8rTClbf1l!l" plans 75-11OMHl, 15-25 WiItIs .
S8.95: PRO(>RESStVE CONCEPTS, 1313 NO!1h
Grand Ave~ 1'291. wanrt. CA 91789.

CAMPALE RT backpackable~ alarm kiI
S39.95 .. $3.00. Ser.s~ nfo PROTECTION
CO NC EPTS, 340 tcneece Ave., veetat, NY
' 3850.

STUDIO qualJly fM broadcast transm,tter. Dig­
itally synthesi Zed. crystal COfltrollllCl Unit. Uses
!hn.le stall) of the an chips. Can be set up to
400mW, Transmitter k~ $150.00, 4watt booslOf kil
$80.00, stereo PfOOOSsor kil 5150.00 , Send cho­
que or moneyorder 10WAVEMAC H COMMUNJ.
CATIONS, 1'610-2261 Lakeshore Blvd. West .
Etobiooke. On lario , M8V-3XI .

BUGGED? TeIephonetappOO'? FindOlA lasl' Free
eataloq oI lantas6c c:ounlet·surwillance eqUIp­
menU f (800) 732-5000 .

HAND held d igital recorder announcer. New
loc:hnoloqv permits perrnanenI storage ofperson­
al _d,ngs and messages. Plans $9 .95. K,t
$49 .95. Send checIl. or money' order 10 CD&M ,
303 Northwoods DriYe. 8aIlgToI,nd, GA. 30107.

TELEPHONE Prc;ects!AuIomaloe rvoorcler inlet·
lace-57.QQ. d,s able e Jtension phones·57.QQ.
phone line"-'!iI used r.cliealor- $7.00. detect ex­
lensiotl phones·57.00 , FM lelephone transmit­
ter-57.00. 0&Iailed plans inclJde fIm~ lor
makinq yOA.J1 ownpmled cnut board! sree caIa­
log' TEC HHOTES, Box 2308, Seal Beach. CA
90740- 1308.

aUILD 'fOUr own stereo! Complete plans and
schemalics for ampl ifiers, p as s ive/ac ti v e
crossovers, Z·buffers, LEDmeters, speakefs, and
1TlOfQ . Send 51·4.95 to BT ELECTRON ICS, 424
71h Ave , S.• Brookings. SO 57006 . (605)
692·7857,

CREDIT card eocoding standard eJpl aiood in
plain English, I lIuSllalivee~amplos i ncluded, SlInd
$5.00 e sc, BoJ 1841, Alexandria, VA 22314.

DEFEAT videotape anli -copy, PCB PALinsllUC­
lions $16.50 wfPH. NORM HOG ARTH, 955 NW
Ogden, Bene!.OR 9n01.

ETCHPCBs yourseIl, nod1emicals, easy,cheap.
lunll1Slnlctions,$2.00, SASE, NICKNAp, POBo~
593, Howe ll, NJ 07731-0593.
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FREE CATALOG

CALL TOLL FREE

1·800·338·0531

VCR Parts Assortment
"'--'---::::--1't;r-...-
_ '" • SI.le5 d "E"

~o..r::flI
mga. 10 r::t:::'J1•
.... 01-..r.rs. 2
Mcflolall1l.. 01

~=-r:.r~:::.. .
' RH-43().315 $6'" S5l/1S

$139 "" $12860 11-3) ('-<41)

( I 'J) (4""l11 Suction Cup Mount
Fuse Holder Cellular Antenna 4)/,

lhe ide al ani"""" r",--""""l'>4'll'1' mounts. ... "'""
~':-have;:::';:co<MS_~ '" AG-se
_TNC .........-. )lIB
~. _ .. lIWU.SA
g· ...... 1IeoltL

. RH--US-200

BBC 12- Dual Voice Coil
Subwoofer------"'--......""".-.
~-_ ......
.......T~
..... COIl, .... ~s Hz.
F~_

~~WI I~:
3 73 cu " ,ars. .338
B9C . $W32 11f8 Nel
'""'ll"l: 9 lIM.

#R H-2 94-130

Piezo Super Tweeter-..........­~aI'"--....-_....._­_..-
~~~:T~~
Il.ardnQ- lIO .ans RI,I$ . _ ..-:I
... . ~1 rnicn:It_ capACIIOl'. ~ ..
1*fS. N8I -q.l: 1/2 II

' RH-265-267 $24'" $2250
(I ~) l~-upl

12 Ga. Speaker Wire
E.'" large 0" "lI"_ _ _ 10<.-

""" very I\Igh Pl!"'01SItu,,, syslems .,.., !of ...~
..... el<lr~1I)IIq ­
<;aIM lUllS. o.er2'SO
~~311~pv!_......
Ofdoor lnm~_.-
. RH--1OG-151

340 E. First St., Dayto n , Ohio 45402
Local: 1·513-222-0173
FAX: 513-222-4044

TeChniCian.so ur ble
T~to__
_flIVCAa, TVs__. L.-.---_..__. 20" .

....,... colDr. "lei -.ght: S bro.

.RH--360-425 $19~

Super Horn Tweeter

CIRCLE56 OH FREElNFQA.....TJOH CARD



NAME BRANDS AT5CWI OISCOUNT
fbls fREE 24 page ~nsumer Buying
Guille lells all about Slletllte TV I nll
IIsls guaranltell lowest prlces.

Sol""". Inc
6310" lImYe<My ,." 3198. Poo", .ll. 61612

1·800·472-8626

HO ME ass embl y work available! Guaranleed
easy money! Froo delails! HOM EWORK-R, Box
520. Danvillo. NH 038 19.

INTE RESTED in import elec:tronic surplus . bar­
gains l rom USA. Wrile M·ELECTR ONICA, 23660
Alcaudele Jaen Spain . Fax 34-53-561143.

EASY world ExCllllcn tpay! Assemble prod ucts at
homo. Call to ll freo 1 (800) 467-5566 Ext. 5192.

MAKE $5$1 Become an Amorican electroni cs
dea le r ! Proli l opportun ities since 1965. cen
SCOTT PRUETT. 1 (800) 812· 1373.

MAKE $75 .000.00 to $250.000.00 yearly or more
fixing IBM color mon ilors. No in~lmenl. start
doing ~ from your home (a tolephone required).
Information. USA. Cana da $2 .00 cash for bro.
cnore . other coun lnes $10.00 US funds . RAN"
DALL DISPLAY, Box 2168·R. Van Nuys. CA
91404 USA . Fax (818) 990-7803.

laser Pen
Pen sized laser.geallor mol'ies.
driv&- ns.poin\ef. Readyeuse,wilh
ban·s. LAPNI U sei' Pen . $149.50

Pocket la ser Kit
:J.mw or 5mw 1<rts, with solidslale
670Ml diode, Caution. Class lilaitem.
VRL3KM 3mw user Kil .. . $99.50
VRLSKM 5m'II' u ser Kil . . $119.50

MORE laser Kits!
LAS1KM l mw U SH, 632nm. HeNe
Easy to Build Kil •••. .••• $69.50

lAS4KM 3mw Verslon, Kit $99.50

LATOSlow Co$! HeNe laSH Tube!
.5mwTube & Plans •. only $24.50

0Illllf parISavadabIa separat8y.
Greallow Budget Science Project!

~i l~
TV & FM Joker/Jammer
Pocket size device lets \'00femole~
disn4Il lV 01 'Do recepIIDn. (i( ea1
gag'!liscelion raqu~ed . Easy·builc
eleclt<nc kit EJK IKM . . •• $19.5G

Remoamber lhoseMaitlan

Space~ in~HGWells ,..-;
War of 1tlt Worlcls?

MYSTERY

Levltatlnq Device
~ /Ioal on • and~ 10ee
touch. Defies gl1\11)'1 Amaziro;j 911.
conversation pece, magic lrid< Ot'
great sciGnlIfiC j)'oject
ANT1 K Eu y·Au ·y Klt,PlansSI9.5O

rM 3 MILE
. FM Wireless

Microphone!
Crystal dear, ullra·sens~ivG pickup
transrms wice$. SQIrds 10 any FM
radio. FOt' seamty.moniloriro;j
children. ill-.alids. Be!he local OJ I
MVPI Plans . . .. •..••• $7.00
MVP1K Klt'l'lan, •. •• •..•• $39.50

, 00,000 V• 20' Range
Intimidation Device!
Electronic rroooole ,may be endosed
Ior~. portable, Of fixed uses.
lTM2 Plans (credllable 10kill $10.00
llll2K Kil & Plan, • • . • •• . $49,50

3 MILE tr READV-TD-USE, AUTOMATIC Shocker Force Field
Telephone - - Phone Recording fIV Il w'Vehicle Electrifier
TransmiUerl System 0'0' . :g;;A
AulomabCaly transmits 2 sidesat CoiTllIete Wlth ex\etlded~ Ia;>e
phoneCOlIYelSalion 10artyFMradio. fecorOOr & Wle interlace SW1!d1.
Tunable. easy-assvmbly PCboard Automalicallyrecords both sides of -.....-
Operates oriy WIllen phoneis .. use. c:onversal>Ol'I. Ct>edI Loea! L.nvs 00
VWPtl7 Plans .•• . . .• $1.00 Prop$r lJs(j 1 Ready.ll).l)seSystem. MaketIard, sIlodo. balls, shock...ands
VWPMK1 KI1'Pllol'll •• •• .• J39.so TAP20X SYSttnl ••• .•••• $149.50 electnly objects. c/la1Q(l capacte s.

~ Gfea1 paybadetor 1hose wiseguys!
INFORMATION UNLIMITED~) SHK1KM ElI5y·AssemblyKR$24.50

Dept AE-4 Box 716, Amherst NH 03031 ,-~ try Mail, or by , •

Phone 603·673·4730 FAX603·672·5406 8~~1.n05 with many more Itemsl
MC, VISA, COO, Cheell: Accepted. ADO $5 S&H. fREE with or~, or send $1P&H

DESKTOP paypt!ooe{s) send $2.00 101 filer­
anse . TELEVENO, PO Box 77. Fall River, MA
02724 , (508) 67S.5474.

EDUCATION & INSTRUCTION

MAKE money. in your own import-expo rt busi·
ness! Report $3 .00. SMO. Box 7592, Elgin, IL
60121.

EC.C. CommerC:lal General Radlolelephone II·
eenee. EIectronic:s home study. Fast , ine xpen­
Sive ! " Free" oetaus . CO MMANO, 0·176, Box
2824, San Francisco . CA 94126.

lIUJ£/ Pl'lCQF TV TESl EO
WAHTTO IIUY,
TOCOM. SA .J8lI.OPVU 12
II..., ......oo...~10 prlao.

Cd fa Voo.< _ .
CoWog as.n4S' ."'T~ n .. I... W,,'od

1I.. I_Ylol"" (_0 2)331.3228 8 0 0" 8 3 5 .2330
(10<"...1..- 11:1(1 SO,\1lnl Cl-1116 0.. , 10.0. 1'011 61114

(,A UI .E TV UE SCI{ AMIlI .Elt .
BEST B UYS B EST S ERV iCE

~
~

FRE E catalog - l.Qy,cst pl'icesv.or1dwiOO. Seus­
tactlOO guarantee on IMlfYlhing sold - syste ms.
upgrack!s . parts. al l major brands factory fresh
and W31fanbed. SKYVISION, 1012 Froot ler, Fef ·
gus Falls , MN 56537. 1 (800 ) 334--6455. OUlside
US (218) 739·5231 ,

SATELLl TE ·Cable do s<:rambling secrets -sur­
vei llance eensmuters : Send $2 .00 lor calalog.
COMMUNICATIO NS ENGINEERING, 76 Boule­
vard . Hudson Falls. NY 12839.

THE MOST ADVANCED
TEQ-i I\O..OGY IN CABLE EQUIPWENT,

• 8ASE SA1\O • JERROLD . PIONEER
• ToaJM • HArIil llN • ZEN ITH
• SCIENTIFIC ATLANTA • OAK

roe OUT OF THIS WOOLD PRICES CALL
WORLDWIDE CABLE

1 800·772·3233
FREE CATALOO AVAIlABLE

129 1 A R:l'MFUI\E FOAO, SJlTE 103
P!J,'oR)A1\O BEACH. FL 33009

10£ / aD/ \IStl. ~ _ &ic&

SECRET cable desc:rambler. Build your own de ­
scram ble< lor less lhan $11.00 . in seven ea sy
steps. Rad>o Shack parts list induded. Also l ree
descrambhng methods tnat ecet nothing to Iry!
Send $10.00 to LOU fE WHITE, 2 Martin . Baytown.
TX n520.
VIDEOCIPHE R II, desc:ramb llng manual. seoe­
manes, video. and audio. Explams DES, Eprom.
CloneMas lor, 3Mus keleor, Pay·per.view (HBD.
Cinernax. Showtime. Adult. ele.) $16.95. $2 .00
pastaga . Schematics for Videocypher Plus.
$20.00. SChematics for Vidoocypllcr032. $15.00.
CoIl&ctien 0/ sottwara 10 copy and altor Eprom
codes, $25,00. CAB LETRONICS, Box 30502R,
Bethesda. MD 20824.

BUSINESS OPPORTUNITIES
YOUR own radio station! Liccnsadlunlicensad
AM, FM. TV. cable. Intormatioo $1.00. B ROAD­
CASTING, Box 130·F6. Paradiso, CA 95967.

LET !he goyommenl ~nance your sma.business.
Granls/loans 10 $500.000. Free recorded mes­
sese: (707) 449-8600. (KSn

MONEYMAKERSI Easyl One man CRT rebu ild·
ing machinery. $6,900 .00 rebuilt. $ t5.9OO.oo new.
CRT, 1909 l ou ise . CrysIaIaka, IL 6OOt4. (815)
45900666. Fax (815) 4n·7013.

ELECTRONIC englneerin!. 8 volumes ccm­
~~ $109.95. No pt iOfknow eoq e roqulrod. Free

ere. BANNER TEC HNICAL BOOKS. 1203
Gran l Avenue, Rockford. Il61103.

MAKE a thing ... make a living, .. St udy Indus1r~1

Design Te-chnology and bnng your ideas 10 life.
Learn 10 ptoblem·solvo. sketch, render and ce ­
sign. Develop models. create prosthet ic appl i­
ances, Buil d you r l uture in movie and theater
spacial effects. toy-and product, exhibrt,transpor·
!al ien. fumrt\mlllilllul8. arcMOCl\.lral and amuse·
men t environmontal dosign III Th e Art In stitutes
01 Pittsburg h, Philadelphia, Fort Lauderdale,
Seattle or The Colo rlldo Inst ilute of Art . For
inlorm ation wr ile 526 Penn Avenue. Dep t. 61,
Piltsburgh. PA 15222. Or call I (800) 521>-1000.

CATCH lhe hottes t wave in to!ecommunications
and prepare lor ue futulll /lOW. L.aseriliber oplics.
photonics and electrorncs. lt's all part 0/ 1he exc t­
Ing Med lalTel ecommu nlcalions Tech nol og y
program at THE ART INSTI TUTE OF DALLA S.
For further inlo l mation wl ite 8080 Park Lane,
Dept. 6 1, Dallas. TX 75 23 1 or ca ll 1 (800)
275-4 243 .

CRANIAL electrotherapy prnvention 01inso mnia,
anxiety. depression, with simple ci l"Cl.lil diagram
tor less than $30.00 worth 01 parts. wilh Circui t
Iheory of operenon. Educal>onlll usa only. Send
$1.50 k)r info brochure 10 Eo HAN SEN, 177 Tele­
graph Rd., Suito 635. Bellingham, WA 98226.



CORN
ELECT RO NICS
10010 ClflO9lllwe Uno! B-8

Cl>al$worth CA 913"

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MOREl!
NO SHIPPING CHARGES ON PRE·PAID ORDERS!­

NO CREDIT CARD SURCHARGE!
SCHOOL P.C,'s WELCOME !
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ORDER LINE (800) 824-3432 • INTERNATIONAL ORDERS (818) 341-8833~
FAX ORD ERS - (818) 998-7975 • TECHNICAL SUPPORT - (818) 341-8833 -

• IUO MINIMUM OR OER • lIPS a~UE.IlEO" '£OERA.I. UPllfSS SHIPPING Av.uLA8LE • OPEN MON.f1l1" .00 AM _ e,oo PM. SAT 10-00 AM · 3.00 PM PDT
• C A IlE SIOEr.rTS ADD . ...... SALES TAX • C AU FOR OUAKflrt' DISC OU NTS . C ALL FOR fR£( CATALOG (f Oil 1ST ClASS DEUYERY OR

CATALOGS DEU VERED ClUTSlOE TH E U,S. _ SE NO n.OO) • WE CARRY A COMPLETE UN E Of ELECTRONIC COM PON ENTS
' NO S""PPING CHARGES O N PRE·PAIO ORD ERS OE UVE RED IN TH E CO NTINENTAL U S.
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You Need
Tree City USA

City necs add thc
soh touch of

narurr 10 OUT busy lives.
Support Tree Cil)'

USA where you live .
For your free booklet.
....TiIC: Tree City USA,
The National Arbor
Day Foundation.
Nebraska City. NE
68410.

_JEROLD_ *OAK* *HAMLIN*
*ZENITH* . PIONEER­

*SCIENTI FI C ATLANTA*

MASTERCARDAND VISAare now accepted
lor payment of your advertising. Si mply
complete the form on the first page of the
Market Center and we will bitl.

IN STOCK

CABL E TV pESCRAM6LERS!

CABLE KINGDOM!

THISISA BOLDFACE EXPANDEDAD with a
tinl background.. II you like this formal ,
request II. Yourcost Is $6.80 perwon:! .

6 MONTH WARRANTYl WE SHIP COD !
ABSOLTLEY LOWEST

WHOLESALE/ RETAIL PR I CES ~
** . **.FR~E CAT ALOO*. *. **_

:J .P . \ltDI!O
147 0 OLD COUN TRY RO

SUITE 315
PLAINVIEW . NY 11803

NO N.Y. SALES
CALL NOW! 1 ( eoo) ~SO-~145

URG£PoITl .MAN UFACTURER NU DS~ N"'.......
w><h' """"",,alely 15O!i1B2,-6J65 b t . ' 500 Of SAS E lex
NloICD, ee.. 274171Rn AIOuq_ q ue . N1,I87 t25

BUSINESS OP PORTUNITIES

PANASONIC,JERROLD, OAK,
PIONEER, SCIENTIFICATLANTA

AND MORE.LOWEST PRICES,FREECATALOG.

C"C~~:":V"V (800) 234·1006

SOFTWARE

RETIRE EARLY H IOQ,n.UoII CO DE AS 5111I _ IOn

~~~"-=""==,,==,,===HAIR PRQlIlEM S1 THINNING. FAWNG. BREAKING_
..... • \-tIOO..•·.....,R-,O

tlElPWANTED

BUY BONDS

CABLE TV DESCRAMBLERS
* CONVERTERS*

and ACCESSll RI~ES.~"!"'l"r:r~

CAS H PAlO FOR 010 H>gh School RIno" 1'<_ '''9 S.""..
8<"._'!!'Ja,.~'l:-!4_1Io<>r ....ss_.g'!'.l~!:5006_ _ _
SIGD.oo WEEKLY POSSlIILEI Wort lng " hom .1 3J' 011­
ta" "'l OpPQMu..itIeL Rush ' 1,00 .Ad sell add'nsed
s l. mped a.. ......~ 10 : Li ll Y H"". a.., t 144 Eu t T, . ...la' s
T,a ll. Bu'ns. llie. MN~7.

V...CATIONS

ACCESS 10 NabonaI Inslrt\lte Standards. CaJi.
b'ates aM mainframe. PC. LAN. WAN 10 most
acc:uralfl tnIe standard n ee W(lfk;I . Specify 16M
PC 00 MAC_CWy SloHlO_VlSl . 4960Jasper Ave­
rue Nonh. Lake OTIO. UN 560C2.

INVENTI ONS!~ products/Ideas wanled : call
TlCl lot free inIofmall()l'l.,'rmentots oewsIetIet_1
(600) 468 -7200 24 hoorslday - USAiCanada.
INVENTO RS: we submil ideas to indllSlry, F,nd
OIl' wtlal weca n do lor you. 1 (BOO) 288-IOEA.

CASH for your pre-l960 radios and TV's; also
llanSlslor radIos : reratce ,Iems (201) 3 16·8461
(l1a m-l2mid EST).

WANTED

INVENTORS!Can lOU palerC and prcfJt 1mrn)Ola"
idea? Cal AMERICAN INVENTORS CORP. lot
!tee intormalion_Serving invenlors since 1975. I
(800) 338-5656.

BEST BY MAIL
R.'..: Wri•• N. llo .. . ' 110>5. h ,.so'•. Fl 3o&2:)Q

O F INTEREST TO"'ll

INVENTORS

FREE l OOGING • W",' Il;IIl;I · Aca pu lco - Ofla<>OO · V"OlO"
F'n Inlo! Carn ag a Tr.....1 5er>iCa. :1043->RE) Cefla.r 51.."'"l.. PA t9 1Jo1_

lOT USEMI.

m &$SEMI.
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HAll EFFECTSENSDRS
"'0Cft>I*CCft ' $ 5011
T.."."""" I_ ........ 0 ­
"'-"'1oMy"
P'C" "'-' III """IJ"O"C-,
Opoo-..... . ."..",.,""n-..
~1O 100 kill. c..1ll. ,Q.12" X
Q.11" XOor • .sV<lc10 2~VX
I&WJ'__ 10 __~~ 1)';>e

d....... _ 0.-.. .., g.auss •
15 .. '*0. f>.C.-'

C...Tt HESW·2 J'5c Ndl
1010<I6.SO • 100 .... 160.00

SURFACE MOUflT STYLE

Spo OON107Sl.T r-=,
0'-_ ~ , S , 2. VD'l. -rr-
ea.n",,_'0__ W'~ '"__~1
~ .... con be..... dofeCl'r.....
lIi-pCO&t'" euoslOge 0raI4I-­
E~ ... .... /of . Iecl"""c """""
fTIJl."'" in brulNeu D.C. mc«:n Ul·
loIf "'-'liple ring moogne\" V.., lint
.u ~"". ",,."" paeIo.og. 0,11S' _
O.09"X0 ,06" I~~,

CAT ,HESW-li 2 "' 1 1.00
l OC I"" $.05.00

LARGE OUANTmfS "V~IlA&f

H..~ ofIe .. "lq'........ ~
d_o::>nel....... ItlIl,.
e'ec\fel """"_,
IT'iCf\lllIIO'te ""''''"1. Low ..",enl
d r. in. ,_ .ogn&l lD",..e ,al .,. 0PtI'.
" . "" 210 10 Vcl<:. kIaaIl "" """e·
atllvo.'''' .1af l ..~.l_ ' ''-
COfde<.. _ t;O _tc.>I""'.O.39"

d'" X O.31· .....~. 8S'
CAT,MI_E· 1D ...
2C(IpO& SISOOil each

"'''''''''. 1\eIarI Wlfl f>..
Conf9,Ir_ To F. 1& 011'.

~
5 Vdc · S.P.S.T.

G IO&o• • f>AU....1A058 .Nom'Iallr __ teleJ-

SOO """' .......UL_.-....-
CAl ,ORlY·$7 51.SO_

tr Vdc · S.P.S.T.
GDrdoP~~12

~1S O/'Im (:Q<l SeaIe<I .
.......... clanl>ng"""'"'

CAlIDRll'·12 1 1.25 Nd1

24 vso- S.P.D.T.
GlOat• • P RUA lel'

2,1so O/'Im CIOOl
1 0~.l 1...crmg _r.

C...T, DRLl' ·l C2. $1.00 _

48Vdc · S.P.D.T.
..........'. DSt E·...·DCA8V

~.7SO DI"n Dcll

2 &I"P conlaCla.
CAT. RlV ,73III U (l NCn

A.C. Une Cord

DIP RELAYS

6' B Iooc~ A.C. __ COfd•• Sf>T·1 Insul.,",". f>cI.';.'" f>I'9' Han ~o<I .

CU . l C"'C·1 2 101' $1.00 • 100"" $.O ~ .00 • 1000 I"" $4OO.OC

n..1ff,__.C>:>tWr'OI_ .... ,.....u~cNdl~ .wc>Iia_'"a'I

... _ 120VK_IJIr.g IA-.. ,o<;r
TV01'VCR Orignally.,.... _ b "",__ag.lnI. _
If _ _ .''''_....~_ "- "'.c._..."
2 pOt1Q~"'~ N"" _ ..'._b... ....._ ..... Roo­
_ • • f .... b.o.~...,lf\OI~

21"' S17.oo

CAT. RC-1

$9?!•

••• - ...,..... - ,.. -,,~ ro~. 2-5nm <o-.. MO·'.... OCTX~7lI 12 .00
,,~

"'~ 2-1 """'00-..
-~

OCTX-632 $2.n
UV<l/: 10 _ batt"')'""", OCTX..eUO S1.50
avee "'~ 2-1"""'<:0·.. polo""" OCTX-f32 $3.00
,,~ ..~ 2-1 ,"",<0-" MO·'.... OCTX·tlD $5.00
tavec ,OO~ 2-1"""'<0- .. MO·'''· OCTX·1210 S2.SO
12Vclc "'~

2.1"...,<0-.. ....~ OCTX·12S ..~
12V ClC: ..~ - OClX ·,z l ..~
l ' VClC: =~ 1.)fMl <o-.. ....~ OClX· "70 ..~

l SVClC: '00"",- 2.$e"nl<o-..-
-~

ocn ·l lAO ..~

•

AI _A__oled..-...w,___..--w. Theoe _

-1leI9*I ..~......... LCO N .
- 1lJl1'li ClI>left W_ CCIfTll«lT, The
......... C>IC\II dW'9M 3 '" I V<lc .. _

ptQO ......e/r 100 VI/C."'"'~. _ "" 10"'I!,"If>e, -.,Ip. L....-scer'l __
.... il l. 1" _ 225' . , _,--ir1 ill ell ....... _ , __ "",._

.......,,~.... TheOl'C\lEl_iI 2.2" X I' .0_'",,_ aralt..,...., be.­
--It I""" plaIl.: """""'t. _ ....
~I.. ~ng oflodl.

C~,,_ f l JA OP'O"et...... 3o V<lc
CAT. BLU·91

CN."' 92 TAope<al• • 0Il 3 -6 Vdc
CAT. BLU.92

LARGE OUANTlTY A VAILABLE
$3 .50 e a d'l • 10 ro, $3 2 .00

100 lor $27500

ELECTROLUMINESCENT
8ACKUGHTS

RED C...t . H D· 1
lC .... l l .50 ' lOll.... 113.00

GIl EEN c U .LED-2
10 ... $.2.00' 100 ..... I U. OO

fEllOW CA I'H~

10 "" $.2.00 '100"' 117.00

FLASHING l.ED
WI _ .. ......, ..Qo1
S _ _ ..-. T 1 ·)~

fSrMIl _ .... :

SJ'fClAL RE DUCED PRICES
RE O SOC_

CATt HD-4 10 laf $.O ,7S
CR£E N 15c_

CAT' LED~Q 10 1", $7.00

YELLOW 1se INC~

C"'T. LED..4Y 10 f", $7.00

l.ED HOl.DER
T"", piK. _ , 0
CAT,HLED 8
10 laf 65c

Surfac e mOlln' ..~
LED ch ip.

Cleat "'It"011. " ...._nI. ,
V.., lin t ·_ lIn~ "

0.1 IS' X O,llS~' x o.o~· I~lcll.

1"..., (0,04 ' ) d , .
Golcl-plal'" lifIt aces
I", _ """""", ,, 'l
CU . SMLED..2 10 "'" 12.00

100"' 111.00
1000"' 11'0.00

Stand. rd JUMBO
O<!t_ Tl·) ,• • " .(5"""1..

Wireless Remote Control
FOR NINTENDOrw

FLASH UNITS

CA...£II(:.A"f,_e--.....· -T ... ~pecI_dle_._ I,fI'lC, ........ ,.._u.e__ TV._ VCIh

_ ......., - "-pbr­
....,.. ..-tr. T""'JIIa'_CM ........_·_··OOpl ....~-.lIIer

1IieJ'.....o-tr. "'- t->oI ­
"f_~'_ ... ...
~. A-"'-""_",",,,,","...,.CI'IUl ...._ ..... ....,..lI\efl"""'­
__ Opoo-... OO'I ~ ....... t.!I_

\POlI""*-l. CAT. III· I SOM

w.,--._. _111_
PC_ """OCII~ ........- "'"'9'0.' RF_. _

'_~JOU_be
_ .. l befale '~ "'" r.om
1I'Iot_,AlH_.7I05T
__ <eogW!of_.~1II

_ . 20 0 .-'.
_'lC>'I.d_el'd~.
No_ ,UP inl"'m.".... _ _
.... If>e ......u\el"'. CAT, VIol8·1

$27~

RECHARGEABLE SATTERIES (niCl<e/.cJJdml""l Highest QualJly METAL CASSETTES

INFORMATION (818) 904·0524•

P,.mllm QJalI , ....taIta;. inC~ 11, . Cdlel' eI (XI Of """. pM Ido).
One III l!'II11tIeSl"'eI'd.~ '-" .... It>e ""'~. Ind<6ltb•• cIeaf p!ao'e
1'.fISpI)fl"-"_. R_ •..., """' ........ If>e _ .pIOft(:ll_
~... _ ,_e4_'_._lObel__ IO ...'......,.

~......__.If>e_or- 'angelll ..... "- ' r<l'"
cu...,.decI<l'IaI a._ar_.., ,.,.. ...__<l4Iefet>oo A ..al~'"

6O.......'- · CAT. C~M

10"' $tO.oo *1 25
CASSETTE STORAGE CASE ••• '"
llIa.c:Io..lrl>'__pIeIlC_ _""'.
CAT.Ceol S ... I LOIl· 100 $15 00

A-Mimo.m Order $10.00 ' AI Orders Can Be Charged To Visa, Afdsreteanf
Or Discovet'Cdrd ' Ched<$ and Money ()r'rJef$ Acmpted By Mail · Caltlomia . Add
Salfls Tal( ' Shipping And Handling $3.50 kx the 48 ContimJnral Un,red Srol /es
An Others Including Alaska. Hawaii. P.R. And Canada MIJSI Poly FufI Shipping

Ouanririos limitrJd · No C.O.D. • Prices Subjecr 10choinga without no/icrJ.

$1.SO $l 3S0
12 .00 I ' ''SO
12-20 12000
"'.25 SAO.OIl
...25 sao oo
SS.25 ItZ.SO
... so ItZ.SO
$7.00 16~.00

NCB· .....
~ ..
~ ..
~~

~.<

-~~..
~~..

;"20 ~""'"
120 !lCID""'"
120 500""""
1.20 1200 """"
1.20 1200 """"
1.2S 1IlOO """"
1.20 12OOmAl'l
1.25 .aDO""""

FAX (818) 781·2653
Call Or Write For Our
Free 64 Page Catalog

OulSida the U.S,A. send $2.00
poslage lor a ca talog.

.....
U ...-Tobe
_C.. _ Tatoo
c
c _..,o...,-
•D _ ,., D'II'J

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS. CA 91408
CIRCLE 101 OH FREE INFORMATION C.l RO 95



AMonumental Selection
TestlMeflSlIremellt fwd Prototype Equipment

Pm lSo. Prj,

272S6-25 .~_.•.•.~.4.4
27C256-1 5 ~.•.•.~. S.9

27C256-20~••.~...4.9
27056-15 ~ ~.4. 2

275 120TP 4.9
275 12-20 6.7
275 12-25 5.9
27C5 12- 12 7.4·
27C51 2· 15 6.7:
27C5 12-20 6A'
27C5 12-25 5.9
27COI().15 9.9
27C0 2().15 17.9
27C01().20 1S.9 '
687 66-35 4.9·

UVP EPROM Eraser

r.n lSq. roo
2764A-20 __.J .75
2764A-25 ~_.•.J .19
27C64 -15 ._.•.~.•.J .95
27C64·25.~.•.~.••J .25
271280TI' 2 9
27128-20 7.95
27128-25 7.75
27 118A. 15 .4.9 5
27 118A·20 4.49
27118A·25 ,J .75
27C I28-15 5.75
27C I28-25 7.95
272560 TI' .3.7 5
272 56- 15 5 9
27256- 20_._ S4.95

3.S Oigi' M..J';In<1<1 ../Frequency
lI<COp,Ki .."'< $74.95

~. S Dlgi' wIF"'lu<1lCY &: c..~jwl<'
lI<0,,,,Hold ~.. i"h•.......$99.95

A.R.T. EPROM
Programmer

M,l(.50

M46 50

Metex Digital Multhneten
• Ihndhdd, high*XU~ . AODC voI~. AOOC

(UffeRI, mUlan~. diodes. oonlinuity. lr.msislOfhFE
(m q'( MJ900l

• ~bmul nn[;ing w/O\'n'kud prOl«rion
• Corm widi prObts. N.llmcs,Woe and nunlUi
MJ6SO lit. M#; SO O"'T-
• Al loO ~ura fftqurnq and Cl.~una:

MJ800 ,.~ Dip. Mult;mn _••••539.95
M ) (.IO ' .SDigit M~I' im $59.95

MJ900 B Digi' l.luhim ..
..."hTa<hIlho.-.lI $59.95

Jameco Ie Test CUp Series
1'......- . TCSIClil" aeedesigned for temponry

connn:tions to DIP~ componeRis
• Hea"1.J uryspring Io.l.ded lUnge provides
posirM: conUCI
Pm Nq. Pmript jqa Prig

]TC 16 16-pin (for 8, H &:16.pin IU) ••$S.'J
]TOO 20'pin (for 18&:26-pin IGI.~.....6.'J
]T04 24.pin _~._7.'J

]TC28 28.p in ~ 8.9
]TC40 4O-pin 11.9

EPROMs • for your programming needs
rutl'io. roo
TMS25 1 6~_.~._S4 .25

TMS253lA ...._ .•6.95
TMS2S64 ~.•.~.~_5.95

170lA ~ J .95
2708 4.75
27 16 J.39
27 16-1 3.75
27C I6 .4.25
2732 4.95
2732A-20 .4.49
273lA -25 M9
2732A-45 _ .•2.95
27CJ 2 4.75
2764·2 0 J.95
2764 -25 S3.75

• l''''Jl'''''' allamenl ErROl-I. in tbr 271(j • UJ>ft.D EPRO~f'• • Enot>I chip in
10 2~ 12 "'fig<'~'" W X11164 f.fl>RO~ 1 IS minule and8 mipo in 21min

• RSH2I"'n ' So!twm: indudcd • UV;,urn<ily: 6800UWICW

F.I' P $I99.9S DE-4 $89.9

• Partial Listing · Over 4000 Electronic
and Comp uter Components in Stock!

Tool, lnd "d. d in IGII
• 10' mnluringUp<'
• 5.25" needlenose p1ien
• UtililY componeDls hoI
• 6'Io~g \W ttKt'I

• 8;,i«t hexkey wrench -!Cl

• 7 blush ~ nd ~r.>pt .

• DigitalMultimner
• UtililY knife...ilh enra blade
• 6pim: pKcision Kmoo-.Jrivt1" -!Cl

• T fine point probe
• Round eeedle fik
• 6 Sloned &: 4 Phillips Kmoo-d m-m
• T dorIa! probe
• FI.I nmllefik
• 4.5" di.£ontl rulting pliers
• 5.25" !knt eeedle~ pliers
• SoIdning JUDd
• Rosin IXlI't ""Ida
• 5.25· fbI IlOSC"p1ien
• j(l ',t'lll wlderins iron
• 5.5" Sliitl less. tm ~iw>n

• D.... ldC1"ini pump
• 6" ~,Jju,t~b e .... 'ench
• u.l1)in&~

MS305 SI 19.95

l'~ tJtt lO

fob ilK c:y2

"m
onlerinJ

Jameco Solderle.s Breadboards

~MECO.
""""""'"-.s

COIlPUT(A PflOOUCfS

24 HourT011·Fret Order Hotline
1'800'83 1'4242

'=. ,
c _

,~ Dim. ContaCt BindiD\. ". Oi.... c.nun Bindin\.
:Sq. el W: ra jD" Cot" Jiq No. L" I W: ro ill" raw rin
JEll j.n.!.Il~ .. , SU 5 JU5 (j .~ • • _~~ ,.... j S17.95
JElJ 6. '>O . !.I~~ ... , 6.95 JEl6 6..87~. ~.75 ! J'30 • 22.95
J F.24 6. 50 d. I !~ ,...... z 12.95 JEl' 7.2'>0I 7.'>0 U!O • J t.95

National and Intel 51-Piece Electronic
Databooks Tool Kit

JJmrco's lung.IJ' ling breadboards f(Jlure screen.primedcolor coordinnes and are
suiu hlc fi,r nun}' kinds,,( r rOlol~'P i ng and cireul!dnign. brgel moods feature a
hoJ,'}'.dlll)' aluminum baddnl> wlth ,-olla!:c and grounJ ing polIS.

400026 ~11;OrW Gmcr.l.l l'ulpO><"
Linal Ilcvka n .ubook..19.95

400039 :\'Iliorul t-"\;i< Il...book ...19.95

400015 N'lion,1 D" IA''lui,i,ion
l.i '\<~1 D,vices Ihl,l><.ok.. 11.95

·1OolO·j N'l;onll Sp«i.ll'u,poot'
l.in.... Ilci'ic.. Dm hook••11.95

400044 :-';.liorul lSl Sfrrt.
O.lwook _._ 14.9S

2308H Imd l-lcmo'Yn.uhook H .95

270645 IDld EmhcJdnl C.omrolkr
l'.ocn....n n.,.bool<.•.•.•.•24.9S

AJJ._'D.UHHs .6",,!.lNr.

CIRCLE 11 ~ ON FAEE INFORI,IATlON CARD



at Competitive Prices
Computer Upgrade Products and Electronic Components

Upgrade your ~xisting compu'" systnn!]amu o wiIJ hr/p you upgrade easilyand uonomically.

• 111 MPClXTIAT. nd comp.. ihk.
• Co"'f",ibk ...ith fXlS 0=;"'" 3.30' higl>n
• loduda oil orttow)";n" .II',;"1I b flho,'lI '
• 1.44MB 1"0"",,,,0:<1 his" dcmiry modo
• no,,-""! fom..n..l kno dm,iry modo
• SUr: I- H . 4"\1:'. S.9-U (lOw l dri,,, si,,,)
• Ont-l....... MmwlOUln', .....:urmly

Toshiba 1 .44MB 3 .5"
Internal Floppy Disk Drive

3S6KU S99 .95

Mlltly mou
upgr'ld~
products
IllJllilabM

FK84700 579.95

FuJItsu 10 I.Key Enhanced Kepoard
ThiJkrybo.ord k.Nrco I! funaion~'s, "fWJ'~(Ut1OI' .ltId nu.....mc~

• IBM PCOCf/AT •...l o>mf",ibltCtlMl""<f'
• AUfonu,icl!ys-i,thabmrttn XTOfAT l:I aIDElDJaIDmB

: t:~;~2{r~~um lro. up' R@\«<.m~1
• "'. owl i"duJo:<I ' 0 ....)"1'., \l;" " Jn,y

1SOWm I'CJXT P-.n Supply .•_•.._ •..••.••_•.••.$69.95
200Wan AT rOWtt SUpply._••.•_•.••_••.••.••.••.••.S89.95

£ 1030
£ 1036

Jam.co 80386SX Mothert.oard
· 1 6"IH. proo:nloin~ ..-J

• B.aby......nm-rd (8S11n
• 71:10 ot on~ ...it ~l< opcnlion
• Supt'OfU lip '016M8ofRA.\1
• \n,rl803ll7SXJrnml" liblrm",h(01"""'-_ «>ekrt
• A.\1I1l10S
• Sn If>.bi' and""" 8·hi, C11""'ion b." ,Jou
• On,,",...~l W.mnly

j E3616SN.•..•......•SZ69.95

"ameco IBM Compatible Power Supplies
£1030: JE1036:
Omrm: . sv e 15A. -5V~ O.5A. ' OUlp,,!: , W ~ 20A. ·5V~

. llY @ 5.5A, -12V @;0.5A O.SA,ol l V I/i' MA. ·IlV ""'.5A
150 Wall • 200 Wall
1 IO/220V ....i,ch.bk • l lOl2!OV .....irchable
Ruih·in fan · Buih·in fan
Siu: 9.5"1.. SSW 1 4.6lS"U • Siu: 6.S"L 1 S.8S- \t1 I 6"11
O~)'elr 1,l;'uunly • OM'-)"'U Wa"allly

Miscellaneous
Componen's'

Potentiometers
Vol... :lVullbl<: (ioltff.Iu:u in.. 'I'J<" nwLtd
">.."X'l:
soon. I". ~ K. 10". ~o". WK. lOOK. lMEG

earcoc 3f<lWJ.1I. IS Turn.•.•. S.99
63rXX 112 'IX'J.1I , 1Turn 89

Call or Wri re for your
FREE Spring Caralog:
1.800. 637·8471

Fot 10IaTu tiorul5J.b. Cu.>tomctSmX e, ( fwi, 1Xp.l.ffm~n1 aed AU Dfha
Inquiria; CdI 4IS·')')2·8097between 7A\1·Sr~ 1 r .s.T.

24 ~Hour Toll-Free Order Hotline:

1-800-831 - 4242

J AMECO®" "O'l>"";m"mOnl"
FAX: 1oI10002JNi'}f, 8'~1

EI.£CTRONC ca.F<:lt£HTS FAX; 41SOS92.2SOJ,--.t,

COMPUTER PRODUCTS BBSSUl'f'On: 41So6370902,)

1355 Sboreway Road T«hnial Suppan: \· 800083100084

Belmont, CA 94002 Scrvialinc"'; 1·80008] 1·8020

Conn.cton Ie Sockets
rw No, Dn<rj~!1 roo~
DB25r ~hk. 2S-pin US 8LP S.IO 8WW ...
D82SS Fm lJ.k.2S·p in .7' hLP . 11 uww .6'
D82SfI """" .3' I6LP .12 rsww .79
DB2SMII M~",lllood ' .3, H LP ." HWW U S

LEDs 28LP •22 28WW 1.3•
<lOLP •28 40WW U •

XC209R TI . (Rw) S.14
XC5S6G T I 3/4, (Grttn) .16
XCSS6R TI 3f4. (Rnl l .12
XCSS6Y TI 3f~. (Y~lIow) .16

rrice

Memory

Translston And Dlocles
PN2222 5.12 1N751 S. tS
PS2907 .12 CI 06 BI.65
IN 4004 .10 2N4401 .15
:z.....2222A.25 IN 4148 .f11
IN 473S .2S 2N3055 .69
:z..'JJ904 .12 IN270 .25

Swlkh.s
JMTl 23 SPOT,Oo--o..rt••,pd SI. tS
206·8 SP5T, l("p;n clll rl I.09
MPCI2I SI'DT.

o"-O!r-o,,rr~) ....... 1.19
MSI02 Sl'ST, M" mcn y

l ·l!u"un) 39

Pw No. fu nct ion

. 12S6.120 2<;(,KDlr 1~-S1'"

.12S6.ISQ 2~KDlr 1Wn._' ."
511000P.aet 1MI' OIl' 800_ _ ' ."
5110001'.10 IMI'D II' 100n,_5.• 9
. 1256A9fl.Al! 2<;(,1' mtM SOn__ IU S

U 1000A9A.M lMI'S lrl' 8Onl_'''''
. 1I 000A9a.M IMI'SIMM 6On__64.9S
.2IOOOA98-70 lMI' SIMM 700,_.._.S9.95
HI000A9~80 I M R S1 ~1.\1 800, .._..54.9S

Integrated Circuits'
'" No. I·' lOt
i1.SOO wS.25 $.15

iLS02 25 .15
i l..S(H _ _ ._ .. _ .25 .15
u sos 29 .19
41.514 w.••w.39 .29
41.530_••••_.._......... •25 .15
4LS32 25 .15
4LS74 _ 29 .19
4lS76 w 39 .29
41.S86..................... •25 .15
4LSI 12 35 .25
4LSI23 3? .29
4LSI38 39 .29
41.5175 39 .29
41.5193 59 .49
41.5244................... •69 ,59
4LS245 69 .59
4LS373 69 .59
4LS374 69 ,59

Linear ICa'
ut No. I ·' 10,
LOs2 er ..._..ww._.S-S9 5.49
Jl.UI71",w.._ w 65 .55
M324S __ _ 035 .29
~\t3J6Z-__ I .OS .95
.M339N ...._..__ 039 035
'E55SV .29 .25
.1dSS6S _ .......w...... .49 039
..\f72JCN.. .49 039
.M74I CN.. .29 .25
.1d145SN .._ 035 .29
_\ f14S8S .._ .. .45 .39
.1d14S9N .45 .39
JLN2003A 69 .59
.J,U9 14N 1.95 1.75
-JESS32 1.19 1.09
'805T .45 .41
'SI2T 45 .41

•ulJfi, ~ <tJt,,/,lm Inti"l_!10
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Cable TV
Descrambler Kits

ADVERTISING INDEX
RADlO·ELECTRONICS does not assume any responsibility for errors that may appear
In the Index below.

Free Informatlon Number Page Free Information Number Page

ms "Me Sail';'; . . . .. . . !Ill 7H Radio Shac k . . . . . . . . . . . .. 32

7S An - products .. . .. . . . 67 R.t:. 'ldw Offer . . . . •• 68

107 All ":Il~tnmics . . . . ..........• ';15 Sdl.'ncl' Pr obe ..... . . CVJ

,\malin~ Concepts . '012 Sta r Circutrs . . . . .. . 67

Universal Klt .•••.•• ..••........$55.00
InClu C! u Ill l llaIU and PC eoa,Cl . Net ,nc lulled
i$ 1I>e I e 1"1"'''' Dt enclOSUre

Trl -Mode KIt.. S39.00
InclUde. I li llarl S. PC Soard ena A::; Ad a Ptor . Ncr.
Included IS the enCICSV<1

5 8 ·3 KIt $29. 00
InClu,a. a ll PI"S. PC Boatd 1M AC Adap to ,. Not
,ne lud eel .. 1M en<:+osu"

178 American Reliance Inc•. . . . . .. 1\5 '98 TEC!. .. ... 1')

Huslness I~ FOI .I :"' E 111

Cable Wan·hou se . . . . 1I1

92,182 Tektronix .

Th e Sch. uf CUll1 p uter Trainillg . lIl1

."

. 7K

. 5. 11

The SPEC-CO:'> I Jou rn al ..

The Seh.",1orVCR Rella ir .188

189

..... 1I

. . .. . 29

Cit: .

C&OSSal..... . .

186

'09
Tri-Mod e Tutorial S9.95
InC lude, . g • •• b y ga.a S.ud y O!' M C"O"'. and Ilas
" OUbIKl'lOOl'!\ll rum.

Un iver sa l Tutorial... .... .....•$9 .95
Includ es an '" aep ,,, .tUlly '" .Ile . eOllDllC)j <>gy .....a
ena M s lI'Oublesnooung r.ms

Snooper Stopper S39.00
Prolec. yourH~ Hem a . scramble' aelootlan alld
" op tne ·oulla.·

sn Cai}: l.ahnrator il... . .

Che nesku products

. . .. 30

. . . . . . . 61

19'
203

Unicorn . .. ..

U.S. Cahlc ...

.. . .. 93

. . . 14

. . 86

. .86

. . 61

.. 7~

... .... . 19

Viejo Pllhlil-ati uns ..

w lrr l'u hlicalin lls .

We:lth erpnrl . . .. .

Xand i EI«lrollics

Zeme k Cn rp.

ADVERTISING S ALES OfFICE
Ge . nsbaclt P ublic al lon s . Inc .
eoe.e BI·County Blvd .
Farmln gd ala , NY 111 3 5
'·(516) 2 9 3· 3 000
~sident: la.ry SttH::kle .
Fo . Adv e rtisi ng ONLY
5 16-293·3000
Fa. 1·51 6-2 9 3 ·311 5
Larry Sleckle .

publislle.
Christina Es t . a da

as sistan l to lhe President
A.lIne FIs h ma n

advertis ing direcTor
Oon ;s e Havon

advertising au istanl
Ke lly McQuade

credit managa'
Sub scribe. Custome. S o",lco
1·800 ·288·0652
Order Entry fo r Now S ub scribe . s
1·800 ·999·7I39
7:00 AM • 6:00 PM M·F MST
SALES O FFICES
EAST/ S O UTHEAST
Stanlel Levitan. Eatlem Sales Mallager
Radio·E &elronics
I Overloolt Ave .
Great Neck. NY11021
1,51&-487·9357 . \ ·516·293·3000
f u 1·516·487·8402
MIDWESTfT uas/A.kans .. . /OItI/l.
Ra lp h Bergen . Midwest Sales Manage,
Radio·Electroni cs
One Nortllfield Plala. Suile 300
Northfield, IL6009 3·1214
1·708·44601444
fa. 1.708·559·0582
PACifIC COAST/Mount a In State s
Ma rvin Green. Pacific Salus Manager
Radio·Elactron;Cs
S430Van Nuys Blvd. Suilo 318
Van Nuys . CA 91401
1·818·986·2001
fa. 1·818·980·2009
RE Shoppe r
J oe S he re , National Rapresen1alive
P.O. Bo. 169
Idyllwild. CA 92549
1·714·659·9743
fa. 1.714·659·24&9

187

1113

'95

'"
' 02

. 24

.77

..]

. . 411

. CV4

.. •67

.. 'Xl

. . 31

.... 1\1

. 96. 97

Elec tronic Tech . Toda y . .

Com mand l'rod uctions .

Iscn .

Grantham Colfc}:c .

Electronic Goldnune .

Hameg ln strumeuts .. . 25

lIi~hTC.\ II>uhfi eatioll s ,l lI c. . . . . ~ 1I

lntcractlve Ima~e Tech . . . 15

.I31I1 CCO .

Ell't:lruni Cc\ Boo'" Cluh . . . . 13

EIl"('l runks EII~illl"ers II.C. . . . . 1I0

Kelvin . . . . • . . . • • . . . ..

NRI Sch." ,ls . . . . III

Fluke Mallufaclllri n}: CV 2

Glnlml Spl't:lalti...,; 27

MAT F. ll't:lrollic_~ . . . . . . ... ju

:\IjS Ue!oi~ n . .. .. . . 61

:\Iou ser . . . . . . 1I b

:\1&<; Electronics . . . •• • •. •• Ojll

Oplnel«lrollio . 23

Pu rts Express . . OJ I

Prairie Hi}:ila l IIlC. .. 61

]l;nr lheasl EI« lronies . .1I1

MU Elect ronics . . . . . . ' )1)

R.I.. Ilntke Co • . . . . . . . . . . . . . . . 1

127

'"

2110

180

121

184

'79
CIRcu. 191 ONFREE INFORMAn ONCARO

Call Toll Free
1-800·258-1134

C.O.D.

M & G Electronics, Inc.
301 Westminister Street
Providence, Rl. 02903

"CABLE BOXES"
BELOW WHOLESALE
GUARANTEED STOCK · COO'S

. DESCRAMBLERS .
(OTY) (10) (20) (40)
N EW TBI·3 70 55 CA LL 196
TB2or3 45 40 CA LL
SA·3 S 45 40 CALL 11 4
OAK N·12 43 38 CALL ''10S8 2 OR 3 43 38 CA LL

COMBINAT ION UNITS 177

DRX·DIC 89 CALL '"SYL DIC 59 CAll
PIONEER 295 275 CALL H9

. CONVERT ERS W/REMOTES • 53

~ PANASONIC ·
TZPC145 65 60 CALL ' HI

~
STARQU EST·

E·Z550 65 60 CALL ".; E·ZY550 75 65 CALL 117u
E ' H!H O' SiAVIC! 15 ACA''''! ' ~STA ",~O A". Oiv'Ct

~
wIT"OU' 'EA"" SS"'~ .... , S<J8JEC' YOU 10 CIV il OA
CA' ''' ' ~Al 'E" An'ES ' OU "'US' C"iCK WITH 'OUR
lOCAl C. Bl l CO" PA'" '''0P•• ' ORAll SfAVIC( ' OU

W \.IS[ " 15"01 '''! ''' ' [ '' ' O'lU i S' lVA>l'OOUAAUO '996 ."y l [ l[V 'S><l~ Ol'EAUQA ' ''0 WE W"l "O' ' SSISI . ...
CO"'P' ~ ' OR'''OIV'OU'l '" 00'"'' ''' ESA"'Eis 197•

" LAKE SYLVAN SALES, INC.
SORRY..o M' .. .. ESOTA SALES "

201

98 176

CIRCLE111ONfREEINFORM....nOtt C....RO



The Amateur Scientist's Journal

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

••

Embark on an irresistible new journey into the realm
of mystery, challenge, and explorati on! The perfect
magazine fo r the budding scientist , the serious
amateur, the professional who would like to relax,
and those who simply want to gaze at the stars.

Articles to appear in upcoming issues of Science PROBE!

are :

How an Amateur Mapped the Milky Way
Make your own Seismometer

Operate a Solar-powered Weather Station
Grow Crystals Automatically

Experiment with a Saltwater Aquarium
How to Keep a Science Notebook

-----------------------------1
Scie nce PHOnEl 7 RF24
5{)O-S Bi-Cou nty Boulevard
Fa rmingda le. ~Y 11 735

Welcome to.

Obta in your next issue of Sc ience
PROBEI by visiting a quality News­
stand. Convenience Store. or Super­
market or by reserving your personal
copy through the mail by completing
the coupon below.

Scien ce PROBE! - th e only
magazine devoted entirely to Amateur
Scientists! If you are fascinated by set­
ence in all its many forms .. . if you can't
stay away from a microscope. tele·
scope, calipers. or test tube - we in­
vite you to share the wonders in every
issue of Science PROBE! Youwill join
a community of Amateur and Student
Scientists who enthusiastically seek
scientific knowledge or follow scientific
pursuits for their own sakes and not
merely as a profession.

From your very first issue of Sci ence
PROBE! you will be involved in a world
of scientific facts , experiments. and
studies pursued by amateur scientists
who are university students. investors,
academicians, eng ineers. or office
workers. salesmen, farmers- whose
quest is to probe into the mysteries of
science and reveal them to all.

Plan to become a Science PROBE!
reader!

Please furward my roP)' 01' Scie nc e pn08Eo; ! as see n as it comes off the press .
I am enclosing $3.5Q.U.S ,A. t$4,2J-Ca nada- ind udt"S G.S.T.I plus $1.00 for
sh ipping and ha ndlin g, Better st ill. pll·/l...... enroll me as a. subscriber and send
the next four 141quarterl y iss ues of Science Probe. I a m en d osinl:' ~9.95­

U.S.A. ICa nada: $16.00-ind udes GS ,T.l

o Xext Issue On ly 0 Next Four I$.~ues u Yea r l
Offers valid in the US.A. a nd Canada only. No foreil::n orders.
Nam e _

Addr ess _

City St all' ;ZII' _

Ali O rder ll paynhlc in U.s.A. Funds o nly,

-----------------------------
ONSALE AT QUALITY NEWSSTANOS, CONVENIENCE STORES ANO SUPERMARKETS

GET YOUR COPY TOOAY-S3.50-U.S.A.-S3.95-Canada



Within budget.
Without compromise.

TIle val ue of t his 100 Ml iz
digital scope is eas..)' to see.
Take a close look at the III' 5.ItiO(}
oscilloscojll' , and you C'iU\" hI"" but
notk t, certain th ings.

II loole.. an d feels like an ;Ulal()~

!'("OIM.', wuh flt'<lieal('(J knobs lUll!
a dblliay tha i~l)fmlb ill"tanl ly to
yo ur r-ontr ol Ch:UlW-S. Yt'I it ha.. all
ti ll' digital power thai mmJog (' l UI' (

gin' 'you- high accuracy, automatic
nwnsun-nwnts. han l ('()IJY output
.mll pmgranuuahility. Arul superior
';l'\,i ng orvtnuany any .....aveform,
('\"('11 nr low "1) rat es :ulI l slow
sweep Spt't ..:!s.

BUI wha t n-ally st:ultls 01.11 is
Ihal lilt' III' 5-16«) gill'S )"OU ti ll...
pe rfonnn nr-e for just 52,fi9;)
(-I-dl<UUll')) and 52,-195 (2-("!14UUld
v('rsion)· . And that's a vnlue worth
looking into.

'"5" For morv lnformatlun, or same­
day shipment, ("RIIIII' IUREL.'T,
l-Soo-t;J2-1844°: Ask for E"1.11128,
And w(" 11 send you a datu sheet.

HP 54600 Digital Oscilloscope
No. 01 channels 2 0r4

Bandwidth 100 MHz

Timebase accuracy :10.01"1.

Vertical accuracy ±1.5%

° L 'i I 1""'"
- In (",,, ~,,;dI I.,i;(~l-;~7~N;;. I,,,11_ n',

There is a better way.

r/iiJI HEWLETT
':l:.I PACKARD

<) ' • ., 1........·,.., .... ' -.. 1\lO'1U." lU,t :

CIRCLE leo 0J4FREE INFORMATIOH CARD


