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We OnlySkimpedOnThe Price.
IntroducingTheFlukeSeries lO-From$69?;

f lokl lD f Ml ll Flukt 12
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The NewSeries 10.
A SmallPrice ForA Fluke.
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FLUKE.

F lU I':E A N D e ar tr e s
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Newt MiniMn recordwiUl relative
time stamp and Contlnuitycapture'":
Makes Intermittent problems easierto
find,Recordshighsand IQI.VS-and
"timestamps" whenthey occurred. In
continuitymode, opens orshorts asbrief
as 250 usare captured and displayed,

i.",A,,,,,,",,., from
,001l.l f to9999 l.lf. No need tocarry
adedicated capacitancemeter.

,I
I

Large, easy-Io-read display:
4000count digital readout.

Audible Conllnulty:
Topenormfast continuity
checks. just listen lor
thebeep:noneedtowatch
the display.

CIRCLE 121 ON FREE INFORMATION CARD

Safely-a f lukestandard:
Designed10 meet UL1244,
IEC1010. CSAandVDEsalety
reqcirements: extensive
overloadprotection built in.

New! n 75Hard Poin!'" Test l eads:
Comfortgripwith extrastrong lips
lorextended service life.

fast, accerate tests
and measurements:

AC and DCvoltage
measurementsto
600volts, ohmsto
40Mn:audible
continuity fest: --

and diode test.

New! Slideswilch anda
lewpushbullonsCllnlrol
alliunclions: Designed for
uueone-hand operation. ____

flukequality:MadeintheUSA byFluke,
with thesamerugged rel iability thaI'smade
ustheworld leader in digitalmurnmeters.
Count onhard-workinghigh perlormance­
anda two-year warrantyto back it up.

Atlualsize:Easytocarry, \
easyio use.~

Newl VC h e k~ for fast accurate
checkson powersources and
supplies. set your meter onVChek­
andfel it dotherest. VChekwill
determinecontinuity/ohms; it voltage
is present it will automaliCdlly
change modes10 measure AC orDC
vons. whicheveris detected, formost
iniliallroubfeshooling checks. here's
theonly selting you need10make.

Aulotan;ingwith manualDillion:
YOur choice,depending onyour situation.

Sleep Mode: Shuts itself o~
if youforget,extending fong
battery life even tur mer
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Hugo GemabKlo 118a4-1967l found~The digital multimeter is the back­
bone of the modem test bench . and
teday's DM M 's provide better per­
formance and more featu res than
ever. How do you go a bout selecting
the instru ment that best suits your
test ing needs?Your first step should
be to read our Buyer's Guide from
sta rt to fin is h. Yo u'll le arn how
DMM'swork, and how to putthem to
work for you. Read about the late st
models from the major manufac­
turers. On ce you know how they dif­
fer-and what those differences
mea n to your work and to your wal­
let-you'll be ready to make an in­
formed dec ision. Turn to page 31 for
the details .

THE JUNE ISSUE
GOES ON SALE

MAY 5.

HARD DISK DRIVE STANDARDS
ESDI, IDE, SCS I • . . we cut through the acronyms to give you the straight
scoop.

COMING NEXT MONTH

BUILD A COMPUTER·CONTROLLED FREQUENCY COUNTER
First in a series of R·E's computer-based workbench measures
capacitance. too.

BUILD A SOLlD·STATE THERMOSTAT
Use temperature con tro l in your next project.

BUILD A SIMPLE ROBOT
Robot with minimum intellig ence can teach youngsters valuable lessons in
electronics.

,



Within budget.
Without compromise.

Get more of what 3tOU
want in a 6'h digit DMM
for just $995 .
The liP 3HOIAgivesyou more
performance thanany othe r ml\1
for the price. More resolution.
Beuer accuracy, The highest read­
ing speed. Fastest throughput And
widest AC bandwidth,

It has more standard features.
Uke IIP-m, RS-232 and built-in
SCPI commands (or more system
flexibility. Plus len extended func­
tions including continuity. diode
test, limit test, reading hold, dB and
nulilo give you greater flexibility
on the bench.

What morecould you want?
The liP 34401A also comes with
a 3-yl'ar warranty,standard.

"0" For more informa tion, or sam e­
day shipment from liP DIRECT,
cal l 1.g()(}.452-4844" , Ask for
Ext. TB26. And well send you
a dnta sheet.

HP 34401A Di~ ita l Multimeler
DCAccuracy(1yearl 0.0035%
AC Accuracy (1 year) ,....
Maximum input 1COJ Vdc

Raading speed 1DOO/sec
Ruolution 100 nV, 10 nA,

100 ,.0

•us 1i1l1.nc.-
- In Canada een 1 ..I«J.387~1l'l67, Dl'1ll. -&.1-1

There is a better way

rf,gw HEWLETT
~e.. PACKARD

CIRCLE l IGON FREE INFOAYATlOf( CARD 3



WHAT'S NEWS
A review of the latest happenings in electron ics.
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High-power semiconductor
laser

A series of reliable. 150·mW laser
diodes that oscill ate at wavelengths
between 800 and 870 nanometers
has been developed at Sanyo Elec­
tri c Company 's Semiconductor Re­
search Center in A llendale . NJ. The
high-powered lasers are expected
to enhance processing speeds in
erasable optical-disc memories and
image-processing equ ipment and to
be used in satellite communication.
In addition , they can be used as
pumping sources fo r blue leseoltqht
generati on whe n they are used with
a se co nd harmonic ge ne rat ion
(SHG> device.

Blue-spectrum lasers with suffi­
cient power are critical to informa­
tion-intensive applications as long­
playing . htqh-defmrtron. moving-im­
age video storage as well as for full­
color image processing. An SHG
device doubles the frequency of an
infrared -spectrum laser when the
light from the laser passes through a
special crystal in the device. halving
the waveleng th of the beam and
moving it from infrared to visible
blue on the color spectrum. A blue
laser's beam illuminates about 25%
of the area on a receptor surface­
quadrupling the recording density
on a laser disc and significantly im­
proving resolution in laser image­
process ing applications. The Sanyo
development overco mes previous

OSCILLATING AT WAVELENGTHS be­
tween 800 and 870 nm, Sanyo's high­
power lasers will have applications In
optlcal--dlscmemories, satentte ccmmu­
nications, and blue-laser light genera­
tion.

obs tacles to blue-laser light genera­
tion by prov iding a high output
power to compensate for the power
loss inherent in the SHG process.
The 860-nm lasing wavelength can
be produced for phase -matching
conditio ns at room temperature
using a typical SHG device.

The laser diodes are fabricated
usi ng a relatively uncom plicated
two-step, liquid-phase epitaxy pro­
cess . Adjustments made to layer
thickness, lasing cavity length, and
the crystalline active layer insure re­
liable high-power output and sup­
press temperature rise , which helps
prevent degradation or catastrophic
damage. Stable continuous wave
operation at 150 mW has been con­
firmed for more than 5000 hours at
room tempera ture , and for over
2000 hou rs at 50°C. PIN pho­
todiodes for monitoring light-output
are built into the assembly.

Three models operating at 800,
830, and 860 nm will initially be pro­
duced. with volume production ex­
pected by mid-1992.

Safer gold ele ctroplat ing
method

A process allowing intricate gold
elec t roplat ing on microel ectronic
devices, developed by Researchers
at Sandia National Laboratories CAI­
buquerque. NM), uses a plating so­
lution that is safer than the conven­
tional cyanide-based solutions.

While gold has many properties
that make it attractive for use in
manufactu ring microelec tronics­
high corrosion resistance, high con­
ductivity. high melting point, and
ability to form good electrical con­
tact s- st andard gold-plating solu­
tions can release large amounts of
poisonous cyanide gas if the solu­

" tlon becomes too ac id ic . Th e
cyanide-based solutions are so dan­
gerous that the EPA has classified
them as " ac utely hazar dou s ;"
therefore. they require special safe­
ty precautions.

Sandia has applied a gold sulfite
solu tion. which was developed in
the 1970's and has been used since
then for protective coverings but not
for circuitry, to form precise gold
patterns for semiconducto r de­
vices. The method has been suc­
cessfully used to plate extremely
fine lines on substrates. Sandia re­
searchers havealso used the sulfite
solution, which contains no cyanide
and is not dangerous, to make mini­
ature gold bridg es that fo rm
crossovers on gallium arsenide sub­
strates . The crossovers allow con­
ductors to cross on the surface of
the IC without touching or shorting
out adjace nt conductors. Tests
haveshown the plating eff iciency to
be close to 100% in such applica­
tions. and the plated gold's density
approached that of pure gold.

Tran smission-lin e
impedance mea surement

Beckman Indu strial has been
awarded a patent for developing a
t ime-domain reflectometry CTDR)
technique for the accurate mea­
surement of transmission line im­
pedance. The technique has been
incorporated in the compa ny 's
model TMT-1 t ransmission media
tester, which is used to test and
cert ify LAN and telecom physical
layer cabling systems.

TDR could be described as "ca­
ble radar" - an electrical pulse is
sent along the LAN under test and
cable fault s (impedance changes)
reflect some of the energy back to
the TOR where an associated pro­
cessor plots it in a display or graph
as a waveform. Tradit io nal TOR
techniques are plagued by "cab le
dribble-up " o r impedance rise ,
where the fundamental impedance
of the cable under tes t appears to
increase along the length of the ca­
ble. Beckman's measurement tech­
ni que co r rec t ly measures the
impedance along the entire length
of cables under test . R-E



You GAN ALWAYS SPOT
THE nCHNICIAN IHO

DOESN'T USE nKTRONIK.

Ifyou'resending technidansandfSEs into thefield with equipment otherthan TektJOn~ ,

don't be surprised to disroversome unusual toolsintheir service ~ts. ::,.~•
. ( f

Signai llares,for instance. Onthe otherhand,portabletest gearfromTekgets technidanstotheroot of ~F··

the pJOblem long before thepJOblem gets tothem. Evel)ihing from oscilloscopes and spectrumanalyzers tohandheld DMMs.

As aresult. yourQlstomers \~ II be back on theirfeet

happy for that. Not tomention awhole lot nicer to

~In in whal'lI seemlike no time atall. Theill be

~~~i::~ i. U worl< \\ith. For yourempl(1jlOeS' sake,get in
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VIDEO NEWS
Whats new in the fast-changing video industry

DAVID LACHEHBRUCH
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• Multimedia . That single word
seems to be the hottest topic in
both the television and the comput­
er worlds today. With the develop­
ment of digital video and bandwidth
compression. the computer and the
TV set are coming increas ing ly
close together. and there are many
forecast s that the two wi ll eventually
merge. Bets are even being placed
as 10 which will be the survivor.

Of course , that is a ridiculous
question. reminiscent of the days
when people talked about the com­
puter-controlled home. in which a
cent ral computer operated th e
wash ing machine , refrigerator,
stove, dishwasher. furnace, and ev­
erything else. As we all know, that
never happened because micro­
processors, or mini-computers, be­
came so cheap that they could be
incorpo rated into the appliances
themselves.

Since computers and television
sets are used in different room s of
the hou se. the speculation as to
wh ich will survive reflects a mrsun­
derstand ing of the potential of dig.
ital technology. We would hope that
the co mputer and the lV set wi ll
speak the same language so that
their software can be intermixed
and co mbined, but it's rid iculous to
think we will attach a keyboard to
our TV set of the future to write a
nasty letter to the fiber-opt ic com ­
pany for overbilling us,wh ile the rest
of the family is deprived of watching
their favorite sitcom. By the same
token , who will want to sit at the 12­
inch computer monitor to watch the
Olympics? Certainly not anyone
who has the option of a l 00 ·inch
wall-screen (wh ich. incidentally. has
no value in 'NOrd processing).

• TV-Computer Compati ­
b ility. Capitalizing on the hope that
the TV set and the computer wi ll be
able to speak with one another wi th­
oul too much translation is Thom­
son Consumer Electronics (RCA
and GE brands in th e Un it ed

States). Thomson saysthat all of its
efforts in advanced TV w ill be
focused on standardizat ion with
computer mult imedia . Thomson re­
cently 'NOn the co ntract to supply
the digital·compression system and
consumer receiv ing boxes and an­
te nnas for Hugh es Communica­
tions' 100·channel high -power di­
teet-to-home DirecTV satellite sys­
tem, due to start in 1994. Thomson
is also participat ing in a proposed
digital HOTV sys tem with Philips,
NBC , Sarnoff Research C ente r,
an d Compression Labs. Their
HOTV system and Thomson's sat­
ellite transmission siqnaluse a stan­
dard based on the Motion Picture
Expert s Group (MPEGJdigital·com­
pression formu la for full-motion vd ­
eo on a CD-ROM disc. Thomson
calls its system " M PEG + -e .' be­
cause it has much higher resolution
than the current MPEG standard.
Actua lly, the MPEG + + system is
one of 32 differen t proposa ls for a
movie-quali ty dtqttal-com presslon
system being considered for the ti­
tle of M PEG 2" standard.

Thomson not es that it expects
the MPEG+ + sys tem DireclV to
be directly compatible with mu lti·
media systems , co mputers, video
recording sys te ms of the Future,
and all other encoded digital-co m·
press ion media . They do n't say
what will happen if MPEG doe sn't
choose MPEG + + for M PEG 2.

• How Far OH? Although we 're
hearing opt imistic forecasts that the
multimedia age is upon us, one ma­
jo r Japanese manufacturer doesn't
see it that way. Toshiba, which, with
C . ltoh and Company, paid $ 1billion
for part of Time Warner's Tv-related
business , says its preparing for the
multimedia age, but doesn't agree
that it's ju st around th e corner.
Rather than go off chasing a non­
existent standard, they prefer to
wait for the industry to set a stan­
dard. Says Kojo Hase. senior man­
ager of Toshiba Media and Commu-

.I.

nicauons Group, .. Our dream is a
five-inch disc with 120 minutes re­
cording and playback time, erasable
and with high -definiti on qua lity. A
highe r dens ity disc and the next
M PEG s ta ndard for futl -mot ion
(movie qual ity] v ideo will prov ide
this. But the standards negotiations
are only beginning. and there are 32
con tenders. There cannot be a stan­
dard until 1995."

Asked about CD· l, now on the
market and hailed by its principle
spons or, Philips , as a success ,
Hase said, "We do not think that
CD·1is fully interactive. The fact that
there are only around 50 titles sug­
gests that the tool ing is wrong, that
the platform is not sufficiently flexi­
ble. We are studying very carefully
and asking what is the right materi­
al. Certainly not encyc lopedias. We
need somethi ng sparkl ing that
makes people say I must have it',"

• Small C amcorders Domi·
nate , Last year, 60 % of all camcor­
ders s old i n the U .S . were
"compacts't-e-that is, 8mm or VHS­
C . That is an increase from jus t over
half in 1990 and only 37% in 1989.
The figures are supplied by the Elec­
tronic Industries Assoc iation (EtA),
which doesn't break down the com­
pacts by format. but a good esti­
mate is that 8mm won by a large
margin, co mprising 63 % of all com­
pact s and 43% of total camcorder
sales , compared to 32% lull-size
VHS and 25% VHS·C.

• Ghostbusting W inner. As we
go to press, the Nat ional As socia­
tion of Broadcasters has declared a
winner in its field tests of lV ghost ­
canceli ng systems <Rad i o -El ec ­
tronics , April 1992). It is the sys­
tem developed by Philips. All five of
the proposed sys tems require that
the TV station transmit a pilot signal
during the vertical blanking interval.
and there fore FCC approval is re­
quired .Action on a standard syste m
is expec ted as early as June. R·E
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Optoelectronics has satisfied its customers for over 18years ­
Seefor yourselfwhat countless
others have already discovered!

Our Name says quality, service and dependability ­
Our customers agree!

'T he best part of the Optoelectronics LCD counters are their
extreme sensitivity, their bri lliant LCD reado ut that can be seen
even in bright su nlight and the rugged construction allowing
th em to get banged around. bu t still continu e to operate smack
dab on frequency" , Yours is the only counter which reliably gives us
(at Radio School) an instan t frequency readout with its rock-steady
LCD digits featuring incredible 1Hz resolution."

Gordon West

FACTORY DIRECT ORDER LINE

1-800-327-5912
(305)771-2050 · FAX(305)771-205 2
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W HY CHOOSE CIE FOR YO UR TRAJNIN G?
• 150.000 successfu l graduates from every co untry ar ound the world.

• O nly CIE rewards you for fast study. e lE offers an Associate Deg ree
program based on actua l study ti me used. The faster you com plete y our
degree the less your overall tuitio n.

• State-of-the-art laboratory eq uipme n t is yours to keep and it comes
assembled. ready fo r hands-on exp eriments.

• Approved fo r educationa l benefi ts under the G.J. Bill for veterans and other
eligible persons.

• Up on gradua tion, CIE offers free prepa ration to pass the Certifi ed
Elect ronics Technician Exam s.

If you want to learn about electron­
ics, and earn a good income with tha t
knowledg e then CIE is yo ur best
educationa l value.

CIE's reputat ion as the world
leader In home study elect ro n ics is
based solely on the success of our
g radua tes. And w e've earned that
reputati on w ith an un conditi onai
comm it ment t o provi de our studen ts
wi th the very best electro n ics
train ing.

Ju st ask
any of the
150,OOO-plus eta'
gradua tes o f
t he Clev eland
Insti tute of
Electroni cs
w ho are
w ork in g in
h igh-payi ng
positi ons w ith
ae rospa ce,
computer.
med ical.
au tomotive
and communi­
cat io n firms
throughout t he
world .

rn cyn tell you success di dn' t
come easy...bu t, it d id come.... t hanks
to C1E. And today. a caree r in elec­
tronics o ffe rs more opport uni ties and
grea te r rewards than ever before.

ClE's COMMIITED TO BEING
THE BEST....IN ONE
AREA... .ELECTRONICS.
CIE Isn't another be-everyth tnq -t c­
everybody SChool. We t each on ly one
SUbject and w e believe we're the best
at whilt we do. Also. CIE is accredited
by the Nilti ona l Home Study Council.

_And with mor e tha n a 1.000 gradu­
at es each year. we're the largest
hom e study school specializing
exc lusively In electronics . C1E ha s
been training career-minded students
li ke yo urself for nearly 60 years and
w e're th e bes t at our subject ... ..
ELECTRONICS .. . BECAUSE ITS THE
ON LY SUBJECT W E TEACHI

CIE PROVIDES yOU WITH A
LEARNING METHOD SO
GOOD. Irs PATENTED.
CIE's Auto-program med lessons are a
proven learning method f or building
valuable electro n ics career skill s. Each
lesson is designed to take you step-by­
step and princlpl e-by-principle. And
w hile a ll CIE lessons are d esig ned for
independent study, C1E's in struct or s
are personally availa ble to assist you

w ith Just a toll ­
f ree ca ll . The
result is practical
training ... th e
ki nd o f experi­
ence you can put
to work in today's
marketpl ace.

LEARN BY
DOING...WITH
STATE-QF­
THE-ART
FACIUTIES
AND
EOUIPMENT.
In 1969. C1E

pioneered the fi rst Electronics labora­
t ory course and in 1984, the first
Mirco pro cessor laborato ry course.
Today, no o ther home stu dy school
can match CIE's st ate-of-t he-art equi p­
ment and training. And all your
laborato ry eq uipment, books. and
lessons are in cluded in your t ui ti on.
It' s a ll yo urs to use w hile you study at
home and fo r on -the -j ob a fte r
gr ad uat ion.

PERSONAUZED
TRAINING ... .TO MATCH YO UR
BACKGROUND.
W hile some of our students have a
working know ledge of electron ics
others are just sta rting out. Th an
w hy we've developed twelve career
courses and an A.AS. Degree program
to choose from. So. even if your not
sure w hich elect ronic s career is best
for you. CIE can get you started w ith

core lessons app lica ble t o a ll areas of
elect ron ics. And every CIE course you
ta ke earns you credit toward s co mple­
ti on o f your Associate in Applied
Science Degree. So you can w ork
toward y our degree in st ages or as
fast as yo u wish. In fact. CIE is the
on ly school tha t actua lly rew ards you
for fast st udy. w h ich can save you
thousands o f do lla rs.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND W E'll SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOKI

•••••••••••••••
• 0 YES! I want to get sta rt ed . •
• Send me my CIE school cata log Includ- •
I fng detil il s about t he Associat e Degree •
• Program . 'For your con venience, CIE •
I w Hl have a repr esen tative contact you - •
I there Is no obligatio n. , A E38 •

I Name: I
I Addres~: I• •
• City: St<lte : I• •I ZIP: Age: - - - - . "

I Phone No l _ _ ) 1-:
I Check bo~ for G.l. Bulle tin Benefirs I ~
I 0 Vell.'l"i1n 0 ActIve Duty l :c

!III/:;ElI3 i~ Ii
CLEVELAND '\ ) a

• INSTITUTE OF " • •
• ELECTRONICS a
•

1116 Eas l17lh Strool A",,,,,,,, ,,, """"""'" •
CllIYeland,0hi0 44 114 "'''''',01~

I (216)781·9400 Sonce lm III

•••••••••••••••
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FIG.1-THIS " INTELLIGENT" CHARGINGCIRCUITcan be adapted for use wIth a wide
range of batt erIes, One seclion monitors and controls the chargIng 01the batteries
and another section monitors the amount of charge left In the batterie s when they're
beIng used to power the ci rcuit.

Nr•E"
bE

ibrated by hooking it up to a variable
power supply and sett ing the volt­
age to the value you want for the
trigger voltage.

The schematic shQ<NS the on/off
switch for the circuit being powered
and uses the single-pole, single ­
throw switch in the jack to change
the power source from the batte ries
to the charger. If you trace through
the connections. you'll see that the
charger recharges the batteries and
powers the circuit at the same time.

low a level determined by the poten­
t io meter sett ing , the t rans istor
turns off and the battery voltage ap­
pears at the collector. That triggers
the SCA and lights the LED 10 warn
you that the battery has to be re­
charged. The SCA latches and the
LED stays lit until you turn off the
power.

Th e c rit ic al elem ent in t he
monitor circuit is the setting of the
potentiometer, so you should use a
multitum unit . The circuit can be cal-
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The second part of the circuit
monitors the charge on the battery
while the batteries are being used.
The full battery voltage is put across
the potentiometer and a certain val­
ue appears at the potentiometer's
wiper. The NPN transistor is set up
as a switch and, as long as the volt­
age at its base is high enough to
keep it turned on, the collector-base
junction conducts and keeps the
collector at close to ground level.

when the battery voltage fansbe-

ev oor

and the current flow gets less and
less. That results in a co nstantly
lowering voltage drop across the re­
sistor. and the LED will get dimmer
and dimmer until it finally goes out
completely. If the intensity of the
LED doesn't change, that's giving
you some good information as well.
Constant high intensity means the
batteries aren't taking a charge, and
a low intensity (when you first plug
in the charger) means the batteries
were already charged.

GROUND

SIMPLE CHARGER
I've been trying to come up

with a battery-charger circuit
that can maintain an older alarm
system. It has two 12·Yolt 1.2-AH
batteries connected In ser ies.
I'd like something that charges
them In about two hours and
th en drops the charging current
to a tr ickle c harge. I don't need a
lot of bells and whistles, but a
hav ing a charge/d isc harge in­
dicator would be nice. Got any
tricks up your sleeves that can
help me out?-e. Peterson, Van
Nuys, CA

It seems that this sort of request
shO'NS up every year. Even though
rechargeable batteries , of various
chemistries are in common use just
about everywhere. there 's a real
shortage of intelligent charging cir­
cuits. 1ran across the problem a fe-.v
years ago and designed the circuit
in Fig. 1. It has all the features you
asked about and can be adapted for
use with a wide range of batteries.
, The circuit has two basic parts.
The first monitors and controls the
charging of the batteries and the
second monitors the amount of
charge left in the batterie s when
they are being used to power the
circuit.

VVhen you're recharging a battery,
the most important choice is the
value of the current-limiting resistor.
Too large a value will result in no
charging action, and too small a val­
ue wi ll allow so much current to run
through the batte ries that they'll ei­
ther be damaged or, if you're not
lucky, be destroyed.

The PNP transistor has its base­
emitter junction sitting across the
current limiter and, when curre nt
flows through it, a voltage drop ap­
pea rs across the resistor. That
causes current to flow through the
co llec tor-em itter j unction of the
transistor and lights the LED to
show that the battery is charging.

As the battery voltage increases,
the battery's impedance increases12
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•GLOBAL
SPECIALTIES'

70 Fulton Terrace
New Haven , CT 06512 . -­

FAX 468·0060 r:=.-

2MHz Sweep Function Generator ,f, 1,\
· 0.2Hz 10 2MHz ,,:-\ ~

-Duty-cycle, symmetry controls ...-\ Q. ~.
' 50Qoulpul "l .~.
' VCO input

Model 2002 5219.95

Audio/Sweep Generator
·Sine/SquarefTriangle
'1Hz10100kHz
•VariableDColfsel
-Sweepable 100:1

Model 2001 5178.50

Digitally Synthesized Generator ,\' I:\"
•DC to 1.6MHz ,,)\. ..

'Trigger, Sweep, Bursl, Hopand (Jal,mo~~ ~ •
•Internal/External Sweep .,,) • \.. •
' Sine, Square, Triangle, Ramps
•Optional RS-485 communicationsport
01 6programmable memories

Model 2003

Ultravariable Pulse Generator \\\'. IX
-0.5 10 5MHz ~,~ "" ..
' Run,Triggered , Gale, Single.Shol , C. ~.
-Independeot width and space con tro~~ •~ •
•Variable 50Qoulpul

Model 4001

Compare the specifications and the prices 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 value and quality that Global is known for. The competitors, 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.

a iiiYCan't Wait? Call...1-800-572-1028
CIRCLE 181 ON FREE INFORMATION CARO
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Gel a reading of

in lhree seconds
for as low as $395.00

"","""'b le pow" "I'fl/y wilth bum in G~S.

No morewasting time twisting,
turning,or tweaking knobs.Gel­
ting quick,accurate readings is
pushbutton easy with anyof
AmericanReliance's program·
mabie power supplies(PPS).

Today'stechnologymakes PPS available
atthe same cost 01a standard linear
power supply. Why not move upto the
ease ofuse,accuracy andconvenience
ofa PPS?
As a special offer, withthepurchase of
any PPS, youmay olso purchase the
hJ1HeatUle 4000 count Aulo-Range DMM
(3010)lor$65.00 with a two year
warrantyl That'sa regular$149.00 value.

Each unit comes witha Ireetrial olfer.
11 ottel 15 days,youole nol satlsfed with
the performance of our PPS, slmply
return it · · noquestions asked, lora lull
reflJneI. However. youhavetheoption
10 purchase theOMMforjust $79.00.

EITHER WAY YOU WIN!
MODEL SPECIFICATIONS USER PRICE
1322 SINGLE 32V/2A 5395.00
l302A SINGLE YJVj2.5A $595.00
1326 32V JAOR 16V 6A 5895.00
10710 SlNGLE]V l OA 5895.00
2322 DUAL3'N!2A 5995.00
1603 SlNGLE6OV{3A 51,195.00

fOR DETAILS, CALL:

AMERICAN RELIANCE INC.
9952 ~ . lW.OW1N PLAC E. ElMONTE.CA. 9\131
TEl: (818) 575·5110 FAX: (81 8) 575-0801

CIRCL E 1n ON FREE INFOR WATION CARD

DRIVEWAV ALARM
I have a summer cabin that 's

located at the end of a long dr iv­
eway and I'm looking for some
way to have an alarm that goes
off when a vehicle pulls Into the
driveway. There are an imals
around so a photoelectric cell
Isn 't practical. Because there
are sensing circuits used on
highways all the time, there
must be a simple and reliabl e
way to get the job done. I've
been toying with the Idea of an
RF-based circuit that has colis
under the road and uses the
presence of a vehicle to transfer
a slgnal1rom one coli to another.
If you have any Ideas, It would
help me a great deal.-D.
Ingebrlght, Seattl e WA

I have a house in the country and
was faced wi th the same problem a
few years ago . I have to admit
though. that the idea of solvinq it by
burying coils in the driveway never
occurred to me. Maybe that's be­
cause the mere thought of the work
involved in digging up part of the
driveway just seems like too much
effort . The method I used is a lot
easier, much more straightfo rward,
and can be done without having to
use a shovel.

I contacted the local road mainte­
nance people, and bought a length
of the same sort of wire they string
across the road when they want to
do a traffic co unt. It's jus t two
lengths of wire. separated by foam.
and sealed in a tough rubber over­
coat. When a car goes across it. the
weight compresses the foam and
the two wires inside the cable touch
each other-a simple on/off switch.
I don't know who makes the stuff,
but I'd be willing to bet you can geta
length of that wire the same way I
did.

Some of the road departments
use a different detection method in
which the cable they lay across the
road is really nothing more than a
hollow tube filled with air. When a
car crosses over it, the increase in
pressure forces an air swi tch to
close. Different method, same idea.
It doesn't matter which of the two
materials you get since either of
them wilt do the job for you-al·
though an air switch may not be
such an easy part to get a hold of.

The Signal from the wire across
my driveway triggers a simple RF
circuit and that, in turn, sounds a
bell in the house. The whole system
took about an hour to set up and it 's
been working reliably ever since
then.

CALL·WAITING DILEMMA
My wife Is using a computer

and modem on her job, and
she's having a problem with call
wait ing on the Une. Whenever an
Incoming call shows up on the
line, the computer lock s up and,
to make matters worse, the in­
coming callis lost. Is there any­
thing that can be don e abou t
that without doing away with the
c all-wai ting s erv ic e com­
pletely?-T. Edmonson , Birm­
Ingham, AL

This is a fairly common problem
and, if you can't afford to have a
separate data line, it can be a real
pain in the neck when you're using a
modem. It's bad enough losing the
call. but imagine what it's like when
call waiti ng causes the carrier to
drop just at the tail end of download­
ing a huge file . It's practica lly
enough to make you start using the
U.S. mail again!

There are lNBys around the prob­
lem without discontinuing call wait­
ing and, believe it or not, the answer
is really simple. All that 's needed is a
bit of software that's so minor you
can even wri te it yourse lf using
BASIC or whatever language you
prefer.

The basic approach is to tem­
porarily change the values in a few
of the modem's control registers .
The exact method is going to vary
with different modems, but the
basic princip le wi ll be the same.
Just about all popular modems have
one regi st er that co ntrols the
amount of time the modem will wait
to di sconn ect , once carrier has
been lost. In the Hayes series of
modems it's the S10 register and
the time can be set in tenth-of-a­
second increments. I'm not familiar
with the modem you have. but I'm
sure that if you go through the man­
ual (or call the manufacturer), you'll
be able to get the information you
need to make the modification.

I ranacross a small publtc-domam
continued on page 22
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INTERNATIONAL
ENCYCLOPEDIA OF
INTEGRATED CIRCUITS
- 2ND EO.
Use thiScomprehensiva 1000+ PlIije
manual 10 find theQrtl.litsyou need
wiltloul havin g to tum to stacks 01
manu fact urers' data books. You'U
findCOI\"IPIetI descriptions ~Otcuit
functions and uses, pinout dia­
grama showing external connec­
tion. , in ternal schematics, and
tables. J,088 pp., 4,000 iIIus.
13802~ $44 .95

CUSTOMIZE YOUR PHONE:
15 Electronic Projects

THE TALKING TELEPHONE
-And 14 Other Cust om
Telephone Projects
Build p1euant·souflCling ringers,.
late-nlgh t Ielephone guard, hold
butlona, LED dial displays, off-hook
deteetora , prinled circuit boa rds,
hold buttons, automatic raccrdere,
a l elephone lock, an anlmat9d
ring er, and more with this lwO-book
set. 118 pp., 125 ii/us.

Send me .v.rythlng I need 10
con verl my telephone lor o nly
$21.90 ('585815-0)

SECRETS OF RF
CIRCUIT DESIGN
Design and build your own radio
frequency amplifiers . preseleetorl.
signal generators , lnduetot coits,
antennas . microwave ci rcu its. and
Olher cevices. You also gel e~peri­
men ts that help you uplore such
pr oblems as electr omagne tic
interference. 416 pp., 115 /J1us.
. 31 10H $32 .95

BUILD YOUR OWN 386/
386SX AND SAVE A
BUNDLE-2ND EO.
Build your own powerful PC wi' h
this hands-o n guide. You gel cern­
plete Information on • where to
buy diseount parts • new vendors
• and the sottware~. Pilgrim
gives you step-byoltep illusttetions
and photographs 01 lhe actual
assembly pnxe-s.s to ensure your
SUIXe$$. 240 pp., 85 illus.
' 4089H $29 .95

THE NEW STEREO
SOUNDBOOK
Discover Ihe fulure science 013D
sound wil h l his sI9p-by·slep guide
to sound perception , focording. 9flC1
reproduction. Opttmlze your stereo
eqclprnen t and listening 9nviron _
merrt by using the latest sound
qua lily IJ"d spaced mic.oph0fl 9
techniques. 304 PP.. 25 1 illu s.
' 3189H, $29.95

---...,... _ ..........,__.._Ol_h's-ao,__ _ .... R£52

To Order Call Toll Free: 1·800·822·8158
(In PA Ind AI( call dlfeet 117·794-21911

FAX Orders: 1-717-794-2080 (PlMM CfIII~I30Lm. _5:00P.m.EST)

Or mall coupon to: TAB Books, Blue RIdge Summit. PA17294-0840

-' -.-================~'::.:::===Signat,,,e

""'" - ---- - - - - - - - - - -
Add'~ ~~:;:;;;;;;;;;;;:;:;;;;;;;;;;;;;;;;;;;;;~;;;;;;;;;;;;;;CitylSateJZjp
________ 0.--0 .. _

1><Wt_... US._Do_nUS __..u.s $S. OO Iot-.o--

~ - - - - - -- _ PIMM CUIalong oan.o line , - - - - ------ -

: Please send me the book(a) Ind icaled below:
I • , _ ' p ","__ • Pnee __

I 0 Check ot money order endosed mad9 payable 10 TAB Books .

Charge my 0 VISA 0 MU I9tCvd 0 Am. EJ;p. PIMM Pmf

" ,~" M''''' '
" . l;',.~ .,

",l\" ''''~ ~,
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MAINTAINING AND
REPAIRING VCR'S
-2ND ED,
Use this revised and poptJlar guide

to malnla in and repair VHS HQ,
8mm , and camcorders. You get
In·deplh co verage of • every
rneehanical Iystern and electronic
eeccn used In VCRs • the lI5lI 01
test equ ipment · and the new
high-quaJity (MOl camcorders and
special VCR citc:uits.
352 pp., 370 I/Ius. 13103H S27.95

POWER SUPPLIES,
SWITCHING
REGULATORS,
INVERTERS, AND
CONVERTERS

BUILD YOUR OWN TEST
EQUIPMENT
Buikl32 dIfferent 1" 19rs. inetuding
• perforated and etel'>ed boards to
test c ircuit s • atl audio amp
checker lor tloubleshooting radios
and TV • and more. Hundreds of
lIIustrations guide you lhrough eact>
proce ss. 300 pp- , 338 illus.
13475H S21.95

Prod uce usetut sWitch in g·typ e
power supplies lor a wide variety of
pracllcal applications withthis com­
plete and up-Io-date volum9 . It
shows you how 10 put the la'est
semicond UClO" devices. capaciIors ,
magnetic eoll'lponenlS, and inte­
grated circu ils logether.
448 so, 260 illus. U 66SP $2 1.95

MICROWAVE OVEN
REPAIR-2ND ED.
Save yoursell countless dol\ar$ in
repair bills wi1tl tt-.sful-it manual by
)"OUr aide. You get c:lear. S1ep-by.
Slap instfUCliona. detailed ~luSl1a.

IOlS, and phologaphs 10 help you
easily aeeomplish repa irs yourself.
You" di$coYer Ipec:ifJesolutions tor
morethan 200 eommon microwave
DYen mallunc!oOflS.
368 pp., 383 AIs. 13451H S29.9 5

THE COMPLETE
SHORTWAVE LISTENER'S
HANOBOOK-3RD ED.
Get the lales l ln equ ipme nt, inno­
vations. and operating prac tices.
G91 a frequency listing lor maior
and minor s'abons worldwide, SWL
t9rm inology, abbreviations . signals .
and equ ipm9 nl )l;lIgon, and mole.
304 pp., 98 j/lus. 1f2655P $17.95

BUILD, REPAIR, and SAVE
with these leading

ELECTRONICS GUIDES FROM TAB

~\
THE ENCYCLOPEDIA
OF ELECTRONIC
ClRCUITS-VOlS,l & 2
"(T1I9S9/ rol9rences wouldbe It
valuIJbl9 I SS« fa Ill)' c/IcuIf
desigll9f 0( hobbyisf." - Radio
EJec~. Get 2.000 of 1M
fTIO$1 widely U$8d , state-o!·lh&­
art e1eetronic ci rcuits you ean
use 10 build projects or design
your own circu its. 1f5376C
549.95 (regularly S59.90)

ENCYCLOPEDIA
OF ELECTRONIC
CIRCUITS -VOL, 3
This comprehensive guide cen
help you lind afI$W9rs to apecl­
fic problem s ot dream up new
pro jeet ld9as. Build alarm and
security systems .•• , mok9,
mol, tUfe, and metal d9teet Ors
. . .computer, fiberoptic, and
laser circuits ••. power supplies
••• (,lters and O$ciliatofS...
and much more .
832 pp., 1000 illus. ' 3,.8H
$39.95 (r~utllrty $60 .00)

Gel , ll t hr " com pr . h.nslve
.ncyc lopedl.. and ..ve $141
Only $75.90 ('546OC)

MASTERING TECHN ICAL
MATHEMATICS
USe Ih1S fTIO$1~ns;ve . one­
SlOP souree 01math ins#uetion eer­
lenity avei1able b gain the com­
pulaloooalanswe<S you need in any
lechnieal or~ '*d. You get
~ep, llIusUaled irlsUucliona
and alIernative lechniques lor solv·
ing problems In base arithmetic.
algebra. geomet ry, trigonometry.
and c:aJculus. S88 pp., 42O. s..
Y3-' 38H 139.95

Pass the Associate or Journeyman
e~ams with these guides. You·11
fInd the teehn ical information you
need-from antennu and digital
QfCUitsto lest equipme nt and trou­
bleshooting-IO help you become a
certi fied electronics teehn iciarl .

THE CET STUDY GUIDE
-2ND ED.

THE CET EXAM BOOK
-2ND EO.
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of the corrected circui t (Fig. 1),
CALVIN D. KAUFMAN
Highland, MI

Thanks to you and all the others
who pointed out our error.-Editor

FLIGHTS OF FANCY
For the last few years I have read

Radio-Electronics without much
interest in the " Letters" sec tion, but
over the past few issues I've read it.
I noted a letter in the February 1992
issue that is very wro ng. It concems
the December 1992 Drawing Board
c olu mn . wri tt e n b y Ro b er t
Gro ssblatt .

In the letter. the writer states that
"high-speed aircraft all used qener­
ators and the electromechanical
voltage regulators they required ." I
have spent the last 20 years as an
Air Force airborne radar navigation
tec hnician working on KC-13S's,

Fig. 1. This Is the corrected schematic
lor the Motor-Speed Controll er that ap­
peared In Februa ry's Ask R-E.

f REEINFORMATION
CAl l TDll·fREEf.800·537-0SB9
Or write to: Vltjo Pull lications Inc.

4470·101 Sunset BIVlj., Suite600.Dept RE
los Angeles. CA90021

THE MONEY MAKING OPPORTUNITY
OFTHE1990'S

If r ou are allle to work wilh common small haIId
tools. and are ramiliar with rosieeecneccs (ie. a~~
10 lI$8 avoltmeter, understand DCe~clronics)...
IF.Y!lu possess average mechanicalallihlV.and have
a VCR on which to practice and learn...thenwe can
leach YOU VCRmaintenanceand repairl
FACT: uplo 9()% ot All VCR mallunctions are due 10
simple MECHANICAL or ELECTRO·MECHAN ICAL
breakdowns!
FACT: overn millionVCRs in use today nationwide!
Averaij(! VCR needs service or repair every 121018
months'
VoeiO'S 400 PAGETRAINING M.l.NUAl /CM!r SOO pho­
los and illustrations) and AWARD·WINNING VIDEO
TRAININGTAPE reveal lhe SECRETS 01 VCR mamte­
nance and repair - 'real world' jntormaucn that is
NOTavailable elsewhere!
Also includes all the infO you'll need legarding the
BUSINESS-SIDE of running a successful service
operajon!

CIRCLE 1'" ON FREE INFORMATION CARO

spot on the disk. The meter can be
left in the circuit for any length of
time-a week , a month , or what­
ever. You can read the consurnptron
in kWh and use your electric com­
pany 's rate to arrive at a monetary
value.
JOHN L. KURSCHNER
Toms River; NJ

MOTOR-SPEED CONTROLLER
CORRECTION

I have fou nd th e motor-speed
con tro ller circuit described in Ask
R·E (Radio -Elec t ro nics, Febru­
ary, 1992) to be very handy. HO'N­
ever, there was a schematic error
showlnq the oscillator circuit to be
grounded. I've enclosed a drawing

P.o. Bo. 06017
FI. Myers. FL 33906

(813) 936·2397

• Commercial Two-Way
• MicroProcessors
• Amateur/ Experimental
• Scanners/Monitors/Pagers
• Satellite-Telemetry
• Plus custom applications

EXPEDiTED ORDER SERVICE!
FOR FREE CATALOG.

CALL OR WRITE:

JAN CRYSTALS­VlSA-..
TOLL FREE 1-800-5 26-9825

FAX ORDERS: 1-813·936·3750

CIRCLE 104 ON FREE INFORMATION CARO

III
"II

KEEP IT SIMPLE
Regarding the article " Energy

Co nsu mption M onitor" (Ra d io­
Elect ronics . December 1990:
Sometimes we get so engrossed
with todey's tec hnology that we
lose sight of the simple way to do
things. Although certainly not as el­
egant or convenient. the same thing
can be done using a surplus wa lt ­
hour meter, which can be purchased
at a flea market fo ra few dollars . (It 's
the same sort as the electric com­
pany uses at your house to bill youJ

The formula for finding power
consumed at any given l ime is:

Watts = rev. x kWh x 360/sec
<The kWh rating can be found on the
name plate.) You can count the
number of revolutions by the black

16
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Pomona's new F1i\rr ~ (Flexible
loreface Nt.'twork) QFP res c!if'
gin: YOU direct access to today s

newest 100-, 132- and 1%-pin lEDEC
devices. Sci-up time b drJ.~icany reduced,
and}~)IJ can rely on rcreatable contact
\,ilh every pin,e...crynee. And,r{MJ can
choose among three styles in each pin
count to suit your irucrlace reeds.

of «ooe, you'll beable toselect from
Pomona's c omplete f:lInily ofS;\\D andIC
[CSl ace...ssories including ICclip kit~ and
PGA ;ldapiCrs. YOuem also
choose from 18 E1AJ QF1' lest
adapter models.

Pomona test :\W .'S'iOriCS

are the logical choice.

We're Making Technology
Easier To Live \,\Tith.

I.....k-on ~_*l\ _
m'l<I"CSP.<"U'("('
d.,ctric<il Ilnd
'""""!lind d..'l'icc
"" ",WCli"l\; 'Iuick.
.dcille<)Cu,m

section like those found in stereo
TV's.

In some of these se ts , an in­
crease in control voltage causes a
decrease in volume, whi le in others
it is just the opposite . Depending on
the sys tem, the photo res isto r
could be placed so that it will shunt
the attenuator line to ground, pull it
up to some po sitive value , or it
could be placed in series with the
line. The LED could be driven by a
simple circuit that would cause it to
light w he n the vo lume exceeds
some value, An LM3915 (such as
the one shown in the same Ask R-E
column in the ':Audio Light " circuit>
would be ideal for that purpose.

If the limiter's input come s from
the output of the power amp or any
point afte r the volume contro l or at­
tenuator. it will have to be read­
justed each time the volume setting
is changed. If the input comes from
some po int ahead of the vo lume
contro l or attenuator, then the lim­
iter's action will be independent of
the volume setting.

In many of the sound chips that
use electronic ettenuators. there is
a pin that is connected tot he output
of the FM detector. From there. the
audio is sent to the attenuetor; That
would be a good take-eft point. In
sets that do have audio at the vol­
ume cont rol, audio can be taken
from the " hot" side of the control
and the photo resistor can be con­
nec ted between the wiper and
ground. All of those points can be
easily found if the service literature
is available.

By the way, I'd like to point out
that there might be a problem wi th
the circuit diagram for the Audio
limiter, shown on page 82. The
PNP transistor must have a base
voltage of about - O.6V wi th reo
spec t to the emitt er for turn-on.
Since the base is tied to V +, it will
always be positive wit h respec t to
the emitter. Under these conditions
it will never tum on, Perhaps it wou ld
jf the emitter and the base were
reversed.

The writer also indicated that the
photo detector is wired in the feed­
back loop where a change in resis­
tance will change the gain of the
amp. Ac tually, the LM386 is operat­
ing in a fixed gain mode. The photo

continued on page 22

ASK R-E ANSWERS
I read about the " Commerc ial

Limiter" in Ask R-E (Rad io -Elec ­
tronics , January 1992) with great
interest. I have some additional in­
formation that I think would be help­
ful to anyone undertaking such a
project.

The article indicates that the au­
dio signal can be obtained at the
vol ume control or the speake r,
Wh ile the latt er is always true, the
former might not be,

Many recen t model TV 's using
conventional (potentiometer) vol ­
ume controls use electronic volume
attenuators that are generally incor­
porated into the sound IC. Those
IC 's are also used in set s with push­
button and remote volume controls,
In this type of system, no audio will
be found at the volume control.

One reason for adopting thi s
met hod is that it eliminates hu m
pick-up, which results from routing
the audio signal to and from the vol­
ume control.

If a set uses an electronic at ­
tenuato r and if the concept of the
Commercial Limiter is unders tood,
the ci rcuit could be modified to take
control of the attenuator line that
con tro ls the volume . That wo uld
preclude the necessity of using an
additio nal amplifier stage, which
co uld degrade the audio, par­
ticularly if the set has a good audio

6 -52's, F-5/T-3S's, U-2/ TR-1's, and
even th e fast est of them all. the
SR-71. We had engine-driven de­
vices that were called generators
on board, but all of them were 240­
volt AC, 400-Hz, a-chase machines,
Volt ag e regu lat ion was elec ­
tronically controlled, and charging
power for the aircraft battery was
provided by a 28-volt DC trans­
former rectifier that had its own in­
ternal electronic controlle r, The old ­
style generator and the associated
inverte rs that the writer described
lef t the Air Force inventory with the
old T-28 and its sister aircraft, which
were piston -eng ine powered, AU
modern je t-powered airc raft have
gone over to the alterna tor type of
power generator, but the old name
has stuck nonetheless,
RICHARD J . GOULET. MS gt ,
USAF
Wright-Ri tlerson AFB, OH

1500 E. N,nth Sl,ee!. P,O. Box2767 Po!flGna, CA 91769,
l714)469-2900fAX (714)£29-3317.
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Plus you now go on to work with today's most
popula r integrated software package, Microsoft Works,
learn ing to use its word processing, spreadsheet, data ­
base , and communications utilit ies for your own personal
and professional applications. But that's not all.

NEWl
___- 386sx/20 MHz

Mini'Ibwer
Computer

£------J

Train the NRI way-and learn to
service looay 's computers as )'OU build
your own 386sx comp uter system, now
with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and software!
J obs for comp uter service technicians
will almost double in the next 10
years according to Department of
Labor statist ics, making computer
service one ofthe to p growth
fields in the nation.

Now you can cash in on this
exciting opportunity--either as a
full -ti me industry tech nicia n or in
a money-making computer se rvice
business of your own-once you've
maste red electronics and computers
the NRI way .

NRI's practical combination of "reason-why" theory
and ha nds-on building skills starts you with the funda­
me ntals of electronics, then guides you through more
sophisticated circuitry all the way up to the latest ad­
vances in comp uter tech nology.

Learn to troubleshoot and
service today's computer
systems as ou build a
386sx/20 mini tower
computer!

Train with an d keep a powerful 386sx/20 l\1Hz
compu ter system plus popular Microsoftl'
Works softwarel

Only NRI gives you ha nds-on training with the finest
example of state-of-the-a rt technology: th e powerful new
West Coast 386sxl20 MHz mini tower computer. As you
assemble this 1 meg RAM, 32-bit CPU comp uter from the
keyboa rd up, you actually see for yoursel f how eaeh section
of your computer works.

You asse mble a nd test your computer's "inte llige nt"
keyboard, install the power supply and 1.2 meg, high­
de nsity floppy disk drive, then inte rface the high-resolu­
tion monitor.

Your hands-on training continues as you install a
powerful new 40 meg IDE hard disk drive-now included
in your course to dramatically increas e the data sto rage
ca pacity of your computer while giving you light ning-quick
data access.

On lyNRJ g ives
you h and s-on
tra ining ,d th
th e remark able
R.A.C.E.R. plu g­
in diagnostic
ca rd and
Qui ckTech
di agnostic
so(f ulare from
Ultra-X­
professiona l,
sta te-of-t he-a rt
diagnodic tools
that mohe
comp ute r
t roub lesh ootin g
fa st and accu­
ra te.
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For caf'N'r~
.pp......N1 under GI Bm

o ch«k for driaii&.

(ple_ pri nt)

111M u _ ,rado ...t1toI l~"",.h."olll ,_M..,/u,, _ Coo'p. R.A.C,E.Il- .r>d
q..,..kT..b ""I'.lnoo! tnldo.... ,k . ofUI".·X. h .

No experience needed. ._ NRI b uilds it in
NRJtraining gives you practi cal, hands-on experience
that makes you uniquely prepared to take advan­
tage oftoday's opportunities in computer se rvice.

You learn a t your own conve nience in your
own home. No classroom pressures, no night
school, no need to quit your present job unti l
you're ready to make your move. NRI starts you
with the bas ics, bui lding on that foundation
ste p by ste p until you have the knowledge and
ski lls you need for success.

And all throughout your training you've
got the full support of your personal NRI
instructor and th e entire NRI technical
staff, always ready to answe r your que stions
a nd help you achi eve your training goal s.

FREE catalog tells more. Send today!
Send today for NRI's big, free catalog that
describes every aspect ofNRl's innovative
computer training, as well as hands-on
trai ning in other growing high-tech
caree r fields.

If the coupon is miss ing, write to:
NRI School of Electronics, McGraw-Hili

Continuing Education Center, 4401 Con necticut Avenue,
NW, Washington, DC 20008.

printer ports, se ria l communications ports, video display
memory. floppy drives . a nd hard disk drives .

Only NRI gives you such confidence-building, real-world
expe rie nce. Only NRt gives you both the kno wledge a nd the

professi onal tools to succeed as today's in-demand compute r
service technician.

£ Chec k on e I' REE ".Ia lolt'only
o MICROCOMPlTI"ER SERVICL"'G
o T\7Video'Audio SBvicing
o TelecommunicatiOr>ll
o IndustriaJ El~
o Scocurily ElertroniOl
o ElectrorUc Muaic Technology
o Buic EIectr'onKso Automoti\"e&,rviring

SENDTODAYFOR FREE CATALOG

~R~
" 'cOraw· HilI Continu ing Educat ion Center

Sc
440 1 Connect icut Avenu e. NW ~ ',;:llI

hools WB~hinRton. DC 20008 . t "11

Sam..

I
I
I
I
Io Compu1.er J>rosTammilli Io J>rq&amming In c++ ..,th Windows

o DHT..Io~~L.hing Io Word ill( Home Businl"Sl
o Home Inspection Io Building Ccmttrornon
o Bookkerping. Attounting I

I
I
I

I Ad"'- I
LCity~~R... _~~~~~~I~"",~~ _ _ .!.~2_-.J

'.'"

Your NRI com puter training includes all th is: • NRl'. unique D iscOl>e'Y Lab" for circ uit design a nd
testi nll • Hon d·held digital multimeter with "talk·you- through " indructions on audio casset le • Digital
logic probe th at let . )'01.1 t'inlaUy examine compu ter circui t• • Th .. new 1fe. t Coa.t 386u 120MHz

computer".te m, fea turing a h iRh.•~ 80386" CPU, 1 meg RAM,
l OJ.lzey "'in J..W gen'" k eyboard. 1.2 rrwg high-densily floppy

drive, and hil[h· ,.,.solut ion mon itor' .,0 mRll IDE 1J ard drive •
MS-DOS, GW·BASIC. and lI/icrwofl Work. tlo{rware •
R.A.C.E.R. plug-in diagnmlic card and Quick Trch lFU.'IIU­

dril:'erl diagnod;C' . ofhcol? • Rt'{rrrnC"f' manual. u'i th
guideliru-tl and tlf' h r matictl

NOWI Train ing no w includes Ultra-X
d iagnostic hardware a nd software for q u ick ,
accurate troubleshooting!

Now you train with and kee p the latest in
diagnosti c hardware and software: the
extraordinary RAC.E.R. plug -in diagnostic
ca rd a nd QuickTech diagnostic software,
both from Ultra-X. Using these state -of-the­
art tools, you learn to
quickly identify an d
service virtually
any computer
problem on XT,
AT 8Q?..86I80386,
and compatible
ma chines.

You discover how
to use the RAC.E.R.
diagnosti c card to
identify individual
defective RAM chips, locate interfacing
problems, a nd pinpoint defective support
chips. Plus you learn to usc your QuickTech
diagn ostic software to test the sys tem RAM
a nd such peripheral adapters as parallel
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•• , LETTERS

continued from page '7
There are over 9 million businesses in the U.S. - and finding information
about them can be vinually impossible, especially when you need ilM But
now there 's a way... a revolutionary new service called Business fNFO LfNE!
Need to know the address and phone number for " X YZ Company"
somewhere in Florida, or the name and phone number of a "Cadillac Dealer"
in Palm Beach? Even telephone company directory assistance can't help you
in these situations...but we can!

For example...

" YO"T BMW bu ab do..m OJIlh~ i/lurs/al l', and you /lud 10kIlow iffhut 's a dt al..r in
1M""iff town.··

"An ou/.of- town company is fryi,,1': 10stll you vinyl sidillif fo r your ,hawsl': and you need
1tW,,' in[ormtJ lion ohmd th..m _ how long Ih.. compony has bun ,/I b,mlli'£s, and how
mallY tmployus Iht y Ml't'.··

Hy..,,, ',.. plonning 0 \'O<:olioll in I~ Pacific Not1h..'t!SI. Ond }V1l "'O~I /(J lin~ up rhings
fo, Ih~ li ds /(J do. So)'OIl nud IQ[rndIh~ QnrllS~m.tn[ f'<l,*Sand ,OOJ In O'~gOll

and Washing/(J1I. "

"A. f';~nd ga\!<!' )'01l 0 lip that "Apa IndllSlri~s " "'Qilldbt' a good slock inV~slnr~nt. bUI
)'Oll ..'ani 10 kno...rrlO ff. Whal dll IMy do? What a,~ Ih~i, approxirtUJl~ annual sales?"

The Business INFOLINE is indispensable for home or office! And the cost
is only $3.00 for the first minute and $1.50 for each additional minute,
conveniently billed to your phone number. The service is avai lable Monday
through Friday, 7:00 a.m. to 6:00 p.m.• CentralTime.

Dial 1-900-896-0000
Ask/or Exl. # 255 .

M""",·b<>ct Gll(J'Orl/•• /f IlOl lo/IJft.d.

A SeJvice of American Bu,; n""J Information ' 5711 So. 86th Circle ' Omaha, NE 68127

detector is wired across the signal
source (the secondary winding of
the transformer) and not in a feed­
back loop. A change in resistance
acts to reduce the audio level by
shunting it to ground before applica­
tion to the " gain adjust. " which is
actually a level-adjust control. That
doesn 't involve the same principle
as adjusting the gain of a stage.

The " Commercial Limi te r" and
the ''Audio Link" illustrate an impor­
tant co ncept. Project s such as
these help us to understand how
individual buildrnq blocks can be as­
sembled to perform a task. I at­
tri but e a la rge po r t ion of my
knowledge of electronics to the
projects and articles found in Ha­
dio·Electronics. Keep up the
good work.
STEVE BABBERT
Worthington, OH

ASK R-E

continued from page 14

The World's Most Popular Probe program that addresses this prob­
lem and I've put it on the RE BSS
(516-293-2283) for you to down ­
load. The f il e is called CALL­
WAIT.ZIP. It has a small BASIC
prog ram that was designed for a
Hayes 1200-baud modem, but it
should show you what has to be
done and how to do it. The program
is well-commented and all you'll
really have to do to make it work
with your modem is change a few
numbers.

It really works . I've tried it with
mod ems from Racal Vadlc. US
Robotics, and Hayes (after suitable
patching), and never had a problem.
If you find that it doesn 't work. the
best advice I can give you is to con­
tact the modem manufacturer and

. let them come up with an answer.
Call waiting is a common service
and you can be sure that you' re not
the only one who 's had this prob­
lem. If that fails, you'll just have to
spring for a second phone line or
drop call waiting-whichever meth­
od you prefer. Your phone company
should have 0 'NaY to disable call
waiting temporarily as well. R·E

Economical
Substantial savings compared 10

OEM probes
10 day return policy
Guaranteed performance and quality

ITf l] 9 178 Brown Deer Road. San Diego, CA 92 121
Toll Free 1·800·368·5719

TEST
PROBES,INC.

Mod, ISP IOO $45
100MHz Switchable lx-fOx ....

More SPIOOProbes Have Been Sold Worldwide Than
Any Other Probe Ever Made

Universal
ForTektronix. Hewleu Packard.
Philips, leader, B&K, Kikusui,
Hitachi, Beckman andother
oscilloscopes
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48 HOUR EL ENe 0 & HIT A CHI PRO DueTS .s !ii'L~EF~"
SHIPPING AT DIS C 0 UNT PRIC ES 1-800-292·7711

Y·660 · 60MHz, Dual Trace 51.149
Y·665A · 60MHI, DT, wicursor __ $1.345
Y· l 0aO · IOOMHI , Dual 'rrece $1,395
Y-l0e5A· 100MHz, DT, wlcursor _ $1,649
Y· I08 S - 100MHI . QT, wlCUlsor _ _ $1.995
Y- l 100A- 100MHz, Quad Trace __ $2,195
V·1150 · 150MHz, Quad Trace _ _ 52.695

HITACHI COMPACTSERIESSCOPES
TIlos ..."es provicIt5 many ....... !\>III:bQns IUdl as CRT
Readovl ,CutsOtrnaasu'oments ('o'·10851106SM;65A).F....
ClUeney Cl•• ('0'.1085), S_pII"" Aulo'atIO'ng, Do~Y9d

__ and Tl'ClllGr lod< IISIng a 6-w;tI CRT,Yeu acml r...,j
IIIe CO"'98dnou ln1_01~"01'ml1U . ndQl)& ratlQI'l .

OS203
$795

SPECIAL BUY
V-212 · 20MHz Scope $425

20MHz Digital Slologe osemeseeee
• AnaJQO/OigollO Sc:<>po
• 2Kword ~'dlaMel memory
• 10M&'s 5&mp!ong ..e
· Stm...l ·anl~
• Inc:u:les ptOOtS

Hitac hi Partable SCo pes
DC 10 50MHz. 2·Chonnel. DC oHsel lune·

lion. Allem ole mo gn ifier lunellon
Y·525 - CRT Rlilldoul, Cursor Moas. $995
Y·523 - Dlilaylid SWOliP $975
Y·522 - Basic Modlll $875
Y-422 - "OMHI $775
Y·223 - 20MHz dllillyed SWllllP_ _ 5695
Y-222 - 20MHz dll lu ~o 5625

Hitac hi RSO Series
(Portable Real-l im.. Dig it,1 Slo'age Oscilloscopu j
VC·6023 • 20MH: . 20MSis $1.695
VC·6024 • 50 MHz. 20MSfS $1.995
VC·6025 • 50MHz. 20,",5/5 $2,195
VC·604 5 ·1 0QMHz, 40MSi s $2.995
VC·6145 · 100MHz, 100MSls__ $4.495

ROO's from Hrtaoclli !eaM" roo m<lde , 3'o'erag>ng , save
memory, smool hing, ;1I1" 'I>Olal,on, pretnggenng, Culllor
measu'ements. ThU G scopes e nable mo,. aewrate,
5Im;>ie' Obs<llV. bon aTcompl'" w••efll rms. in a<)d,tion 10
lI,II;tl lunCh"",, as hafdc;cpy . ,a a plor-e, interlace and
.. ... ..IQrm,ransle. '<ia the R$·232C interlace. EnjDy tM
com fort ol analog and IN POW91' 10GO""'-

25MHz Elenco Oscilloscope
$349
$ ·1325

• DualTrace
• unvSensitr.rity

..G"eRT

• x-v Operation li~~~~:: :~~J I"'A;;:i!t.~r:t.""'=::::~~·~'~~(N .. TV Sync .....""....JW
.. (2) 1x. 10x Probes included

M SCOJl"'S Include prooos, lChomatics, OJ>9.ators manualand 3 yaat (2 yts lor Elonoo $COpGs) wo, ld wid" warrantyon pa ~ s & labo,. Many 8CC<Issorios availablo 10.allHitachi
scopes.Call 0( writo lo r comp~o spedications onthosoandmany Oln", fine oscillo$COpGS. tx, lax seeee Probes: P·I 65MHz $19.95. P·2 l ooMH! $26.95

Dig ita l Copacllo nee Met er Dlg ltol LCR Meier Mulllmele r witIl

B+ K i'm; CM·1550B

r
1 LC1 801 c eceeee eee 80:

$125
Tron~slor Teslef

TEST EQ UIPM ENT

l~
$58.95 $55 CIof.1 500B

AU Mode ls Avail able 9 Rs"9"

~
I.!eaw,n :

.1pl·20,OOOuld Coils luM.2QOH R.~, Vo/I$. OIlm5

.S% bas;t 3tt)'. C3pS .lpl.2OQu1 Cune.I,Capacitors ,
Ca ll lo r sp ecial price z"'" connol wi C3s. !lli R....01·201.1 T,an 5lSlol5 3.d

I..2.J eo;; l ' IMp" v Diodn I eith cu.
8\1 I" Display

FLUKE
MUlTIMETERS
AJ Mocl elSAvolicl;lle
Fluke 70·11 $65
Fluke 77-II_ S145
Fluke 79-11 $169
Fluke 87__ 52B9
Col lor weciol cace

True RMS 4112
Olglt Mullimeler

M·7000

$135

CAl l

Now aveuebte • The worlds finest
amateur radios. Unsurpass&d qua~ty

and features make STANDARD the
worlds most popular 6ne ot amateur
radios,

CALL

CALL

We also nave many accesso ries for
Ihese radios and most l1eath radios.
Call lordetails.

AM/FM Transistor
Rad io Kit

wi th Tra ini ng Caurse

SG·25Q

$79.95
- KltS5935

FiIltsI IIl111e IIlduSliy
10 rod!- Slucypatterns

RF& Villeo 01JlPl/l

, ' ''' ''''';'' ;:,~

~ - ..
••• ••

High Currant Power Supply

....
1; - XP4DO

$295
DigitllJ

Vo/lIAmpMete"
Fully lfgulalld, o-l22vAC @ 2A, 0­
40VAC @lOAot Q-30VDC @10A. FuPy
vaIiallle, Shon ciIo.nl proteetecl.

Digital Triple Power Supp y
Xp·765

$269
Q-20V@ IA
Q-20V@ lA

5V@SA
Fut:yreg ulated,Shan ortl/h p1Cteeteo'
~th 2hmilconlrol. 3 separate supplies

XP-660 11'1111 Analog MeIers $195

P,ovid... $r.•. I' iaI'l ll'eo $quare _
e ave hom It!l IOIIol Mz

AUorFlol t<1Ilabilily

Wide Band Signa l
Ge nerators

.",,,","":='=:=~~Ion Gener:~; ColorConvergence Generator

j,~. 19600
~. - • "" $28.95

SG·9000 $129
RF F,eq l00K-450".Hl Al.l l.lodlll. ·

llo~ or1KHzV. ri.... RF OUlfIUI
50-9500wi Digital Dlspl.y &
150MHz eum-mCount.r $249

S>aow>vln>m=:n:",.,.,Iio*l.~OJSlOm_ CM
~u...",,_"""")'OU"'_"'''' RAM.,ROMs or>d """ a lIOSS__• _ ......._rnaa.....~ .. IBMPC.

Quad Po we r Supp ly Xp·58D

$59.95
2·2{lV@2A.

12V@1A
5V@:I),

·5V@.5A

Learn 10 Build and Program
C o m p ute rs wi th this Kit

IndLldn :AllPo ~., A""",bly andLesso. U3nuol
Model

MM·8000

$129.00

GF·80 16 Funcllon Generato r

1!!!!!1
with Preq. Counter

~7'.. $249, . . SinO, Squaro, TOIIngl.
PuJu , Ramp, .21:1 2MHz
F'9q Count.' .1 ·10MHz
IntlErlOll8rauon

GF·8015 wilho ut Freq. Mete, $179

WE WILL NOT BE UNDERSOLDI C & S SALES INC 15 Day Money Back Guarantee
ups Shipp ing: 48 Slole s 5"1. • 2 Yea r Warranty p. 0 0 ' S DeeOIDCOJcge
(53 Min $10 Ma ll) Shipping 12~S Ru~t'\\()()d. DClorlil'ld. II. (,On IS ' U J -

IL Res . 7.5% Tall FAX: 708'520-0085 IXlHl I29 2·77 1117USl S~ I""7 1l1 WRITE FOR FREE CATALOG 23
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NEW PRODUCTS
Use the Free Information Card for more details on these products.

CIRCLE 16 ON FREE IN FO RMATIO N CARD

VIDEO FRAME GRABBER.
You can take a video image
and incorporate it in a vari­
ety of word-processing and
desktop publishingepplrca­
ttons-ccreatrnq a custom­
ized letterhead inclu ding
your photograph. for exam­
ple-using MacroHard's
Video Frame Grabber
package. With the help of a
VCR or camco rder, the
Video Frame Grabber will
digi ti ze a v id eo si gnal.
which you can then modify
to suit your needs and save
it in any of five different for­
mats for export to various
third-party software. The
images can be scaled to
size and positioned any­
where in your documen t.
and for mats for popular
programs including Micro­
soft Paint and Win dows
PBrush. Corel Draw. Ve n­
tura Publisher. and Aldus

RF DETECTOR/FREOUENCY
COUNTERS. Tw o new
pocket -sized coun ters
from Startek each feature a
2-inch . t o -seg ment LED
stqnel-strength bar graph
that funct ions indepen­
dentl y of the di git al fre­
quen cy counte r. The bar
graph. which can be used
to locate or adjust an RF

~ signal, will indicate the rela-
tive strengthof an input sig­

~ nal at any frequency from
.~ 500 kHz to 3.5 GHz. The
l::: user can swit ch between
j dot ·graph and bar-graph
w opera tion, and the sen-
.2 sit ivity is adjustable.
~ The frequen cy-counter

funct ion has a range of 1
M Hz to t .5 GHz on the
model t5-BG and 1 MHz to

24 3.2 GHz on the model 35-

PageMaker are provided.
The package. which con­

sists of the Video Frame
Grabber board. a 5lf4-inch
floppy disk. and a manual,
allows you to capture reel­
time video at up to two
frames per second. Pause
and freeze mode s are avail­
able for viewing and modi­
fy ing th e image . The
package features scalable
printi ng. user-defined mar-
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BG. Other th an the fre ­
quency bandwid th. the only
difference between the two
models is that the 35·BG is
more sensitive above 500
M Hz. Both counters havea
display-hold switch with in­
dicat or and three swi tch­
selectable gale times. Res­
olution is t kHz at 0.25 sec-

gins. auto -exposure com­
pensation. and ann-ahaalnq
filtering for lower noise and
less snow

The Video Frame Grab·
ber. which carries a one­
year warranty. has a suq­
g ested re tai l p r ice o f
$ 149.9 5 .- MacroHard.
755 Tatum Stree t. Wood­
bury. NJ 08096·34 31,
Pho ne , 609-853-4680,
Fax; 609·853-0677.

a nd . 100 Hz a t 2 .5
seconds. and to Hz at 25
seconds, over the entire
range. The displayconsists
of eight red LED digit s. A 1·
PPM TCXO time base is
standard , and there are
provisions for an op tional.
ultra- high-stability TCXO .
With the Nl-Cd battery
pa ck fully charged , the
counter wi ll operate for
3- 5 hours. An AC adaptor/
charger is standard.

Models 15-BG and 35·
BG bar·gr aph/ frequ ency
cou nters cos t $220 and
$ 265 , respectlvely-c-Star­
tek Internalional lne. , 39 8
NE 38th St reet , Fo r t
Lauderdal e , FL 33 334 ;
Phone : 305-56 1-2 21 or
80·638-8050 fo r orders
only; Fax; 305-561-9133.

ANALOG/DIGITAL STORAGE
SCOPES. A series of 100­
and 20D-MH z analog/dig­
ital osc illoscopes fro m
Fluke and Philips combines
analog familiarity and digital
performance. It offers true
fou r-channel ope ratio n as
well as models wi th 2+2
Input -channel co nfigura­
tion s. Add iti ona l features
include direct-access con­
trols . closed-case cahbra­
tton. se rial int erface for
printer / plo tter. full pro ­
grammabil ity. au tomat ic
pass / fail t estin g . s igna l
math and analysis . signal
averaging, and peak-detect
mod e for HDTV tri-Ieve l
sync . A to uch -ho ld-and ­
measure feature is used for
initiating measurements
from a probe-mounted but­
ton. The units have a wide
range of applicat ions in ra­
d io/TV. me di cal e lec­
tronics. and the new 1100­
line resolution video .

The fou r Fluke/Philips
oscilloscopes- PM 3382.
PM 3384. PM 3392, and
PM 3394- can each be
considered two scopes in
one. with the easy opera­
tion and realti me 100- or
200-MHz bandwidth of an
analog scope, and digi tal
sampling rates of 200 mil­
lion samples per second.
Ac cord ing to Fluk e, the
analog port ion is not redun­
dant; there continue to be
many applicati ons that de ·
mand the " live" signal rep­
resentat io n and infi ni t e
resolution of analog inst ru­
ments. Switching between
analog and digital opera­
tion is simp le. The unit s
have futl digital capture and
signal analysis capabilities .
providing powerful storage
and me as uremen t ca-
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a suggested retail price of
$59.- Ace Co mmunica­
tions. M onit or Divi s ion .
10707 East 106th Street.
Fishers, IN 46038: Phone;
8 17 -8 42- 7 115: Fax :
317·849 -8794.

POWER SU PPLIES . The
" smart" front panels on the
15 instruments in Hewlett­
Packard's new line of DC

RITE" '~U5T" II<OUSTRIAl.COURT
., BAT s.H0lIE., IllW TOM " 101
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Yes tardlly'lJ Valulls. Tomorrow's Technology

IIIII

PUSH BmON
TECHNOLOGY

Call Today For More fnforma lio n
Manufacturers Reps Wanted

WE DARE YOU10 COMPARE!

MULTI-PUR POS E INTER­
FERE NCE FILTER. Ace
Co mmunications' MPIF-l
receiver filter eliminates a
varie ty of unwanted si g­
nals. The compact <3 x 2 x
l Y2-inc h) ex te rn al fi lter
elim ina tes mos t o f the
so urces of interferenc e
commo n in broad-banded
receive rs. Unwanted sig­
nals are fi ltered from the
54 -1 08 MHz, 174- 22 0
MHz. and 512-806 MHz
ranges . as well as the
range above 869 MHz. A
switchable notch will also
eliminate interference on
the 150- 153 MHz range,
which is a common source
of int erference in many
areas . The use of BNC
connectors makes the fil­
te r quite ve rsa tile ; the
MPIF-l can even be used
on handheld receivers.

The M PIF-T multi -pur­
pose interference filter has
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• Environmentally Engineered
Formulations

• Chemicals For All Your
Repair/Production Needs

• Quality Products Since 1965

AT PRICES THAT
WON'T PUSH
YOU OVER
THE EDGE

The test receiver fea­
ture s t wo o pe ra ting
mode s ; a sq uelc h ca ­
pabili ty that serves as a
sens i tivi ty co nt rol; audio
gain. power, and low.bat­
tery indicators: and a rear
co nnecto r that provides
output to external frequen­
cy counters and other in­
struments . Power is sup­
plied by an internal 9·volt
battery. Options include a
rechargeable battery pack
and a telescoping whip an­
tenna with swivel base.

The R-tO test communi­
cati on s re c eiver co st s
$ 359 .- 0pteeIeetrenics
Inc.. 5821 NE 14th Avenue,
Fort Lauderdale, FL 33334:
Phone: 800 -327 -59 12 or
305 -77 1·2050 ; Fax :
305·771-2052.
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the enormous difference
ratio between an unknown
carrier of up to 1000 MHz
and a modulating frequen­
cy as IO'N as 50 Hz, without
any manual tuning.

The R-TO auto matically
determines and locks onto
whatever carrier signal is
the strongest within a 100­
foot range. Once the signal
is locked in, the R·l0 de­
modulates wha tever FM
audio is present on the car­
rier and outputs that audio
to an internal power ampli­
fier/speaker and the BNC
output jack. For DTMF and
CTCSS testing. the audio
output is evaluated on a fre­
qu ency co unte r o r os­
c illos co pe . For co unte r­
surveillance ope rat io ns.
the R-l0's demodulated au­
dio can be monitored to de­
termine if a surreptitio us
transmitter is in the area.

CIRClE 16 ON f REE
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SELF-TUNIN G TEST RE­
CEI VER. For tes ting the
mod u lat i on quali ty o f
mobile voice transmitters
and verifying the accuracy
of audio signalling tones
such a s D T M F and
CTCSS . Opt oelect ronics'
R-tO communications test
receiver is a quick, easy.
and inexpensive alternative
t o cos tly m o d ulat i on
meters. The unit can auto­
matica ll y acco mmodat e

pabutues on demand. In­
stant results are obtained
by selec ting the required
function and channel from
a set of built-in. fully auto­
mated voltage and timing
measurement functions.

Triggering modes in ­
clude logic state and pat­
tern triggering. and glitch
tr iggering . In addit ion to
pre- and post-trigger signal
display, the scopes have
event delay.and time-after­
event delay.

Models PM 3384 (100
MHz) and PM 3394 <200
MHz) offer true fou r-chan­
nel operat ion, wh ich pro­
vides full sensitiv ity with
co mpl ete att enuat ion
ranges on each channel.
The 100-M Hz PM 3382
and the 200-MHz PM 3392
offer 2 +2 channel opera­
tion, a con fig uration that
provides a cost-effecti ve
alternative to four fully fea­
tured inputs.

Models PM 3382, PM
3384. PM 3392. and PM
3394 have list prices of
$4490.$5490.$5990. and
$6490 , respecti vely.­
John Fluke MIg_ Co. , Inc..
P.O . Box 9090, Everett ,
WA 98 20 6 ; Ph o n e :
800 -44-FWKE.
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offers htqh -etabutty and
hiqh-penty outputs to 2.7
GHz.lts extensive modula­
t ion capabil iti es inclu de
seven modes wi th 14 simul­
taneous combination mod­
ulation modes-pulse. log­
ic. DC·FM, and internal or
external AM and FM . RF­
output leve l engi nee ring
units are selec table be­
twee n dBm and dB"" with
O.l -dB resolution. Three
convenient presets are in­
cluded for commonly used
RF-output levels. One hun­
dred preset memories al­
low storage and recall of all
front -panel setting cond i­
tions. RF output on/of con­
trol and 50 ·wa tt reverse
power-protec tion reset are
accomplished with a single
key. A continuous. variable
RF-o utput mode allows
± 5-dB variation in O.I -dB
increments for squelch ad­
justment s. Edi t functions
for frequency. output level,
and modulation make it
easy to change operating
par ameters. Other st an­
dard features include GPIB
and a G aA s FET pulse
modulator.

The model 3221 syn ­
thesized signal generator
co st s $ 12.300.-l eader
Instruments Corporalion .
380 Oser Avenue . Haup­
pauge. NY 11788; Phone:
800 -64 5 · 5 104 o r
516·231·6900. R-E

7 14· 992 · 1239 : Fa x :
714-992·1239.

2.7·GHz SYNTHESIZED SIG·
NAL GENERATDR . De­
signed for use in research
and develo pm ent . man­
ufactunnq. and servicing
electron ic products . Lead­
e r 's mode l 322 1 syn ­
thesized signal genera tor

of test points that are near­
Iy the same can be found
w ithout wait ing fo r th e
meter to display a number;
instead. the technician can
quickly scan the test points
and " hear" the one that is
different.

Both models havea built·
in logic pro be that reo
sponds up to 20 MH z. " Hi"
and " 10" are indicated both
in th e display (wi th up /
down arrow s) and by a
beeper wi th two different
tones. Both DMM's also
have a built-in capacitance
meter that measures ce­
pacitora up to 200 JLF in the
circuit using the test leads.

Model HBn measures
the true-RMS value of AC
voltages and currents. Cur­
rent ranges go from a low
of 200 ~ to 20 A . Be­
cause the meter is manual
ranging. the voltage burden
(the voltage across the de·
vice when current is flow·
ing through it) is low-O.25
volts for the 200-~ range.

Both heavy-duty meters
feature a drop-resistant
housing . a -ring seals to
pro te ct a ga ins t co n­
taminants, MOV 's to pro­
tect against transients. and
full 600-V fusing on all cur­
rent jacks. They come with
a tilt stand and a hanger on
the back, test leads. and
fuses and batteries ln ­
stalled. Both DMM 's have
24 ranges in AC and DC
volt s. AC and DC amps.
and ohms. and both include
a high-voltage indica tor
that warns the user when
touching anything over 28
volts. A Single rotary dial.
with the " menu" of func­
ti ons print ed aro und i t,
makes the meters easy to
understand and use.

The models HB75 and
HBn digital multimeters
have suggested list prices
of $139 and $ 179. respec­
tively.-Fi eldpiece Instru­
ments, Inc.. 8322B Artesia
Bl vd .• B uena Park . CA
906 21 ; P h o n e :
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benchtop tests . up to five
states or se ts of power­
supp ly sett ings can be
store d and recalled for
easy sequencing among
states. Fron t -panel con ­
trois also allow the user to
calibrate the p<:lYo'er supply.
In addition. the output volt­
age can be controlled via
an external voltage signal.
allowing for computer con­
trol or analog modulation.

list prices fo r the HP
6500 series of power sup­
plies range from $ 1650 to
$1750 for the 200-watt
models. $2100 to $2300
for the 500 -watt mode ls.
and $ 3650 to $3800 for
the 2000-watt models .­
Hewlett ·Packard Company.
Inquiries. 19210Pruneridge
Avenue. Cupertino . CA
950 14 ; Ph one :
800·752·0900.

HAND·HELD DIGITAL MUL·
TIMETERS. Aimed squarely
the field service technician.
Fieldp iece's dig ital multi ­
meter models HB75 and
HBn are professional­
grade instruments that are
durable and easy to use in
the field. They include a
built -in logic probe and a
variable-pi tch tone. The
tone's pitch varies propor­
tionally from high to low
with high to low readings. In
the field. that feature has
two primary uses. First. tn­
termittenl s can easily be
found by listening for dis­
co nti nuities in the tone
while Wigg ling sus pec t
connections. Second , one
" odd" test point in a series
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power supplies help pro­
vde fast. flexible. and pre­
cise output co ntrol. With
outputs ranging from 200
to 2000 watt s . the HP
6000 se ries power sup­
plies provide a variety of
choices fo r benchtop or
sys tem applica tions that
do not require HP-IBconlrol
of the power supply. The
se ries consis ts of five
power supplies (which vary
by voltage ratings) in each
of three power ranges:
200 , 500 . and 2000 walts .

All models have low out­
put noise, extensive load­
protectio n features. and
the " smart" front panel.
The peek-to -pea k ripp le
and noise spans from a IOYI
of 3 mV pop on the IO'N­
power; low-voltage models
to a high of just 16 mV on
the 2·kW, 120'\IOlt model.
Overcu rrent. ove rvcltaqe.
and over·temperature pro­
tection are provided for the
device under test and for
the power supply. Those
features protect the device
under test by disabling the
output voltage of the power
supply when pot ent ially
dange rous conditions oc -
cur. " Smart" front -panel
co n trol s prov ide thre e
meth ods for se tt ing the
output voltage and current.
A numeric-entry keypad at.
lows the user to se t the
voltage qui ckly and pre­
crsely while up/ down but­
to ns and rotary pu lse
generators permit the user
10 quickly and conveniently
change the voltage and cur­
rent settings in small mere­

26 men ts . Fo r re pet i tive



CREATE INTELLIG ENT PROJE CTS WITH
TH E VERSATIL E Z8 PRO GR AMMABLE
MICROCOMPUTER. This powerful comput­
er wasde signed lor lIexibility and can be used
lor various elect ronic projects . 1/0 Intensive .
Up to 20MHz operation. Download programs
or run EPROM code . Special hardware fea­
tures included. Prices from $125.00. Battery­
backed RAM, X·assembler,and othe r opnons
availab le . CALL FOR FREE BROCHUR E.
MJS DESIGNS, INC., 1438 W. Br oadway
Rd., Suite B185. Tempe, AZ 85282. (602)
966-8618.
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FREE CATALOG! ELEC TRONIC TOOLS &
TEST EQ UIPMENT-Jensen's new Master
Calalog, available free, presents major bra nd
name elect ronics tools , 1001kits, and les t in·
struments, pius unique , hard -to-find products
for assembly and repair and custom field ser­
vice kits available only from Jensen. All fUlly
described and illustrated. Enjoy free technical
suppor t and rapid, post-paid delivery any­
wh ere in the Con tinenta l USA. JENSEN
TOOLS, INC., 7815 S. 46th St. , Phoenix, AZ
8 5044 . P ho n e : 6 0 2-968 -6 2 31; FA X
1·800-366-9662 .
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TWO TRAN SMITTERS IN ONE! 5 MINUTE
ASSEMB LY! MON EYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the mosf sensifive, powerful ,
stable room transmitter you can buy. Uses
any 3V-12V battery Or attach to telephone
line to monitor all te lephone conversations
over 1 mile away withoul batte ries! 100mW
outputI60-130MHZ. geceveon any FM radio
or wideband scanner.VT·75 rnicotransrnitter,
$49.95 + 1.50 S&H. VISA, MC, MO. COD's
add $4.00. DECO INDUSTRIES, Bo x 607,
Bedford Hills, NY 10507. 1-800-759-5553.
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mm~
CABLE TV CO NVERT ERS AND DE­
SCRAMBLERS 58·3 $79.00 TRI-SI $95.00
ML D-$ 79 .0D M3S8 569 .0 0 DRZ -D IC
$149.00. Special combos available. We ship
COD. Quan1ity discou nts. Call for pricing on
other products.Dealers wanted.FREECATA·
LOG. We stand behind our products where
others lail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, Sac c, ME 04072
1 (BOO) 234 ·0726.
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REMOTE CONTROL A-B SWITCH- leIs
you hook up your cable boxby remotecontrol,
when needed. then unhook it just as easily!
Restores TV, VCA features. Or. replace any
A-B switch with this superb quality remote
version. Bright LED indicators, JUST 535,
INCWDES SHIPPING. Visa. MC. or check.
(C.O.D. $5 exira) Fastdelivery,30day money
back. STAR CIRCUITS, P.O. Box 94917, Las
Vegas , Nevada 89193 1·800-535-7827.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $940.00 per each inse rtion .
• Fast reader service cycle .
• Short lead l ime for the placeme nt of

ads .
• We typeset and layout the ad at no

additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishm an. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi·Cou nl y Blvd ., Far mingd ale , NY
11735.

FAX: 516-293-3 115

AP PLIANCE REPAIR HANDBOOK5--13
volumes b y se rv ice experts ; easy- to­
understand diagrams, illustrations. For major
appliances (air con ditioners, refrigerators,
washers, dryers, microwaves, etc .), erec.
ho usewar es , perscnet-cere appliances,
Basics of solid stale, setting up shop, test
instruments. 52.65 10 $5.90 eac h . Free
brochure . APPLIANCE SERVICE, PO Box
789, Lom bard , IL 60148 . 1-(312) 932-955 0.
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TUNABLE SOdB NOTCH FILTERS-for TV.
Can be tuned precisely 10 required frequency.
Model 23 H·Ch·s 2-3 (50-66 Mhz) Model
46FM-Ch's 4·6 plus FM (66-108 Mhz) Model
713-Ch's 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. MC. or check. (C.O.D. $5 extra). Fast
delivery, 30 day money back. Ouantity prices
10 516. STAR CIRCUITS, P.O. Box 94917, 27
Las Vegas, Nevad a 89193 1·600·535-7827.
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book includes sections on
ST·506, ESDI, SCSI, and
IDE specifications. as well
as a section covering five
othe r inter faces . O the r
sections cover the physical
and el ec trica l c harac ­
teristics of hard dnves.Joq­
teal enc oding sc hemes.
and file formats. Sections
covering controller param­
eters. hard-disk drives. and
manufacturers include ex­
tensive lists of related infor­
mati on. Another sec t io n
list s the BIOS hard-drive
table s for many popu lar
BIOS·s. and explains how
to use the utilities on the
companion disk to see the
drive-type tables in your
own BIOS. More than 1600
hard-drive model numbers
are listed by manufacturer.
so that if you have to install
a drive but don't have a
spec sheet. you can locate
the importan t parameters
in the included tables.

1992 ELECTRONIC TEST AC­
CESSORIES CATALOG; lrom
ITT Pomona, 1500 East
Ninth Street, P.O. Box 2767,
Pomona , CA 91769-2767;
Phone: 714·469·2900; Fax:
714-629·3317; Iree.

Specially featured in this
140-page catalog are an
expanded line of osc illo­
scope-probe kits and two

THE HARD DRIVE ENCYCLO·
PEDlA: The Guide to PC·
Compatible Hard Drives; by
Adrian Alting-Mees. Anna­
books , 12145 Alia Carmel
Court , Suite 250·262, San
Diego, CA 92128; Phone:
800·462 -1042 or
619-271 ·9526 ; Fax :
619·592·0061; $89.00.

Consisting of more than
600 pages in a three-ring
binder and a co mpanion
diske tte of ut i lit ies. this
book provides a complete
reference on PC-compati­
ble hard -disk drives. The

lottery numbers. the most
likely explanation is that
they are coded messages
sent to espionage agents.
The end of the Cold War
hasn't ended the transmis­
sion of coded numbers:
they're still being sent. day
and night. over all the
sho rtwave -radio bands .
This book. written by a man
who has studied the Euro­
pean numbers stations for
years and has monitored
thou san ds of transm is­
sions in the process. is an
ind ispe nsable to ol fo r
track in g those stat io ns
from North America. It in­
cludes numerous traffic ex­
cerpts , identifiers. sched­
ules. and clues turned up
by hearing mistakes in
transmissions. Descr ip­
tions of transmissions from
" Bulgarian Betty," " Papa

.November," " The Russian
Man. " " Swedis h Rha p­
sody, " and " The lin ­
col ns hire Poach er " are
included. as is a complete
frequency log with more
than 300 entries that are
listed by frequency and
contain notes on formats
and schedules.

other audio gear, power
lines and electrical devices.
co mpute rs. an d auto ­
mobiles. The chapter on fil­
ter performance explains
how to select a filter and
provides tes t resul ts and
pe rfo rma nce tables fo r
dozens of low-pass. high­
pass. power-line. and mis­
cellaneous filters . In addi­
tion. the book also explains
AFI/EMI regulations and
standards. and provides a
copy of the AARL EMIIAFI
report form, which can be
used to file official EMIIAFI
complaints.
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SECRET SIGNALS: The Eu·
ronumbers Mystery ; by
Simon Mason. Tlare Pub­
lications, P.O. Box493, Lake
Geneva, WI 53147; Phone:
414-248·4845; $9.95 ptus
$2.00 shipping and han'
dllng (53.00 outside the
U.S.).

If you've ever tuned to
the frequencies outside the
shortwave and ham bands
to the regions allotted to
" fixed" stations. you might
have heard broadca sts
consisting of a single voice
reading out long lists of
numbers in four- or five-dig­
it groups. Whil e explana­
tions for those mysterious
broa dcasts have ranged
from commodity prices to

RADIO FREQUENCY INTER·
FERENCE: How toFind it and
Fix it ; book edited by Ed
Hare, KA1CV, and Robert
Schetgen, KU7G; The Amer­
Ican Rad io Re lay league;
225 Main St reet, New­
Ington, CT 06111; 515 .00
plus 53.00 shipping and
handling (54.00 tor UPS).

If you've ever expert­
enced black bars flashing
across you r TV picture in a
rhythmic pattern. a garage
door opening or clos ing by
itself. a buzz that drowns
out AM stations. a touch­
controlled lamp wi th a mind

of its Q'Wn, or anonymous
conversations tha t inter­
rupt music on your stereo
you've experienced radio­
freq uency or electromag­
neti c interference (RFI/
EM!), This 256-page book
not only explains the me­
chanics of RFI/EMI , but
also prov ides practi cal
cures fo r th e problem.
Op ening cha pter s offe r
general information on how
to f ind th e in te rac t ing
eq uipment , locate help ,
and resolve conflicts. Sub­
sequent chapters discuss
AFI/EMI problems and pro­
vide cures for specific elec­
troni c sys tems . includ ing
transmitt ers. televis ions.
telephones. amateur-radio

26 equ ipment . ste reo s and
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new lines of lest probes
and clips for miniature and
heavy-duty applicat ions.
Also featured are accesso­
ries designed to make test­
ing SMT devices and high­
densi ty leaded comp o­
nents easier and more re­
liab le. New prod ucts in­
cl ude new IC cl ip kits,
coax/ BNC universal adapt­
er kit s, digi tal multtm eter
test-lead kit s, cab le and
patc h accesso ries, and
jumper kits. In Pomona's
popular selec tion of jum­
pers and cables. boxe s,

pl ug s and jacks, con­
nectors, adap te rs, single ­
point test clips, and static
control devices are also de­
scribed. An easy-to-use in­
dex is ' prov ided to he lp
readers quickly locate spe­
cific products.

LENK'S LASER HANDBOOK:
Featuring CO, COV, and CO­
ROM Technology; by John 0,
Lenk. McGraw-Hili, Inc"
Professional Book Group, 11
West19th Street, New York,
NY 10011 ; Tel. 1·BOO·2·
MCGRAW; 839,95,

This new addit ion to
M cGraw-Hill's Consumer
Elec t ro nic s Series is a
pract ical reference book
filled with the information
needed to troubleshoot to­
day's laser-based products.
Aimed at service techni­
cians and field-service en­
gineers wh o wo rk w ith
laser-ba se d technolo gy.
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the book focuses on vid­
eodisc and compac t-disc
pl aye rs , and C D ·ROM
unit s, usi ng tnfo rmatton
that is applicable 10 all
sorts of laser devices, in­
cluding C D- I (c o mpac t ­
disc interactive) units . The
book shows precisely how
to repair laser-based equip­
ment and how to pinpoint
trouble in a component or
module. Step-by-step and
circuit-by-circuit examples
are used to explain not only
ho w las e r e q ui p m e nt

works, but also how to ser­
vice it.

Opening with a discus ­
sion of the basics of CD
players, the book goes on
to explain various te ch ­
niques fo r encoding and
decod ing as well as the
basic principles of optical
readout. Proper operation
and ins tall at ion are de­
sc ribed, as are the test
equ ip ment and tool s re­
qufred fo r serv ic ing and
maintenance.

Typical circuits for com­
pac t -dis c and videodisc
players are explo red, ac­
companied by schematics,
block diagrams, and a dis­
cussion of the theory of op­
eration. The book also
discusses approaches to
t roub leshooting and ad­
justing CD and laser disc
products based on the type
of failure or symptoms of
trouble. R-E

CIRCLE 54 ON FREE lNfO RIolAn ON CARD

1-800-CALL-EDF
C _ R.~~

Fa ster, Les s He at
Chem-Wik~ Ute pre'

vents damage to sensitive
circuit boaros. Designed
to respond twice aslast
asconventional braids, its
lighter mass provides
superior thermal conduc­
tivitywith tessheat, less
contact time, and less
pressure.

lL t ae , ... '''''
~ 50% FASTER '
f= {lWad"" ......-- ,. 100 ,100

"" '"

High Purity,
High Quality

Using purewhile rosin
fluxapplied to thefinest
oxygen·lree. en-tree pure
copper wire, you're
assuredmaximum
solderabilitywith no ionic
residue.Chem-Wik
achieves lull wetlingin
less than one second to
meet the requirements of
Mil Standard 8838
Method2022.

A Size and Length
for Every Need

Select the exact size to
suit your applicalion.
Always sealed fresh and
ccntamlnauon-Iree. and
available in static
dissipativepackaging.

Call for a free sampleof
cool running Chem·Wik.

(lE Chemtronics~
8125 ceee CenlQr Or.
KGf'/'WI'Sa..... GA30144
800,645-5244 ~ Marg an
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RADIO SHACK

THE PARTS PLACEs.

Microm ini Togg le Swlte he, . Reli.
ability at lOw cost. Raled 3A a t
125VAC. V. "-die. s tern.

SPS T. '274·624 2.29
SPOT• •274·625 2.39
DPDT. ' 274· 626 2.59

(1) Double -Shielded, 4 Conduc­
tor Cable. For data or audio. The
best! 30 ft. 1f278-77] • • • • • . . 7.95
(2) Coiled Mike Cable. Replace
c e, ham, marinereec ccrcs.aeen­
ouctors. 5 ft. 1278-358 . 2.99

(1) lN914/4 146 S ....-ltchlng Dlod es.
Popu lar siliCQn type . Aal &<! 75 PIV.
• 276·1122 " .. • , Pkg . 01 10/99c
(2) lN 34 German ium Diodes.
Hard·lo·lind signal d iodes . Aaled
60 PIV. • 276·1123 . Pkg . 0 110199c

(1l T!IemlIl Fuses. 1211" C.. I27Q.U2l . loll" C.
1fVtl.132O. 228" C.. 127Q.\:IZ! ••• W 1,19
(2) T1I.rmll tor. R$!IislatlC:s II propor.
tional to l'mplrMure. '271-110 . . . 1.99
(3) Surfle. ·Mount Rn il lore. 200
P;ece-s. 15popularvalu","'Raled Vi "'at!.
S% . #27\·313 ... • S.14.99

(1) TO·220 Hut Sin• . Ideal 101 PC
tIoard u:<e.•276·1383 etc
(2) TO·3 """01100 H. "'• • •• • Com-
~e kn, ' 27a ·13n m
TO·22 0 MIII_Kit. '276.1373 " C
(3) HUI Sin k Gt...... As.surn mu~

mum_t l' . no,.... '27e·13n .•. 1.59

II I l ' l:t 10 3VDC Molor. Use in sola'
power oernos. ' 273·223 . . . 'ge
(2) EI.en.l EI.m. nt. #270-092. 2.99
P I 12VDC M. , n. tic Buzz• •. A more
pIe,ui"lllone' '273·026 _ . _.... 2.19
(4) MDl"ll ' Don, " Chime. Cla£sy en1fy
alert. 6 10 18VOC. '273·011 . . . . . 8.99

( 1) CoUItd 8· Ft. Teet Leade. Why out
up w;,11 la"!lln? '278 ·750 .. S.114.99
(2) Poola 10 BNC. '274·715 . . .. 8.95
(3) P0I1110 Banan... ' 274·716.e.95
(4) Staek.abl. Dual Inllha Banana
Plug. va t,"" ' ne·1lT 2.99
(5) '·A. BNC_lo_BNC. ' 278·964.5.9'

IC rnsenerrasueeter KII . Why
risk ben ding or break ing pins on
e~pensive chips? This kit make s it
eas y to install and lemove any DIp ·
style IC Irom 6 10 40 pil'ls . Both tools
are groLlndable 10 prevent eteuc
" zaps". ' 276·1581 6.95

IIatl'o.IhaelCSINC" '92'

AMERICA'S TECHNOLO';" STORE-

Right-Angie O, Su b 25 Fe mal e
Co nn ecto r. Ide al for use with PCI
xr circu it card a l le t!. Radio Shack
also stocks a big selection 01O-sub
a nd IDC-type connectors tcr co m­
puter hook LlpS.•276·1504 .• 2.49

~£&

PC/ XT E~pe.imenler 'a Circuit Ca. d. Tllis prem ium·qualily p,ototyping
beard ntea ccmpuie r's XT e xpansion bu s co nnecto r. Features durable apo~y

glass construction and plated· through holes on sla nda rd 0.100 ' centers .
Accepts D·sub connector shown 81 right. 3(10)(10 '108 )( ' Io s ~

. 276·1598 29 .95

Sine. 1921Radio SIIaeklisa~n III. pl.e . to oblaln up·lo ·date eleclr<>nle parta
aI ", . 11 .. qualilylOOle,1• •1equlpm. n1. nd .cc.e..,rleeal lowprlc• •. Nearty7000
1oc.1I0n. are .eady 10 hI.you-NOBODYCOMPARESPrus_. _ _SI\oct• •_"'T...,.~

UL-L1sl ed DVM. M ic ronta~ makes
e lectron ics l es t in g II snap !
Auloranglng, '12 " lCO digits . bar
graph to spot peaks, data hold to
freeze display. conlinuity sounder,
dKlde·ch&ck , *22·186 ... . . 69.9 5
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T flE U f;NCUTOP D IGITAL M ULTI M ETER (DM M] IS THE

workhorse test Instrument in loday's labs a nd
sevtce shops while the handheld Dl.iM Is the fa­
vored ver tattle tester In the field. Ben ch/portable
DMM's have seized th e high grou nd whereempha­
s is Is on accu racy. resolution and au tomated test­
Ing . Benchtop DMM's are In use for elect ronic
equipment testing. service, and ca lib ra tion In
both shop and field . They a re also filling Important
roles In design departmen ts . sc ien tific labs . and
as componen ts In Ind ustrial data acqu is ition and
autom ated test sys tems.

1b be classed as a DMM. a meter Is usually ex­
pected to be able to make the five basic electrical
measurements: DC a nd AC volts . DC and AC cu r­
rent. and resistance. However. the term DMM now
covers a wide ra nge of Instruments from th e low­
cos t handheld . battery-powered units cos ting less
than S IOO to the AC line-powered bench/por tab le
un its whose base Itst pri ces can range from $200
to nearly $2700.

Benc h top DMMs are distingu ished from hand­
helds by the ir rectangular cases and front-face
displays and con trols . Their long depth dimen­
s ions give them s tab ility on a bench or othe r flat
su rface . Most are equipped with tUt balls to raise
theIr front faces for easier user reading . Despite
those differences . there Is considerab le overlap In
features between high-end handheld and low-end
bench top DMMs.

In fact. some bench-type meters are little more
than repackaged handhelds. and they cannot be
d istingui shed by looking onlyat specifications. All
handheld DMM's a re portable. but bench top
DMM's a re also portable. and those that are bat­
terypowered can be used convenie n tly In the field.

Many ben ch DMM's have ltqutd-crys tal displays .
typ ical of todays handhelds. but mos t of the high­
end models have vacuum-fluorescent or LED drs­
plays that a fford better viewing In subdued ugju.
Th ese displays can be used because th e benchtop
u n its have less restr icted power b udgets than the
handh elds.

STANPRENTISS

BUYER'S GUIDE
TO DMM'S

;: Today's bench DMM gives
,."..... you more performance for

your instrument dollar
than ever before.

----. .
-19.85 Y2"

-e-

.,­
".':"

s,.

t ·

,.,.



DISPLAY

FIG. 2-SIMPlIFlED BLOCK DIAGRAM of a dual ·slope integrating DMM. Switch 51
connects the unknown voltage 10the integrator for the first half of the cyc le, and the
reference voltage for the second half. The time to discharge capacitor C1 is converted
to a digital readout.

CLOCK

ZERO J
""",~~'~ET~'~

HI. At the end of the integra tion
pe riod , CI has a cha rge that is
propo rtional to th e inpu t volt­
age . The op-am p ca uses t h e
voltage across Clio bu ild lin­
ea rly so the charging ra te Is gov­
erned by the current th rough
resistor HI.

In the second phase of dual­
s lop e opera tio n . co n trol logi c
switches S I to con nec t a refer­
ence voltage to RI a nd the Inpu t
of th e integrator. T he reference
pola r ity Is a lways opposite to
th a t of the unknown inpu t volt­
age . 1\vo references are used­
on e n egative and t he ot her

CI

CO NTir:gl ; I
LOG~

:J~~~\.-I. ( I !o-----:-~-;_
. i rv ri r,
- I U 1-1 1-1 II

!III II _ ,

v~

UNKNO\!lN b$ 1

l Rl••1

!
1

~-----------._---------------------- .

Figure 2 is a s im plified block
d iagram of a dual-slope inte­
grati n g DMM. Instead of con­
verting voltage to frequency as
is done In ot her me thods . it is
conve r ted to ti me . Th e timing
sequence for th ls tech n ique Is
shown In Fig. 3. Switc h S I con­
nect s th e un known Input volt­
age to the int egra tor consisting
of inpu t resistor RI and an oper­
ational amplifier with ca pacitor
CI in its feedback loop.

Sw itch S I rem ain s in that po­
sitio n fo r t he integrati on
per iod . During this ti me , Cl Is
charge d at a ra te de term in ed by

How they work
Figu re I Is a s implified func­

tional block diagra m of a DMM.
In p rac tice. bo th AC and DC
voltage m e a s ure m e n t s a re
mad e by one circuit. and both
AC and DC cu r rents a re mea­
s ured by a no t he r. Typ ica lly
there Is a separate resi s tance
measuring crrcut t.

The lates t DMMs , both han d­
held and bench. in clude eit he r a
mtcrocontroller Imtcroco mput­
er-on -a-cht p j or microprocessor
for vario us co ntrol a n d self­
check fu nctions . A micro­
processing function block has
been o mi tted fro m the s im­
plified diagram , bu t It wou ld
typ ically be loca ted between the
analog-to-dtgrta l (N D ) conve rt­
er and the di splay.

The microprocessor or micro­
con tro ller provides control sig­
n al s for t he true root-mea n ­
square (RMS l voltage and cur­
rent conve rte r If the DMM has
one . Bench m eters a re more
lik ely to h ave this feature th an
handhelds : thus It is not ex­
clus ive to ei th er one . However.
provis ion for in terfacing wit h
sys tems Is an exclus ive be nc h
DMM feature.

Bench DMM manufacturers
have used a number of d ifferent
schemes to conve rt analog in­
put s ignals In to a digital read­
out . Among them are voltage-to­
frequency. successive approx­
ima ti on . reci procati ng re ­
mainder. a n d dual -sl ope inte­
gra tio n co nvers io n . However,
the most popular schem e In use
today is some form ofdual-s lope
in tegra tion .

'''''''/DIGIT'' li'lCONVERTER

;:=l~_
DECADE ~

COUNTi'R I I
'P ~

=:l
'ISPLAY 'I:-:: :in l

---- bd ~-
'"

r~-~--~-~~-- ---- -~_· _- -- - -~· ~-------T~~ -;'-,,--,,-_--_-_-_--_-.j.' --,e-' ---;

I .~ ATTENU" OR ~ Locv0

l ~s" 0! DC\' AfN r AnENUATORf Ii 0
~- 0"""i RECT1F1ER it-

"0,,--0,,, n r J
PROBES 't--.-.=. CURAE NTNOLTNiE DCMA

I OHMJ'CMA, CONVERTER h
~ U

i
i: NSTANT-CURRE:@i _ -== = = = = = = = j '- '-'M--J'

SOURCE ~ t

32 FIG. 1-BlOCK DIAGRAM of a basic digital mult imeter.



VlkU!s INPUT
OIV1DERr -: - - --.,,,

FU NCTIONAND RANGESWITCHES

200mV.2V DC ~ . A4

CI

•

TRUE RMS

CO NVE RITR ,II
AC

A2,---i-i;-_J

COM

R1
20V.200V

t---~-1-<>--;;1 000V

I" ,I
I I
IL J

, , ,
I I T I

~TEGRATlON • iI • 'I
r~PERIOO 21

51 CONNECTED TO 51CONNECTEOTO
UNKflQWNINPUT REFERENCE VOLTAGE

FIG. 3-DUAL·SLOP E INTEGRATION
meas uring sequence. The slope ang le
depends on the magnitude of Ihe an­
known Input voltage and the time to dis­
charge to zero Is a function of thai value.

FIG, 5-SIMPLIF1ED DIAGRAM of a typIcal current-measurement circulI.

FIG. 4-SIMPUFIED DIAGRAM of a typical vol tage-measurem ent circulI.
posi tive. At the beg in ni ng of the
second phase. the output from
the clock is gated. Capacito r Cl
Is then di s charged linearly by
the referen ce voltage. and the
clock is sto pped whe n C l is dis­
charged through zero.

If the unknown Input voltage
is doubl ed . Cl charges up twice
as fast. S ince a consta nt refer­
ence voltage Is app lied to d is­
charge the capacitor. the d is­
cha rge rate wlll be cons ta nt.
Th is means that the time to d is­
charge Cl Is doubled If the u n­
known input is d ou bled. as
shown in Fig. 3. The accuracy of
t he dual-s lope technique de­
pends primar ilyon its reference
voltages. This method is favored
because errors In troduced dur­
ing ch arging are canceled dur­
ing discharge. So me ben ch top
DMM NO conver ters can now
take WOO read ings per second.
Hewle tt-Packard's HP 3440lA
DMM can, for example. makes
up to 50 ra ng e/ f u nc ti o n
ch anges per second.

Figure 4 is a s implified di ­
agram of a typical DMM circu it
for measuring both AC and DC
voltage. Many different proprie­
tary circuits a re used for true
RMS AC and DC voltage con­
vers ion . As can be see n, the out­
put of the true RMS con ver ter
goes to the AiD converter.

Both AC and DC cu rren t ca n
be measured with the circu it
shown in Simplified form in Fig .
5. Again, the range switc h block
represents either manual or au­
tomatic range functions. Fuse
1"1 can rep resent two fuses In
series, one rated for low cu rre nt
values, and the other ra ted for

hi gh current values. Those pro­
tect th e meter against acciden­
ta l dam age and the user from
shock, The true RMS conve rter
fu nctions in both the voltage
and cu rrent measuremen t cir­
cu its and. as in th e voltage cir­
cu it, th e ou tput goes to the NO
conve rter.

Several different resi stance
me a surin g c irc u its ca n be
found In todays crop of bench
DMM's. The most pop ul ar are
t he co nstan t-c u r re n t source
and volt age-rati o techniques .
The co nstan t-c u r rent sou rce
sup plies c u r re n t to the un­
known resistance va lue. The
DMM th en measures th e voltage
drop across the unknown . In
th e vol tage ra tio -m e t hod,
shown in s implified form In Fig.
6 , th ere is a voltage sou rce a nd
an internald ivider consis ting of
a reference resistor (Hm.;,,) and
th e u n known va lue (Hx)' The
value of V1o.: is ob tai ned from
the lower op-amp.

Figure 7 Illustrates a conven­
tiona l z-wtre oh ms conve rte r
fou nd in mos t ben ch DMM's. It
Is based on a DC constant-cur­
rent source . Figure B Is a s im­
plified sche matic of a four-wire
ohms conve rte r tha t will elimi­
nate measurement errors in tro­
du ced by lead resis tance in
precision DMM's.

Alternate or optiona l battery
power en ha nces th e be nch/por­
tabl e meter 's portability and im­
proves its Isola tion from th e AC
lin e for certa in crit ical measure­
men ts . It also ensu res the safety
of th e user whe n making cer­
tain kinds of h igh-voltage and
curre nt measurem ents . Most
low-c os t. b a ttery-p owered
ben ch DMM's use multiple "C"
or "D" cells. or a -volt transistor
battcrtes. typ ica lly di sposable
alkali ne. However. the battery
power sou rces of th e high er per­
formance met ers a re typically
multiple rechargeable ntcket­
cadmium {Nl-Cd l cells or scaled 33
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TABLE 1-BENCHTOP OIGiTAL MULTIMETER CHARACTERISTICS

BASIC
FEATURES DCVOLTS AC VOLTS
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No.

1!!-Q
aenuraenner

45 5
8010A 3M
80128 3ll:
8050A 4ll:
8840 5~

8842A Sll:
DM7241 4h

3M 2000
4M 20.000
4X 32,000
4ii 20.000
3M 2,000
3li 2,000
3ll: 2.000

DP100 SiS
2831A 3h
2B32 3M
2B33 4ll:
350 3J'
360B 3~

MM300A 4~

37 3ll:

- 0.5 0.1 10 100 20 -
• 100 10 3 10 30 - - • - -
- 30 0.1 10 10 30 - - _. - -
- 100 0.1 10 10 20 • - -
- 50 0,1 2 100 20 -
- 100 0.1 10 100 20 - -
• 5 0.1 2 100 20 - -

595
295
195
356
259
329
450
269

249
000
350
500
300
360
420

635
379
389
479
875

1095
229

995
1095
1295
495

1495
659

1045
2695

BlACllOP

BlACllOP

BGIIPH

CFlfTM

,BlAC)(CA'
BlAC)IOH

BlAC
!!Ql

BG)(CFllM
BG)(B/AC

•

BlAClIOM)tTM232/sn

488(OP'
4S8IOP

488tST;
488(OP
488(ST
488(OP
488(ST
4881ST

M
232(OP) I tBG)IMj(PH

BGlfC01IOH

DH

232.488(ST) I (M)(DM)(PH\
BlAC'

232Of 488(OP'
232/ST

232/STl,48810Pj! lID!
CO
CO
CO

•

•

•

•

•

•

•

•

•

•

•
•

•
•

_ 1 _ I _

- I _ I _ I _

.,.

- "

.,.
20 1 - I _

20
20
20
20
20
201 . , •
~3001 _ I _ I _ I _ I _ I _ I _

To
20
20
"iO
20
20

1.0
100
100

10
100
100
J..:!
100

1
100

1
10
T

0.1
10"

0.1 10
0.1 10
0.1 2

0.01 2
10 2
1.0 2
0.1 10

1.0 2.0
0.1 20
0.1 20

0.01 20
0.1 10
0.1 10

1000 2
0.1 10

• I SO

"500
• I SiJ

10
• I 40

0 06
30

• 100
• 50
• 50
• 50
OP 100
OPI 100

50

- 300 0-01 3 0.1120 - 1 - 1-1- 1- 1 - 1-
- 300 1.0 3 1.0 30 -
- 300 1.0 3 0.1 30 -
• 100 0.01 10 10 200 - -
• 100 0.001 3 0.1 300 - --
- 100 0.001 10 1.0 220 - - - -
- 100 0.01 3 1.0 300 • .-
- 2000 .00001 2 0,001 1000 - - -. •

1.0
100
100
"iO
T1i
0.1
10"

0.1
1.0
1.0
10"
T1i
1.0
1.0
0.1

1.0
100
100
10

100
100

1000
100

1000
100
10

-.1Q
100
100
100

850
750
750
750
750
750
750

750
300
300
750
300
750
300
750

750
750
750
750

1000
1000
750

450
1000
1000
1000
1000
100
500

1000

0.35
0.5
1.0
0.5
0.6
0.6
20
0.5
0.2
0.5
05
0.5

0.16
D."
0.5

0."
0.26
0.20
0.5
ill
0.35
0.15
0.03
0.75
1Jj'

0.4
1.5
0.5
TO
0.5

0.1
100
100
10

100
100
10

100
1.0
100
100
"iO
T1i
QJ.
10

100
10

10
.!Q.

100
100
100

01
1.0
1.0
10

0-01
1:0
1.0

0.01
1100
1000
1000
i050
1000
1000
1000

1000
1000
1000
1000
1000
1000
1000

1000
300
300

1000
300

1000
300

1100

450
1200
1000
1000
1500
1500
500

1000
0.02
.QJ.
01

0.03
0.005
0.003
0.05

0.0035
.llJ.
0.5

0.05
0.1
0.1
02
'[1

0.1
0.05
0.04
0.07
0.10
0.10
0.10

0.0035
0.018
0.006
0.03

0.003
0.01

0.006
0.0007

FL
LCD
LCD
LCD
fl
FL
LCD

LCD
LED
LCD
LCD
LCD
LCD
LCD
LCD

LCD
LED
LCD
LCD
LED
LED
LCD

Fe
LCD
LCD
LCD
LED
LCD
LED
fl

200,000
2000
2000

20,000
2000
2000

20.000
3200

100,000
2000
2000

20.000
200.000
200.000
20.000

6ll: 1.200.000
Sli" 300,000
S1l 300,000
4ll: 20.000
6ll: 3.029.999
5ll: 219.999
51!" 302,999
7M 21 ,000,000

34401A
346SA11l
3478A
175A
196
197A
199
20001
DL712
856
HC-797
460-6
461-2R
464-4
467·2

Beckman

Oaetron
Fluke

Goldslar
Hewlell·
Packard

Kelth!e

Kenwood
Leader
Pralek
Simpson

Analaolc

" K
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The line separating the featu res
of h andhelds fr om those of
bench top DMM's Is fu zzy. a t
leas t In the $200 to 8300 price
p r ice range. Fea tures such a s
peak hold. s leep mode, and ca­
pa cita nce measurement are
more likely to be found on the
handhclds.

But t ts worth keep ing tn
mind tha t. gene rally speaking.
you ge t wha t you pay fo r In
bench/por table DMMs. Pr ices
have been ra ised on many of the
models that have been on the
market for ten years or more.
However; the re Is general agree­
ment tha t you ca n get more for

FIG. 8-S1MPLtFIED 4-WIRE ohms con­
vertor for eliminating lead resistance er­
rors. Current Is supplied by a separate
current source.

Fig.7-SIMPLE 2-WJRE ohms ecaverter,

lea d -acid batt er ies . Manufa c­
tu rers offer power options: 117
or 220 volts. 50 to 50- Hz line.
and/or batteri es .

So me bench DMM's have been
des igned for dual use as porta­
ble or ra ck-m ounted In s tru ­
ments. Rack mounti ng is used
in systems a pplications . The
purchase r can specify the case
style des ired .

Available bench DMM's
If you examine Table I. Digit al

Multlmeter Cha racteris tics. In­
eluded here you wtll see 3·112·
d igit bench/portable DMM's list
pr iced below $200 . and high er
p erform an ce In st r u me nt s
pr iced for more than $2600---a
price spread of better than an
order of magnitude . Th ose
prices Include only the bare nee­
esstt tes such as basi c test leads .
power cord, and manuals . Most
DMM accessories s uc h a s
probes and ca rry ing cases arc
extra expense Items.

The bas ic electri cal measure­
men t fun ctions In bench DMM's
a re usually su pplemen ted with
special featu res . many ofwhtch
are can also found In the hand­
helds. The most common exam­
pies a re d iode tes t a nd aud ible
con ti n u ity. As s ta ted ea r lier.
bench models are more likely to
incl ude true RMS AC voltage
and current measurement tha n
handheld s. and system com­
patlbillty is an exclusive fea tu re
with the bench models . Many
bench DMM's ca n also display
such math fu nctions as min/
max hold , and provide readout s
in dB a nd dBm.

With their focus on accurate
measu rement. m any Dl\.IM·s
have on ly a few of the special
featu res found in ha nd helds .

FIG. 6-SIMPUAED DIAGRAM of a typical DMM voltage ratIo resista nce-measure.
ment circui t
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your DMM dollar today than
ever before. Th is Is due. In part .
to the ongoing transfer of ad­
vanced NO converter Ie 's a nd
mi croprocessor devices to in ­
st ru m en tatio n. a n d Inten se
wo rldw ide co mpe tit ion.

Exper ts agree th at the mos t
cr itical para meter In benchtop
DMM"s (and the one you sh ould
look at firs t) Is DC voltage ac­
cu racy It ca n be s ta ted in a
number or ways : e (% of read­
ing + n u mber of leas t s ign ifi­
can t digits) , =(% of read ing +
% of range). ::!: ( % of reading +
number of cou n ts ). a nd even
parts per million Ippml of read­
tng aa e lppm of read lng + ppm
of ranger Rega rdless of the form
used . It w tll be given at a spec­
Ified a mbien l lempcrature. usu­
a lly between I Boe a n d 28°C.
with relative humidity up to
90% .

Accura cy ratings mi ght be
given for periods of one yea r. s ix
months . 90 days. or even 24
hours . Th cu t through all this
com plex ity. m os t' manu fa c ­
turers give s hor t forms of th eir
accu racy specifica tion known
as basi c DC-voltage accu ra cy.
That Is what we used in ou r
characteris tics table.

After you have chec ked ou t
basic DC-voltage accu racy. you
should s tudy the spec llica tlons
and literature to be su re that th e
meter you arc cons idering Is a
quality product built ruAA:edly
enough to meet you r needs and
Includes allof the accepted user
safety a nd ins tru ment p rotec­
tion fea tures for that class of
product. Next you might wan t
to exa mine the basic At-voltage
acc uracy ra ting.

A 5- 112- or 4-1I2-d lgl t DMM
ca n be expected to offer h igh er
accuracy and resolu tion than a
3 - 1/2- d lg it DMM . a n d this
shou ld be kepi In mind during
your sea rch . The 1/2 In the spec­
tftca uon of the DMM display re­
fers to the use of the d igit 1 In
th e most s ign ifican t d igit (MSD)
pos it ion. T he fu JI scale o n a
4-1/2 digit d isplay. for exa mple.
is 9999 . bu t the add itio na l d igit
1 pe rmits the display to show a
val u e t h at Is 100 % h igher
(l9999 ) In what Is known as the
100% cverrange cond it ion .

There is a close b u t not abso-

lute corre lation between the
n u mber of di splay digits a nd
cou n ts . For example a 3-l/2-d lg­
it DMM migh t have 2000 or
even 3200 counts . a 4-1/2-dlgit
meter ty p ica lly has 20. 0 0 0
cou n ts. but It cou ld have more.
A 5 -dl gtt DMM will ha ve
100.000 counts. but a 5-1/2-dlg­
It meter would be expected to
have a cou n t of at least 200.000.
Rat he r than try to define suc h
co n fu s ing d estgna n ons a s a
4 -3/4 -dIgit DMM. It Is a lot easi­
er to look for the displ ay cou n t
that we have lis ted In our selec­
tion table.

As you move upscale In bench
DMMs . prices li se accord ingly.
Th erefo re. it becomes eve n
more Importan t to pay a tt en ­
tion to the reputation of the
ma n u fac turer. a n d mqu tre
abou t any guarantees or war­
ran ties being offered . Not su r­
pri singly. even so me repu table
manufacture rs who are willing
to offer 3-year wa rranties on
thei r handheld a nd low-cos t
bench DMM's are reluctan t to of­
fer more th an a one-year war­
ra nty on their mos t soph is ti ­
ca ted bench models . However.
one-yea r warran ties can usually
be extended for a fee. We sugges t
that you carefu lly read and com­
pare specificati ons . litera tu re.
a nd any available evaluations of
products befo re you buy a ny
be nc h DMM.

In sea rch ing for the be nch
DMM best suited to you r needs.
you should consider th e value of
suc h fea tures as autorangi ng
vs . manual ranging. Autorang­
Ing automatically determi nes
the proper range and polarity
for the DMM to display a mea­
su remen t with the best reso lu­
tion . Manual ranging a llows
you to override the au toranglng
fu nctlon and make manual se-

ANAlOGIC'S DP 100.

BECKMAN INDUSTRIAl'S MODEL 360

lec tl ons . While some DMr-.r s
have bot h . many hi gh-perfor­
ma nce DMM's do not incl ude
au to rangt ng. This is acceptable
because those Instruments will
be used In controlled enviro n­
men ts where the ranges of u n­
known signals a re ge nera lly
kn own.

Measurement ca pabilities
In addit ion to basic DC-\'olt­

age accu racy. you will want to
know the maximum DC voltage
that can be measu red withou t a
plug-In probe. a nd maximu m
DC-voltage resolution . Ba s ic
DC-voltage accuracy will range
from 0.1% in 3-1I2-d iglt (2000
cou n t) me te rs to 0 .003 % in
5 - 1/2 -d lg lt 1200.000 count}
meters . A rating of 1000 volts
maximum DC voltage is co m­
monpla ce in modern bench
DMMs : it wl1l be obta ined at the
hi gh end of as many as five
ra nges . typically 200 mY. 2 V. 20
V. 200 V. and 1000V. Maxi mum
DC-volt a ge resolu ti on s hou ld
typically be a value of 100 micro­
volts or less .

The AC-voltage specifica tions
a lso Include bas ic acc uracy.
max imu m resolution . and max­
Imum (RMSI value without the
use ofa probe. Frequency range
In hert z over wh ich AC mea­
su remen ts are va lid is anothe r
va ri ab le in cl ud ed unde r AC
volts. Bast c Ac-voltage accu racy
Is typica lly a fra cti on of the
DMMs DC-voltage accuracy: In
so me cas es It Is as mu ch as a n
order of magn itu de less .

Maxim u m AC resolu tion . also
measured in m icrovolts . ryp­
Ically mat ches the values for DC
volts . Max imu m voltages for
ben ch DMM5 are typically be­
tween 750 a nd 1000 volts AC
RMS . Expect five AC voltage
ranges comparable to the DC
voltage ranges . The abi lity to
measu re true R1\lS voltage Is a
popu lar feat u re fo r b en ch
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HEWLETT·PACKARD'S MOUEL 34401A

KEITHLEY'S MO::DE~L:"2::001="'"'""""''"''

face bus that cons is ts of eigh t
bidirectional data lines a n d
e ig h t s ign a l g ro u n ds (three
wires for handshakes between
eq u ipmen t . and five wires for
managem en tl , Some DMM's
permit both RS-232C and GPIB
Interfaces . Alth ough RS-23 2C
Interfaces a re beco mi ng more
po pu la r becaus e of the pro­
liferation of personal compu ters
In laboratories. the IEEE-488

bus is s tiliWidely used In Indus­
tr ial data acqu isition sys tems.

Decibel (dB) and dBM read­
out: DMM's with th is fun ction
mea sure a nd d isplay the dB
ga in or loss of amplifiers, filters
or anenuators. The dBm read­
out is referenced to 1 ml1liwatt
a nd 600 oh ms .

Ottset/releu ve reference: This
fun ction s tores the input In
memory as a zero "reference".
Any subseq ue n t Input Is au to­
matica lly compa red to th e refer­
ence In memory, and th e d ispl ay
s hows the di fference ( ± ) be­
tween these two values . It Is also
a handy feature for nulling out
tes t lead resi stance or measur­
ing the d B ga in for the s tages of
a n audio amplifier. Relative ref­
erence work s in a ll functtons
a nd ranges . a nd is a feature
fou nd on h igh-end handhelds
a nd low-end be nch tops .

GOLDSTAR'S MODEL DM-7241

those fun ctions in DMMs used
In labs or shops . Manufa ctu rers
Wi ll , however. Include t h ese
fun ctions if they find a demand
for them. But if you don 't need
them you could be payi ng a lot
for a featu re with lower pe rfor­
mance th an is obtainable In a
specialized Ins trumen t.

By contra st. the h andhelds
follow the Swiss Army kn ife ph i­
los ophy of stuffing as many
" tools" as Is practical In a si ngle
packa ge . Battery conse rva tion
and protection against personal
shock a nd destruction of the
DMM a re, as you might expect.
more Impor tant characte ristics
in ha ndhelds .

'Irue RMS voltage an d cur­
ren t : Th is featu re p rovid es
accurate measurement of non­
s inusoidal wave forms suc h as
squa re wa ves , pulse s. or the
ou tpu ts o f silicon-controlled
rectifiers . Th is function , either
s ta ndard or optional. is Widely
found in bench DMM's. but less
often found in handhelds. You
ca n be su re that any DMM with
Ihe true RMS measurement fea­
ture will cost more than a com ­
parab le meter without that
feature.

Sys tem competibtltty: Some
bench DMM 's offe r an EIA
RS-232C and/or IEE E-48 8 in ­
terface as eithe r s ta nda rd or op­
tional featu res. The RS-232C
In terface allows data to be inter­
faced to a ny serial printer or
compu ter. The data ca n be filed,
mantpulated. printed, or trans­
mll ted by modem . In tern al
DMM circu its format the mea­
su reme n t da ta transm iss ion .
Host compu te r software per­
mits remote operation of all in ­
s tru men t functions.

IEEE-488 (also known as the
gen eral purpose in form atio n
bu s or GPIB). is a parallel In ter-

FLUKE'S DUAL·DI SPLAY MODEL 45

DMM's: most bench DMM's ei­
ther offer this feature or ma ke
provis ion for It as an op tion .

Maximum ra tings for AC a nd
DC current In amperes that can
be measured without a p robe
a re also import ant for th e bench
DMM user. Don 't be su rprised to
find that ha ndh elds have h igher
maximum cu rrent ratings than
h igh -per forman c e b e n ch
meters to protect aga inst the
unknown co nd it ions enc ou n­
tered In maki ng cu rren t mea­
su rements in the field . They
cou ld be only 2 a mperes. How­
ever. you can expect the bench
meter to have be tter cu rre n t res­
olution-G. l mi croampere or
better.

Maxim um res is tance values
that can be read on a bench
DMM are typically 20 megohms
or better. but they cou ld be as

ht gh as 300 megohms . How­
ever, max imum resistance reso­
lu tion could be I mllllohm or
less in the h igh -end model s .
The di ode te st s a n d c o n ­
ductance measu rement func­
tions are less popular In htgh­
performance DMM's.

Special features
Beyond t he capa b ility for

measur ing the five basic elec­
trical parameters and doing d i­
ode tests . many DMM fun ctions
are cons idered to be special. In
general, with the exception of
sys tem com patibility, none are
exclusive to ben ch DMM's.

Because o f their n ormally
con t rolled working en viron ­
ments . accuracy and resolution
outrank versatility In th e selec­
tion of a bench DMM. It has
been fou nd that spec ia lized
tempera tu re . fr equency. a nd
even capac itance measuring in­
s t ru me n ts a re preferred over



Frequency or period: So me Min/m ax hold: DMM's with Inherent In a ne ed le's mov e-
DMM's can a lso measure Ire- this fea tu re s to re the h ighest ment. This feature is not widely
quency or its reciprocal period , and lowes t readings , permitting available In bench DMM's.
Bench-type DMM's are likely to you to monitor a s ignal for sec- Sleep mode: This feature au -
have frequency responses in the e nds. or even days . Collected tom atically shu ts off power If
megahertz range , especially If a ve rage va lu e s during the you forget or if no me asure-
they have six or more readout peri od a re calcu la ted and dls- ments a re taken for a spec ified
digit s . Some DMMs now have played, and when th e recording length of time , say 60 minutes .
AC voltage Inpu t ranges as h igh period ends , you can examine This conserves battery life. It is
as 15 MHz andAC curren t input th e re ad ings at your con - fou nd in some battery-powered
to 1 MHz. These can be trans- venience. Overloads or manual bench meters.
lated into period. You will wan t s top/s ia r ts won't era se memory Peak h oid: This feature is
to know accuracy, se nsitivity, unt il you give the com ma nd. usefu l for recording transients
maximum Input. and trigger Minimax record ing is possible as low as 1 milli second. es-
level for these measurements , wh en measuring AC and DC pe ci a liy from Intermittent

Temperature measurement : voltage or cu r ren t. and resi s- power lines or co n nec tions .
Some bench DMM's have the ca- This mod e can also be used to
pabliity for measuring tempera- measure th e plu s and minus
tures with one or more s tandard peak values of s ine waves up to
thermocouples or a resi stance abou t 450 Hz. It permits easy
tempera ture detector (RTDI, measurement of both peak line
Here again , the s pecified ac- ---- voltage and line cu r ren t in- ---- " ~ ,, EB -'cu racy a nd resolution will be .•., _.. - power supplies a nd elec tr ica l
important In your decision If ..... .-.- 'l-lo '! ay\

equipment. However. It Is rare ly! ~. ~ .-_. -,
you want this feature in your found on bench DMM's.
multimeter. Data h old : This feature is

Con tinuity beeper and diode known by different proprietary
tcst : Co n ti n u ity, d iode a n d B&K PRECISION'S MODEL 2833 names such as "touch hold " or
transi stor checks can be made "probe hold: ' It allows you to
quickly on DMM's with this fea- tance. This feature is also found keep you r eyes on the probes
ture withou t looking at the dis- on some handheld meters. and on the circu it under tes t.
play. A continuous tone tndt- Analog Bar Graph : Th e ana- The DMM's microcomputer de-
cates con ti nu ity, whlle a beep log bar gra ph Is a segmented termtnes when the input s ignal
signals a forward-biased diode analog need le s imulator. It per- Is s teady. alerts you with a beep,
or trans ist or. The beeper is east- forms th e same role as a YOM a nd then cap tu res and holds
Iy heard In a noisy industrial needle. while elimin ating th e the measurement on the display
environment. me chanica l/inertial di stortion un til you are ready to vtew it . It
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te n ua t io n of n orm a l-m ode
noise components at specified
frequen cies in dB. For an ampli­
fier u sed in in s trumentation.
the normal-mode s ignal Is the
ac tual d ifference s ignal being
measured. This signa loften has
noise associated with It.

DC voltag e uncertain ty =
((ppm of readtngl X (measured
val u e) + (pp m of range ) x
{range usedl V1. 000.000 .

Percen t uncerta in ty = (ppm
uncertain ty)/10,000.

AC voltag e uncertainty = 1%
of read ing) x measu red value)
+ ( % of r ange ) x ( ra nge
usedlV100.

Crest factor {CFl expresses
the waveform's peak value ratio
to that of its RMS value. Crest
factors in true RMS meters ac­
tuall y specify their dynamic
ranges .

Self- test : DMM's with a micro­
p rocessor-con t roll ed self-tes t
fea tu re usually run t h ro ugh
t h is rou tine when they a re
tu rned on and the results show
up on the display as segmen ts
that appear as rapidly as fou r
times per second.

Self-c heck ca pab ility is ex ­
tre me ly impor tan t for the as­
su rance of accuracy a nd con­
tinued calibrati on to laboratory
or in ternati onal standards, Nev­
ertheless . all DMM's. even those
with th is featu re should be re­
calib ra ted at leas t once a year
for max imum accuracy and re­
liability.

Imput impedance Is the com­
bined AC a nd DC resis tance at
the inpu t of the DMM, An input
impedance of 10 megohms or
better virtually eliminates mea­
su rement errors caused by load ­
ing In most circuits.

The ou tst a n d ing c harac­
teristics of be nc h-type DMM's
have been h rghltgh ted primarily
on a basis of published specifi­
cations and unusual featu res .
In an evaluation section that fol­
lows we have se lected a cros s­
secti on of ava ilable benchtop
DMM's and d iscussed some of
thei r outstanding features, All
of the ben ch multimeters dis­
cussed in th is article are capa­
ble of making the five bas ic elec­
trical measu rements: AC and
DC voltage, AC and DC cu rrent
and cu r ren t.

SIMPSON'S MODEL 460-6

gratton stretc hes the measure­
ment out over a fixed pe riod of
time du ring which a mplitude
variations are averaged out. If
the integration period includes
a su fficient number of periodic
noi se cycles . the noise wlll be
averaged ou t.

Filtering slows down the con­
version p rocess or mea sure­
m ent speed so it is use d
jud iciously. In tegration does a
better job of rejecting line -re­
lated noise, a nd filtering is bet­
ter for broadband noise.

Com mo n- mode re jectio n
(CMRJ is a measu re of t he
change In output voltage whe n
both inputs are changed by
equal amounts ofAC and/or DC
voltage. It is the measure of an
Ins trument 's ab ility to ca nce l
u ndes irab le s ignals ente r ing
the measuremen t circuit be­
tween the inpu t and ground. A
reasonable value for CMR in a
bench DMM is 100 volts DC or
peak AC from any earth input.

Normal-mode rej ect ion (NMR)
is a loga rith mic measure of at-

lEADER'S MODEL 856

TRIPLETT'S MODEL 4800

299'39 .Reading spec sheets
Manufacturers' spec ification

sheets can be quite confus ing
because they do not follow a un i­
form format. They ca n be es­
pec ially intimida ting for the
first time DMM buyer trying to
deci pher the baffl tn g termi ­
nology. Th e wise buyer sho uld
unde r s tand s uch terms as
CMR. NMR. and RMS, average,
and peak AC readout.

Definit ions of some of the
commonly used terms in DMM
spec tftcasttons sheets will be
helpfu l to you . Remembe r tha t
the manufacturers are try ing to
attract your atte n tion to th eir
in strument's more gla morous
featu res wh ich may or may not
be some thi ng you ne ed . So bro­
chures do no t necessarily rank
the quali ties that are of most
impor tance to you in any logical
order. The burden for interpret­
ing these specifications falls on
you, the p rospective buyer and
user. Bu t this also holds for a lot
of other purchases suc h as ap­
pliances , automobiles or hom e­
entertain ment products .

Noise is an especially severe
problem in DMMs due to thei r
h igh accuracy, resolution , and
sensitivity. DMM's used In sys­
tems are more susceptlb le to
noise tha n those used just in
isolated measu rement appltca­
ti ons . Long signal leads a nd
cou pling between adjacent sig­
nal leads compound the prob­
lem in systems.

Noise ca n be defined by Its ori ­
gin relative to s ignal inpu t lines
on the DMM. Normal-mode
noise enters with the signal and
is superimposed on it. Co m­
mon-mode noise is common to
both the h igh and low signal in ­
puts. Common mode noise be­
comes n or m al -m ode n oi s e
when it flows in to the DMM's
signal Inputs.

Nor ma l- mode n oi s e o r i­
ginates from power-line pickup,
electromagnetic fields or even
from with in the device being
mea s ured . Noise can be s in­
usoidal , spikes "or white noise.
Th ere arc two techniques used
to red uc e no rmal-m ode noise :
in tegration and flltertng. lnte-

a u to ma ti ca lly upda tes with
each new measurement.
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Selected reviews
Analogtc offers the DPI00.

with a 5-1I2-diglt LCD displ ay
ca pable of mea suring voltag e
cu r ren t and resistance. Ills also
a frequency cou n ter capable of
measuring up to 25 MHz as well
as an RTD temperat u re meter.
The portab le DP100 Is powered
from bot h butlt-tn rechargeable
ba tteries and th e AC line. It of­
fers ± 0 .003% ba sic DC-voltage
a ccura cy; Ovl -m tcro vo lt s en­
s itivity and the ab ility to mea­
su re true RMS AC voltage and
curre n t. and 2- or 4-wlre resi s­
tan c e . The DPM In clude s
RS-23 2C co mpa tib ility or op­
tional IEEE-488 .2 con verter.

B&K Precisi on offers three
bench DMM's a ll ca pable of
making th e five basic measure­
ments-AC and DC voltage and
cu rren t. a n d resi stance . The
mode l 283 1A Is a 3- 1/2 -d lg lt
meter wit h a LED display th at
also offers con tinu ity checking
and di ode test. It has a 0 .1%
basic DC-voltage accuracy rat­
in g . The mod el 2833 wit h a
4-lI2-d iglt LCD displ ay. features
true RMS voltage a nd curre n t
measu remen t. It ha s basic
0 .05 % DC-voltage a cc u ra cy.
Other features Include audible
continuity check . d iod e tes t.
dat a hold . dB m rea dout. a nd
frequency measuring.

The B&K model 2832. with a
3 -1/2 dig it LCD display. me a­
su res capac ita nce. Its bas ic DC­
volta ge acc u racy Is s ta ted a t
0 .5 %. Other features Include
audib le conti nuity check a nd
diode tes t. This DMM can be
powered from the AC line or s ix
"C" cells,

Beckman Indust r ial Corp. of­
fers two 3-l/2-d lgit bench/ por­
ta ble DMMs with LCD displays .
the models 350 a nd 360 B. Both
are packaged In s imila r case s
with a fron t-panel rotary fun c­
tion swit c h . a nd bo th have
basi c 0 ,1% basic DC-voltage ac­
cu racy and 22 -mego hm Inpu t
Impedance. In add ition to the
five measurement fu nction s .
th e meters provide audible con­
tinuity checking and diode test­
ing. The model 360 offers true
RMS AC voltage a nd cur ren t
measurement as wellas temper­
at u re measurement with a type
K thermocouple. Both meter s

are powered by s ix "D" cells and
a re built for field use.

John Fluke Mfg. Co. offers a
family of seven bench/portab le
DMMs wit h 3- 112 to 5-1I2-d lgit
displays. Some also offer diode
test and othe rs measure con ­
ductance . There Is . however.
cons iderab le var iation In the
spe c ia l features offered. The
3-1I2-d igtt model 37 has a basic
DC-voltage a ccu racy of 0 .1%
a nd th e 5-diglt model 45 has a
ba s ic DC-voltage a cc u racy of
0.02%. Th e model 45 has a dual
va cu u m-flu orescen t disp lay
and It can measure frequency
and d isplay dB and dum. It also
has the min/max hold feature.

Fluke Is also offer ing two
5-1I2-dlgit models in the 8800
series. th e 8840A and 8842A.
Th e 8840A offers 0 .005% basic
DC-voltage accuracy. while the
8842 A has 0.003 %. 80th fea ­
ture optional true RMS AC volt­
age and the ability to measure
frequency to 100 kHz.

Gold star Electronics o ffers
the DM-7241 with a 4-1/2-dlg lt
LCD display. It has a basic DC­
voltage accuracy of 0 .05% and a
re s ista nce r an g e t o 2 0
megohms.

Hewle tt-Packard offers fou r
b en ch t o p DM M·s . T he
HP34401A has a 6-lI2 -diglt vac­
uum-fluorescent d isplay a nd
features true RMS AC voltage
and curren t measurement. Re­
s is tance is measured In ohms
with 2- and 4- wire circu its. In
addition . the mod el 3 440 lA
measures frequ ency. period .
and con tinu ity. and can do di­
ode tests and DC:DC ratios. DC­
voltage a cc u racy Is g iven as
0. 003 5% while AC-voltage ac­
curacy Is 0 .06%. The meter 's
bandwidth is 3 Hz to 300 kHz.
Its math functions Include null.
min/max average . dB a nd d8m
read out. a nd Itrntt tes t. Both the
IEEE-488.2 and RS-232C Inter­
faces are s tanda rd.

Keithley In s trumen ts offers
five bench/portable DMMs. The
model 2001 has a 7-V2- d igit dis­
play and a rated basic DOvolt­
age accu racy of 0 .0007%. Basic
AC-voltage accuracy is g iven as
0 .03%. and bandwidth is I Hz
to 2 MHz. The 2001 ca n mea­
s u re resisiance values from I
micro-ohm to 1gtgoh m. It takes

2000 readings per second with
4-1I2-d lgit resolution. 300-500
with 5-112-dlgit resolution , and
between 45 and 200 with 6-112­
digit resolution.

The 2001 's stan da rd mea ­
suremen t functions include AC
cres t factor. frequency from I Hz
to 15 MHz. true RMS. a nd peak
and average AC. It also makes
DC in-circuit cu r ren t measure­
ments . and offers s imulta neous
displays. Optio ns Include a ten­
c ha n ne l sc a n ne r. G P IB
(IEEE-488 .21 out pu t is s ta n ­
dard.

Kenw ood USACorp. offers the
mod el DL-712 that has both
m anu al a n d a u tora n gf n g ,
Othe r s tandard features of the
DMM Include diode test , dat a
hold. a nd continu ity check ing .

Leader In st ruments' model
856 has a 4-1/2·dlglt LED dis­
pl ay wh ic h Inclu d es a ba r
graph . Eq ui pped with au to­
ranging , It measures tru e RMS
a nd fr equ ency. Th e 856 a lso
does diode tes t a nd con tinu ity
checks. displays dB a nd dBm.
a nd makes data compa risons .
Its bas ic DCcvoltage accuracy Is
0.05 %.

S impson Electric offers four
4- 112- and 3- 1I2-d l~it bench top
DMM·s . They a ll featu re t rue
RMS AC meas uremen t. The
4-1I2-dlgtt 460-6 offer s Ni-Cd
baneryzAc -ttn e ope rati on a nd
0 .07 % DC volts accu racy. The
467- 2. a 3-1/2·d lglt DMM. has
peak hold .

Trtple t t Corp. offers the model
48 00. a 4-l/2-dl,g1t bench top
DMM with true RMS readout.
Its features Include dat a memo ­
ry. peak hold. dBm readout. au­
to rangrng. tem peratu re mea ­
su remen t. and diode tes t.

Yokogawa offers th e 5-1I2-dig­
it models 755 117552 a nd the
6-l/2-d igit models 75 6 1/7562.
They a re rat ed for basi c DC­
voltage acc u rac ies of 0 .005 %
and 0.003%. respectively. Th ese
DMM's ca n be ca lib ra ted with
external s igna ls. The 7552 and
756 2 offer RMS AC measure­
men t. wh ile the 755 1 offers AC
mean measurement. The 7552.
however. offers both frequency
measuremen t and a 20-a mpere
r an g e . Th e RS - 2 3 2 C or
IEEE-488 Inter fa ces a re s ta n­
dard on all these models . R-E
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Our MIDI light controller can

turn an ordinary musical performance
into a concert!

M OST S fl.1AL1. llANOS l,.IS~~1. Y HAVE

uc h a hard umc 'pay g for
travel and tnstrumen s that
their shows mustforg3any type
of soph is ticated ligh ting . The
lights provided by th e clubs and
bars where they play do little to
showcase a bands talent. With
the MIDI (Mus ica l Ins trumen t
Digital Interface) ligh t con trol­
ler presented here . th at can all
end . A s imple mi croprocessor
with a handful of compone n ts
can transform the ir ac t Into a
full fledged "c on ce r t." Every­
thi ng that Is n eeded to sy n­
chro n iz e li gh ts a n d mu sic
already comes out of the MIDI
port ofMIDI keyboa rds . Th ts ctr­
cult wl11 ma ke use of th at in for­
mation and enhance th e show.

MIDI is a commun ica tio ns
protocol or iginally created for
in te rfa cing sy nthesize rs a n d
othe r electron ic devices . It has
evolved In to a commu nications
s ta nd a rd that Is u sed in all
ph ases of audio and video pro-

ductlon . MIDI allows devices to
talk to each other with different
types ofcon troland data values.
T he va lues ca n be e it he r
CI IAN N I~L . SYST E M . HEAI.-T1M I~ . or
SYSTE M EXCLUS I V ~; mes sa ges .
M ID I c o m m u n ic a ti o n Is
ach ie ved throu gh multi -byte
messages , each co ns is ti ng of
one ST ATUS byte followed by one
or two DATA bytes. Real-time and
excl us ive messages a re excep­
tions to that rule.

1Wo types of data by tes a rc
se n t over th e MIDI cable. STATUS

and DATA. Sta tus bytes are eigh t­
b it b inary numbers in which
th e most-significant bit Is se t to
" I." A s tatus byte se ts th e func-

tt on ofthe data bytes that follow
it . and a new s tatus byte is re­
qu ired for each new ac tion . The
MIDI specification also ou tlines
R UNNING STATUS. That defines
th e action for all data bytes that
follow a s tatus byte. until a new
s ta tus byte is se nt. That way
more inform ation ca n flow
down th e cable. Data bytes are
ctght -b tt binary num bers In
whi ch th e mos t-significa n t bit
Is se t to "0."

The MIDI light con troller pre­
sen ted he re reacts to NOTE ON .
NOT E OFF'. S TA RT. STO P. a n d
CO NT INUE s ta tus bytes. The data
byt es arc us ed to de te rm ine
which light to con trol and how 41



nels 1-8) a nd "2" (channels
9-16). You must select "I" or"2"
for th e desired range of chan­
nels (1-8 or 9-16)and select the
desired channel.

The lights a re con trolled by
note information on the MIDI.
They ca n res pon d to a ctual
notes of a song or notes that are
placed in the sequence specifi­
cally for the light controller. To
use existing notes , you would
select the channel and octave
from the se q ue nce. and enter
them on the keyboard. If the
lights are to be con trolled by a
separate track . you would enter

chronrze all elements of a MIDI
sys tem), th e lights can either all
go off. all go on . or light se lec­
tively. depending on th e user 's
STOP DEFINE parameters. That is
useful for creating a "scene" be­
tween songs and during breaks
on stage. The C ONTROL O CTAVE

de termines which range of
notes wl1l be used to con trol the
lights. The operating channel is
set by selecting CHANNEL DEFINE.

The message CHANGE C HAN NEL #

will be displayed on line 1. Line
2 will toggle between" I" (chan-
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FIG. l-SCHEMATIC OF THE MAIN PROCESSOR BOARD. The MIDI Signal is fed In

thr ough an optocouple r (IC8) to the microcontroller (1C1).

to respond to different con d i­
tions on the MIDI. It can operate
on any of th e 16 MIDI channels ,
and will respond to note info r­
mation from octaves 1-8. The
MIDI light controller is user­
configured . You have control
over whether the lights will
latch, toggle. or s tay off in reac­
tion to note information on the
MIDI by setting the OUTPUT TYPE
keyboard selectio n.

When a S TOP command is re­
c e i ve d (STOP. START, and
CONT INUE c o mm a n d s syn-42



1M INCHES

SOLDER-SIDE FOIL PATTERN for the ligh t controller.

and two 30 pF capacitors ICI
and C2 ).

The add ress and data buses of
th e mi crocontroller are multi­
plexed . Th remove the low-order
addr e s s inform ati on , a
74LS373 8-b lt la tch Is used .
The 74L 5373 Is s t robed with
the AI,E (ADDRESS LATCH r~NA Ill .r. )

s ignal from th e mtcrocontrollcr;
and address data Is removed .
The 27C64 EPROM (lC311s used
to s to re program data . The
EPROM Is enabled by the micro­
c o n t ro ll e r's PSl': N (PROGR AM
STORE ENADI.r. l llne .

The keyboa rd and LCD ctr­
cu lts both requtre an address
s ignal to Interact with the data
bus. A 74LSl38 (lC4) is used to
generate a s ignal when certa in
addresses a re reach ed (1000h,
2000h , 40 00 h . 600 0h .. .). The
keyboard is mapped at external
a dd ress 2000h. The keys a re
scan ned by the 74C922 key­
board con troller ch ip, IC5 . All
keyboard ac tion , Including de­
bouncing, is handled by IC5 .
The scan rat e Is con trolled by
C4, a nd debouncing by C5.

Th e LCD Is mapped at exter­
nal address 8000h. An Optrex
LTN21I two-line LCD module Is
used to display cu rren t chan nel
a nd mode Information . Also ,
u ser-definable selections a re
dtsplayed there . FUnction data
Is written to the module at ad­
dress 8000h . and display data Js
wri tten at 82 00h. Address se lec­
tion a nd read/write functions
are estab lis hed by IC6 , a
74 LSOO. Con trast of the LCD is
altered by R2 1. Outpu t from the
mi crocon t roller is on port 1,
pins 1-8, A res istor ne two rk,
R30. Is used to pull-up outpu t
lin es. Th e lines drive the Trtac
and LED sections .

Fi gure 2 s hows th e htgh­
power output sec ti on of the .f
ligh t con troller. Eigh t Identical
drivers arc used to control the iQ

Ieoutput ch a n ne ls. An output
from l e i Is passed th rough a ~
IN914 diode a nd a 120-oh m re- 9'
s istor th at drives an MOC30 10 m
Trrac-drtver optocoupler. Ou t- ~
put from th e optocoupler Is sent ~

to a h igh-power Triac. The err- i:i"
cu it is design ed with 6-amp Tri-
acs . wh ich a re fused at 5 amps
for added protection. The 120-
volt AC In pu t to the Trtacs must 43
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3 1.2 5 - k Hz baud rat e ,
asy nch ro nous, 1 s ta r t bit , 8
data bits, and 1 slop bit , with a
period of 320 microseconds per
ser ial byte. The si gnal Is well
su ited to the serial portion of
the In tel 80C32 microcontroller
(lCIl that has built-In transmit
and receive ser ia l ports , 128
bytes of Internal RAM, two Inter­
rupt lines (each wit h program­
mable priority), and exte rnal
memory addres sing capability
up to 64K. Th e CMOS vers ion of
the 8032 was used because of
it s higher s peed a nd lower
power consu mption.

The ou tput of optocoupler
IC8 enters the serial receive port
(pin 10) of microcon troller ICI.
Software in the 27C64 EPROM
lIC3) con tro ls po rt se t u p a nd
baud-ra te selecti on. At power
up, a small reset circu it {R3 , D2,
and C3} initializes the ml cro­
con troller. An osc illator is made
up of a 12-MHz crysta l (XTAL1)
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I 1M INCHES

COMPONENT SIDE FOIL PATTERN for the ligh t controller.

the note information for each
light, keeping all notes in one
octave . Timing and s yn ­
chronization is provided by a se­
quencer. (A sequencer is any
Instrument that can s tore and
read back MIDI data.)

The light controller wlll also
work directly from a keyboard
without the aid of a sequencer
by connecting a ke yboard 's
MIDI output to the jack on the
ligh t con troller. As you play the
keyboard, the appropri ate
lights will illuminate.

The circuit
Figure 1shows a sche ma tic of

the main processor board. The
MIDI s ignal is fed In through
ICB, an HP 6N138 optocoupler.
Any optocoupler can be used as
long as it has a rise time of less
than 2 microseconds, and can
turn on with less than 5 rnA.
The MIDI s ignal has th e follow­
Ing operating s pecifica tions:



hook u p any external ligh ts .
A clean a -vott DC p ow e r

source Is requ ired for the bgh t
controller. The au tho r used a
s elf-contained a-vott s u p p ly
thai includes a built-In trans­
fanner. rectifier. a nd regulator.
The su pp ly a ccep ts a 120- voll
AC In pu t a nd ou lpu ts Bcvolts
DC. You ca n use a s imilar su p­
ply jfyo u like. although they are

c r. so the AC In put should be
separated into multiple circuits
to con trol that much power.

Figu re 3 is th e LED d is play
sec ti on. It 's u sed 10 Ind icate
which ou tpu t channe l Is aclive.
II also helps you set u p MIDI se­
q u en ces withou t h aving to

be co n nected to a circu it that
can handle the curren t. Power
consu med by the ligh t control­
ler at 120 volts AC w ith all eight
channe ls opera ting at fu llpower
is 4400 watts-tha t's a lmost 40
a m ps! Mos t hous ehold wir ing Is
15 or 20 amps per circuit break-
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120U • SA

OJ
1M9U TAl

SA TRIAC

lelO
R6 MOeJD10 F2

' 200 SA

04
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2
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FIG. 2-HIGH·POWER OUTPUT SECTION. An output Irom the mtcrccc ntreuer Is
passed through a lN914 diode, a 12G-ohm resistor, an M0C3010 Trtac-d rlvef op­
tocoupler, and finally to a higtt-power Triac.
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more expens ive. Otherwise any
5-volt su pply will do .

Software
Software for the ligh t con trol­

ler is in terrupt-d riven. Upon re­
c e pti on of MIDI d ata , a n
in ter rupt Is generated. Th e so ft­
ware jumps to the inte rrupt
rou tine for the se rial port. Firs t
the Interru pt Is clea red, then
th e byte Is placed in the receive
buffer. As more data comes in , it
is buffered. The keyboard also
gene ra tes an interrupt any time

20 +" cV~
1'1 18

1 2 1A1 R22 R23 lED2XJ~

2 , '" 16 12011 '120U ~
3 6 1A3

1'2
R2' l ED3 "::!".....;;

0-' 8 1M 14 1200 /"
1'3

12~~
l ED4s 11 2Al ?107 12

6 13
2A2 74LS244 1" R26 LED'

7 15 2A3 2Yl 9
12an cO-

17 2M
R27 LE06~.....-:

120n ex;-
9 2Y2 7

10 .l.,
R28 LE07 x..;.t

+5V
" 2Y3 5

12an c0-Ne
~ z R29 lID6~

5 02
mOMP2 ...!Q 3 120n r.:-.?

2Y4 l ED9 x.:/- -
FIG. 3-LED DISPLAY SECTION. These LEOs Will fndfcete which output channel Is
active wilhout having to set up the full-power lights.

All resistors are y.-walt, 5%, unless
otherwise noted.

Rl. R4-220 ohms
R2-2BO ohms
R3-10.000 ohms
R5, R6, RB, R10, A12. A15, A17, A19,

R22-A29-120 ohms
R7,R9, Rl1,R13, R14, R16, A1B, R2D-

180 ohms
R21-5000 ohms. potentiometer
R3D-1KxB SIP resistor
Capacitors
cr.C2-30 pF, mica
C3-10 lLF, 16 volts, electrolytic
C4-10 1lF, tantalum
C5-1 IlF, tantalum
Semiconductors
ICl-80C32 mcrocomroner
IC2- 74LS373 a-ea latch
IC3-27C64 EPROM
IC4-74LS13Ba-te-a demultiplexer
IC5-74C922 16--key keypad encoder
IC6-74l S00 quad NAND gate
IC7- 74LS244 octal buffer/line driver
ICB-6N138 optocoupler
IC9-IC16-M0C3010optoisolatcr
01-01o-1N914 diode
TR1- TRB-anye-eoc Triac in aTQ-220

cas
l ED1-LE09-Chassis-mount light -

emitting diode, any color
Other components
XTAL1-12-MHz crystal
F1-F8-5-amp fast-blo fuse
Pl , P2-10·pin header strip
SOl, S02-10-pin header socket
Jl-5·pin DIN socket
Miscellaneous: inverter (for use with

LCD backplane, see text), s-vott
powersupply (see text), project case,
grounded AC linecord, B grounded
AC outlets, wire, solder, etc.

Note: The fo llowing items are avail­
able from Audio Visua l Imagery,
P.O . BOX 332 , Rando lph, MA
02368:
• PC board-$35.00
• Prog rammed 27C64 EPROM­
$10.00

A diskelle with the sample lUes wil l
be Included with any order. Please
add $1.50S&Hto any order.MA res­
idents must add 5% sales tax.

a key is pressed. As in the serial
se ction. first the Interrupt is
cleared .

The main monitor loop of th e
program simply tests to see If
data Is in the receive buffer or
th e keyboard flag is h igh. Ifdata
is in t he buffer, the byte Is
checked for a high MSB Indicat­
ing a s ta tus byte . If it is a s ta tus
byte. the s tatus register is up­
dated. The s tatus will then re­
main until a new status byte Is
rece ived . The program then
co ntinues the main monitor
loop. If th e byte is data. It Is ex­
amlned to determine the action
to be ta ken. Depending on the
cu rre n t user-set mode of t he
con troller. a light will be tu rned
on, a ligh t will pulse . or nothing
will happen. If the data turns
out to be bad, it is flushed .

After examining the data and
a cti ng up on It. th e m ain
monitor loop is resumed. When
the key flag is high. the data In
the temporary buffer Is exam­
ined . T he a ction desired ts
s tored In th e appropriate regis­
ter. The main monitor loop is
then resumed. All user-defined
ac tions are entered on th e key­
board . As op tions are entered.
the LCD displays the choices
available. Th e opti on being de­
fined is displayed on th e top
lin e, and the selections are cy­
cled through. Press the key for
the desired action . Ifmore infor­
mati on is needed for the chosen
item, it will be presented on the
LCD. The sou rce code for the
EPROM and some sample files
to run on a sequencer are avail-

able on th e RE-BB S as a self­
unarch lvin g z ip fil e ca lle d
MLC1.EXE . A programm ed
EPROM Is available from the
sou rce mentioned in the Parts
Lis t.

Construction
The PC board for the light

controller can be made u s ing
the foil patterns we've provtded .
or it can be purchased from the
sou rce mentioned In the Parts
List. A parts-placemen t d i­
agram is shown in Fig. 4 . Notice
the row of pads to the left of the
Pi header that divides the board
down the cen ter; the board can
be cu t th ere if you want to re­
motely loca te the power section
of the board and then run low­
voltage wiring between the two
sectio ns .

If you a re go ing to cu t the
board in two, do it before s tu ff­
ing it. as it wUl be easier. Install
the componen ts ac cord ing to
Fig. 4 , and check you r work as
you go. The pads ma rked "INY"
on the board are for a voltage
inverter (see parts list) , If used.
It that generates the proper volt­
ages for th e backli gh t on the
LCD if the LCD you use has one.
If it does have a backlight. and
you wish to use it. insta ll th e
inverter and connect the LCD's
backlight terminals to the pads
marked "BL" on the board.

Any kind of case will do for
th is project , as long as every­
thing fits inside-keep in mind .
the power su pply you will use
and be su re to leave room for it.
If you use a metal enclosure be 45
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sure to ground it to the AC safe­
ty ground as shown in Fig. 2 .
a nd also properly grou n d a ll
eight AC outlets.

As a reminder. the ligh t con­
trolle r can output about 5 amps
per channel. and any wire corn­
ma n to all eigh t outputs must
carry about 40 amps. The con­
tro llers internalAC wiring mu st
therefore be chosen acco rdingly.
Also, if your house wiri ng Is
rated 15 or 20 amps per circu it
b reaker, the AC input to the
controller should be separated
Into at least two circu its . Figure
5 shows the current version of
the PC board.

Testing
To test the light con troller,

simply adj ust R21 to the middle
of its range. and applya clean 5­
volt DC power sou rce to the err­
cui t. A message will appear on
t he LCD. Adjust R2 1 for th e
best- looking disp lay. Plug a
MIDI cable Into the MIDI IN jack
(Jl ) on the light controller. The
ot he r end shou ld be placed In
the OUTPlfr jack of a seque ncer
or the THRU jack of a syn thes izer.
Itf you're no t using a sequencer.
connect It to the OUTPUT jack of

the keyboard .I At power up. the
ligh t controller Is on MIDI chan­
ne l I. Make s ure your MIDI
equ ipmen t is se nding notes out
on chan nel l. As notes are sen t,
LEDl will light. Ind icating that
dat a Is being sen t over the MIDI.
As notes are received and exam­
tned. t he appropria te LED( s )
will light (as long as th e notes
are In the CaNT Ha l. OCTAVE of the
light controller).

If the circu it docs not work,
check the supply voltage. Make
sureXTALIlsosclllaUng . Check
for a l-mtcrosecond reset pulse
on pin 9 of ICI at power u p. If
the reset circu it docs not pro­
duce a pul se, the circu it will not
s ta r t u p. At power up. the eight
LED's shou ld ligh t and then ex­
tingulsh . If that does not hap­
pen and th e clock a nd reset
circu its are working. check the
wiring of the LED's and th e Ttl­
ac section. If nothing happens
stlll , the p roblem Is with th e ml­
crocon troller. Check the wiring
of the ADIJHESS and DATA bu s .
The circu it will fun ction with­
ou t the keyboard and LCD sec­
tions . If th e circu it seems to be
working (responding to MIDI
notes , turning on LED's) but

the keyboard and/or LCD do not
respond. check the wi ring of
IC4 and IC6. Check for RF.AO and
WR ITE ( RO and WR) signals from
ICI , pins 17 and 18 respectively.

Along with source code and
HEX data for the EPROM. sam­
ple songs are provided in the zip
file on the RE-BBS. (The sample
files are also Included with any
order from t h e sou rce men-

FIG. S-THE CURRENT VERSION of the
PC board, shown here with al! part s ln ­
stalled.

tioned In the Part s Ltst .l Three
samples a re provtded In both
- .WRK and ".MID formats that
will help you get started. The
songs were s et up u sing a
Rola nd MT-32. Cakewa lk 3. 0,
and ou r MIDI Light Con troller.
The MIDI Light Con troller and
knowl edge of you r seq uencer's
ope ration will provide you- and
you r audience-wi th a great
looking show. R·E



SOLID
STATE

RELAY
D Why buy expensive,

commercially made solid-state
relays when you can make your own
solid-state relays at a fraction of the price?

ROONEY A. KREUTER

SOLID-STATE RELAYS MAKE IT A

cinch to connect digital logic to
the nasty world of 115 volts (or
morel. These handy litt le de­
vices make it possible for a bat­
tery-operated su pply to tu m on
lOO-watt ligh t bulbs . lO-horse
power motors. a lawn sprin­
kling system . or almost any­
thing else you can Imagine.

Solid-state relays. or SSR"s.
usually c o n s is t of an op­
totsolator and a 'Tttac. which is
used as an AC switch . There are
many SSR variations such as
those using reed relays in place
of the op tot solator, and those
using SCR's instead of Trtacs .
but most consist of less than a
dozen parts.

Solid-state relays can provide
isolation from 2 to 7.5 kilovolts
and can drive tens of amps .
They're usually offered in a plas­
tic-filled cube with a heat s in k
on the bottom and screws for
atta ching the fou r wires­
nothing could be Simpler.

There are three common com­
plaints with SSR's: First Is the
cost-twenty dollars apiece Is
about average . S econd Is the
fact that they can't be repaired.
When SSR's go bad, the fix cou ld
usually be a two-dollar Triac.
butyou can 't get inside the plas­
tic po tting compou nd to repair
it . Third is the fact that most
SSRs made In large quantiti es
are usually rated at about 10
amps. Who wants to pay for a
ten-amp relay wh en all he needs

Is a two-amp relay ? Besides , the
larger the Triac , the larger the
leakage currents.

There Is hope for readers of
Radio-Electronics , however.
Using all new parts, the soltd­
state relay presented In this ar­
tide can be bullt for less than
eight do llars , An added bonus is
that It can be repaired If any­
thing goes wrong.

Operation
The basic operation of a soltd­

s ta te relay Is much like a switc h
that is controlled by an Input
voltage or current. That Is illus ­
trated in Fig, 1. Keep in mind
that this switch can only be
used for AC voltages because It
will "latch up" on DC, (A 'Irt ac
wtll tum off only when the cu r­
rent drops to zero.)

Our SSR circuit Is shown In
Fig, 2. Diode Dl provides pro­
tection In case you con nect the
In p u t backward . Resistor R l
ltmtts the input cu r ren t. If you
would like to use an SSR that
requ ires a large input voltage (to
Increase th e noise Immunity)
you can make RI a large value. If
you make RI 470 oh ms, the re·
lay will need abou t 12 volts to
tum on. Th e power rating of Ri
is a fun cti on of the maximum
input voltage. For Inputs up to
10 volts , a l-watt resistor Is
needed.

The voltage across g l :S collec­
tor-emitter junction is a lmost
cons tant (wit h a minimum in-

put of three volts ) a t 1.75 volts
(typ ical LED voltage) p lus 0 .7
volts (typ ical VUE) ' or 2.45 volts.
The voltage across Rl will there­
fore be th e Input voltage minus
ab out 2.5 volts .

The minimum Inpu t voltage
needed to tu m on the SSR Is a
fu nc tion of the minimum LED
curren t (the LED Inside ICI)
and RI. The minimum for the
MOC3010 Is 15 milliamps . That
works out to an input voltage of
about 4 volts using the compo­
nents s hown. You can reduce
the minimum voltage needed by
decreasing Rl or by us ing an op ­
tol s olator that requ ires less
LED cu r ren t. S ince the LED
need s about 1.75 volts across It
befo re it begins to emit ligh t,
operation below three volts Isn't
p ra ctical. The maximum cu r­
rent throu gh the LED is set by
resistor R2 .

When the voltage across R2
reaches about 0 .65 volts, Ql be­
gins to conduct , shu n ting cur­
rent from the LED. The res ult Is
that. although the cu rre n t
through RI rises as the input
voltage ri s e s. the c u r re n t
through the LED s tops tncreas­
Ing at abou t 15 milliamps . The
minimum LED current. there­
fore. Is not the mi nimum cu r­
ren t you ca n pass through the
LED: ra th er it Is th e minimum
LED curren t tha t w ill operate
the Triac.

Pro bably th e most mt sun­
ders tood aspect of'soltd-s tate re- 47
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gcr occu rs nca r a pea k (90 or
270 degrees), a la rge cu r ren t
will flow Into the load almost In­
s tan tly. That crea tes a lot of HFI
(rad io freque ncy Inte rference)
and also Is very hard on the fila­
ment of ord inary ligh t bulbs, In
order to p revent th at. ze ro­
cross ing SSH's accep t the trig­
ger at any time but delay tu rn­
Ing on theAC load until the next
lime the AC vo lt age. pa s ses
th rough zero volts .

Safety
Bu ild ing a n SSR requires

pu tung 110 volts on a printed
circu it board. From a n electri cal
point of view. that can be per­
fectly sa fe. However, It's proba­
bly a good idea to cover a ll
prin ted circui t ru ns on th e 110­
volt s ide of the PC board wit h
s ilicone scaler. Also. try to usc
only Isolated Trlacs (where the
case Is electrically isolated from
the Triac), and ground the hea t
s i n k to the AC sa fe ty wire
(green . or ea r th ground ).

Choos ing a Triac
There a rc th ree basic requ ire­

men ts when choos ing the out­
pu t Triac. Firs t is to make su re
that It wlll handle th e voltage
required , The min imu m for a
I i5 -\'0It AC line requi res a 200­
volt Triac. A 220-volt line re­
quires a 400-vo ll Tri a c . He­
member th a t t h ose a re t he
min imum so, for a few cen ts
more, It pays to us c the next
h ighes t voltage ra ting.

The next requ irement Is cu r­
rent .Ae -amp rnac willhan dle 6
a mps only If It Is p roper ly heat

LOAD WHITE
lAC ONLY) (NEUTRAl)

AS
"K

you can usc a transistor to pro­
vide a cu r ren t sink as shown In
Fig. 5.

Zero-voltage switching
Some of the newer SSR's pro­

vide zero-voltage or zero-cross ­
Ing switch ing. In normal ope ra-

tion the trigger s ide of the relay
is totally asynch ronous to the
AC s ide. That mean s that a trig­
ger cou ld occur during a ny part
of th e AC s ine wave. If the trig-

'0-+'"
ltlPUT

FIG. 5-1F YOUR CIRCUIT can't source
or sink much current. use a transistor as
a current sink.

o

o

T0220 PACKAGE~

MAl/I
TERMIIlAL I ~ GAT~

MAltl
TERMINAL2

FIG. 6-PARTS-PLACEMENT DIAGRAM. You must heatsink the Triac and connect the
healsink to earth ground , even ff you're using an Isolated Triac.
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FIG. 1-A SOLID-STATE RELAY Is much
like a switch that is controlled by an in­
put vo ltage or current.

FIG. 3-THE INPUT REQUIREMENT of
an SSR Is current. Here the drivi ng cir­
cuit is shown as a current eeurce .

FIG. 4-THE DRIVING CIRCUIT Is shown
here as a current sink.

FIG. 2- SSR CIRCUIT. Diode D1 protects the un it if you con nect the Input backward,
and R1 limits the input current.

lays is that the Input requi re­
men t Is rea lly cu r re n t, no t
voltage. That means that the
drtvtng circuit must be able to
supply the curren t necessary to
operate the LED in the SSR. In
the example shown , the current
Is about 15 milliamps. The cur­
rent ca n come from a cu rren t
so u rce as In Fig. 3 or a cu r ren t
s ink as in Fig. 4 . Most circuits
ca n s in k more cu r rent th an
they can sou rce. For exa mple.
TTL ca n source only one milli­
amp or so , but It ca n sink 10 to
15 mlIliamps. If you must use a
logic family that can't sou rce or
s ink much cu rren t, such as the
ou tpu t of mos t computer por ts .

48
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Construction
For a s im ple SS R. an op ­

toisolator such as th e Motorola
MOC3010 wlll be suffi cien t. For
a z e r o -c r oss ing SSR , a n
MOC3031wl1l do. Many compa­
ni es make optoisolators. Make
sure yours ha s a TI-Iac output
and that the pinouts are com­
pattblewtth your dcst gn . 'Table I
shows some typical Trtac-out­
put optotsolator specifications.

Although th e SSR can ce r­
tainlybe built without a printed
circuit board , us ing the fall pat­
tern we've provided will make
building it a Simple task, You
ca n a lso buy a pre-m ad e PC
board from the s ou rce men­
tioned In the parts list. Figure 6
shows the parts-placement d i­
agram. Th e only precaution ,
other than the on e abou t work­
Ingwith 110 volts, is to heat stnk
the Triac. If you leave th e leads
on the Triac long, It should be a
s imple matter to find some heat
sink to attach to the Triac, Just
remember to connect the heat ­
s ink to an earth ground. Even If
you 're using an Isolated Triac.
the earth ground Is still neces­
sa ry. Otherwise you should buy
your solid-s ta te relays from a re­
liab le company-don't build
them yourself. FIgure 7 shows
the author 's co m ple te d pro­
totype.

Remember that SSR's can
switch onlyan AC line. Trying to
switch a DC line wlll result In a
relay that c loses bu t n ever
opens. R-E

to the ca se. Ea rly Trlacs were
not no rmally Isola ted . T ha t
mean t that you had to use mica
washers and thermal g rease.
Thermal grease Is s till a good
Idea. but the mica washer Isn 't
required for Isolated Trtacs . If
you don't know whether or not
your Trta c Is isolated , simply
measure the resistance from
each lead to th e case. An iso­
lated Triac will measure open on
all th ree leads.

Warning: The Radio Shack
400·voll, a-amp Tri a c (part
number 276·1000) will work
well In this circu it, but It Is not
Isola ted. You mu st use a TO·220
mic a washer a n d t he r m a l
grease if you plan to usc that
device.

e
I

• -'-

TR1- Teecor Q4006L4 Triac (or
equivalent, see text)

Note: The followin g Items are
available from Q.Sat, PO Box
110, Boalsburg, PA16827:
• A printed circui t board for
two solid-state relays, can be
cut In two or lett together (part
number SSR-PCB)-$8 ,OO
postpaid
• A complete kit minus heat
sinks for two solid-state relays
(sorry, sold In multiples of two
only, part number SSR-KIT}-­
$18.00 postpaId

SSR FOIL PATTERN shown actual size.

for any Triac you ca n find in a
TO-220 package ,

Although not a s trict require­
ment. an isolat ed Trtac Is a good
safety precaution . Isolated Tt-l­
acs prov ide electr ical Isolation
from the electrical connec tions

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

Rl -100 ohms, t-watt (see text)
R2-43 ohms (see text)
R3-180 ohms
R4-2200 ohms
R5-10,OOO ohms
Capacito rs
C1---Q.Ol J,.lF, 500 volts, ceramic
Semiconductors
ICI- MotoroiaMOC3010Triac-out­

put optolsolatcr (or MOC3011 for
zero-crossingswitching, seetext)

D1- 1N4002 diode (or any t-amp,
10()..volt or greater diode)

QI- 2N3904NPN transistor

TABLE 1-TYPICAL TRIAC-OUTPUT OPTOISOLATORS

Motorol a Blocking LED Current Maximum R2 Zero Crossing AC line
Type Voltage (mA) (ohms) SWitching Voltage

MOC3009 250 30 22 No 115
MOC301 0 250 15 43 No 115
MOC3011 250 10 68 No 115
MOC3012 250 5 '30 No 115

MOC3020 400 30 22 No 220
MOC3021 400 15 43 No 220
MOC3022 400 10 68 No 220
MOC3023 400 5 130 No 220

MOC3030 250 30 22 Yes 11 5
MOC3031 250 15 43 Yes 115
MOC3032 250 10 68 Yes 115

MOC3040 400 30 22 Yes 220
MOC3041 400 15 43 Yes 220

FIG, 7-THE AUTHOR'S PROTOTYPE,
The board is shown here without a neat­
sink on the Triac, although one should
definitely be used.

staked. As a word of warn ing,
motors draw a lot more curren t
on s ta r t-up than they do during
norm al operation , somet imes
as much as ten times more .

The third requ iremen t Is the
gate cu r re n t. The Moto rola
MOC30l0 optoisolator will pro­
vid e a bou t 100 milliamps of
drive cu rre nt for the outpu t
Triac. Th at should be adequate



Add new dimensions to your next trip
to the mountains with our pocket-sized
electronic altimeter.

.l?IGITAL
LTIMETER

provides th e proper convers ion
factor be twee n the a nalog Inpu t
voltage and the desired d igital
di splay in feet.

As described earlier, the out­
pu t voltage of the amplifier sec­
tion Is se t to 2 .5 volts by R3
wh en the a ltlme tc r Is at s ea
level. That voltage Is fed to the
negative ana log In pu t of IC3
(p in 3 0 ). S ince th e alt ime ter
mu st read zero at sea level. the
positive in pu t of IC3 (pin 3 1)
must see a cons ta n t 2.5-volts .
That way the d ifferential Input
voltage between the positive
and nega tive inputs w ill be zero ,
and the display will read 000 as

to 1999 feet). th e sensors out­
pu t voltage will cha n ge on ly
about 1.4 millivolts .

A differential a mplifie r. com ­
posed of th ree sec tions of an
LM32 4N q u ad op-arnp (IC I) .
provides voltage a mplIfication
of th e sensor ou tput. The ga in
of the amplifier ca n be adjus ted
by potentiometer R3 to allow for
th e normal tolerance di fference
be tween d ifferent sensors . Th c
DC voltage level a t pi n aor tc t rs
se t to 2 .5 volt s whe n the a l­
timeter is at zero altitude (sea
level). At 1999 feet. the amplifie r
ou tpu t falls to about 2.4 volts .

The DC voltage from the dif­
fere ntial a mpnfte r IICI) drives
an ICL7 106CPL a nalog-to-dig­
Ita l (NO) converte r lIC31. Tha t
ch ip. which Is used In many
co mme rc ial DMM·s. con ver ts
the d ifferen tia l voltage from ICI
to d igital form and d rtves the
3~-dlglt liqu id crys ta l display
(DSPl). An ex ternal reference
voltage, gene ra ted by HI4-RI7 ,

Refer to the sche matic of the
altime ter circu it shown in Fig.
I. The ptezorest s tcr with in the
sensor (IC4) is co nnected be­
twee n pins 1 and 3. and Is drtv­
en by the 5 -volt power supply in
the circu it . The taps on the re­
s is to r. co n nec ted transversely
across the element. are b rough t
ou t to pins 2 a nd 4 of th e sensor.

Under normal cond it ions In
which a tmosph eri c pres sure
causes a s tress on th e piezo­
elect ric res is tor, the sensor dif­
fere n tia l ou t put voltage Is a
fin ite but very s mall va lu e­
abo u t 20 mtllivolt s . Over the
ra nge of Interest for climbers (0

to 29.92 to 27.82 Inches of mer­
cu ry. res pecnvelyl,

Ins ide the se nsor Is a mono­
lithiC silicon plezoreslstor that
Is Ion-Implanted on a thi n s tl­
Icon diaphragm. The pressure
sensor contains two chambers
sepa rate d by the s il icon d i­
a ph ragm . One of the sensor's
chambers Is exposed to a t­
mospher ic pres sure by means
of an external port. The other
chamber Is evacuated to as per­
fect a vacuu m as poss ible. a nd
sealed. That way the diaphragm
of the sensor Is u nde r constant
s tress in accordance with th e
di fference between atmosphe ric
pressure on one side. and a n es­
se ntially "perfect" vacuu m on
the ot he r. T he m e chan ica l
s tress placed on th e diaph ragm
(and the piezoelect ric resistor )
ca uses the se nsor to ge nerate
an ou tpu t voltage that Is p ropor­
tiona l to the applied pressure as
scen by the open por t of the sol­
Id-state se nsor.

The sensor
The pressure sensor was de­

veloped by Motorola Semicon­
ductor Products. Inc.. Phoe nix .
AZ. It's des ign ed to respond to
abso lu te atmospheric pressure.
wh ich Is defi ned as pressure
measu red wit h respect to a per­
fect vacu um (zero pounds per
s q ua re inch a bsolu te. or 0
PSlA). Over the altime ter's range
of Interes t. 0 to 1999 feet. the
absolute atmosphe ric pressure
va r ie s from 14 .6 9 6 PS IA to
13 .67 PSIA (which corresponds

ANTHONY J. CARISTI

IF" YO U EN.,JOY IUKING OR DRIVJ~G

th ro u gh moun ta in ous coun­
try- bu t without k nowing h ow
far above sea level you are- th is
project will be of Inte rest. Its a
si mple. easy-to-bu ild. compact
elect ron ic alti mete r that pro­
vid es alt it ude read in gs from
zero to 199 9 feet with a resolu­
tion of 1 foot. The device has a
3 \1.t-dlglt LCD readou t a nd Is
powered by a common a-vol t
battery;

The altimeters small s ize and
ligh t weigh t allows It to be easily
ca r ried whereveryou travel. The
modes t power drain of the cir­
cuit ensures ma ny hours of op­
e ra tio n o n a s i ng le 9-vo H
battery. If des ired . th e Instru­
ment ca n also be powered by the
12-\'olt electrical sys tem of any
vehicle.

The electron ic alt imeter is a
pneu mat ica lly operated device
t hat responds to a bsolu te at­
mospheric air pressure. It ope r­
a tes on th e same principle as
the aneroid alt imete rs found In
every airc raft.

Absolute atmospher ic pres­
sure Is a mathematically defina­
ble parameter that varies Inver­
se ly with altitude. At sea level
th e pressure is 14.7 pounds per
squa re Inch . and decreases as
alt itude Increases.

The heart of the altimet er is a
hi gh -q ual it y solid-s tate abso­
lu te-pressu re se nsor that Is se n­
s itive enough to detect changes
In alt itude as small as one foot.
The su r round ing circu it ry a m­
plifies the analog voltage ou tpu t
of th e sensor. and converts It to
digit al form to drive th e display.

so



~­'-1-= --

Construction
The altimeter Is buIlt us ing

two s ingle-s ided PC boards­
one analog and one digital.

The two PC boards ca n be
made us ing t he foil patterns
we've provided . or they can be
purch a s ed fr om the sou rce
mentioned In the Parts Lis t.
Potnt-to-pot n t wir ing ca n a lso
be u sed . Pa rts-pl acement d i­
agrams for the analog and dig­
ital boards a re shown In Figs . 2
and 3 . respecti vely.

You should use soc kets for the
two DIP ICs. but because of the
limited space In th e prot otypes
enclosu re. only low-pro file sock­
ets would Ilt. Do not tnstall the
IC's in th e sockets until In­
s tructed to do so. Note that the
altime ters accuracy will su ffer If
m et al-film resi stors . whe re
s pec ified. a re not u sed. Also

. .._ ....
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must be set so th at th e voltage
at pin 14 ofIC 1-d causes the d is­
p lay to Ind ica te the correc t
known alti tude a t any reference
location. Once that Is done. th e
alti mete r Is calib ra ted for t he
cu rrent barom etri c read tng-;
bu t changing wea ther co nd i­
tions ca n change the readings
s ign ificantly. You will probably
have to recaJibrate the a ltime ter
before each use. or s Imply se t it
to zero and use It to measure a
relative al titude.

Power for the alti meter comes
from a 9-volt batte ry or from a
vehicles 12-vol1 elect rical sys ­
tem. Either sou rce Is fed to an
AN78L05 fixed 5-volt regu lator
(lC2 ). The alt imeter's modest
cu rren t drain o f a bo u t 6 'h
mtllamperes allows many hours
of opera tion from a 9-volt bat­
tery. When 12 volts is used as th e
power sou rce. a resi st or and di ­
ode are used to Isolate the al­
timeter circu it fro m a ny elec­
trlcal tra nsien ts.

( FEET)

ALTITUDE
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desired. As the elevation of the
altimeter increases . the voltage
fed to p in 30 decreases while the
voltage at pin 3 1 remains con­
s tan t. As a res ult . the net di f­
ference in voltage Is detected by
IC3 and converted into an In­
creasing digital d isplay readout
of altitude.

There Is one othe r factor that
mus t be taken in to considera­
tion in a pneumati cally sensing
altimeter of th is type . Cha nging
weath er con d i ti o n s ca u se
changes In barometric pressure
from the s tandard value of 14.7
PSI (or 29 .92 Inc hes of mercu ry
at sea level). As with a ny a l­
timete r tha t reacts to absolute
a ir pre ssure. the effect of chang­
Ing barom etric p ressure must
be canceled ou t.

In th is proje ct the effec t of
barom etric pressure is canceled
ou t by m eans of HA RO SET

poten tiome ter Rll wh ich can be
adjus ted for abou t 2.4 to 2 .6
volts at Its Wiper. Therefore. Rl i



._, .. -- --- -
_I 1 1 I 1 I 1
I i I LI 1 I

03 13 ea d3 c3 saea 02 f2 82 112 C2 b2 ~ 111 II ~1 dl et bl al
O$PI 2J 11 18 19 2(1 21 2126 13 14 15 24 25 32 31 9 10 11 29130

LeDOIl2

SEGMENT
IOENTIACIiIIOII

BACK PlANE 21

~1 C8- SIGN 20
2 27 .~

HAlf DIGIT 19
J •

2J R19ICJ

'"
C1

16 ICL110liCPl
.~~24 29

15
IS + ~l
11 ce RIS

22 -1:;l Ol l MEG

12 J2

"10

bf ·~•
"13
25 "• J6
4

C5
J l 00pF
2 J6

• R13

• J8 l OOK
7

40

- s \'llUS

RIO
1071<

1
AG. 1 THE PRESSURE SENSOR (1C4) has an analog output thll Is converted 10
d igita l tonn by 1C3 and then displayed on the LCD.
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note that R20 and DI {shown on
the analog boa rd In Fig. 2 )are to
be installed only If you wish to
power th e unit from a veh icle's
12·voH sou rce.

The p ressure sensor shou ld
be handled w ith care. Its lea ds
must be bent a t r ight angles so
th at the se nsor lies Oat on the
a na log boa rd . Use two long­
nose pliers when be nd ing the
leads--one to prevent stress on
the lead wh ere It enters the plas ­
tic body and the other to bend

It . Before forming the leads . lo­
cate pin 1of the sensor ; Its tde n­
lIfied by a n otch cut Into the
lead. Then you 11be able to fonn
the lead s In the co rrect d irec­
ti on . Mou n ting h a rdware for
the sensor Is optiona l becau se
the leads wlll h old IL In place. No
pn eu ma tic con necti on to t he
sensor 's pressure por t is re­
qu ired , except calibration .

T he LCD mod ul e can a lso be
mounted in a socke t If you like:
you can make one for It by cu t-

tlng a 40-pl n DIP socket In half
le n g t h w is e. To keep th e al­
tl meter as compact as possible.
th e LCD modu le Is mounted on
the co ppe r s ide of t he digital
boa rd , after a ll of the co mpo­
nen ts a re Ins ta lled on the com­
ponent s ide. (You ca n Insta ll a
socke t for the LCD n ow. bu t
don 't in stall the LCD just ye t.I
Mounting th e LCD on the cop­
per s ide a llows the d igital board
to be mo u nted on the cover of
the enclos u re.



AG. 2-PART5-PLACEMENT DIAGRAM for the analog board. Note the components
thai are opt ional for 12-Yolt use. Also ncte Ihe fou r connections Ihat must be made to
the dlgllal board (see Fig. 3).

Final assembly
When both boards are com-

un it . Follow the w iring di ­
agrams in Figs . 4 and 5 for the
selec led power-source op tion .
Give th e project one final Visual
Inspection before co n ti n u in g
with t he checkout. Figu re 6
sh ows the au thors prototype.

Electrical checkout
Before proceeding. make s u re

th e ICs are not tn th e sockets.
You 'lI n eed an accurate DC volt­
meter with an Inpu t resistance
of at least I megohm to perform
th e checkou t.

Use a fresh 9-volt alkaline bat­
te ry o r a well-regulated DC
power s upply to power the ci r­
cu it. If th e power s u p ply has
current-limi ti ng ca pab ility. set
the limit to 10 m illia mps to pro­
tec t th e project in the even t of a
malfunction. (The normal cu r­
rent d rawn by the c irc u it Is
about 6 'h millamperes.) Se t the
s u pply for 9- or 12-volts ou tpu t.
as applicable.

First. check voltage regulator
IC2. Apply power to the circu it
a nd measure its ou tpu t voltage.
An ything between 4 .75 a n d
5 .25 volt s is good . In ca se of
trouble here. check the orien ta ­
tion of CI an d IC2. and the po­
lar ity of the power supp ly.
Measure the terminal voltage of
the battery or s upply while it Is
powe ring the circuit to be s ure
it Is delivering a t least 7 volts to
the regulator. Dtsconnect powe r
and measure the res is ta nce be­
tween th e5-voltline and grou nd
to be s u re there is no short c ir­
cu it. As a las t resort. try a new
regu la tor.

Ch e c k the a nalog c i rc u it
nex t. Insert ICI In to Its socket.
and apply power to the circu it .
Meas u re the voltage at pi n 8 of
ICI : adjust R3 for a reading of
2 .5 volts . Measure the voltage at
p in 14 of ICI wh ile ro ta ti ng po- ~

ten tlo meter Rll over Its ra nge. ""C

Make s ure th e ra nge of adjust- 18
ment Is abo ut 2 .4 to 2 .6 volts . If N
you don't see the correct volt. ::D

ages . check the wiring and com- ~
ponents assoc ia ted with IC I. m

Check the press u re sensor for il~.
correct orie ntation . Try chang- :5
Ing ICI as a last resort.

Disconnect power from t he
circu it and Insert IC3 Into Its
socket. Place the readout In tts
socke t on the so lder s ide of the 53

+5V TODIGITAl BOARD

pleted . power. ground. and the
two d iffere nti a l ou t pu t wires
from ICI·c an d ICI -d must be
con nected between th e a nalog
and digital boards. as Indi cated
tn Figs . 2 an d 3 . Use Insulated
s tra nded wtre for those con n ec­
tions an d be sure to allow su ffi ­
clent length to permit p roper
mounting tn the enclosure. In
the p rototyp e. the boards a re
placed one above th e other.

12·yolt power
If yo u want t he op tto n o f

powering the altimeter from a
vehic le 's t z -vot t s ou rce . R20
and Dl must be Ins talled on the
analog boa rd. To allow ope ra­
tion from either the 9-voH bat­
tery or 12-volt so u rce . a mini­
a turejack can be Installed in the
enclosure to allow conn ection to
the vehtcle's electri cal system
and still allow portable use . Be
sure to observe proper polar ity
when wtrtn g the a lti meter for
12·volt ope ra tio n . Youca n make
a power cable by put ting a mini
plug on one end and . most ltke­
Iy. an autom otive c tga reue light­
er plu g on the other. Just be
s u re to plug the ca ble Int o the
altimeter first. to avoid havtng a
live male con nector comple tely
exposed .

The al ti meter ca n be wired for
l2-voHpowe r exclusively. or as a
co m b in a ti o n g - and 12-volt

•
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Ob ta in a clip for the 9- \'011
battery. or salvage a connecto r
taken from an exhausted bat­
tery. Be s u re to observe proper
polartty on th e battery co n ­
nect or. Power s witch 5 1an d po­
tenttometer Rll s ho u ld b e
installed on th e s ide of th e en ­
closure. easily access ible to th e
user. If you a re dealing with lim­
Ited s pace (a small encl osure) .
use a m in iature toggle or s lide
switch for 51. Once R11 Is set.
it s best If It can not be accide n­
tally changed during the use of
the a lti meter. Therefore . RI I
s h ou ld b e a sc re wd r fver-a d­
jus ted part. (f mou n tl ng RI I Is a
problem . the resistor ca n be ep­
oxied In place next to th e power
switch . A multi tum potentiom­
ete r will make it eas ier to cali­
brate th e unit.

A number ofJu mper wires. la­
belled JUI-JU20. are req utred
on th e compone nt side of the
digital board to com plete the err­
cu lt . You must so lder a Jumper
wire b e tween eac h pair o f
pad~Ul to J Ul. JU 2 to J U2.
and so on. Use #24 or #26 Insu­
la ted s tran ded wire . Examine
both boards ca refu lly for bad
so lder JOints. s hor ts . and Im­
properly installed co m po nents
be fore con tin ui ng.
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FIG.~ARTS-PLACEMEHT DIAGRAM l or th e d igita l board . Nol e thai the LCD mod­
ule mou nts on the solder side of the board after all other co mponents are ins talled and
the boa rd is tested (see lext for details). Also note the twen ty pair s of pads labelled
JU1-JU20. You mu st solder a Jumpe r wire between each pair of pads; for example, JUl
10 JU1, JU 2 10 JU2 . a nd so on .

by IC3 a t pin I of th e readout . A
normal ind icatio n a t p in l is a 5­
volt peak-to-peak squ are wave
with a pe riod of abou t 140 m i­
croseconds .

If the readout d isplays digits
but the numbers do not asce nd
and descend with adjustm en t of
Hit. the fault is most likely wit h
the co mpon en ts or wir ing of
IC3 . Ch eck all parts to be su re
they have the correc t va lue. Thc
reference network composed of
IH4-RI7 ca n be ch ecked by re­
moving IC3 from Its socket an d
measuring the voltage between
p in s 35 a n d 36 of th e socket
while a dj u s ti ng R I5 over It s
ra nge. Nonnal ind ica tion is 15
to 3 5 mill ivolt s with pin 36
post uve wit h respect to pi n 35.

Ope r ati o n o f IC3 can b e
ch ecked by removing ICI fro m
It s s ocke t a n d te m por a rily
s horti ng pi ns 8 a nd 14 of ICI

AG. &-HERE'S THE AUTHOR'S PROTOTYPE. Notice the four wires th at connect the
analog and digita l boards together.

socke t. Tha t ca uses t he d if­
ferentia l in pu t voltage fed to th e
N D ch ip to be zero . an d the dis ­
play sh ou ld read 000 ,

Once the display Is operanng
p roperly. op eration o f the a l­
timet er can be verified befo re
final ca libra tion . Se t RI5 to m id
posit ion a n d adj ust RI I for a

mately - 1000 and + 1000.
lf the di splay is com ple tely

blank . chec k the oricn ta tion of
the LCD modu le and IC3 to be
s u re tha t they have n ot be en
placed backwards In th e ci rcu it.
If available. an oscilloscope ca n
be used to verify the presen ce of
the back plane s igna l genera ted

dig ital b oard In a ccorda n ce
wit h Figs . 3 and 7. !f you d idn't
u se a socket for the display. po ­
s iti on It so th at lis term in als a re
!lush with the com ponen t s ide
of the board a nd solde r.

WlIh the LCU in s talled . se t
R l5 to m id posit io n . a p p ly
power. a nd adjus t HI I over Its
range. The d isplay s hou ld ind i­
ca te some n u mber that ca n be
varied via Ril between approxt-

Ie,
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FIG. 4-WIRE THE ALTIMETE R as
s how n here for 12-voll power ex ­
elu sively .

FIG. 5-THE ALTIMETER 15 SHOWN
wired lor both 9- and 12·vo lt opera llon.
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PARTS LIST

display of abou t 20 or 30 feet.
Physically move the alt ime ter

h igh er and lower to observe th e
cha nge in a lt it u de read ing .
Hold the project horizon tally or
ver tically as you make th is test;
a change from one orientation
to the othe r can cause the read­
ou t to vary 3 or 4 feet. due to
gravita tio nal force on th e ex­
tremely se ns itive solid -s tate
pressu re se nsor.

You shou ld be able to detect
and resolve 1 or 2 feet of vert lea l
displ acement. It is normal for
the d isplay to fluct uat e 1 or 2
digits . Add itionally. it should be
noted that the a ltimeter is a
press ure-sens itive devtce a nd
will respond to any va riati on in
baromet r ic p ressure. In wh ich a
change in pressu re of on ly0 .001
inch of mercury at sea level will

All res istors are Y4-watt, 5%. un­
less otherwise noted.

R1 , R4-R9-100.000 ohms. 1%
metal film

R2-2210 ohms. 1% metal fi lm
R3-SOOO ohms. cermet PC-mount

potentiometer
R10, R12- 107,OOO ohms, 1%met­

al fil m
R11- 10,OOO ohms, PC-mount po-

tentiometer, screwdriver adjust
R13-100,OOO ohms
R14, R17-249,OOO, 1% metal film
R15-2000 ohms, cermet PC-

mount potentiometer
Rl6-1500 ohms, 1% metal film
Rl8-1 megohm
Rl9-47,OOO ohms
A2D-330 ohms (optional for 12­

voltoperation)
capacitors
C1-10 Iol-F, 25 volts. axial elec­

trolytic
C2-0.1 Iol-F. 50 YOIts, ceramic disc
C3-10 Iol- F. 2S volts, radial elec­

trolytic
C4, C7-o.47 !iF. 50 volts, metal

film
C5-100pF. 50 volts, ceramic disc
C6-0.01!iF. 50volts. ceramicdisc
C8-0.22 JL F, 50 volts, melal film
Semiconductors
IC1-LM324Nquad op-amp
IC2-AN76L05 s-vou regulator
IC3-ICl7106CPl AiD converter

(Intersit)
IC4-MPX2101AP se miconductor

...,,.

PINl

FIG. 7-THE l CO MODULE has a mark­
Ing similar to lh at on an IC, Indicating
where pin 1 Is. Note tnat the module
mounls on Ihe solder side of the dlgllal
board, so be careful where pin 1 goes.

cause a cha nge of I foot In the
allitude reading.

Even though th e resoluuon of
the inst rument is I foot. the al­
timeter will not have eithe r th e
accuracy or s tab ility to ind icate
altll ude th at accurately.

pressure sensor. 15 PSIabsolute
(Motorola)

o l- 1N4004silicondiode (optional
for ta-con operation)

oSP1-3~igit LCD module (OJ­
giKey LCDOO2)

Other components
J1-Miniature jack (optional for 12­

volt operation-also requ ires
matching plug)

51-SPOTminature slide or toggle
switch

B1- 9-volt transistor battery, al­
kaline or heavy duty

MIscellaneous: s-vott battery clip,
rc sockets, # 24 gauge stranded
hookup wire, enclosure, hard­
ware, plastic tubing, lee filting ,
clamp, soda or wine bailie, food
coloring, solder, etc.

Note: The following parts are
available from A. Carls tl. 69
Wh ite Pond Road, Waldwick.
NJ 07463:
• Set 01 2 etched and drilled
PC boards (analog and dig­
Ital)--$19.95
• LM324Nop-amp(IC1}-S2.00
• AN76L05 regulator (IC2)­
$1.50
• ICL7106CPL AID converter
(IC3)-S17.50
• MPX2101AP pressure sensor
(IC4f-S39.50
• Set of 13 meta l·ll im re­
s lstors-$4.95

Please add $2.75 postage/han­
dling.

Final calibration
To per form the final circ u it

adjustment. you will need a tape
measure. th ree lengths of '1..­
Inch outside diameter clear
plas tic tubing. a tee for a th ree­
way co nnecti on . a nd a cl ea r
plastic or glass bott le of clean
d rin king water. A soda or wine
bo tt le Is a good choice. Be su re
that the In ne r diameter of the
plastic tu bing allows It to be
st retched over the p ressure por t
of the se nsor for a n air-tight
seal. The sugges ted test setu p Is
shown in Fig. 8 .

In th is procedure, the abso­
lu te pressure that represen ts
1900 feet of altitude will be s im­
ulated by drawing a partial vac­
uum to cause a column of water
to r is e in the s t raight. clear
tu be. This procedure uses bas ic
laws of phys ics to se t a desired
pressu re d ifferen tial.

As noted ea rlier. absolute a ir
pressure. under s ta ndard con­
d itions. is 14 .696 PS I at zero al­
titude (sea level). At 1900 feet,
th e pressure falls to 13 .716 PS I.
The pressure levels can also be
spec ified In other uni ts suc h as
Inch es of mercury or inches of
wat er. In th is case. the des ired
p ress ure d ifferen ti al between
zero altitude and 1900 feet . 0.98
PSI. is e q utvale m to 2 7 . 13
Inch es of water. rounded out to
27 VK Inches . Thus , to simulate
the change in pressure from
zero to 1900 feet. a colu mn of
wate r 27 '11:1 inc hes h igh can be
used .

Sct u p the altimeter and ap­
para tu s as shown In Fig. 8 . In
th is tes t, the water In the ver­
tical tube Is drawn up to the re­
qutred heigh t of 27%1Inches by
drawi ng a vacu u m at the open
end of the tub tng.

With no vacuum applied to
the open end of the plas tic tube
a nd the pres su re se nsor co n­
nected as shown In Fig. 8. tum
on the alt imeter a nd allow a
mtnu te for t he circ u it to sta­
bilize. Adjust R11 for a n altitude
read ing of some small posit ive
n u mber. suc h as 50 feet or so.
The number selected is not s rg­
n tflcan t.

Now. gen tly d raw vacu u m at
th e ope n end of the tubing so
that the colu mn of water rises
271ft! Inches above the level of 55



FIG.8-CALIBAATION SETUP. You will need 8 tape measu re, c lear p lastic tubing, a l ee
co nnector, and a clear bottle with water in It. Food col oring wlll make th e water easier
to see . See text for details.

water in t he bot tle . You ca n
cla mp the hose to maintai n the
requ ired va cu u m. Ma ke s u re
you have a solid colum n ofwater
with no air bubbles In it. Allow
the display to reach a stable level
and note the read ing . Adjust

s uch as a n airport whe re th e al­
titude is documented . setting
the altimeter to reflect the cor­
rect altitude. and then return­
Ing home Immediately. The
reading of the altimeter at your
home w ill then be you r refer­
ence altitude. For bes t accuracy,
do th is du rin g a period of steady
b a ro m etr ic p res sure co ndi ­
tions .

For future usc, be fore leav ing
hom e with the alti me ter, s imply
turn it on and allow a mi nute or
so for the display to stab ilize.
The n set Rl i so that the read ing
Is equal to the reference al titude
at your h om e.

Once set , do not readjust Rll
since you will have no reference
against wh ich to adjust it. At a
la ter ti me, if you travel to an­
other location wit h a known al­
titude , Rll ca n be readjus ted to
reflect a m ore accurate al titude
If the barometric readin g h as
changed s ince the origin al set­
ttng of Rl l .

Whe n taking an altitu de read­
Ing, tum the unit on an d allow
abou t a minu te for th e ci rcu it to
stabilize. Reme mber. If there Is
a s udden change in ai r press u re
s u ch as might oc cu r with a
changtng wea ther. the reading

Using the altimeter
Si nce the alti meter is s ubject

to the variatio ns of barom etri c
read ings. the Instru ment must
always be corrected for the cur­
rent barometric pressure before
starttng out on an excu rs ion .

'"CONNECTOR

I
27 'f~

" OS£
CUM'

_ - - - - - - 2'II IHCHES- - - - - - -+

FOIL PATTERNfo r th e analog boa rd. FOIL PATTERN for the digital board .

R15 so tha t the d isplay tndt - You do not h ave to know the ac- ca n fluc tu a te , Wait for the dis-
ca tes 1900 fee t more than the tual barometric reading to do play to settle down .
origina l readi n g (50 fee t) set this. Simply tu m the unit on , Be s u re to tu rn off your ba t-
previously allow a m inu te for the circu it to te ry-powered a lti me te r when

Repeat th e above test as n ee- s tab ilize, and sct Rt I to obtain a n ot taking al utude readi n gs .
essary u n t il you are satisfie d display tha t rep res ents t he That will co nserve powe r a n d
tha t t he ch a n ge in a ltimete r known exis ting altitude a t you r provtde ex tre mely long battery
reading is as close to 1900 feet loca tion. life. wh ich shou ld be abou t 10
as poss ible whe n the water col- Learn ing the true altitu de of or 15 hours of altimeter operat-
umn is drawn up 27'/8 inches . you r home ca n be done by ta k- Ing Ume wh en us ing a n alkali n e
Thi s completes ca lib ra tion . Ing the altimeter to a loca tion battery. R-E56



BUILD THIS
MICROPROCESSOR
DEVELOPMENT
SYSTEM

Construction details for
our inexpensive 1802

microprocessor development system.

AG . 7-MAIN CHASSIS ASSEMBLY. The terminal block on the left deli vers power to
breadboard cneuns. Note that P3 consi sts of separate wire-wrap pin s tha t protrude
through a ste t in the case. 57

s ide of the chass is thro ugh a
grom met : the s -wtre telepho ne
Jack for the keypad/display unit
fits In a slot on th e ot her s ide.

Main board
Mount all parts on the ma in

PC board. as shown In Fig. 8.
Resistors RI 3--R24 must be VB·
watt units in orde r to mount on
O.3~ ce nters. All o the r resistors
mount on O.4 ~ ce n ters. Sockets
s hould be u sed in a ll Ie pos i­
tions . a nd are required for IC20
(t he E PROM burner s lot) a n d
IC22 (t he EPROM that con ta ins
the operating sys tem]. You ca n
buy a pre-program med EPHOM
(see th e orde ring tn forma uon In
the parts lis t for de ta ils) or bum
your own using the hex dump
s hown In Listing I.

T he opera ti ng sys tem re ­
qui res the first output po rt . IC2.
The othe r outpu t ports can be
Insta lled during assembly. or as
the need a rises. In addi lion. you
can eliminate IC3--ICI3 If you
don't n eed parallel Inputs. The
author reco m men ds th a t you
Insta ll a tleast two ou tpu t port s
{IC2 and IC3 1 a n d two In p ut
pari s (Ie S and le 9 ).

You must Ins tall the opera t­
in g-s yste m E PHOM a t IC22
{ODOOhl. a nd 8K of H.AMa t lCI9
fEOOOh l. You n eedn 't Insta ll
compone n ts at IC20 and IC21
unles s you need a dditiona l
mem ory.

P3

The ma in chass is measures
8~ x 4 .6" x 1.5~ . As s hown In
FI I4. 7 . 5 1 ( rese t) a n d 5 2
IEPHOM power) mount on to p of
the ch assis . as does a fou r-con­
n ec t o r termina l block t hat
brings several voltage sou rc es
out of the chassis for use by ex­
perim ental c ircu its (developed
on the breadboard ). In add it ion.
there Is space for two ea-row
solde r less breadboa rds . a n d
two 63·row power buses . fur­
ther. the rear edge of the case Is
slotted to allow the pins of P3 to
protrude.

T he power su pply ente rs onc

- ....... .. .............. ........ ........ ..................... .. .....- ... _ .
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EPROM

LAST TIME WE DISCUSSED TIl~; C IR·

cu ttry for our 1802 developm en t
system and described h ow the
softwa re fu nct io ns . This ti m e
we 'll talk a bout co nstruction
and operation.

Construction
The complete unit u ses three

PC b oards . corresponding to
t he sectio n s o f t he ci rcuit
( ma i n . keypad /di splay.
EPROM ). Foil patterns are pro­
vid ed If you want to make you r
own boards : boards and kits are
also ava ilable commerc ially (see
th e parts lis t).

POWER
TERMINAl.. S1

BLOCK RESET



58 COMPONENT SIDE OF THE KEYPAD/OISPLAY BOARD.

EPROM board assembly
Asse mble th e EPROM board

as s hown In Fig. 14. Mou n t a
s ix-pin fem ale con nec tor (J l) on
th e solde r s ide of th e board: It
wlll mat e with P4 on th e main
board , and serves to hold the
EP ROM board In place. The
completed EP ROM board Is
s how n In Fig , 15 . Wh en
mounted properly, the EPROM
board rides about 1,7-above the
E PROl\.1 tha t Is being pro ­
gra mmed (see Fig. 16 ). In front
of th is con nector are two solde r
pad s u s ed t o co n n e c t t he
EP ROM programmi ng voltage.
Con nect the grou nd si de (gnd)
only If th e programming voltage
doesn't h ave a common ground
with the main board .

In case you wan t to install
RAM In IC2 0 , remove t h e
EPROM circuit : otberwtse every

•

side of the boa rd, as shown in
Fig . 12 : secure the cord with a
nylon wire wra p. The other en d
of th e cord has a modu la r plug
that fits in to J I on the main
board . The color codes in phone
cords and connec tors seem to
vary, so we haven 't provided spe­
c ific de ta ils . It does n 't mailer
which color you use for wh ich
signa l: Jus t m ake s u re that
you 're cons is tent at both ends
of the cable. Figure tS s hows the
c o m p le t e d keypad /di splay
board.

Keypad/display assembly
Assemble the keypad/d isplay

un it as shown In Fig . II . Mount
t he IC's w ithou t sockets , as
there Is not enough clea ra nce to
use the m. However, mount each
dis play u s ing half a socke t un­
der the rear row of pins only.
Doi ng so angles the d is p lay
abo ut 20 degrees for be tte r vlew­
Ing. The pull-down res istors for
th e key s witches m u s t b e 1.4­
wall uni ts to fit the 0 .3-l nc h
mou nting ce nters.

The six-conductor telephone
cord connects di rectly to the foil
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FIG. 8-MAIN PC BOARD. Nole that R1~24 mu st be~watt units to Iii In the available
space. Socke ts are req uired fo r IC20 and IC22, and opllonal but recomme nded
elsewhere.

•

The bus con nec tor {P31 con­
sists o f 12 8 individual wi re­
wrap p ins , each measu r ing
0. 075", The best way to Install
them is to In sert them through
t h e board a n d In to a fema le
h ea der to hold them perpen­
dicu lar wh ile soldering. Figure
9 detail s the function of each
pin .

C o n nect o n e w i r e f r om
grou nd to th e reset switch , a nd
another to th e pad marked reset
on the ma in board . Figure 10
shows the c o m p le t ed ma i n
board.
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72 A9 72 B8 72 A8 PO A7 05 88 73 98 52 F8 00 B8
F8 80 A8 9A FA OF 32 10 FF 01 18 30 16 08 BA 72
B8 PO A8 05 F8 00 B9 A9 04 01 80 04 01 06 FF FO
04 01 OC 8A 52 FE 33 4A F8 04 A7 89 FE A9 99 7E
B9 27 87 3A 3U 89 Fl A9 30 28 8A F6 33 5C F6 33
56 F6 33 AO 30 24 04 00 A3 04 01 80 09 73 04 01
06 FF F2 04 01 OC 60 SA FE 33 S8 F8 FF B8 F8 F7
A8 02 FE FE FE FE 52 8A Fl 52 08 28 58 18 02 22
SA 04 02 09 9~ 58 3D 5£ BA F6 33 94 F6 33 9A F6
33 ge 30 24 02 59 09 F3 3A 59 19 3B 29 30 59 FF
F8 02 Bl F8 en Al F8 FF BB FB FA A8 E8 49 73 49
73 09 73 £9 F8 01 73 FB 79 73 F8 22 73 30 24 FF
42 70 22 78 22 52 30 08 52 F8 FF BO F8 F9 AO FO
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98 73 8C 73 9C 73 SO 73 90 73 S£ 73 9E 73 BF 73
9F 73 FB 03 B3 F8 29 A3 03 80 AF 90 BF OF FA OF
AA 87 30 3B 04 01 oe SA F£ 33 59 gO BF 80 AF SA
87 32 49 2F 2F 2A 8A 30 41 OF A9 2F OF B9 IF 04
01 80 04 01 06 FF F2 30 34 8A F6 33 98 F6 33 98
F6 33 66 CO 00 09 D4 01 De 8A FE 33 89 F8 04 A7
89 FE A9 99 7E 89 27 87 3A 70 8A 52 89 Fl A9 04
01 80 04 01 06 Ff f2 30 66 8A F6 38 93 89 5F 2F
99 SF I F 97 AA 30 3B Ff FB 03 Bl F8 9F Al 01 FB
IF A7 20 27 87 3A A2 40 SF 40 AF 40 BE 40 AE 40
80 40 AD 40 Be 40 AC 40 BS 40 AS 40 BA 40 AA 40
89 40 A9 40 S8 40 A8 40 B7 40 A7 40 86 40 A6 40
85 40 A5 40 84 40 A4 40 83 40 A3 40 82 40 A2 40
7A C£ C4 78 40 F6 22 22 co 02 co FF FF FF 46 BB
46 AS 16 £6 F5 A7 26 98 75 16 16 87 17 FR 00 80

AD AC EB 97 3A 09 87 32 13 8C F4 Ae C7 10 C4 27
18 30 03 ec A9 eo B9 04 01 eo F8 FF BE F8 FO AE
90 F6 F6 F6 F6 BA 04 02 09 9A 5£ I E 90 BA 04 02
09 9A 5E 04 01 06 FF PO 05 46 BB 46 AS 16 £6 F5
A9 26 98 75 B9 19 16 16 46 BC 46 AC 99 3A 52 S9
32 6A OB 5e 04 01 so 04 01 06 FF FO EC 08 F3 3~

66 18 lC 29 30 4C 9C B9 8C A9 04 01 80 04 0 1 0 6
FF FO 05 46 B7 46 A1 27 17 27 a7 C4 C4 3A 77 97
27 17 27 C4 C4 3A 77 D5 04 04 39 04 88 04 AO FF
00 04 0 1 oe co 02 24 FF 04 03 EE 00 00 00 00 30
09 7B Fe 40 B7 57 Fa 80 B7 07 7~ F8 co B7 57 34
Al F8 FE B2 A2 12 E2 69 22 6A 22 68 22 6C 22 6D
22 6E 22 78 7A 6F 67 66 65 64 63 62 61 22 3D B7
F8 00 88 F8 91 A8 E3 78 62 01 62 00 61 55 0 8 E2
3E 0 6 FS 00 88 FS 91 ~8 E3 62 00 62 0 1 E2 DB 69
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0420
0430
OUO
04 50
0460
0470
0480
0490
04AO
04S0
O<CO
0400
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UST1NG 1-4iEX DUMPOFOPERATING SYSTEM (llOOO--OO'F)

0200
02 10
0220
0230
0240
0250
0260
0270
0280
0290
0"'0
02BO
02CO
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02EO
02 FO

03 00
0310
0320
0330
0340
0350
0360
0370
03 80
0390
03 1>.0
03BO
03CO
0300
03£0
"'0

0000 71 00 FB 00 83 FB 09 A3 03 FB FE 82 FB FF AZ £2
00 10 Fa 00 84 FB 60 A4 Fa 00 85 FB 70 AS Fa 00 88 FB
00 20 91 AS 34 JA 83 62 00 62 01 E2 DB 69 FB FF 3A 3D
0030 D8 08 69 FA FO CZ 02 24 30 52 co 04 Al FB 00 52
00 40 62 22 Fa 06 A7 FB 00 52 78 61 06 22 27 81 3A 45
00 50 30 22 FF FF FF FF FF FF FF FF FF FF co EO 00 03
0060 82 96 73 86 73 93 86 83 A6 46 83 46 AJ 30 SF 03
0070 96 B3 86 A3 82 12 72 A6 FO 86 30 6F FF FF FF FF
0060 21 70 13 19 40 89 81 3D 01 00 05 Cl A3 51 83 87
0090 03 78 7A 78 7A 78 7A 78 7A 78 7A 78 7A 78 7A 78
OOAD 7A 30 90 99 86 89 A6 05 FF 0 4 00 CE 46 88 46 AS
00 80 46 89 46 A9 46 A7 46 32 C3 E9 08 28 13 27 81 3A
0000 BA 30 CA 46 59 19 27 87 1A C3 04 00 EE 05 87 73
0000 91 52 60 60 60 02 A7 22 02 87 22 22 22 89 73 99
OOEO 73 SA 73 9A 73 88 73 98 13 87 73 97 73 05 60 42
OOFO 87 42 A7 42 8 8 42 AS 42 SA 4 2 AA 42 89 4 2 A9 60

010 0 60 60 87 73 97 73 22 42 8 7 02 A7 0 5 87 73 97 73
0110 88 1 3 98 73 F8 00 B8 F8 9 1 A8 F8 02 87 ~1 27 97
0120 3~ 1£ F8 00 5~ 62 22 F8 01 52 62 22 08 69 tB FF
0130 3A 22 08 69 FB FF 3A 22 08 69 FB FF FA OF 3A 22
0140 F8 10 87 27 97 3A 43 F8 00 AA F8 00 52 62 22 F8
0150 01 52 62 22 08 69 F8 FF 3A 78 F8 08 AA 08 69 FB
0160 FF 3A 78 08 69 PB PF PA OF 32 47 F9 SO AA 60 72
0170 BS 72 A8 72 87 PO A7 05 f6 33 6£ lA 30 78 FF FF
0180 88 13 98 52 F8 FF B8 F8 FO A8 F8 05 58 18 F8 OF
0190 58 18 99 F6 F6 F6 F6 BA 04 02 09 9A 5B 18 99 SA
DIAD 04 02 09 9A 58 18 89 F6 F6 F6 F6 BA 04 02 09 9A
01BO 58 18 89 BA 0 4 02 09 9A FF 0 1 58 18 09 F6 F6 F6
01CO F6 BA 04 02 09 9A 5S IS 09 BA 04 0 2 09 9A 58 09
0100 BA 72 BS FO AS 05 87 73 88 73 98 73 89 73 99 73
OLEO £6 72 B9 72 A9 £2 FS 00 S8 F8 91 A8 F8 00 52 62
01FO 22 F8 06 ~7 £9 78 61 08 27 87 3A FS £2 60 72 B9



COMPONENT SIDE OF THE MAIN PC BOARD.

PARTS LIST- KEYPAD/DISPLAY
BOARD

All resistors are Yo-watt , 5%, unless
otherw ise noted
Al - R2Q-51,OOO ohms. 11I-walt
A21-A68-330 ohms
A69-100,OOO ohms
semiconductors
IC1-IC&-74HCl 64 8-bit shit! register
fC7- 74HCOO quad 2-input NANDgale
IC8-fC1G-4021 8-bit shill register
Other components
DS1- DS3-dual 7·segment LED dis­
play, OS, common anode
Sl-S20---SPST, normally open , push­
button, PC mount

PARTS LIST-MAIN BOARD

When the display shows ' 'A-,..
the monitor is In th e Address
Se lect mod e, Any time th e oper­
a ting sys tem Is In co n t rol.
p ressi ng F4 returns you to Ad­
dres s Select mode.

To en ter a new address , just
press th e correspond ing keys.
The digits you en ter scroll from
right to left ; If you make a mis­
ta ke. s imply en te r new digits
un lll you see cor rect ad dress
d isplayed.

After en ter ing th e des ired ad­
d ress . you ha ve three choices .
w it h c o r res po n d i n g k eys :

AUresistors are V.-watt. 5%. unless
otherwise noted
Rl . R3-RB, sn, R12- 1000 ohms
R2-1S0,OOO ohms
R9-30.000 ohms
R1D-22 megohms
R13-R24-Sl,OOO ohms, 111 walt
Capac it ors
Cl -1 Il F, 35 volts, tantalum
C2, C3-20 pF.ceramic
C4-10 ....F. 25 volts, tantalum
C5, C6-0.1 ....F. mini ceramic
semico nductors
ICl - 74HC238 3·t0-8 line decod er
IC2- ICl3--74HC373 octal 0 latch
IC14- 74HC138 3-to-8 line decoder
ICl5-74HC373 octal 0 latch
IC1&-74HC86 quad 2-input XOA gate
IC17-74HC299 8-bil shit! register
ICl8-1802 microprocessor
ICl 9--6264 stancRAM
IC2O-see text
IC21-see text
IC22- 2764 EPROM (with operating
system)
IC23--4556 euar t-or-a decoder
Other com ponents
XTAll - 2.010 MHzCl)'stal
Pl-P4-wire-wrap pins, 0.025" square
x 0.75"
.n-ce-conccctor telephone jack

•
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th e boa rds In their p roper chas­
s is locations .

0.0000 00.00.0

o.lo . !o ooooo tl'
•

Operation
Boot u p normally: the d isplay

s ho uld read '1\-0000." The "A"
Indicates Add res s Selec t mod e:
the zeros Indicate th e curren t
address.

Actually. the mo n llor p ro­
gra m has fou r modes : Address
Selec t. Memory Mon itor. Ru n.
and Debug.

.0 0•• t...::..:!.-0-
0000 • •• • "-=.0 0

•

~~~~~~~~~-,-=-_--.:.::l:..:.:.::o.J ' 0 • 0 • 0 •• : ..

O.O OO O.OO O . O .~

-
~~~\) { .
~ T··· ··..···
~~-

access to that location will Inc ur
a 50 -ms delay.

After assembling each boa rd .
check all work. and correct any
m istakes . Then ap ply power,
and hold down the 0 key. If all is
well, all segments and decim al
poin ts of the d isplay s h ou ld
light up. If th ey do not. remove
power and check all co n nec­
tions again .

Electron ic cons t ruction is
complete: now you can mount

I ~

•

•
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PARTS LIST-EPROM BOARD

All resis to rs are y..wa tt, 5%, unless
otherwise noted
R1. R4-22 m&gOtms
R2--47.000 ohms
R3-tOO,OOO ohms
Capacitors
C1-{).001 J1F, Mylar
C2-tOO pF, ceramic
C3-0.00t J1F, Mylar
C4-0.02 ",F, 5%, Mylar
CS-O.t J1F. ceramic
semiconductors
ICl - 74HC02 quad 2·input NOR gate
IC2-555 timer
Dt-1N4t48 diode
01, 0 2-2N4t24 NPN lransislor
Miscellaneous: Chassis & hardware,
power supply. telephone cor d & con­
nectors, tarminal block. togg le sWllch .
push button swilctl, soIderless bread­
boarding coonectors. PC bea rds.
Note: The following items are avail­
able from Dage Scientific, 61248 al(1.
win SI., Valley Springs. CA 95252
(209) m -2076:
• Kit Including everything but power
supply (Model MC-2)-S195
• Surplus power supply ( + 12, +5,
- 5)-511
• Operating syste m in EPROM- 510
• Set of 3 PC boards and manual­
$35
Please add 55 shipping & handling
per order. Call1omis res idents add
applicable sales tax.

Mon itor (Fl) . Run (F'2). and De­
bug !F3).

Monitor mode allows you to
exami ne a n d m odi fy mem o ry
co ntc n t s o n a b yte -b y-byt e
bas is. Hun mode lets th e CPU
exec u te th e program at the cur­
ren t address . Debug mode In­
se rts a b rea k po i n t a t t h e
cu rren t address .

Th en ter Monitor mode, type
th e desired ad dress a nd p ress
Fl. That address and Its con ­
tents will appea r. For example.
OOOO.FF Indic ate s a h ex ­
adec imal value of FF a t address
OOOOh .

In this m od e. the function
keys take on new mcan tngs. F I
stores the cu rren tly d is played
value Into t he cur re n tly di s ­
played address a nd moves on to
th e n ext address . F2 d isplays
th e n ext address. 1"3 d isplays
th e previous address.

Th change the cu r ren tly di s ­
played value. use th e h ex keys to
roll new di~lts In to pos itions 5
and 6 . If you make a mistake.
s im ply enter new dl~lts until

•

•

I ~

SOLDER SIDE OF THE MAIN PC BOARD.

th e correct value appears. Mem­
ory con ten ts wlll not be altered
u n til you p ress Fl. When you do
p res s F 'l , t he cu r re n tly d is­
playcd value will be s tored at the
displayed address . and the next
address will be dt splayed. If the
val ue can n ot b e s tored into
memory. th e addres s cou n ter
will n ot Increment. fit 's poss ible
to program values onc byte at a
time into an EPROM ust ng th at
procedure. but there's a better

•
•••• ••••• • • ••••••••••••••••••••••••••••• • ••

•

way. as discussed bel ow.) And
remember: Press F4 at any time
to rc turn to Add ress Selec t
mode .

Afte r s tor ing a prog ra m In
memory. yOli ca n exec u te It
using the Run command. S ta r t­
In~ from Address Select mode.
en te r th e desired s ta r t tng ad ­
d re s s a n d pr es s F2 . T he
m onitor p rogram th en trans­
fers con trol to your program. If
you r program hangs . press the .,
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FIG.9-PLUG P3 CONNECTIONS. The 128 p ins of P3 con sist 01one group of 8 pln s(for
serlBI IIO, EF flags, a clock, and Interrupt) and 12 groups 0110 pins each. Tho se 12
groups break down Into six Input ports and six output port s, each with pinout s as
shown.

FIG.1O-THE COMPLETED MAIN BOARD.Sockets should be used In ail iC posllJons,
and are required for IC20 (the EPROM bum er slot) and IC22 (the EPROM that contains
the operating system).

•
FIG. 11- KEYPADiDI$PLAY PC BOARD. Mount all part s as shown here. II you use our
case, don 't use IC sockets except under lhe rear row 01display pins.

FIG. 12-PHONE CABLE connectlons.
Solder the wires directly to the foil side
01 the board.

reset switch to rega in monitor
con tro l.

In case your program doesn 't
work the first time. you can use
Debug mode to t rack down
prob lem s . Use Address Select
mode to select a likely address
for troubles hooti ng a nd press
F3. You 'll re tu rn to Address Se­
lect mode. NO\\' en ter th e desir­
ed s ta rting add ress and press
F2. Later. when th e CPUhits the
breakpoint address. It will s ta rt
executi ng a special debug pro­
gra m that alIows you to view the
CPU's In ternal registers. and to
ver ify that what you Intended to
happen Is Indeed happening.

You ca n set on ly one break
po int a t a time: you ca n no t
breakpoint addresses In ROM.
Wh en your program reaches the
break poin t, It will halt and d is­
play the cu r ren t address. You
are now In th e Debu g mode.

In Debug mode, the display
ap pea rs the same as In Monitor
mode, However, as you press the
hex keys the display will show
the Int ernal regis ter number (In
pos ition s 1-41and the value In



FIG.16-THE EPROMBOARD mounts on the main board and rides about YJ" above the
EPROM Ihat Is being prog rammed. 63

Memo Contents
Start address hi
Start address 10
End address hi
End address 10
Destinationaddress hi
Destination address 10

Address
FFOO
FF04
FFOS
FFOG
FF07
FFOB

EPROM programming
Wit h t he EPROM p rogra m­

m ing board con nected to J 4 an d
the proper programming volt­
age ava ilab le, n ip the EPROM
switch to on . an d you are ready
to p r ogr am th e EPROM
mounted a t IC20 . All that is reo
qu tred to program a location Is
to "wr i te" to It. As men tioned
earlier. you can do this byte at a
ti me using the Mon itor mode.
However. due to the er ror-pro ne
na ture of th a t procedure . the
au thor recom mends a more au­
tomated procedure.

Th e preferred method Is toen­
ter you r program In RAM and
the n tra nsfer it to EPROM with
the operati ng system's built-in
"move" utility. wh ich in fact will
move a block of data anywhere
In memory, not jus t to EPROM.
S ta rt the u til ity by runn in g at
0488. Doing so t ransfers th e
move utility Itself to RAM start­
ingat FFOO, Now en ter the s ta rt.
end. and destination addresses
as s h own In Table l.

Double-check you r values to
ensu re tha t t hey a re cor rec t.
an d then run at FFOO. The dis­
pl ay will s h ow the rema in ing
numbe r of bytes to be trans­
fer red . It will b e chan g in g
rapidly. but will a t lea s t give
some Idea abou t how th ings are
progressing. In case da ta can­
not be transferred correctly. th e
program w1ll terminate and the
display will s how th e add ress
th at didn't ch ange.

That abou t wraps th ings up.
Actua lly. n ow that the h ard­
wa res built. the real fun Is ju s t
abou t to begin . R·E

TABlE1--MOYE lIT1l1TY ADDRESSES

po int. the debug program w1ll
restore the th ree bytes and im­
mediate ly Jump Into Debu g
mode. As usual. you ca n modify
registers . con ti n ue execution .
or re t urn t o Add re ss Selec t
mode.

th at regist er Itn position s 5-6).
The debug program uses regi­

sters 0 and I. which h ave bee n
reserved for OMAand Interrupt.
Pressing hex key 0 displays the
contents of th e D register In po­
s itions 1 & 2. the X register in
positton 3 . and the P register in
posltton 4. Pressing hex key 1
d isplays g In positton 2 (se t = 1.
reset = 0 1and OF in posttton 4 .

While In debug mode. regi ster
con tents ca n be altered by first
selecting a reg ts ter pair a n d
ihen pressing fu nctton key F3.
Change th e value by rolling n ew
digits In from righ t to left . When
the cor rec t value appears. press
FI ; ot herwise press F3 to back
out withou t changing the cu r­
rent register. Registers D. X , P,
Q. a nd DF ca n also be modified
by selecti ng hex keys 0 and I as
described above. 1b exit debug
mode an d conttnue execution.
press F2 . Of cou rse you ca n
press F4 to return to Address
Select mode.

Th e deb ug b reakpoint alters
program memory by replacing
three b}1CS a t the selected ad­
dress. When the user program
reaches the breakpo int address.
the de bug program tak es over
and restores th e origi nal three
bytes to the proper locations .
However. If th e u ser program
never reaches th e b reakpoin t,
those th ree bytes will never be
restored . In that case you mu s t
res tore t hem e ith er by con­
tinu ing exec u tio n at the break­
poin t. or by ree n tering the bytes
manually using Monitor mode.
If you co n ti n u e at th e break-

~.- ~.- -.' '.'. -- -- .- -
'.'~.'~.'~.-- _. .. .. -
'.''.''.' '.'. .. _. " -

FIG. 1S-THE COMPLETED EPROM
board. A elx-pln female connector (J1)
on the solder side mates with P4 on the
main board.

FIG. 13-COMPLETED KEYPADfDlSplay
board. Mount each display using half a
seeker under 100 rear rowof pinsonly, lo
prov ide be tte r viewing.

• ~- Ot02C3 •

I~:~qc'.f'?k&ff'~.zr~~nt' , . , 1J,.j., ~~.
• PI V.. •
A G. 14-EPROM PC BOARD. Mount all
parts except J1 on the component side
of the board; mount J1 on the 1011 side.



Hold ing the batt ery wit h the
contacts nearest to the to p ,
positive is on the righ t. You can
remove th e ba tt ery from t he
ca rdboa rd mount tfyou'd like to
work with a s maller overa ll
package.

The one problem with usi ng
the batteries is that Its ha rd to
make reliabl e elect rical con tact
with the battery's posit ive and
negau ve tennlnals. Its Virtually
Impossible-as well as unsafe­
to solder to the tenn lnals. Tha t's
whe re ou r handy battery Jig
comes In. It allows you to use a
Polapulse battery for whatever
the need may be, a nd pop in a
new one when it's dead.

The j lg is fas h ioned from two
pie ce s o f p erfo rat ed c o n­
s t ruc tlo n board , four s crews
and space rs . and some contact
spn ngs from a sa cr lficed AA-cell
holder, 1\\'0 of the springs make
electrical contac t with the bat­
tery, and a th ird spr ing helps to
hold the batte ry In place, Mmt­
hook leads are so ldered to th e
co n tac t s p r ings , a nd s mall
nylon sc rews hold th e spr ings to
the fixtu re.

•

FIG. 2-THE BATTERY J IG uses two
p i eces o f perf o rat ed censr rucuen
bo ard, screws , space rs, and spri ngs
!rom an AA·ce ll ho lder. Nylon screws
ho ld the con tact springs to th e fixtu re.

You ca n , of cou rse, use al ­
Itgator clips or other con necto rs
th ai be tter su it you r needs. And
you may wish 10 modi fy the me­
cha n ical co nstruction as well.
In any case , do try to get the
most Use poss ib le from t hese
batteries before they are thrown
away. R.E

FIG. 1- THE BATTERY JIG lets you recy­
cle " o ld" Pol apu lse batteries.

MARC SPIWAK

Us ing the Polapuls e .
To get at the battery; all you

have to do is crac k ope n the
plastic film holder- after the
film Is fin ished . of cou rse. Just
be care fu l of the met al tea r­
spri ngs s harp edges . You'tt flnd
the bat tery itse lf mou nted on a
piece of ca rd boa rd wit h Its two
con tac ts exposed on one s ide.

Mos t people, howe ver, wou ld
h a ve no u s e w h a ts oe ve r fo r
th ese used but s ti ll per fectly
goo d batt er ies . The batter ies .
wh ich can be accessed on ly by
brea king ope n the fil m holder,
don 't fit in to any s ta nda rd ba t­
tery holder. Bu t reade rs of th is
magaztn e s hou ld ce r ta in ly bc
able to lind hundred s of uses for
these "recycled " 6-volt cells .

Stop throwing away those used Polaroid
batteries-use them in your electronic

experiments instead!

nm YOU ~:VEI~ NOT1C~: 1I0 W I 'OI ..AI ~ .

o ld ca me ras never need but ­
te r les ? Tha t 's because eve ry
pack of film you buy con ta ins a
brand-new Polaroid Polapulse
battery to power t he ca mera's
molor and flash. Some people
rrught cons ider that a modern
convenience : Every change of
film also repla ces t he bat tery
Th e worrv of dead batteri es Is
over, once and for all-or Is It?
While these fla t 6-"011 cells re r­
ta tnlymake tns tan t-p tct u re tak­
Ing as conve n ient as poss ible.
they ca n be harsh on ou r en­
"Ironment . or at least our land­
fil ls . Th add insul t to Injury. th e
Pol a p u ts e ba ttery t hat yo u
throw out with your old film
pack Is st ili in" pretty g ood
shape.
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The Insta n taneo u s b in ary­
coded decimal (BCD)outputs of
each counter a re then latched
Into memory. and also fed to the
di splay vta t he decoder/dr iver
ICi;. That s tea dies the reading
of the display to gt vc a total
p u lse co u nt. wh ich co r re­
sponds to the In pu t signal fre­
quency. A few moments later.
the seque nce repea ts nself wtth
th e coun ters resetting and th en
counting the inpu t frequency
pulses for one second . a nd so
on.

"UNITS'
DECADE

CDUNTER

A BC 0

"TENS'
DECADE

COUNTER

A BC D

"HUNDREDS'
DECADE

COUNTER

ABC 0

RAY M. MARSTON

Learn all about 7·segment display
decoder/drivers in our continuing

coverage of optoelectronic Ie's.

'/VOR,{I 1'1 G'IVrri-I
lED

DISPl;.\Y
DRI\/ERS

When the umebase gate s ig­
nal goes h igh. a reset pulse Is
fed to all cou n ters . se tt ing th em
to zero . S imultaneously, th e In­
pu t ga te Is tu rned on, a nd th e
counters s tar t to su m th e Input
signal pulses . The cou n t con­
tinues for one second whIle the
4-b lt la tches preven t the cou n­
ter output fro m reachi ng t he
d isplay d rivers . As a result . the
di splay rema in s stable d u ri ng
that in terval. At th e end of the
period a br ief I.ATCI I-fo; NA U Lf·;

pulse Is fed to all lat ch es .

FIG. l-SIMPLE DIGITAL freq uency-meter circuit.

Display latching
In the las t article we tn tro­

duccd 7-segmen t displays a nd
s imple BCD-to-7-segment de­
cod er/d r ive r IC's that can be
used to activa te those d isplays .
Figure 1shows how th ree sets of
those le i; can he used with a
tr io of decade cou n ters to make
a s imple d ig ital -readout "fre­
quency" meter. In the figure, the
a mpli fied ex te rna l freq ue ncy
s ignal Is fed to the Input of the
se ries-con nected cou n ters with
one pin of a z-mput AND gate.
The other Inpu t Is der ived from
a trmc base genera tor.

When the ttm cbasc Inpu t s tg­
nai ls low. the AN I> gate Is off. and
there is no Inpu t to th e cou n­
ters . When th e t1meb ase ga te
s ignal switche s high . a brief
RESt'::T pu lse is fed to all th ree
co u n ters . sett in g them all to
zero. S imultaneously. the Input
ga te turns on a nd remains on
for one se cond, Du r ing that
time t he Inp u t -fre q u ency
pulses a re su mmed by th e cou n­
ters , At th e end of the one-sec­
ond period. the ga te tu rn s off as
the t tm ebase gate s ignal goes
low agai n . That end s the cou n t
a nd enab les the di splay mod­
u les so that they give a steady
reading of th e to ta l pulse cou n t,
a nd there fore the frequ ency.
The whole process repeats itse lf
again one second later when the
t1 mcbase ga le s ignal goes high .

The s imple sys tem illus trated
has one major drawback : The
d ispl ay blurs during the coun t­
tng pertod . becoming stable and
readable on ly whe n each cou n t
is complete a nd the Input ga te Is
off. Figure 2 shows a circu it for
frequency met ers des igned to
ove rcome di splay b lu r r ing . In
the circu it, a 4-b U data la tch Is
wired betw een t he output of
each cou n ter and the In pu t of
its de coder/driver IC.

I N OUR L A S T I N S T ALL M E NT WE

looked closely a t theory and
practi cal a pplica ti ons of the
LM3 9 14-ser ies of LED b ar­
graph dr tver IC's and concluded
with 7 -segme n t di splay sys ­
tem s. In this article. wel l exa m­
Ine 7-segme nt d isplay d riv ing
techniqu es In deta il . con ­
cent rat ing on decoder/d river de­
vices and circu itry.
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mSPlAY
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sw itch wh ich provides the mul­
rt p text ng. These s witch cle­
men ts re-presen t a fast-acti ng
electronic switch capable of cyc­
ling the contacts through posi ­
tio ns J. 2 . an d 3 fast enough for
Iltcker-Iree multipl exing.

Th e opera t ing sequ ence of the
circu it sh own in Fig. 3 will be
d iscu ssed here . Assu me In i­
tially th a t th e con tacts of 5 1-a
an d S l- b a rc In pos iti on I so
th at 5 1-a selec ts segmen t da ta
of d is play modu le I (1''"1-lI. a nd
S I-b activates di s play module I
wit h Ql. Mod u le I will then
show an illuminated number
M3 ." Moments later th e switc h
contacts m ove to posit ion 2 . se­
lec ting segme n t da ta 2 f2, ,)
and illuminating module 2 with
Q2 . Module 2 will th en be il ­
lu m in a ted to show the number
"2 ." Momen ts afte r that. the
switch con tac ts move to posi­
ti o n 3, cau s tng modu le 3 to
s ho w t h e nu mber " 7. " Thus
only one d igit is ever on at a ny
one ti me.

In practica l di splays . th e se ­
quence is repeated fast eno ugh
so that vou do not see th e dis­
play segmen ts bei ng turned on
a nd off. Your eyes persistence of
vis ion makes It look as if the
t h ree di git s a re all lit up to­
get her. The m ult iplexing fre­
quency mus t be abo u t I kHz.

Figure 4 shows a more rea l­
ts uc a rra n gement fo r m u lt i­
p lexf n g a a-dign frequen cy
meter. The multiplexer (MUXl is
located between the out put s of
the three BCD da ta la tches and
th e In pu t of a d isplay-d riving
BCD-to-7 -segme n t decoder!

TIMEBASE
GENERATOR
WAVEfORMS

lATCH
EII ABlE

(U)

sr-e

EU ClRQIIICS

RE SET

--l I- ' SEC

nnr, " ,, " ', II ,

lE : : : :

i !i :i
RESET-t--4--H-

, '. ,. '. ', 10 ', " ', " ', " '
~ I ~ I :Lu.u,

nated bys ignals on the segmen t
wires u nless th e dis play is en­
abled by tying Its com mon ter­
mi n al to g ro u n d . In Fig . 3 .
en abling is ac h ieved by ac ttvat­
Ing switching trans is tors Q I.
Q2 . an d Q3 with suitable exter­
n a l signals . However. t his
scheme ca lls for an add itio nal
conn ecti ng wire for each display
module.

Figu re 3 also s hows how three
di fferen t sets of segmen t da ta
ca n be selected wit h swllc h S t­
a. and each of th e th ree display
modules ca n b e selec ted wit h
switch S lob and Qt . Q2 . Dr Q3 .
5 1-a a n d S I-b a rc ga nged to­
ge ther to fonn a two-pole rot a ry

FIG. 3-MULTIPLEXING METHOD for a 3-digil common-cathode LED display.

"tJtIITS­
DECADE
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A 8 C 0

· TENS­
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COUNTER
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DECADE

COUtlTER

A 8 C 0

Multiplexing
You ca n sec in Figs . I a nd 2

t hat at leas t 2 1 con n ec tio ns
mus t be made between th e IC
ctrcun ry and th e 7-se~men t di s ­
plays of a 3-d lglt read out. 51m­
lIa rly. a t leas t 70 con n ect tons
mus t be made for a lO-dlgit di s ­
play. T he n umber of IC-to-d is­
play con nections can be s ignifi­
ca n tly red uced with a tech n ique
k nown as m untptcxtng. figu res
3 a nd 4 illustrate mulnplextng.

Figure 3 s hows bow each di git
of a 3- d lg lt co m mo n-cat hode
LED d is play Is Ind iVidually ac ti­
vated with only 10 external con­
necti ons . In the d is play circu it ­
ry. a ll "a " segmen ts a re CD n ­
ncc ted toge the r, as a re all ot he r
se ts of segmen ts ("b" to "g" l.
Thus only seven ex tern al "a" to
"goo con nectio ns are made to th e
d ispl a y. regard le s s of t h e
numbcr of'dtgtts used. However.
no z-segment display Is Illuml-

Th e circuit In Fig. 2 genera tes
a s table dis play that is updated
once per second. In "actu al cir­
cuits . th e cou n t periods shown
In fi gs . I and 2 ca n be se t a t any
decade multiple or s ub mu lti ple
of one second. provided the di s­
play is suitably sca led . Many
commercial decoder/driver Ie's
a re available with built-in 4-blt
data la tches .

FIG. 2-IMPROVED DIGITAL l requ ency-mete r c ir cui t.
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two u nwan ted traili ng zeros are
automa tically suppressed .

In pra ctical c irc u its. a u to­
matic blanking of lead in g or
trailing zeros ca n be performed
with a ripp le-b lanking tech­
n iqu e. as s hown In Figs . 7 a nd
8. Each decoder/driver IC (with
a BCD inpu t and 7-s cgment
outpu t) Is p rovided wit h a
RlI 'P I.E ·nLANKING INI'Ur (lUll ) a nd
scr ipple-blan klng outpu t Iano l
pi ns .

Assuming: those p ins are ac­
tive-high. if the UBI terminal is
held low tlogtc Oj.the 7-segment
outpu ts of the IC are enabled.
bu t the UBO terminal is disabled
(held tow), If the RBI termi nal Is
bi ased high (logic I). the 7-seg­
men t ou tputs become disabled
in th e pres ence of a BCD ooסס

Inpu t. and the R H O out pu t goes
high u nder th e same cond it ion.
Th e IUtO terminal. therefore. Is
norm ally low and goes hi gh on ly
If a BCD 0000 Input Is presen t
at Ihe sa me ti me t he Im l

term in al is h igh.
r tgu rc 7 s hows thc r ip ple­

bla nking technique for leading­
ze ro suppressi on In a 4-d lgl t
display with a readtng of 207.
The RBI input of the thousands
or mos t sigm ficant d igit (MSDI
decod er/driver is tied h igh. so
the readou t is automatica lly
blanked in the presence of a
zero wh en the Rna term inal Is
high . Consequen tly. the Hili pin
of the hu ndreds IC Is h lp;h . the
readou t shows 2 . and thc nne
term in al Is low. The Im l in pu t of
the tens unit is low. so th e read­
out s h ows 0 a nd its IUlO output
Is low. The units readout s hows
the leas t sign ifica nt dlP;lt (LSD).
wh ich does n ot re qu ire zc ro
suppre ssion . Its RBI pi n Is
g ro u nded a n d t he rea d out
s hows 7. The di spl ay therefore
gives a total readin g of 207.

In the lead ing-zero suppres­
s ion circu it. Flg.7. the r ipple­
blanking feed back Is a p plied
backwa rds from th e MSD to the
LSD. Figure 8 s hows 11m\' tra il­
tug-zero suppression Is accom­
plt s hed by revers tng the di rec­
tio n of feedback fro m the LSD to
the MSD. Therefore. when an
Input of I.t volts is fed 10 that
circ uit . the LSD Is blanked . be­
cause Its BCD input Is OOOOand
Its HBI input is high. Th e Rna
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actua l rcad ma of 0027 If It is
used 10 measure a cou n t of 27.
S im ila rly. If the 3 1.h-d l~1t circuit
of Fig. 6 measu res 0 .1 volt , it
will displ ay 0. 100 volt unless the

FIG. 6-3·1f2·DIGIT VOLTMETER based
on an LSI chip.

FIG. 5- 4-DIGIT COUNTER CIRCUIT
based on an LSI ch ip.
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Ripple blanking
Un less t h ere Is a u to ma tic

s u pp ress io n of t he two un ­
wanted lead ing zeros. the 4 -d l~­

it circu it in Fig. 5 will give an

FIG. 4-PRACTlCAl MULTIPLEXING of a 3-diglllrequency meIer.

d r iver IC. The sche me s h own
has two major adva n tages : Only
one decoder/driver Ie Is needed
(rega rd less of the number of
readout digltsl. and Its multi­
plexer Includes only five ganged
3-way sequencin g s witches .
One of those switches Is for con­
trol data . and four a re for BCD­
segment data . That arrange­
ment saves th ree ga nged 3-way
switch es , as compa red with the
eight need ed in Fig . 3 .

Com merc ia l large-sca le In te­
grated (LSI) Ie 's now ava ila ble
can perform all of the countt ng.
la tch in g. mult iplexin g . decod­
ing. timing. and d isplay-drivin g
fu nctions In Fig . 4 . A device of
this co m p lex ity Is typically
pa ckaged In a dual-In-line pack ­
a ge (DIP) wf th only 20 p ins.
Those pins provtde for a ll neces ­
sary connectio ns to the power
supply.d isplay modules . and In­
puts. Therefore. a complete 4­
di gi t cou nt er can be built with a
dedicated IC In a ci rcu it s uch as
that shown in FI~. 5 . Another
example ofan LSII C In a display
circuit is the 3 lh -d iglt dtuttal
voltmeter (D VM ) ch ip s hown In
Fig. 6 .



~ral r tpple-blanktng fact ltt tes .
b u t do not include dat a la tches .
Figure 10 s hows the pino ut
com mo n to those dev ices. each
of whi ch 'is hou sed In a 16-p ln
DIP.

DECOOEfl/
DRMR.-

RBI RBD

DfCOO£RI
DRM".-

RBI RBD

DfCOO£ RI
DRMR.-

RBI RBO

BCD ltIPUTS FROMDECADE COUIiT£RS,

DfCOO£RI
DRM R.-

RBI RBO

FIG. 7-RIPPlE-BlAN KING lor leading-zero suppression in a 4-digit counter.
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b "

..! TEST
c ~' ,"BO 7-SEGME NT

-' "BI d 12 OUTPUTS

BCO {..2 0
11•

lNPUTSt2. A ,"
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FIG.1~INOUT lor BCD-tOo7-segmen t
decoder/d rivers IC's 7447A. 74LS47,
7448, and 74lS48.

The 7447N74LS47 has an ac­
uve-low outp ut d esigned for
driVing a com mon-anode LED
wit h ex terna l cu r ren t-lt mt ttng
res istors (Hxl. as s hown In Fig.
11. The 7448174LS48 hasan ac­
uvc-h tgh ou tpu t that drives a
com mon-ca t hod e LED In a
man ner s im ila r to tha t of the
circu it in Fig. II . bu t with the
common terminal of th e d is play
co n n ec ted to g ro u n d . In a ll
cases. the Hx cu rren t-ltmtu ng
res istors s h ou ld be chosen to
lim it t h e individual segmen t
cu rren ts below the followtng ab­
solu te limits :

7447A • 40 rnA
74L$47 • 24 rnA

7448 and 74LS48 '" 6 rnA
Figu re 12 s h o ws how a

7448/74LS48 ca n drive a liquid­
crys ta l display (LCDI. u s ing a
pai r or 7486 or 74LS86 quad 2­
Inpu t XOH gat e IC'S . An ex ternal
50-Hz sq uare wave applies the
necessary phase sign als to the
di splay.

As s hown In Fig. 10. each or
the 7447174481C'S has three In­
put con trol pln s :I.AMP Tfc:ST. BV
reno. and Hill . The U,MPTEST pin
d rives a ll d isplay segmen ts on
whe n the pi n goes 10 logic-low
wit h the uno pin on or at logic­
h l~ll. When the lllilm o p in Is .
pu lled lo w. a ll o utputs a re
b lanked . The IlI IHB O pin a lso
functions as a mI'I'I.E·BLAN KING
OUTPUT p in. Ftgu rc 13 s hows
h ow to con n ec t t h e RIPI'Ll'>
U1.ANKING pins 10 gtve lead ing-

DECODE R!
ORlV£R,,-

RBO RBI

HUNDREOS

DECOOER!
DR IVER,,-

RBO RBI

FIG. 9-ACTIVE-HIGH rIpple-blanking
log ic.

TTL an d CMOS devices . Some
or those dev ices h ave Integ ral
ripple-blankin g capab ility. and
o t he rs h a ve b u ilt -In d a ta
la tches . A few or those devices
h ave built-in d ecade-counter
s tages . Let 'S look a t some or the
most popular of those dev ices .

The 744 7A and 7448 7-se~­

mcnt decoder/driver le 's are In
the s tanda rd TTL family. They
are a lso available in a low-power
Schott ky (LSI Iorm designated
as 74LS47 an d 74LS48 . respcc­
uvely All or th ose IC'S have tnte-

BCD r:
I NPUT 1 ~

"Blo-----'
ABO

TO BLANKING
INPUT TERMltJAl Of

DECODER/URIVER

TENS

DECODER!
DRIVER,,-

RBO RBI

BCOIIl PUTS fRO MDECADECOUNTERS

DEC IMAL
POINT

o
UlIlTS

<""'>

DECODER.!
DRIVER,,-

RBD RBI

'SEE TW

Decoder/driver rc 's
Many decoder/d river IC'S a rc

available com mercially as both

FIG. 8--RIPPlE·BLANKING lor tra iling-zero suppression of the last two digits of a
3-1.'2.(1lg11 DVM readout .

term in al Is high under that con­
dillon. so the hundredth's d igit
Is a lso blan ked In the presence
or a 0000 BCD Input.

Most decoder/d river IC'S have
HII'I' I.E·ULANK IN(; INPUT and
HlI'l'l.l'>UI.ANKING OUTPUT pin s .
Usu a lly these pi n s a re ac u vc­
low. lf a dec odcr/drtver IC doc'S
no t Includ e In tegra l r tp p le­
blanking logic. It can usually be
ob ta ined by add tnqexternallog­
tc c lrcull ry s im ilar t o t h at
s hown in FI~ . 9. The HUO pin Is
co n nected to th e IlI.ANKING INI'lIT
pin of the decodcrzdr tver Ie. Fig­
u re 9 shows an ac uvc -ht gh cir­
cu it In whi ch thc ou tpu t or thc
a- In pu t NOH gate goes h igh only
with a 0000 BCD Inpu t. The
1<110 ou tput goes h igh only tf the
0.0 input Is p resen t when ntu Is
biased high.
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Earn Your B.S. Degree
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FIG. 11- DRIVING a 7-segment common-anode LED display with a 7447A-lype de­
coder/driver.
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By Studying at Home
Grantham College of Engineering,

now in ou r -t2nJ year, is highly ex­
pcricnccd in "distance educatio n' i-,
leaching by co rrespond ence- through
printed materials. computer ma ter ials.
fax, and phone .

No com muting to class. Study at
yo ur own pace, while continuing on
your present job. Learn from easy-to­
understand but complete and thorough
lesson ma terials, with additional help
from ou r instructors .

Ou r Com puter B.S. Degree Pro­
gra m includes co ur ses in BASI C,
PASCAL and C languages - as well as
Assemb ly language, MS DOS. CADD,
Robot ics, and much more.

Ou r Electro nics B.S. Degree Pro­
gra m includes cou rses in Solid-Sta te
Circuit Analysis and Design , Control
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in the process.
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ca pable of handling out pu t cu r­
rents up to 25 mAoIt ca n d rive
mos t popular z-segmem di s ­
plays . Figure 14 Is a function al
diag ram of the IC. The 45 118
will ope rate fro m a ny 5- to 18­
volt power supply.

The 45 11B has th ree Inpu t-
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FlG. 13-SUPPRESSION OF FIRST THRE E digits 01a 4-digi t d isplay with 7447A.type
decoder,'drivers .

FIG. 12- DRIVING a 7-segment LCD with a 7448·type decoder drivers.

zero suppression on the first
three d ig its of a 4·dlgil display.

The 45118 is a acn.ro-z.seg­
men t decoderzdrtver Ie with an
in teg ral 4-bit da ta la tch . bu t it
la c ks bu il t-in r ipple-b la n k ing .
That CMOS device features NPN
bipolar tra ns istor ou tput stages



FIG. 15-DRIVING a 7·segment, common-eathode LED display module with a 45118.
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AG. 17-DRIV1NG a 7-segment LCD with a 45438 .

ItlPUT

contr o l pln s:LAMP TEST (LT)•
UI...AfI:KING(uLl , an d LATCli ENABLE!
STROBE (u-:Js). T he LAMP TEST
and UL\NKING Inpu ts are acttve­
low, and t he LATCH ENABLEI
STROBE input Is ac tive-h igh. In
n or m al operation . LAMP TF.ST
an d Il LANKING a re made h igh
and I..ATCIi ENAIll.E!STROIl F. Is h eld
low;

W h e n t he I.ATCII ENA B I. ~; 1

STHOBE pin Is low. BCD i nput
signals are decoded and fed d i­
rectly t o the 'z-segm ent ou tp ut
pins. I f LATCll ENABLE/STRom;
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FIG. 16-DRIVING a ecmmc n-anoce
LED lamp or segment wit h a 45118.

CIRCLE 185 ON FREE INFORMATION CARD

LI.... II homt inIpIrt ~me.
/ No~"ptfIenc:e IIHded!

xe costl y sc hool. So com m uting to claSs.
The Orig inal Hom e-S tudy course prepares
yo u fo r t he " FCC Co m mercia l Radio­
tele phone Licwse.-nl, va lu able li cense I,
your professional -ucaer- totbousand$ of

~_ excitiog jobs in Co mmu nications. Radio-
TV. Micr(N,,~'e. Ma ri t ime. Rad a r. Avionics

:... and more.. .e...en s tart yo ur own bU!>in~!

~ You don' t need a co llege degree to qualify.
_ but you do need an FCC Lteense,
~ No Ne ed 10 Quit Your Job or Go To Sch ool

.~ Th is prove n co urse is easy. f ast and low
ti cost! GUARANTEED PASS - Yo u get your
.S! FCC License o r money ref und ed. Send lo r
W FRE E la c ta now. MAll COUPO N TODAYl

6 r- --- - - - - - -- - -- -~ - - - - --,-g I commdnD PRODUCTiOn S I
a: I FCCLICENSE TRAI NING. Dept. 90 I

t P.O. Box 2824. San Francisco. CA 94126 :
: Please f\I sh F RE E det.ililmmedillelyl I

I N.....e I
I AOOA£S5 I

70 I CITY 51.0.'( __~_~ •
~ J



71

EDS

FIG. Z!- PINOUT of the 40268 decade
co unter with 7·segment outputs .

is b iased h igh a nd the Ill.ANKING
pin is tied low. The sta le of the
PHASE pin depends on the di s­
play th a t Is being dr iven. For
driving LCD d is plays . a squ are
wave (app rox im a te ly 5 0 H z.
s w ing ing fu lly between the
grou n d a nd V~.•.l mus t be a p­
plied to th e I'IlASt: pin . The
PIIA SE p in mus t be grou nded for
driving commo n -ca thode LEOs
a nd i t must be ti ed to logic-high
for driving any com mo n-anod e
d isplays .

The di splay ca n be blanked at
any time sim ply by drivin g the
BLANKlr\G pin to th e logic-high
s tate. When the I.ATCII I>ISAIJLE

pin Is In Its normal high st ate.
BCD inputs are decoded a nd fed

-v
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FIG. 22-CASCAD ING TWO 40268 decade counters.

FIG. 2o-DRIVING A l luo rescent lu be or
d isplay seg ment a 4S4JB.

-= ' SEE TEXT

FIG. 19-DRlVING A gas-d ischarge l ube
or di splay seg ment wi th 8 45438 .

segmen t di spl ays .
The 45438 has three Input

con trol pins : LATCH ntSAIIl.E h.nl.
I'l tASt-: . a nd ULANKING (1lI .~ In n or­
mal u se. th e LATCH IllSABI.t-: pin

COMMON
CATHODE

SEGMENT
DROVE

DII1PII1

..
v

"
"".

FIG. 1S-DRIVING A common-ca thode
LED lamp or di splay segment with a
45438 .

goes h igh. the BCD Input s Ig­
nals present at the mom en t of
transition a re la tched into
memory and fed (in decoded
fonn) to th e 7-segment outpu ts .
while LATC II ENAUL£/STROIJ£

remains high. If the LAMP TEST

input Is gro u nded . a ll ou tp ut
segments a re activa te d . re­
gardless of the BCD Inputs . If
th e BLANKING Input Is grounded
(while LAMP n:ST Is posit ive). a ll
output segmen ts arc blanked .

Figu re 15 s h ows the bas ic
connec tio ns for driving a com­
mon-cathod e LED. A cu rrent­
lim iting res istor lRxl must be
wired In series with each d is­
play segmen t. and It must have
a value chosen to hold the seg­
ment cu rren t below 25 mAoNote
that the segment outputs of the
451l B a re n ot In ternally cur­
ren t-limited . Therefore. the de ­
vice h a s n o output-overload
protection.

Figure 16 s hows how to modi­
fy the ci rcu it In Fig. 15 to d rive
an LED com mon -anode display.
In the exa mple shown In Fig. 16.
an NPN buffer transistor must
be used bet ween each ou tp u t­
drive segment an d the Inpu t
segment of the di splay. Resistor
Rx se ts the operating segment
curren t of the display in th ose
examples . and Ry sets the base
current of the transistor.

The 45 11B can also dr ive 7­
segment ltqut d -crys ta l d isplays
(LCDI with an external square­
wave " HASt-: s ignal and a set of
XOH gates s im ilar to those of Fig.
12 . In practica l c irc uits. h ow­
ever. It Is be tter to u se a 45 43B
IC for tha t s pecific application.

The 4543 B Is a 7-segm ent
CMOS d ecoder/d r iver wit h a n
Integral 4-blt data la tch . It was
designed for driving LCDs . but
It ca n also drive most other 7-
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FIG. 23-PINOUT lor the 40338 decade
counter with 7-809m ent outputs and rip­
ple blanking.

d irectly to the 7-scgment output
pins of the Ie. When the UTCIt

U1SABLE p in Is p u lled lo w. t he
BCD In put signals presen t at
the mom ent of t ransi tion are
lat ch ed into memory and fed (In
decoded for m ! to th e r -segment
outputs while LATCH DISPLAY

rema ins low.
Figure 17 sho ws a met hod for

u sin g th e 45438 to drive an
LCD. and Figs. 18-20 show how
tha t circu it ca n be mod ified to
drive other r -segmcnt d isplays . FIG. 24-CASCAOINGTWO 40338 decade count ers without zero suppression.
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The value of Rx in Fig. 18 mus t
be chosen to limit the ou tput
drtve cu rrent to below 10 rnA per
segment (Individual LED la mp ).
If h igher d r ive currents are
needed. use a bu ffer transis tor
be tween t h e output o f t he
4543B and the In put of the d is ­
play segmen t.

Figure 2 1 shows thc pinout of
the 4026B. a comple te decade
cou n ter wit h Int egral decoder/
d river circu itry. It can d rive a 7­
segme n t common-cathode LED
di splay d irectly. The segmen t
output cu r rents a re interna lly
lim ited to about 5 rnA with a 10­
volt supply or 10 rnA with a 15­
vol t supply. Therefore. the d is ­
play can be connected d irectly to
the output of the IC without ex­
te rna l c u rre nt-li miting re­
s istors. The 40 26B d oes not
incl ude a data la tch and is no t
capable of ripple blanking.

As sho wn in the Fig. 21. the
4026B has fou r inpu t con tro l
pins and th ree aux ilia ry ou tpu t
p ins . The input pins arc desig­
nated : C LOCK (C l.K). C I.OC K INIUB ­
IT { cl i o HES E T (HEsln ). a n d
DIS PI.AY/ E NABl. E (DtE). The IC has
a Sch mitt trigger on Its C LOC K
(eLK I Inpu t line. a nd clock s ig-

continued on page 93



AUDIO UPDATE
Let's Phase the Music: More comments on

papers from the 91st AES convention
LARRY KLEIN

A coustic phase. and its au­
dibility. has been a subject
of co ntroversy ever since

-lermann von Helmholtz addressed
the subject in the late 1800's. Yet.
feaptte all we've learn ed about
- reannq since Helmholtz. and the
current availability of sophisticated
newresearch tools. the controversy
anqers on. The argument is not. as
one might think. simply an abstract.
if sometimes he ated. debate
among philosoph ica l psycho­
acousticians. It has real-world con­
sequences for thewayaudio signals
should be recorded an audio equip­
ment should be designed.

I've been aware ever since I built
my first W illiamson amplifier in the
early 1950's that signal phase shift
was a significant audio parameter­
at least in power amplifiers. In its
early incarnations. the Wi lliamson
suffered fro m marginal instabili ty
because the 20-dB negative feed·
bac k loop so metimes shi fte d
posi tive at the frequency extremes .
That frequently resulted in pulsing
woofe rs at one end of the spect rum
and RF osc illation at the other. But
aside from such obvious instability
disturbances. I've never felt that lin­
ear phase shift po se d a severe
threat to fidelity.

In the early 1980·s. many speaker
manu facturers dec ided that th e
conventional two or three drivers in­
stalled on the single vertical front
panel of a sys tem resulted in acocs­
tic phase shifts caused by the dif­
ferent path lengths to the listener's
ears of the woo fer and tweeter sig­
nals. That was usually " solved" by
stepping a cabinet's front panel so
that the woofer was several inches
forward of the twee ter. Aside from
gen erat ing new opportunit ies for
advertising copy writers (and some
exp ensive pet-bellied speake rs).
the arrangement's audible advan­
tages were elusive-at least to my
ears. And. in any case. it seems to
me that on a purely theoretical basis
such " time alignment" would only

ho ld w hen a lis ten er's ears we re
also aligned exactly on axis with the
acoustic center of the two (or more)
drivers.

l ance saw/he ard a speaker­
phase demonstration using a two­
way sys tem wi th a movable tweeter.
A square W<Ne was fed to the sys­
tem and the speaker's o ut put

INTERCHANNEL SPEA KER
PHASE

Most of us lirst encountered
'phase" as an audio phenomenon
whenwe were told to make surethat
the right and left speakers of our
stereo system were connected in
proper polarity. That meant that
whenpresentedwith, say,a positive
audio pulse from both amplifier
channels, the cones of bo th
woofe rs would move simulta­
neously in the samedirection. If the
speakerswerewired incorrectly, the
cones would move in opposite di­
rections , and bass performance
'NOuld suffer. In addition, the 180­
degree phase differences in the
tugh frequencieswould confusethe
ear'slocalization system, disturbing
the stereo soord-staqe image and
imparting a vague "phaalness" to
the reproduced sound. In general,
speaker polarity/phase, II correct in
the original installation, remains so
un less the co nnections are
changed. R·E

picked up by microphone and dis­
played on an oscilloscope, As the
tweeter insta lled on top of the sys­
tem was sla.vty shuttled back and
forth over a five-inch distance . the
square wave would visibly distort
and then restore itself as its high­
and low-frequency harmonic com­
ponents shifted in and out of phase.
I stood in front of the display for
several minutes. really trying to hear
the waveform dist ort ion that was
clearly evident on the scope screen.
Following in the tradition of Herr von
Helmholtz , I never did hea r any
effect. All of this is background for

the latest phase controversy beauti­
fully delineated in the following Au­
dio Engineering Society (A ES)
preprint.

Ob s ervations on the Au­
dibility of Acoustic Polarity
(Gre in er and Melton (3170
K-4l1.

To understand wha t is meant by
absolute polarity. it helps to use a
Simple mus ical example. such as
the sound of a kickdrum.The impact
on the drum head produces an air
com pression that moves ou tward
and is picked up by a recording mi·
cropho ne. Ulti ma te ly, i t is reo
prod uced by a forward· moving
speaker cone as an air compres­
sian. However. anyone who deals
with electronics knows that the cnq­
malelectrical signal from the micro­
phone has had its polarity flipped
probably dozens of times by the re­
co rdi ng and reproduction elec ­
t ronics before it reaches the
spea ker. In fact . there 's a 50- 50
chance that the initial kickdrum im­
pac t is be ing reproduced by a
speaker cone that is pulling at the
air rather than pushing it. In other
words, what reaches our ears is an
air rarefaction. although the original
was a compression. It follows that
our eardrums are also being pulled
rather than pushed. Does it make a
difference? That's what Greiner and
Melton set out to explicate in their
paper.

The audibility-or inaudibility-of
absolute inversion is a recent ele­
ment in the cnqoinq discussion. Un­
like othe r phase shift phenomena
discussed earlier. polarity inversion
does not change the shape of a
transient Signal nor shift the phase
relationship among its component
elements. However, as the authors
state. it does present to the ear a
fundamentally different signal.

A major part of the authors' reo
search effort involved extensive.
carefully controlled listening tests
to determine the types of signals 73



a row, how would the cons umer
know w hen he had it right?

Next month I'll d isc uss one more
AES paper and then call it quits for
the 91st Conventio n, R·E

PHASE INSENSITIVITY

It is well known that loudspeaker
cone travel is seldom equally linear
in both its outward and inward ex­
cursion. Inother words, the speaker
cone's push on the air may not be
exactly equal to its pull, even when
driven by a law-distortion. highly
symmetrical stnewave. II seems
probebte to me that most human
ears are also asymmetrical in their
responses to the compress ions and
rarefactions of an impinging acous­
tic waveform and therefaregenerate
harmonic distortions. Whether any
individual listeners degree of hear­
ing asymmetry correlates with their
sensitivity to absolute phase is an
open question. I noted with interest
that Greiner and Mellon suggest at
one point that a distorting sound
system may increase the aUdibility
of polarity inversion.

I know for a lact that I've always
been comparatively insensitive to
phase . For exam ple, in the early
days of quadrophon ics I was eval­
uating a four-chan nel synthesize r
that attempted to generate artificial
rear chann els by tapping off the
front channel , "wcbbutatlnq" it at a
25-Hz rate. and feeding it 10a pair of
rear speakers , The four-channel
effect, for betteror worse, wasbare­
ly perceptib le to my ears. A friend
dropped in unexpectedly while I
wasdaing my listening and greeted
me with, · Hi Larry ... (three-second
pause) ... your rear speakers are
outot phase.~ Isat alongside him on
the couch between the wobbulated
rear speakers and far the life of me
couldn't hear what he had detected
instantly-and claimed was giving
him a headache!

r also know that some usteners
areincredibly sensitive to very small
pe rcentages of tape fluller, a
phase-shift phenomenon, but the
numbers have to get pretty bad be­
lore I hear it. In case you are won­
dering, my overall ac uit y and
sensitivity were {by test>pretty good
in those days, so my phase .nsen­
sitivity was, in effect, an independent
variable, I wonder what the normal
distribution of phase sensitivity is,
and whether ignoring it maynot skew
the results of psychoacoustic stud­
ies of phase. R-E

:It ~ ~\z - ~ k ~ ~ ~
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Flg.1 . Trombone waveform. In gener­
al, reed instruments show the great­
est asymmetry.

repro duction of the o rigina l wave·
form ."

No one can argue with the above
as an ideal goal. but exactly how is it
likely to be realized? As suming that
mwe have a recording with all the
ins truments recorded in phase , that
(2) ou r three -way speaker doesn 't
have its mid-range connected in in­
verted polarity to flatten the sys­
tem's freq uen cy respon se (a no
longer commo n practice), and that
( 3 ) any one in au thor i t y ca re d
enough to manufacture discs and
tapes wi th all their polarity ducks in

l iME
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most sensitive to polari ty inversion .
It se e ms se lf evident that highly
asymmetrical sig nals were most
likely to be audibly changed by inver­
ston. For example, note the trom ­
bone waveform shown in Fig . 1.

In ge neral. it could be said that
acoust ic pol arity inversion is clea rly
audible in so me circums tances (par­
ticularly with test signals) , alth ough
most of the time with real -world mu­
sic it is not. ft seems that even w hen
waveforms have clear asym metries
as in Fig. l -and not aU of them do­
ot her effects inherent in the com­
plex natu re of mo st musical tones
tend to mask the ident ifying charac­
teri stics of the inver sion .

The authors conclude that " w hile
polarity inversion is not easily hea rd
with norma l co mplex musical pro­
gram material. as our large-scale lls­
tenin g te sts showed, it is audible in
many selec t and simplified musical
setti ngs . Thus it would seem senst­
ble to keep tra ck of polarity and to
play the signal back with th e correc t
polarity to assure the most accurate
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COMPUTER CONNECTIONS

The personal digital assistant.

JEFF HOLTZMAN

Gadget lovers take heed: Per­
sonal Digit a l A ssis tants
<PDA's) will be the fastest­

gfONing segment of the computer
business within two years- maybe
by the end of this year. Vv'hat is a
Personal Dig ital Assistan t? It's a pa­
perback-slze com puter that bridges
the gap between calculator-like o r­
ganizers on the one hand, and hefty
notebooks on the ot her. In so doing.
the PDA hopes to provide both
power and ease of use. but WIthout
the size. we ight. and battery-life and
-weight constraints of a notebook
PC.

Numerous technologies are com­
ing together to make this cat egory a
reality. Low-voltage CPU's, system
contro llers. video controllers. and
DRAM's from Intel, Cyri x. AMD.
Western Digital, and others prom­
ise to drastically lower power con­
sumption . The chips run at 3 .3 volts.
and could more than double battery
life. from 3.5 to 8.0 full hours. Emer­
ging standards for credit-card sized
memory modu les seem to be taking
hold . Hard-disk drives continue to
shrink. Integral Periphera ls has
int rodu ced 20 - and 40 -megabyte
drives in 3-ounce pack ages that
measure 2~ x 3~. and that consume
500 mW of powe r during operation
and 15 mW in the "sleep" mode.
IBM. Conner, Seagate. and others
will ship similar drives later this year.

Look for two basic approa ches to
the PDA. One. promulgated by PC
vendors , amo unt s to a miniature
DOS machine with a QWERTY key­
board that allows tou ch typing . It
has a full 80 x 25 (640 x 200.
CGA-Ievel g raph ic s) non-backlit
LCD sc reen. The ot her. promul­
gate d by con sumer e lectro nic s
companies (e .g .. Sony). consist s of
a proprietary device using a stylus
input in place of a keyboa rd .

The DOS version may well con­
form to a spe c developed by Phoe-

nix Technologies. called the Com­
panion PC (CPC). A CPC wi ll be
based on an B086-level com puter­
on -a-ch ip developed by Chip s &
Technologies (see the January 1992
issue of this col umn for more infor­
mation) , PCMCIA memory cards .
Phoenix BIOS and power manage­
ment software. and special battery
technology developed by Duracell.
As for so ftware. M icrosoft has deliv­
ered a ROMable version of DOS
5.0 . and promises to do the same
for Wi ndows 3.1. Lotu s might sup­
ply a suite of applica tions. including
a task switcher. although Microsoft
Works could very well provide steep
competitio n.

Tantalizing vrews of the other ca t­
egory have been revealed by Sony.
And there are persisten t rumors
that Apple and Sony are working
together to put a Mac-style inter­
face on th is new breed . Sony has
released one such device in Japan .
but apparently has no plans to mar-

AG. 1-DYCAM'S MODEL 1 digital a m-­
era stores 32 shots. each with a resolu­
tion 01376 x 240 x 256gray levels. It'sa
harbinger ol the luturelor PC-baseddig­
ital lmaging.

ket it here.
Elec trica l power usage remains a

major issue with portable com put­
ers o f all co nfigurations . In the
ROM abie versions of DOS 5.0 and
WindO'NS 3.1 . M icro soft has intro­
duced an Advanced Power Manage­
ment CAPM) Application Program­
ming Interface CAPI). co-developed
with Intel and Phoe nix. that provides
the sys tem wi th information about
wh ich peripherals are not be ing
used. so it can remove and thereby
conserve power. Several battery
manufacturers have introduced flat.
wide batteries that provide both a
be tter fit w ith tod ey's sleek designs.
and more power. For example. Por­
table Energy Products has a battery
that measures 2.6~ x 3.9" x 0 .3"
and produces two vo lts at three
amps.

One in teres ti ng device is the
" Commuter Computer," introduced
by Memorex at the January Con­
sumer Elect ronics Show (CES). The
device we ighs 1.3 pounds. lists for
$599, and inc ludes a word pro­
cessor, scheduler. notepad. the DR­
DOS 5.0 operating system, carry­
ing case. powe r adapter, and ca­
bles: an exte rnal 1.44 megabyte
flop~ drive is available for $ 299.

Multi me dia update
Here's an imaginative use of mul­

timedia: The Virt ual Pres s Con­
ference . Redgate Communications
of Vero Beach Florida plans to outfi t
more than 100 movers and shakers
of the computer industry with 1.2­
meter satellite dishes. TV's, VC R's.
fax machines. and dedicated phone
lines, at a cos t of abou t $2 million.
Redgate will then broadcast to them
hour-long interactive press co n­
ferenc es. during wh ich they can ask
ques tions. receive printed matenale
by fax, and reco rd the whole thing
on VHS tape . The viewers wi ll pay
nothing for the service: Redgate ln. 75
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stead sells the service to large com­
puter companies for $25.000 per
hour. Lotus . and DEC have ex­
pressed interest.

The Mu lt imedia PC Market ing
Council has upgraded the " base­
line" spec for a multimedia PC to
include a 386SX. The original ver­
sion specified a 10·MHz 286. which
simply didn't provide enough horse­
power to run serious applications. In
addition. the rapid infusion of 386
technology into general buying hab­
its makes 286 compatibility less of
an obstacle than it once was.

Apple has released a multimedia
extension to its System 7.0 soft ­
ware. It's called Qulckflme. and it
provides developers with a standard
software architecture for integrating
time-variant data (sound. video. ani­
mation). In introducing the product.
Apple CEO John Sculley said that
QuickTime will be the major legacy
from his tenure at Apple-more im­
portant even than the Macintosh.

The QuickTime architecture In­
eludes four components; sys tem
soft ware. file formats . co mpres­
sion/decompression tec hnology.
and user-interface standards. Apple
hopes it will become a cross-plat­
fonn standard with support for Mac.
DOS . Windows . UNI X. Silicon
Graphics. DEC. and Cray systems.
The video fonnat is 160 x 120 pix­
els. running at 15 frames per sec­
ond. That's obviously no competi­
tion fo r brca dc ast -quatrty video
CBQV): Apple hopes that the stan­
dard will evolve to acco mmodate
more powerf ul hardware that can
support BQV.

Apple has announced a Quick­
Time " player" that will allow PC­
based Windows users to experi­
ence Quicklime movie s. (Corel
Systems . of CorelDraw fame. wrote
the file-fermat translator) In addi·
lion . Microsoft has announced sup­
port for QuickTime: add-ins for the
Mac versions of Excel and Word will
allow end-users to build simple
movies within the respect ive ap·
pucettons. You could use this tech­
nology to co mbine a series of
spreadsheets into an anima ted
demonst ration of how sales are
projected to grow.

In response. IBM quickly demon­
strated technology with twice the
resolution and the same frame rate.

Naturally it runs under OS/ 2 2.0.
One demo showed hCMI advanced
features of OS/2 allowed several
program processes to control sepa­
rate halves of a duet in sync.

Product w atch
The Dycam Digital Still Camera

Model l is the first of a new breed of
all-electronic snapshot takers. The
Dycam is an easy-to -use, light ·
weight. hand-held camera that al·
IO'NS you to take as many as 32
pictures. then upload them to your
PC or Mac for bit-map editing or
desktop publishing. (Logitech mar­
kets a nearly identical version under
its own nameJ

De spit e flawed installation in­
structions. getting the Dycamgoing
is easy. Attach a base mount to the
main unit and plug in a wall-mount
charger. When the LED starts blmk­
ing. the battery is fully charg ed.
Then it's just point. shoot. and up­
load the images to your PC via an
RS·232 port.

The Dycam comes wi th control
software for both PC and Mac: I
tested the PC version. which ectu­
ally comes with both WindONS and
DOS versions. I found the Windows
version unstable. due to frequent
UAE 's (Unexplainable. unin ten ­
t iona l. unwanted Application Er­
rors): consequently I worked mostly
with the DOS version.

The DOS-based software works
pretty well. The main screen con­
sists of a series of " thumbnails."
miniature versions of each image.
To vi€\N an enlarged version. use the
arrow keys to highlight the desired
image. press Enter. and the soft­
ware downloads . deco mpresses.
and displays the complete image:
the whole process takes about 10
seconds per shot. depending on
system speed.

Documentation is both clear and
brief and it includes both Mac and
PC instruct ions in one booklet: the
software includes on-line help in the
form of brief summaries of key­
stroke options.

The camera can operate in two
modes. regular and tripod. Unfor­
tunately. to switc h modes you must
download different software to the
camera. a process that takes about
45 seconds . In regular mode. you
just point and shoot: the camera

de te rmi nes shutter speed and
whe ther to use the flash. Tripod
mode allows you to set the shutter
speed manually. from 1 to 640 milli­
seconds. Shutter bugs would prob­
ably prefer to set shutter speed in
familiar inverse lime units (1/ t, e.g..
1/60. 1/30. etcJ There's no way to
attach a standard remote shutter reo
lease. but you can take a picture
from the keyboard tAlt-n

The software allows you to save
images to disk in a variety of for­
mats: including EPS, TIFF. PCX, a
proprietary Dycam format. and
others. The software provides some
ability to adjust image contrast and
brightness. but for optimal results
you'lI want to use a third·party tool
(e .g.. Photo'Sbcp). when the cam­
era is full, you will haveto clear it out
tAlt·C) to make room for more. and
you' cannot selectively delete pre­
tures from memory Although the
camera maintain s a ti me /date
clock . you cannot include a time/
date stamp as part of the image.

When I first lea rned of th e
Dycem. I thought i t would be an
ideal way to develop product and
screen shots for the meqanne. Un­
fortunately. that will not be feasible.
The problem is not limitations with
the software. but the optics . The
lens system provides image quality
comparable to a $20 instant cam­
era-but the Dycam lists for almost
$ 1000. The CCD provides a total
resolution of 376 x 240 pixels .
which is less than found in a TV. It
compensates by providing 256 lev·
els of gray. which definitely helps.
because the eye responds better to
variation in tone and color than to
absolute resolution. Even the best
shots. however. come out grainy.
Shots of people generally fare bet­
ter than inanimate objects.

Add-on lenses are available. in­
cluding wide-angle. telephoto. and
macro (close-up). Other accesso ­
ries include an adapter for 12-volt
auto operation.

De sp ite it s li mitat ion s. th e
Dycam opens a world of po s­
sibilities for users who don't need
publication quality. For example. a
real estate agent co uld publi sh
house shots to give prospective eli­
ents some idea of layout. Schools
could create classroom newslet­
ters.



Dycam is to be commended for
being first to market with an alI-elec­
tronic digital camera. An improved
optic system , faster software, and
more reliable Windows operation
IM;)Uld make it a must-have item for
professional desktop publishers.
Keep your eye on this one. If you're
interested. contact Dycam. Inc..
9588 To panga Canyon Blvd .,
Chatsworth . CA 91311 (818)
998·8008.

News bits
Slate Corporation is a technology

leader in the fledgling Pen-comput­
ing market . Two officers of the com­
pany. Dan Bricklin and Bob
Frankston. designed the first
spreadsheet for personal comput­
ers. VisiCalc , The dynamic duo is at
i t again . w it h a pen -ba sed
spreadsheet called A t-Hand. At ·
Hand reads and writes 1·2·3 and
Excel files. and runs under the Pen­
Point operat ing system. Its sched­
uled to ship in the second quarter.

Alter several false starts with per­
table and notebook PC's, the new
IBM is try ing a new tack, Big Blue
just bou ght a 6% chunk of the
Fren ch company. Groupe Bull .
which owns Zenith Data Systems.
The deal provides the rights fo r
IBM to s ell ZDS portable s . and
will give Groupe Bull access to
IBM 's RISC technology. The deal
also provides for swapping micro­
processor technology: one report
indicates that GB will join IBM, Ap­
ple. and Motorola in developing the
PoY.-erPC. part of last summer's ac­
cord between IBM and Apple.

Worried about Japanese en­
croachmenton American markets?
Maybe it's time to start learning how
to deal with them on thei r own
terms- literally. A company called
BayWare (415-949·3190> has lntro­
duced a Windows-based program
that the company claims can teach
the essence of Japanese in four to
eight weeks. by studying only an
hour per day. Power J apane s e

was developed using my favori te
multimedia authoring system. Tool­
Book. and it includes an audio out ­
pu t devi ce th at connects to a
standard parallel port . The device.
which is housed in the connector
shell, contains an 8·bit D/ A convert­
er and it can drive headphones or an
audio amplifier. Software includes
2000 fi les of na tive Japanes e
speech. an imated w riti ng se­
quences. and a set of progressive
lessons . The company plans to re­
lease versions in French, Spanish.
German. and advanced Japanese.

Big-bucks consumer-oriented ad­
vertlsmq is becoming the rule in the
PC business. You've probably seen
Intel's flashy "Vacancy" ads on ca­
ble. Now M icrosoft is gearing up for
a $30 million Windows pro·
motion. including $8 million for TV
spots alone. 1992 is going to be
remembered in the PC industry as
the year the battle for graphical op­
erating environments became really
down and dirty. R·E
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DRAWING BOARD
One step backward to automotive

regulators and two steps forward to our oscilloscope.

ROBERT GRDSSBLATT
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cult on a tractor but there's no rea­
son why it can't be used with any
generator-based automotive elec­
trical system.

+>

alternator with a pulled-up field (one
side of the alternator's field wind·
ings are hard wired to the positive
side of the battery) but the qener­
ator is set up with a grounded field
(one side of the field hard wired to
ground). The other interes ting part
of the design is that it uses only one
DPOr relay instead of the two or
three relays found in standard qen­
erator regulators.

Craig's circuit is a classic exam­
pte of what happens when need
comes up against ingenuity and ex­
peri mentat ion . He said that he
couldn't give me the exact specifi­
cations on the relay he used be­
cause he salvaged an old 30-amp
light relay from a dead truck. The
relay opens wh en the regulator
doesn 't want it to charge the bat­
tery. and the 40-amp diode makes
sure there 's no backtlow of current
from the battery to the generator.

If you're going to use the circuit.
make sure the relay is rated high
enough to handle the maximum out ­
put current of the generator and
tweak the SOD·ohm potentiometer
to get the cut-in point that's best for
your system. Craig is using the en-
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J ust when I thought we had
driven in the final nail on the
who le busines s o f au to ­

motive charging systems, I got a
letter .....ith some stuff in it that I have
to pass on. Even though we spent all
our tim e talking about altern ator­
based systems, there was a lot of
mail from people who had gener­
ators . The voltage regulators we de­
signed were speCifically aimed at
alternators but a regulator is still a
regulator is still a regulator and, if
you give it some thought, the one
we designed can be used with a
generator as well.

The mo st impor tan t fac tor in
modifying the design is to realize
that regulators for generato r have to
handle much larger amounts of cur­
rent and because of that. our exist ­
ing circuit can't drive the generator
directly.The standard way to do deal
with this is to use relays and that 's
exactly what was done by Cra ig
Shippee, a reader from Bridgewater,
Massachusett s who sent his design
to me in the mail.

His circuit, shown in Fig. 1, does
several interesting things. First. the
basic design is the one we did for an

FIG. 2- TO EXPAND THE VERTICAL dis-
'=" play lotwenly elemenls we' ll haveto add

• second LM3914 to the c ircuit . The
FIG. l - A REGULATOR FOR A GENERATOR has to handle a lot of curren t, so a relay 3914'$ were designed to be easily eas-

82 must be used. ceded,
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FIG. 3--COM PLETE SCOPE SCHEMATIC SO FAR. All we have to add Is an Input amp
and a pad arrange ment 10 pl1lscale the Input vollages. 83
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Some good thinking went into the
modification and. in the words of
Jimmy Hatlo. a "Tip of the Hat" to
C raig Shippee for a good job. a
great letter. and taking the time to
pass it on. Let me hear some more
from you.

But back to the scope.
The next step we have to take is

to expand the vertical display to the
full twenty elements we speci fied in
the design c rit eria. Since we're
usmq an LM3914 as the LED driver,
we'll have to add a second chip 10
the circuit. The 3914's were de·
signe d with that in mind . so it
doesn' t take much though to string
two (or more) of them together.

The circuit fordoing that is shown
in Fig. 2. While the actual wiring is
simple, there are a few points that
should be made a bit clearer. I' ll also
mention here that all of that informa­
tion (and a lot more) can be gotten
from the 3914's data sheet. One of
the most importa nt things when
you're designing circuits is to be
absolutely familiar with the compo-
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nents on the board. It's okay to dis­
cover things by accident but only if
you then take the time to figure out
what happened and why. You can't
control what you don't understand .

There are four ways the 3914 can
be set to operate; single-chip dol.
single-chip bar. cascaded dot, and
cascaded bar. In order for the 3914
to reliably know what mode to work
in (dot or bar) when two or more
chips are cascaded for an expanded
display, its internal mode-select am­
plifier has to watch the state of three
pins; MOD£SELECT(pin 9) , + V (pin 3),
and the cathode of LE0 9 on pin 11 .

That last piece of information­
the state of pin 11- is critical only
when you're doing an expanded dot
display. Remember that havinga dot
display means you want to haveonly
one out of twenty LED's on at any
one time. The 39 14 co nt roll ing
LE011- LE020 has to know for
sure when one of the earlier LED's
is being lit. The circuit in Fig. 2 has
the MODE CONTROL pin of the fir st
3914 connected to the first LED
output (pin 1) of the second 3914.
That's because when the input sig­
nal is driving one of the second bank
of LED's £1 2-20), there will always
be some voltage at pin 1. It may not
be enough to light the LED but it will
be enough to tum off the LED's in
the first3914. As a result of that. the
last LED on the first 3914 will always
be turned off when any of the LED's
on the second 3914 are being lit.

The same sort of reasoning ap­
plies to what keeps the second
3914 from lighting an LED when the
input voltaqe to the whole circuit is
in the range of the first 39 14. In that
case, however, the control for the
second 3914 is being provided by
the voltage on pin 11.

In order for the circuit to be as
linear as possible and have each of
the LEO's indicate equal increments
in input voltage, you have to be care­
ful about the reference voltage for
each chip. The Ie has an internal
reference-voltage generato r and,
even though it can be configured to
provide different vol tages . we're
using it in the plain vanilla mode to
generate a t .z-volt reference. On
the second IC in the chain, we have
to set the reference voltage a bit
higher. Remember that the firs t
3914 has to respond to input signals

from 0 to 1.2 volts while the second
3914 has to respond to input signals
in the range of 1.2 to 2.4 volts .

That sounds more difficult than it
really is. All we have to do is use the
voltage at the top end of the com­
parator chain in the first 3914 as the
low voltage for the bottom end of
the second 39 14. By doing that. the
absolute working -voltage range for
the second 39 14 will be 1.2 volts
higher than the first one, or 1.2 to
2.4 volts .

This isn't quite the end of the etc ­
ry because INe have to give some
thought to LED current as well. The
drive current for the LED's is deter­
mined by the voltage from the +V
rail on one side and the IC 's refer­
ence voltage on the other side.
There's a ratio of about ten-to-one
between the current for each of the
LED's and the current drawn from
the reference voltage at pin 7. Since
the second 3914 is working with a
reference voltage twice as high as
the first 3914, wehave to adjust the
value of the resistor on the second
3914. A simple application of Ohm's
law tells us that if we have twice the
voltaqe but want the same amount
of current, we have to double the
value of the resisto r. Since INe. used
about 1K on the first 3914, we have
to use a 2K resistor on the second
one.

Before we turn away from the
3914, let me repeat that while it's a
relatively simple chip to use, there's
more going on inside it than you
imagine. The only way you' ll ever be
able to get a good handle on using it
is to work your way through the ln­
formation in the data sheet. The way
to do that is to call or wri te the folks
at National Semiconducto r (2900
Semiconductor Drive, Santa Clara,
CA 95052 ·8090. 408-72 1-5000 )
and ask for the data sheet.

The complet e schematic for the
scope so far is shown in Fig. 3. Just
about the only thing we have to add
to it is an input amp and a pad ar­
rangement to prescele the inpu t
voltages. The time has also come
for us to deal with some of the me­
chanical problems in the scope­
mainly the wiring of the display.
While ir s certainly not impossible to
hand wire four hundred LED's, it's a
lot easie r to use a commercially
available multi-LED module. R·E
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AMonumental Selection
Test/Measurement 111ld Prototype Equipment

r ri<

• Ensn .1l El' RO~ r. " U"'CS I chip in
15 minulcs . nol 8thil" in ! 1 min

• UVinlnuity:6800UWIC.W

DE4 _ _..S89.9

Metez Digital Mvltlmeters
<Handheld, high .m1~' " AODC volugt . AODC

current. resistance, diodes, rontinuity. tWlSillor hFE
(ruepl M3900)

• M. nLl.11Wlgingw/overlNd prcreceion
• Comes with probes, baneries, cae and ITI.lnu~

~U6SO '" M46SO ..a1y:
• Aha mruul'C:S fmjumcyandap,Ki ullce
M3800 3.S~, MuI,i...., _.$39.95
M]610 3.S~.Mul,i ~._.$59.95

M3900 3.SDip Mulu....,...
...dr.T ><hfD,r,dI~_.s59.95

M]650 , .S~ Mulrimn n _lFmjUClICy• e.,.;..... .574.95

M4650 U Dip<_1ft<qu<t><Y b;~
b; D... Hold S-;,d. .. __..S99.95

Jameco Ie Test Clip Series
"Tesrai~ . rr dtSigntd fot t rmpot~

connections 10 DII' p.cbgecomponents
" Heavy-doryIpring loaded hinge provides

posit i\"( COnlJel
r an No. Dnuiplion I'ri<,
JTCI6 lc..pinll{,t8 . 14&16-pinlCs) $5m
JfC20 IO-pin (for 18 "" 20-pin I("..s) 6.95
JfCH N 'pin 7.95
JfC28 28·pin 8.95
JTC40 40-pin 11.95

E(EIPROM Programmer UVP EPROM Era•••
1 Socket 16K-1M.,

EPROMs • for your programming needs

TMS2516---S4.25 2764-2S_ --.$,J.75 272S6-20--S4_9
11otS253U_6.95 276U-20--3.75 272S6-2S_~~·4.1

11otS2564 _ _ 5.95 2764A-25 ._ ---3.19 270 56-15 5.9
TMS2716 5.95 27C64- IS .J.95 27C256-20 ·409
170lA _...._ _ .....'-95 27C64-25 ..J .25 27056-25 ·402
2708 . ~.__4.75 27 1280Tl' .~._._.2.49 275120Tr 4,9
27 16 .~ _ _ ..3J9 27128-20 7.95 275 12-20 6.7
27 16--1 _....3.75 27128-25 7.75 27512-25 5.9
27C I6 4.25 27128A-15 4.95 27C512-15 (,.7
2732 .4.95 27128A-20 .4.49 27C512-20 6,4'
273lA-20 4,49 27128A.25 3.75 27C5 12.2S .•"" 5.9'
273IA -25 _...3.49 27C I28·15 5,75 27COI0-15 9.9'
273IA -45 _._ ~2.95 27C I28-25 7.95 27C020-15 17.9'
2702 _._4.75 272560TI' 3.75 27C020-20 1 5 .9 ~

276+20_. -3.95 27256-15 _.._.5.49 68766-35_ _ 4.9'

• Partial Listing ' Over 4000 Electron ic
and Comp uter Compo nents it, Stock!
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LinC'U n.-.M:aO.uboolr. ..19.95

40003? S .liorul WgirO.tobook.._19.95

400015 N. ,iorul Il.t. Acquilition
LiRC"U (>m en Dmbook.. 11.95

400104 N.,inn. l Sf'C'Ci. l Purf"'l'<'
l.inm Ikvien D...hook.. 1 1.95

400044 N., iun.l \.sISn T I.
n bool 14.95
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51.Plece Electronic Tool Kit

24 HourToll-Fret Order Hotline
1'800'831'4242
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COMPU TER PRODUCTS

Jameco Solderless Breadboards

Too4 lnduekd ill Kit:
• 10' m~ring tape
• 5.25" needle IIOK pliers
• Uliliryro mponrnu beu
• 6"\ong 00'=
• 8 piecehel key wrench ~
• T brush and SQ;l;p<T
• Dit;iul MuhillKtn"
• Ulilil)'knifewithenra blade
• 6pi«e precision KI'C"'-.!riva Kl
• 7 hnc point probe
• Round needle file
• 6 Sloned & 4 Phillips Krcwdrh'm
• 7" slorred probe
• H l l needle file
• 4.5' di.agon.tlCUlling pliers
• 5.2S· Bernnmile nose pliers
• Solderingsund
• Rosin core IOlder
• 5.2S· FLu nm.: plicn
• 30 \l'~11 50ldmng iron
• SS Suinlas Sltd smson·""""oio. pump
• 6"~jll'Ubk "'-romdl
. ~~QI('

MSJOS.__.• SI 19.95

Juncco's long-lulingbreadboards fC.iIUrr K:l«Jl.,Printcd color roordirlll C'S U1d arc
SI,llubk (or llWIy lcimb of prlllol"l'Ping ~nd circuli dn.ign. lMto:f mooelsCarUK .a
he3''Y-dulyaluminumNoong ...ilh volllg.:andgrounding pom.

P.... Dim. ConfM1 Bindinll . r.... Dim. Con.... Bindinl!:
No. L' I W"' Pojn lLhPl1l-X1iu" ~ I " I W" Pp;nt. ro". )'r;cc

J Ell 3.2h 2.m 400 II $4.95 JEl5 6,~I)(h 4,a 1,(,( .0 3 $17.95
J El 3 6.S0. 2.la 8}(1 II 6.95 JEl6 (,,87h ~. 7~ 2..I'lll 4 22.95
J El 4 6.S0 d. 1 2 ~ 1J(,() 2 12.95 JEl7 7.2~ .7.S0 3,1211 4 31.95
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It Competitive Prices
Computer Upgrade Products and Electronic Components

Upgrade your existing computer system! jameco will !Jelp you upgrade easily and economically.

Fulltsu 101-Key Enhanced Keyboard

• IB),I l'QXT/AT Ind rompa,ibkl.
• Cornp.a,ibl. wi,h DOS ,,",io n, 3.3 0' hiP....
• Ind udel .J1o=wy ;ou.Jl..u inn fwd ...."
• 1.44)'IB {ormanro high<!roo;ly mod~

• n OKB(ormanro low d. o,;ly mod.
• 5iu: I· H.4·WI 5.9·0 (..nuld,i~ .i ll')

• On.·)= I>bn ufmu,rr'.IX'arr.nly

FKB47oo S79 .9 'j

Toshiba 1 .44MB 3 .5"'
Intemal Floppy Disk Drive

356K U••..•...•...•..••...•.•...•.... ..•...•...•.S99.95

Thi. ke)boud fmu 'eI 12 funC\ion key$, lel"''' ' ( U,,"" .nd nurn<lickey$,

• [BM PCIXT/AT.nd romp.,ibl• •ompulcn
• Au,omuic.illy .wi,.beIbetween XT0' AT
• LED Indi" lIon for NumLock, Cap!

I.n<k. and Scroll lock
• Tactile Feedback
• )'bmul indudcd· On~'l"~>1 Wa,umy

~ Many mor~ ·
,fI Upgrad~ Products

MJilj~lW/pou," avai lablrf
luptlin 4,,,,if.tbk.'

Jameco a0386SX Motherboard
• 16~Ht prom.<jnpp«d
• B.by mOlhrrbo" ,d (8.5",,13")
• 7~IO or one ..... i, 'tale o~"'lion

• Suppom up to 16MB ofRAM
·In,e!80387SXlcomp>l ibl. ffillh coproc:t»Of sock!
• A.\ll BIOS
• SixliJ.bj{ and 1\<0 S·bi!.,p.ns;O"btUslOIi
• Onc.yn . W.rr.my

J E3616SN $299.95

lameco IBM Compatible Power SupplIes
1030, JE I036:
J U1PI11: +5V @ 15A. -;V @ O.SA, • O utput: .SV @20A,-;V @O.SA,
. 12V @';.;A, . I2V@ O.;A . 12V @ 8A, -12V @ O.;A ,~

150 Watt • 200 Wall

l ~f~OV switch.bl . • IlOl 220V 'Wi(Ch'bl'~ I'
3UllHn fan • Buill-in (. n . ~
' iz.e: 9.;" 1. , SSW x 4.625"H • Silr. 6.5"L x 5.88"W x 6"H ......
Jnc·~·= 'il:'.rra nt)' • One-re•• W.rr.my '-.."'''

:1030 1;0 Wan PClXT PowerSuppl~' S69.95
:1036 200 Wm AT Pow~r Supply S89.95

M~nl; O n

Mail ~

2

FAX: 1·800· 23 7· 6948(n-....;.)

FAX: 4 IS· 592 ·2S03Ih.......,......h

BOS Suppa " : 4 IS ·637·902S

Tecllnical Suppon :I· SOO·83 1' 0084

&rviccDin:et' ''':1-800. 831. 8020

The following K",i,~s ale , n ibble
Ihrough 4 15"S9208097 from 7AM •
SPM P.S.T.: ' Inl~matjo n ;d S;des

• eu"omcr Scrvi«
- ClM;{D.:putm~n r

• All O lhe. Inquiries

S30.00 Minim um O rder

COMPUTER PRODUCTS

1355 Shcreway Roa d
Belmonl, CA 94002

Call or Wri te for a
FREE 90-Page
1992 Catalog! _._.

0/
24-Hour Toll-Free Order Hodine:

1-800-831-4242
JAMECO

aECTRONIC COfoFOI€NTS

CARnidmupkaor add >pplicabk..ln ...

~pj ~hjrPin~ II.&ndIi",.and
~ 'o>u'm« ... addi,ionaI.

Tmn~ Prius oubjKt'0dune< "';,boo< no<i<t.
I'......subjro'0 ..-.ilibil;<yond prio< .
Co<npln. liA ol ,,,mJ....r>n,,.. iI iIibk ul"'" "'l""'.
0 1!J91~...... 5/91

Connedors IC Sockets
rw No. DnaipuQQ Pd « I e r lpGk Wi" Wnp!GoIcll La d II

D B15r Male, 2S·pin $.65 st P $. 10 sww $.49D B15S F~maJ", 25'rin .75 I4 LP .11 I4 WW .'9DB25U Hood 3 9 16LP .12 16WW .79D B25MH Meul Hood 1.35 24 LP .19 24WW 1.15
LEOs 28 LP .22 28WW 1.39

XCZ09R T I. (Red) $.14 40LP .28 ' OWW 1.89

XC556G T l 3/4, (Gr« o) .1'
XC556R TI 3/4, (RnI ) .12
XC556Y TI 3/4, (Y~lIow) .1'

r ri«

Z'i6KDlP 120n,_ SI.79

256KDlP 15On,_I.69

1MBDIP 8On__'"
1MB DIP l00n.__5.1'.1

2'ifK~ lrr lOOns _ 18.'.IS

!SliKSIMM 1lOm......20.95
1MBS[PP 80n, __ 54.'.15

1MBSIMM110... __54.95

Memory

Miscellaneous
Components·

Potentlometen

Translstors And Diodes
PN2222 S.12 IN75 1 5. 15
PN2907 .12 C I06BI .65
I N4004 .tu 2N440 1 .15
2N2222A .25 IN4148 .07
IN4735 .25 2N3 055 .69
2N3904 . 12 IN270 .25

Switches
JMTI 23 SPOT.On.(}.,ffoggle) SI .15
206-8 srsr. l6-pin (Ill P) I .09
MP C121 SPDT.

00·00-00 rroggl<l .•.....1.19
MS102 srsr. Mom<nury

(Pwh .BuHon)•••••_ ••••••••••• 39
·A4djl;~....1c~"'p,mm" 4tJ4iL:bk

" 2S6-I20

412S6-I$O

SlloooP.go

Sl loooP.IO

4i2S6A9A·l0

41256A9B--BO

421oooA9A.8O

421oooA9(l.80

v.J.... .. "1iWJle (;Mm ohltU into'i>aa" llWu.l"XX,
5000. I/(. ~ K. 10K. 20K,WK. lOOK. IMEG

43 PXX 3/4Wan. I 'j T urn $.99
63PXX 112Waif. I T urn 89

1·9

Integrated Circuits-
aN o,
LSOO..........•........ $.25 $. 15
1502 25 .15
LS04 25 .15
LS08 29 .19
LSI4...•.......... •.•.•.. .39 .29
LS30 25 .15
LS32 25 .15
LS74•..•...•...•._...•.• •29 .19
LS76 _ 39 .29
LS86 25 .15
LSI 12.•.....•.•........•.35 .25
LSI 23 ..................• .39 .29
·LS138 39 .29
,LS175 .39 .29
,LS193 59 ,49
·LS24-i 69 .59
,LS245 69 .59
.LS373 69 .59
.LS374 69 .59

Linear ICs·
n No. 1·2 lOt

LOSIcr $.59 $.49
11317f 65 .55
'.B 24N .35 .29
11336Z 1.05 .95
\BJ9N •...•........•.•.• .39 .35
E555V 29 .25
" 556N .49 .39
\1723C. ,49 .39
\f 741C. 29 .25
\H458N ..•.•.•..... .... .35 .29
1J1488N ..........•..... .45 .39
.\tl489N 45 .39
L"'2003A 69 .59
M39 14N 1.95 1.75
E5532 _ 1.19 1.09
:lOST •._ ,45 ,4 1
~ 1 2T •._ 45 ,4 1

•C41Ifi'" ",,,,pinelis/inK~f/0

~"'" ~'!-_-:':I O~. r aa No, Fungion
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ANTIQUE RADIO CLASSIFIEr
Free Sample!~

Ant ique Rad io's
Large st Circulat ion Month ly. a 0

Articles, Ads & ctassaees. •
6-Month Trial; $15. 1·Y r: $27 ($40-1s t Class
A.R.C., P.O. Box 802-l9, Car lisle, MA 0174 1'

SURVEILLANCE tran smiller klls tune from 65
to 305 MHz. Mains powered duplex, telephone,
room. comb ination telephone/room. Calalog w ith
Po p ula r C ommu n i ca tio n s , Popular El ec­
tro nics and Rad io-El ectronics book reviews of
" El ect ro nic EBvesdropp lng Equip ment De­
sign," 52.00. SHEFFIELD ELECTRONICS, PO
Box 377785·C, Chicago, lL 60637-7785.

oESCRAMBLING. New secret man ual. Build
your own descramblms for cable li nd aubscr lp­
lion TV. Instructions. schemalicsforSSAVI.galed
sync, Sinewave, (HBO, Cinemax, Showl ime ,
UHF. Adu ll) $12 .95 , $2.00 postage.
CABLETRONICS, Box 30502R, Bethesda. M D
20'''.

DESCRAM BLER kits. Comple te cable kit $44.95 .
Completesalellite kit $49.95 . Add $5.00Sl1i"l'in9.
Free brochure. No New Yor\( sales. SUMMIl RE.
Box 469, Bronx , NY 10465.

REMOVE 8ulld thi, kit .. hich '"move. lead
vocal, !rom sta1ldllJd , te' e<> 'ewrd•.

LEAD c o ·•. lapet '" FMb~\l.. Sing
along IOith ttl. ba ckglevnd music.U." with any hom" compon"ntVOCALS stere<>. Additi""a] kit add .,...../b 10

Call0' rn. ~:" ':~:;"~~;dm=:'W<~~~I~:
!Dr lr inID We«ler Teehnclog i..; 14173 Undo

(513 ) 44 4- 22 711 '''Y Rd.; Mt arftb. Ohio 45154.

BOC52·Basic microcontroller board. Basic user­
preter.32K AAM. 16K Eprom. Eprom programmer.
AS232, axpansfcn connector. Bare board w ith
manual. schematics $22.95. BOC52·Basic micro­
processor chip $25.95. Assembled and tested
$124.95 . PROLOGIC DESIGNS, PO Box 19026.
Baltimore, MD 21204.

AFFORDABLE Diod e lasars l Our sma ll laser
head (1.4" x 1.8" ) snaps rig ht on top of 5 9V
baller y. Inc ludes drive elec t ronics, collimat­
Ing tens , & adj ustable ou l put power. Visible
(d670nm: 3mW (TOL092001 $79.9 5, or 5mW
(TOL D9211) S99.95. Del all ed pla ns o nly ­
$ 9 . 9 5. S EC U RIC O M , P O B o x 52 2 7,
Chatsworth, CA 91313-5227. SJH $3.75 (81B)
710-0110.

JERROLD, Tocom and Zen ith " t est " chip• .
Fu lly ac t l v l t lilS unit. $ 50. 00. Cable ee­
sc r amblers from $40 .00 . Orders 1 (BOO)
452-7090. Informatfon (310) 861.ooBl .

••• • PRESl:NTING••••

CABLE TV
DESCRAMBLERS

• • .. .... S1J\RRlNG ....... ..

.lERROLD. HAMUN. OAK
......0 Ofl1 lA fAMOUS .........uI'AClUllEln

• f INE'>f WARRN-ITYPIlOG RAM AVAiLAEU
• l.Cl\lIE'>f RET...... / WI<OIH ALE !'l!lCES IN us
• OIVERS'>HII'f'EDF ROMSfOC.o:w m ...... 24 H/tS
• All MAJOR CREOIT CMOS ACCfP'fED

,
30CH I'A"ABOiICeea SYSTEM
30CHROO A~IE ~N>. SYSI~M 119390
JQ CHeRYSIA, ro~TllOll!O SYSHM5294,1

SUN~ltRIIWIVl I_Tt- INC S!IDSl,OIfIlA
' .0.101: n om CATllOG 1»111<111
PHil!MrI. I.Z. llIli l A.D~(RF1ll!

Iml130·lllS V1D(Of'llOOU'IS
IlUAlImT DlXOlJln
.......... ,.000-....., . _ " ..

CIRCUIT Boards Complete printed circuil tab­
«ceuce from single sided to production multi ·
laye rs . 'twenty-tour hour turnaround avai lable .
CIRCUIT CENTER, PO Box 128, Moison, IL
60101. (70S) 543-0671.

T.V. notch filters.phone rccordmq equipment. bro­
chure $1.00. MICRO THine. Box 63/6025. Mar­
qate . FL 33063. (3051 752·9202.

o ESCRA MB LERS cab le TV converters, lowest
prices , guaranteed. best qual ily. all types avail·
able. CNC CONCEPTS, INC., Box 34503, Mm­
neapolis. MN 55434 : 1 (800 ) 535-1843.

OUR monthly picture uver lists qualil y surplus
parts allow prices. Sar>d today 101 yours. STAR·
m oencs, Box 683 , McMmnvllle, OR 97126.

OULlETPI1OOF W TEsTED
W.t.IIT TO BUY:
To eolol, SA, O' lIO,DPV7212
Mu" b. ,...o".ble prJ...

Cd For Yr>Jl~. "'''';;;;;;;;,-;;:;;;;;---j
ColOiog « So<>d SI ,00Ta

Mul d . Y101on (4D2)331_322a
[ '«ltonl.... 1110 SO.12l,d 0.1116 Om.bo. liE 68144

All major brands carried
"'J ERROLD, *TOCOM, "'ZENIT H
"'GENE RAL INSTRUl\fENTS
"'SCIENTI FIC ATLANTA, "'OAK
"'IIAMLlN, "'EAGLE, "'PIONEER
7th Year in business. Thank Y ou

Member of Omaha Chamber of Commerce

~ 1 Year-warranty o n new equipment
- 30 Day money back guarantee

~ Orders shipped f rom stock with in 24 h ou rs

.~ CALLTODAYFO RA FREECATALOG

~ 1-800-624-1150
~
~ ' ~ ! ~~ I'~t'l C.O.D.
'g :'I."Ql'tOoY<')

a: ~ ~o 0

" M:oa;I:ECTRONu::sr
~ .:z- 8TS so. 721\(( Sf.

(;'"~ _ _~C> omaha. NE 68U4
""t'O'WOr88'- ----l

PHOTOFACT !olders unde r # 1400 $5.00. oeecs
57.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow , NY 11554. (516) 4BJ.4380 .

SPEAKER repair. All makes models. Stereo &
crciessorer. KilS available. Ae/oaming $18.00.
ATLA NTA AUDIO LABS, 1 (600) 568-11971.

ENGINEERING software and hardware. PCI
MSDOS. Circuit design and drawing, PCB
layout, FFT analysis, Mathematics, Circuit
analysis, etc. Dataacquisition , generation,
I/OPCB 's, etc. Call orwriteforfreecatalog.
(614) 491-0832, 880FT SOFTWARE,
INC. , 444 Collon Rd ., Columbus, OH
43207.

PLANS AND KITS
FASCI NATING e lectronic devi c es ! Dazers !
Laser s ! FM/AM lphone Iransmitte rs! Detectors!
Kits/assem bledl Cata log $2.00. OUANTUM RE­
SEA RCH, 16645·113 Avenue . Edmonton. AB .
T5M 2X2.

HOBB Yi broadcastingiHAM/CB/surveillance
Iransmillers. amp lifiers, cable TV. science. bugs .
other greal projects l Catalog 51.00. PANAXIS,
Box 13O-F5. Paradee. CA 9!l967 .

PCB and schematic CAD. 5195.00 IBM EGA CGA
Multilayer. rubberband . aut""ia. NC dr ill. laser. dol
matnx. plotter. li brary, Gerber, AU TOSC ENE,
10565 Bluebird S1. . Minne apolis. MNSS433. (612)
757-8584 free demo disk.

ANTI-THEFT Alarm, self contained. loud. com­
monly available parts. install in TV, VCR, compul'
er. etc. Plans and instructio ns. $4 .50. TE CH·
NICAL SPECiALTIES, PO Box 7216. Riverside.
CA 92513.

EAS Y to buikl lethal gas alarm . COpropane natu­
ral $8 .00. RGM, Box 2481, Haze lton. PA 18201.

ETCH PCB's yourse lf, nochemicals. easy. cheap,
fUll instructions, $2.00, SASE, NICKNAP, PO Box
593, Howell, NJ 07731.

TESLA coil design program for IBM PC! Fan­
taste. gra ph ic , menu driven. Coils any size!
$24 .95. W.C.N., 3283 Belvedere , Riverside , CA
92507.

DEFEAT videolape anti-copy. PCB PAL instruc ­
tions $16.50 w/PH. NORM HOGA RTH, 955 NW
Ogden, Bene!. OR 97701.

HAND held d ig ita l recorde r announcer. New
technology permits permanent storaqe of person­
al recordings and mes sages. Plan s $9.95. Kil
$49 .95. Send chock or money order to CDa M,
303 Northwoods DnVII, Ballground . GA 30107.

TELE PHONE Projects! Automal N;: recorder inter­
race-s-no. disable extension cncnes-sr.oo.
phone hne be ing used ind lcator·57.QQ. detect ex­
tensio n pncnes-sz.on . FM telephone lransmit­
ler·57.00. Detailed plans include film positive lor
mak ing your own pnnted circuit boardf sree cata­
log! TECH NOTES, Box 2308 , Seal Beach, CA
9074()'1308 .

BUY BONDS
CIRCLE saON FREE INFORMATION C ARD



EASY ORDER
1-800-582-4044

EASY FAX
1-800-582-1255

...: .. , '. .,. :' . '-IUn.... n~~ _ ,.
• - ,# I. .. . .. • . ~~~~tLl~~ . • '•. .

I _"'",~_ . "'_

High Quality BaHd on InnovlItlve A_ lIrc:h
SInce the OlWeIoptnenl 01its orig,nal VSIS (V-dlanneled Substrate IntlElf Stnpel structure in 1981 , Sharp has been knownas one
01world leaders in production 01 laser dioc:les. $harp laser diodes ...famous lor long ~te and the;, record 01high quality-answef a
wide tange 01 application requiremen ts from optical data ees sudl as magoelo-optical disk systems and consumer produ cts like
CD players to medical appara tus and rnaasuring instruments. W~h lealures like high power ,low noise. stIOf1 waWllengths and
compact padlagllS. Sharp Iase l eeces are avai lable in mcxlals 10 satisfy V3F1OUS appIieations .

l T Series
(Standard Package)

Due to popular demand In 1991 ­
EasyTech introduces a comprehensive
range of l aser diodes from the Industry

leader in laser technology.

Every Sharp Laser Diode is encased In a
high precision hermetlc package. A built ­

in pin photo diode makes II easy to
ce ntre! opllca l power output.

We hi
3~.

3~,

3 ~

3 ~.

3 ~.

~c;; SEFol IES

DImen s ions
Ordttr Ii .f rlce _OutputY_ocJf' mps _ .__ Welt s __ (HxOxW In.) .""'elghl.
KCT0 30fJl 5 .95 . $V@3A1.12V@1A1.12V@4OOmA...30 ... 14.17 . 1.77. 1.89 1 lb.
KCT040FJ6 6.95 .5V§4A1. ' 2V@ I A1" 2V~~~~~.•.\4,\7 .1.77 . 1.89 1 lb.

fEATURES I
· Input AJSh Current: <50A pealt
•Temperalure Rang e: Opera llflg 0" to 5O'C

Slofage ·25' to . 85'C ,•-"""",=,,,,,~,,,,,,,,,,,,,
- lnsv lal'Otl Resistance: 10MO @ SOOV -
'Breakdown Vo~age: AC 1OOViDC5QOV per min.
·Aulomal'Covor vo~age shutdowMold back.protecnen

Ty~!9l AppJJe~I~~.~"'~===== -I-''!."'~'''~
Measuring instrumen lS, Bar cocIe read ers
CD players, CD·ROMs
ve players, Analog ceeces
Hogh·spood Iasef pnrll ers . Medical apparatus
Short-d:stanee optical fiber communicallOflS. t.4ea$l,lMg in$I7Uments

E3120E

:4.B NE, '.,' .: ..~""="""
l ,., ... . Ifltf>.~"''''IJ.;.I~ •.'.;1J

VISA

S.0~ I:lE Fol ES P.Fol0iTI1lToY.P. N B@

Order.
$8200
58400
SB630
SB830
5B1 360
5 8 1660
582390
583220 89
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Bea TVNeR
Repair Specialist

Nf1'I \'OJCiIlllr.ln a hDmIl"')WI' SOMe tmelor'~
maI<I'Ig car~ asaTYNCR Repair Spetilksl Nopl'!W)US

v penence necessary Noneed to QUI yoor iJborsdlooI
~ is~ ... $lS'/'~ bnOuaQe'Mll1
pleoly t:J araw<\JS,OOgraTl$ an:lll!dlS.w~ slIM'\OJtl1o\'
to lrcubles/lool andrep.llf -rooocassetle reo:ordm an;! tv
sets. My; to IlandIe Iloo.rse calls 10ldshop repallS toraltrosl
at'I{ make ofIelevisioo orVCR. Tools arei1cUled IMlh jOUl
OOUI5e soyou can gel ~-(Wl' practICe as;oo10IIcJw your
esscrs step by step Send tcrjree facts atout the excltlr>(l
opportuMies in NiVeR Repaof aMkd out ImI \'OIl can start
~~ In lIlIS Qlt.ll career M.lJl COUPON TODAY! K3J

ICS SChoiiiOf TVNCRRepair,~17oro;2S
.... , 925OakStreet. SCranton. PA 18515 I
I Plust WIIIl me lui I'l!(M'lTI3bOn UIll COIOt llrocn..tt OIl IJowI I

CI/lleamTVNCft Rfpw at home in my S<I3' ! tme 1\tlOe"I SllnIl tl'lete III nootJOgatJon andnoS/IieSm3tl .... _ me I
I Hi m. 1;1

A46fcu ~. ,

I c.~,iSl&1. l ip IL."=!......! ~

SATELLITE TV
FRE E catalog Lowest pri ces worl<lwide. SKY·
VISION, 1012" Frontier,Fergus Falls. MN 56537, 1
(600) 334·6455. See full page ad the Shopper
section,

VIDEOCIPHER 11, desc ramblin g manual . sere­
manes. video, and audio. E~p1ajrlS DES . Eprom,
CloncMas ler, 3Muskeleer. Pay-per-view (HBD.
Cinemax. Showlime. Adull, elc.) 516.95, 52.00
postage. Schemat ics tor vieeccvoner Plu s,
520 .00 . SchematICS lorVldeocypher 032, $15.00.
CoIleeoon at sottware to copy arw:l aner Eprom
codes. $2500. CAB LETRONICS, Bo~ 30502R.
Bethesda, MD 20824_

DIGITAL SATELlITE imagillll syst em , Rece il'll
plC!ures jom outer space 01pla net earth ! Wor1ls
with any IBM compatible computer. Systems as
low as $499 .00. Ca ll or wtlte now !of free detailS :
Moonbe am Sate llite , 339 NeighborhOOd Rd .,
Mastic Beach . NY 11951, (5 t6) 281·2669. (516)
ear.easo-re.

SECRET cable descramblet. Build yOtJ r own de­
SCfamble! lor tess than SI1 ,OO, in seven easy
steps. Radio Shadl parts list included. Also free
de SCfamtlling meeocs thaI ec et noth in g to Ily'
Send $10.00 10 LOUIE WHITE. 2 Marl,n. Baytown.
TX 775 20 .

BEST B Y MAIL
Rl t..: Wrll a NI Uonl l. Boo S, Sar..o,a. FL 3-4230

OF INTEREs T TO ALL

RETIRE EARLY 1·000-n 5-33-4a CODE AB S180 M.,.tlc n
CoCe-.JSEI ,95j.
HAIR PRO BLEMS? THINNING. FALUNG, BREAKING.
H.ir He.l~romlses reSUltS. 1-8()().4.HAIR-10.
1.200 HOME BUSINESS:693 W'Y!' To Savel Send $5,00:
In lormaU on. 90. 883. WIlite ClOud. "' I (93019.

FINANCIAL

SAVEl SAVEl SAVEl L"rn How To ReclU<;tt MOIIgag e
Leans By THOUSANDS OF DOLLARS, Cui Ratu On eo ...
su m.. Loa ns. And Muc n MOfe ' 5<lnO CtlllC~ Or Mo nl V
Order For S22 + S3.oo SlH To: Inlo rmat lcn Reso urce
"' I nagem en!. PO 90. «001 , San F, anclseo, CA 9-11••.
Allow 6--8 Weeks For Deljyery

NAMEBRANDS AT 50IfI DlSCOUNl
This FRU 24 page Cbnnm,r Buylnl
Guife tells III about Satelllle TV In t
Ii sls guarlnl"f lowesl pricn .

$.l10'\¥l, In<
6310 N 00"'''' '1>1 N. 379a.Pt<",a,ll6161'

1·800·472·8626

MONE YMAKERSI Easy! One ma n CAT rebu ild,
in\1 mach inery. $6,900.00 rebuil t. S15,9OO.OO new.
CRT. 1909 Louise. Crys la lakll, IL 600 14. (815)
459·0666. Fax (815) 411_70\3 .

MAKE $SSI Bel;ome an American erececocs
dealer! Pro, il ccccrtontues si nce I g65, Call
SCOTT PRUETT, 1 (800 ) 872·1373.

HOME assernbjv WOlk availatlle! Guaranlee d
easy money ! Free details! HOMEWORK·R. Box
520. Danville. NH 03819 .

'

RECEIVING TUBES
'.ttl OVER 3000 TYPESINSroCK!
. ~ Also hard·to·lind rra nsicrmers.capao-t lars and partslor tube equipment.
'.' 1'10' Send $2,00 forour32fJa~ecala/o{).

ANTIQUE ELECTRONIC SUPPLY
622\ S. MapleAve-TemP'!, AI 85283.60 2·820·5411

MAKE S75 ,OOO.00 10 $250 ,000 .00 yearly crrrore
rixing IBM color mon,tors . No inves tmenl, .sl arl
doing nrrcen your home(a le lophono requ ll'Od).
IIl lormalx:m. USA . Canada $2.00 cash tor eo­
chu re, other eco-ases S10.OO US tunds. RAN­
DALL DISPLAY, So:. 2 168·R. Vall Nuys, CA
91404 USA . sax (818) 990-7803 .

Cable TV
Descrambler Kits
Universal K it .... ......... ...•..S55 .0D
Ine luoes a ll paru and PC !loan;: . Net 'N: 'ucea
II Ilta ee aaapter er encl"",r.

MON EYMAKING OP PORTUNITIES

WORK AT HOMEI Eu y U SetnOII work. up '0 $250 per
w!!!'!!l!!!."·tlme lIua ,anl,eed . 1-800- lj5-,4500 Exl. S'S .
MULUL EVEL MARKETING · Big Pre flts· Tlnv Investment
·Oe ta lls $ 1.1)0, P&P S ervice • . Be . Ja HRE). Sla len Islen d,
NY 1Cl308.
" EASY MON EY'" TAKING Snap""ots. Send LSASE To;
Glcbal, ,oIO(~ RE) Ouaen lt. 67. Camden. All 71701.

BUSINESS OPPORTUNITIES

! ELECTECH!
CABLE T.V. DESCRAMBLERS

- All quality brand names -
- All fully guaranteed _ All the time •
Knowledgeatl le Sales Serv ice Departme nt

fOR FREE CATALOG SDO-253.Q099

PAYTV AND SAlUUTI OU CRAMBLIND
All lIEW 1992EDITION All NEW

ScraaIlI... II.... 1W~InoI .

_ . 1ff. 1(l11 v.JctJFasIJ11IV.ltlQ
~_lII._.

WANTEO

INVENTORS

INVENTIONS ' new produets 'ldllas wanled: ca ll
TlCl tor 1'00 inlo rmatKln;inl'llnlors new slell cf. 1
(800 ) 468 ·7200 24 hoors/day - USA'Canada.

INV ENTORS : We submil ceas 10 irw:loslry. Firw:l
oul ", hal we can do '01 you . 1 (800) 28B-IOEA .

INVENTORS! Can you palenl arw:l Proll! trom your
idea ? Can AMERICA N INVENTORS COR P. tor
' ree information. Serv ing in'o'llnlOIS since 1915. I
(800) 338 ·5656.

MASTERCARD ANDVISA are now accepted
for payment of your advertising. Simply
complete the form on the first page of the
Market Center and wewill bill.

YOUR own radio station! Licensod ,'tmticensed
AM. FM, TV, cable. Information $1.00. B ROAD­
CASTING, Bo. 130-FS, Paradise, CA 95967,

LET me Ql,lVeInmenl ' inance~r small bu siness.
Grants/loan s to S5OO.000. Free record ed meso
sage : (707) 449-6600. (KSn

EAS Y work! E~cellenl pay ! Assemtlle prod ucts at
homo. Call loll rree 1 (800) 467·5566 E~t. 5192.

ri;A;;c;,;p~i;s!1
Home study. Be-I rome a pe rsonal I

computer expert at II home and in busi­
ness . learn a t )\.urI 0I'.T1 pace. F..xc iling I
and eiL'»' 10 follow.I Se nd orcall loda)' I

I ~O~2~~:;~~ I
I Nom ", I
I

," I,lre,,' I
City Stak Zip

I SCHOOL~~~C:::~~:'~~rrRAINING I
L Dept. KF342 Atlanta. Georgia :lU:l-Il .J--------

Visa , MasterC ard & COD

M & G Electronics , Inc .
301 Westminis ter Street
Provid ence, RI . 02903

Tr i-Mode KIt •.••.....•..........S39.00
InCludes a n p an l . PC 90ard and A::: Aa ap ter , Net
InCludeo;l " tlta enclowre

SB·3 KIt... ••••••.••.•••••••• .••.••S29 .00
Ine~a es all pa rt, . PC Iloan;: a M AC Aa aPIC(. Net
,nClua aa " I.... enc losure

Universal Tutorial. •....•••.••.S9.95
!nclua " In ,n o ePl n stud y e! Ine tecnonOlC!ly u,eo
and nes trouDI.,ncc\lng n lm.

Tri -Mode Tutorial ••.•••.•••.••.S9.95
!nc lua " I gate b V g ete study e! tn . C"Cuil an" " I I
trQl./b '' '''oc ll ng n,m .

1li
~ Snooper Stopp er S39.0D

Preleot YOUtHI! ' ''''''' cuo..ml>ler c eteC\lQn and
~ SlIIP tM 'OLlllat'

.~I Call Toll Free 1·800·2 58-1134

m
.2
~
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• Variable DC outpu l
-5 - 10 - 15 VOC @ 0.5emp. rlpple ­

s mv
• Frequ.r>er_.10<

Ireq uency ' enge :0.1 Hl to 100 KHl in 6
,e"9 "
outpuh'o ltege : 0 to :. lOY 120Vr>--p)
OUlput impedance: 600 le xcopt TTL )
oulput cu"....t: l GmA max.. SI'lO<1 ci' curt
protected
outpu l wa>'elorms:• •ne. sq ua,.,. lrianll",
rn.
. ine wa. e; d.stOO ion 3'10 (10 Hz 10 100
KHZ)
TTL pul..., " ... and 1, 1I 1,ma 25n.
dri_e 20 TTLload.
Squaro w. ... : rise and f. ll l ime :. t ,5

• Logk: IndlcelO<ll
8 LED's, aCli. " high. 1,4 ""It (nom inal)
thresh old. ,nput. prOlecled to :. 20 ""lIS
Debo unced pushbullonl (pullers)
2 pu. n·bu llon ope ,nt<>d. open ·co lleclor
ou tput pulse ," , eac h witn I normally_
opon, t norma lly-close d OUlput. Each
ou tput ca n l ink up to 250 mA

• Potent iometers
1 - 11< , 1 tOK . ali leMs,v, ilable
and uncommilled

• ONC conMCton
2 ONe connectors pin e..i la~e an<l

uncomm,lto<l . l>ell con nec ted 10 ground
• Speak...

0 25 W,81l
• O' ••d~rdln\l .".

2520 uncomm ,tted I,e po;nts
. Ol......slonl

tl .5" long. 16" wi"" x 6.5" high
• Input

3 w" e AC line inllUl l l 17 V. 60 Hl
1Y;>ical )

• w.lghl
,,~

I

• Tne totel design workstlll,on - inclu<M O
. >pandad in' 1rumantalit>n. b<eadl>oard
and power su pply.

• Idea l tor .n.log, digital and micro­
processor Ci,c u,ts

• Sleg ic p,o ne circuit.
• Function g. n. ,eIO' wilh conlinuou lly

_a ,iable s,ze. squa r". triangle w._ o
torm. , piU STTL pulSes

• Triple power supply otto," I.. ad 5 VDC
supply piuS 2 "",iable oulput. - . 5 · t5
VDCa nd -5 - t5V DC

• 6 nL compallble LEO indicaIQr' . , .. ,ten..
• Pulse,"
• Potentiometer.
• Audio exper imenlalion slMla 'or
• MuII,pl<t leat u' es in _complete lest

in. ,rumen t sa ves hund ,eds ot dolla",
neede<l 10< ind"' H:luel unot.

• Unl;mited Mel,me guarantee on t><ead·
!lOa'd SOCket .

• find DC oulput
_5 VDC @ 1.0 emp. rlpple - 5 nIV

• Variable DC outpul
' 5 - to - 15 vDC @ O.S amP. " W IG ­

Sm '

SINCE 1983- YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERSI'

NO CREDIT CARD SURCHARGEI
SCHOOL P.O.'. WELCOMEI

Tile pe n mech anism ,n·
e luded ,tll 1110 robol a l'ows il
to dra In a<ldil ion 10(l,aw ing
st' aigM hne•. ,1can also accu­
ralely d'aw circles. • nd e_en
d,a .... ou t wo rds and .horl
p h'!l>O'S, WA/J II comes with
128. 4 bits RAM and 2K ROM.
and i. p rOgramm ed d irecl ly,i.
ee keypad aneched [0 iI , Wil li
;t s b",IH n co nnocto' port. WAD
IIlsready 10 co mmunicate with
yo u, com pu te " W ilh the
optiorllli interlace kit. you can
co nnec t WAD li to a n Apple II.
lie,orII_com puter. Ed't,ng and
t, anS"lfIng 01 any movemen t
p'ogram. as _ IIas sa"';nl1and
load,no a pro gr am can be
IMIrloflned by tha interfaco k,l.
The kit inclu des .oltwa re.
cat>... ca'd. and inst,uclions ,
Tna prog, amming Iar>gWlge is
M S<

• • : I

( )

(

• Po""", Source - 3 AA Daue ' ," In01 inclvOOd)

, ,
I I . I •

, • •,
STOCI( • IIIFG.

WAVE· """"" OPEA. OPER. 1-2. ,." ",-LENGTH POWER CURRo VOLT.

""M TOSHIBA _ m 'mW " ... U\I 12'9.99 , 23.. 9 111.1.

""'" TOSHIBA ' ''''m ' mW " ... 203\1 .9.!~9 47.99 m,
l S920 1 TOSHIBA ,- ' mW ~ ... U V 59.99 "." ,,~

LS'J'211 TOSHIBA '''''m 'mW " m' aav 6U 9 66.49 59.84
LS921S TOSHIBA ' ''''m 10mW ..... M Y 109099 11)4.49 "M""00 "" '''.m ' mW " ... aav 59.99 S6.99 51.29<=, SHARP '~m 'mW 65 rnA 1.75 V 19.99 18.99 17.09
581053 PHILLIPS '''''m 10 mW " ... 2.2 \1 10.99 10.44 9.40

CORN
~"' !l E ( T R O N I ( S

HI010 Canoga /we . Unl ! a ·8
Clla ls....or. n, CA 91311

MV961
WIlAP """"

7599
37.99 "'''

IDC BENCH ASSEMBLY PRESS COLLIMAnNG PEN LASER DIODE MODULE
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' 19.99 , m99 ' ~.e9

'8aW ' 00 4\1 '5<1."
100.99 1e9 W , ro .1I9
200.00 19\1411 119."

_ l[)l,l ,~"""V.. "" _
...... 'v C<><'>O,.".~ .' , .....
....... c<>I. ....r".v "l'r,CO . od
_ ....,""' ''"" - , *"'V'e
<OmVK' """"'"II "'0<0l>CeS ,
_ 1.... 001..-.-""' . . .._*' eom;>I01a ..,II>looO. t",
_ 10, CCo<»oe< ""PP'Y
' rom ' IO' 2'SV

TlIOugn "'..... .. P<O<l_ •
_ bN'" " .. '0<00 Ioong'"
con ", .. "',,,, ,,,,, ,. '-"
t""bNm ",. _,

S'",. y, . m. II ' M ••u~·
""""',".. LD... ' JO .. , "''''i>ion

:::.~":";,o;,.~ d~","'~...

_, ,...... 632nm fl4- Na .....""* ,_ ' rom .","W '" 3mW

l:"=-~~~~....... -"""'.......... _-__ ..-"", ou""'''' ....._ "'_ ..' re ...... _, guar""....,
,. '"n<"o••r m."u'oo,",O',- ,-

' mWl_p_/,(,}(Me
t", W L" "'~""<>fM.
1 mwL..... PoodaI' ''''...
J ", W Lou< PIoOo Uod..

LDlOI3" .5
LlllOl''''

T... P.,... .. ," PVSOS " . ' ''"

=~',~~~"=""on ' 004 ."'v.N '.' ....
oc,~..., ...... 'e,m,.,',o. 01
vo"",," ICC _ lOr> on n"
' ...... co""'._ "" _ ' ''-''''
• &:'P::~"" fI\Ov t>e

' 01.0,0<110"I,. ....' '''''''m_ '.1",
• !laM pia'" & <un"......:_.

"""" "' ouoc' " cl'w'lgoo<!
" "_ " "v-' '''''u''''''• ...",.,""""' ..:_ ,.. 08'"""

• S., o _ 1o-'W .a,I'- D .II" H_ w...; "I-U '"

_ ORDER LINE (800) 824-3432 • INTERNATIONAL ORDERS (818) 341-8833 "1m'
_ FAX ORDERS - (818) 998-7975 • TECHNICAL SUPPORT - (818) 341-8833 -

• 1$.00 MINIMUM ORDER . UPS BLUE, RED I fEDERAL EXPRESS SHIPPING AVAILABLE . OPEN MON·fR' 9:00 AM· 6;00 PM. SAT to:oo AM·:LOIl PM PDT
• CA RESIDENTS ADO " . "" SALES TAX . CALL fOR OUANTITY DISCOUN TS . CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR

CATALOGS DEUVERED OUT&IDE THE U.S. _ SEND $2.00) • WE CARRY A COl,lP LETE U NE Of ELECTRONIC COMPO NENTS
'NO SHIPPING CHARGES ON PRE·PAIO ORDERS DELIVERED IN THE CONTI NENTAL U.S,
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FREE inlormatioo available for annual cross refer­
ence index to electrcocsaneres Pfinled in sev­
eral magaz ines . Send sese to LOCK·TRON ICS
PRINT, 5207 ShelWOOd. Lawton. OK 7350 5.

EDUCATION & INSTRUCTION
F.C.C. Commercial General Radiotelephone II·
eense. Eloctron ics home study. Fast, inexpen­
sive! " Free" detaits. COMMAN D, 0 ·176. eo x
2B24. San Francisco. CA 94126 .

ELE CTRONIC eogl neerlng . B volu mes com'
pete. $109.95 . No prior krl<l"Medg e reqtllred , Free
brochure. BANN ER TECHNICAL BOOKS, 1203
Grant Al'lInue. Rock ford. IL 61103 .

MAKE a thing... make II living... Stud)' Industri al
Desig n Te<:hnol og y and bring \lOur Ideas to Ilfe.
learn to peoctem-sclve. sketch . mnder and de­
sigo . Develop models. create crosmeuc appli­
ances. Build your fuluro in movie and lheator
special eneete. toy and product. exhibil,transpor·
tation, furniture /fixture. archi tec:;lural and amu se­
ment env ironmental des igo at The Arl lnstllu le s
of Plllsburg h, Phil adelphia, Fort Lauderd ale,
Seattle or The Col orado Inatltu te of Arl . For
in forma tion write 526 Penn Avenue. Dept. 61.
Pittsburgh. PA 15222. Or call 1 (800) 525-1000.

CATCH the roueet wave in lelec:;ommunicalions
and prepare lor the futuro now , Las-erl/lber optic s.
photonics and ctectrcncs. It's all part of the excu­
Ing Med laiTel ec om munl<: at lons Technol ogy
program at TH E ART INSTITUTE OF DALLAS.
For further in 'ormal ion write 8080 Park Lane.
Dept. 61. Dallas, TX 75231 or call 1 (800)
275-42 43.

•

IN STOCK

*J EROLD* *OAK* *HAMLI N¥
* ZENI TH* *PIONEER*

*SCI ENTIF IC ATLANTA*

CABLE TV DESCRAMBLERS*CONVERTERS*
and ACCESSORIES.

~'M'T":~

.... ACE PRODUCTS ....
• 1-800-234-0726 •

CABLE TV DESCRAMBLERS !

CABLE KI NGDOM!

• CABLE T.V. BOXES - ALL TYPES ·
• LOW PRICES - DEALER PRICES ·

PANASONIC, JERROLD, OAK,
PIONEER, SCIENTIFICATLANTA

AND MORE. LOWEST PRICES. FREE CATALOG.

C~~L~~".:'yDY (800) 234.1006

onll.:n TOU, .'10:.:
1-800-228-7404
DON'T FORGET TO A SK AB O UT OUR

FREE CATALOG WITH BUYING GUIDE

FRIENDLY, PROFESSIONAL SERVICE
30 DAY MONEY BA C K GUA RA NTY

BESr PRICE - BESt' SERVICE

@ ~ ~ ~ [C:O~
.."" IfaWJO< NU-lEK II1CIIlONCS

1·512·2~5031 .~"~~~,.

6 MONTH WARRANTY! WE SHIP COO!
ABSOLTLEY LOWEST

WHOLESALE/RETAIL PRI CES !
* **** *~RC~ CATALOO *******

~.P . V IDEO
J470 OLD COUNTRY RD

SUITE 3 15
PLAINVIEW, NY 1 1803

NO N. Y. SALES
CALL NOW! 1 (eoo) 950-91 45

CAT. PB~

tOO lor S15.00

210' 517.00

CAn RC-1

SMK "'anulold~
o.. 7' 1q<>&re bladI pual'Qmon..
S?ST normal)' open. .. p.e . pOoI$
b rrou mll'lg. IdNJ tOf low
am..,l I WCdlllg a(ll>IcaIiore.

5f'or$1

Thill"" ' aH,d '8tl'OI1 CXlt11rol
device Iota you tum onIglI
~.~OfOl!..."
120V;JJ; d8'o'iolol utir>g lIl1
If! Uans,rol:"" am w- IO Itio
<:noon)"Oll!'TV0( VCR.
OligNl'l' c;loo iglHl<llor .....
with II hydlO<'rl.Ula;e h.
~e lfarwMl(Wl, ancl
~vriI~1yopel". rrosl A.C.
_icosMlh2ptong
non·poIatIzeod pltg s.
N<lIr~lor

U5......h lINt.....
Requires a Ih Olibat1"'Y
(nal inducla<!).

SUPER SMALL
Surface Mount Green LED

Su~1C<I m:>Um LEO dlll;L
ClNrwt>erl 011. g eero when I•.
V..,., Uny • whoie unil l$ 0.115'
X 0.055' X O.OS· lhidl. llTTTl (0.04")""" diarroll....
Gold-plaled 1I"QVIl1"", IU"~ 101 l upe1ior con<h.d .... y.

CAT. SMLED-2
100 b S l8.oo

1000101 S140.00

II'======!B
Electroluminescent

BACKLIGHTS

S.P.S.T. Pushbutton

Al IUlt A low eoat..i&<:Irol.....n_r gloww lp and
irnI,,"e•• TI>e&e bl lItId·"""" units were designed to back·

light omallLCDTV, made by [tie Citi,,,,, W;Uc!l
COrTf""n1. Thelnwrt... c'rcu~ chaflg" 3 or 6 'Ide lO

app",.ilT\ately 100 Vac, the yo_ageloqulrod to lighl the
glowatftl. LurnnllSc:ent SUrlllCll a ' .... II 1.7" X2.25", Tilt

• trlp " IIsalmon tolar ... Us oli l lato. alld glowswillIe
when """ ,gtzed. The circuli board II 2.1' X \", Glow
st,1pand c'rcu~ry can 00 removed oull)'Trom p1"'I~

l>ouling , IdealTo<1pOC"'ligllling eltBCl I lind
baddightin!l. Two mo<lell .....a~ablo :

e.I:. ... 9 lTA ope'a Tes 003 'Ide CATI BLU-81

CillO'" 92TA Of>O'I T8S o~ U Vile: CAT' BLU·92

nLLELECTROniCS CORP.

LARGE #0350QUANTITY ~
AVAILA BLE each

1010< S32.oo • 100 IOfS27S.OO

f TOLLFREE ORDER LINES
if$l "8 00 -82 6-54 32 .....
;.ClfAItQ/Il (>"O~Il'$" "'-_...c_OI'r».c_ .

Ma il Order EleClronlc ParI s And Supplies

P.D. Box 567 · Van Nuys. CA9140B

INFRARED Remote
A.C.SWITCH

TERM$' Mn""""o""',srOOO.~MdllMdIng

/Of""~""",~",,~';U,SA U50",.,otd.-, » 0"""
0>i;bJ"'fl AI(. Ht PR Of~ mwtp.o.y'uI "'"",iog
»ordt>.. deliwfttd ... CALFORNIA mwt M u» 1111.

'"''''' lox (1 ' If%, " ~. 13'4". "If " ) .Qu.onarw,
Um~-.J NOC.D.D. p,.;c., sw, Of M ell . • ..1Ot.f""r".

Call or Write For Our
FREE 64 Page Cstalog

(Outs ide Th e U.S.A . Sen d $2.00 Post age)

ALL ELECTRONICS CORP.
P.O. Box 567 · Van Nu s. CA · 91408
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AG.~ODIFICAnON of rig. 24 circuit 10 obtain automatic leading-zero suppres­
sion.

pression . the circu it In Fig . 24
must be mod ified as shown In
Fig. 25 to provide ripple-bla nk­
ing. In Fig. 25. the lU ll pin of the
most s ign ificant d igit (MSDl Is
grou nded. a nd Its HIlO pin Is
con nected to the Hi ll pin or the
next lea s t -s tg n t ftca nt s tage.
That pattern Is repeated on all
except the LSD, whi ch does not
req ui re zero su pp ress io n . tf
trailing-zero suppression Is re­
quired. the d irection of r ipp le­
blanktng feedback must be re­
versed . The RBI pin oft he LSD Is
g rou nded a nd Its I{DO pin Is
wired to the RBI p in of the next
least-sign ificant stage. R-E

Figure 23 shows the p inout
pattern or the 40338. a mod i­
fied vers ion or the 4026B. The
D ISPLAY ENABI.~: and D ISPLAY EN ·

All l. ~: OUT pins or the 4026B have
bee n eliminated a nd replaced by
HlI >I' I. ~; ·U1..I\NKING INPUT (lUll) an d
nl l'l'l.E ·UI.I\NK IN G OUTPUT ( H U O ).

Figu re 24 shows the wir ing
scheme for two 403385 In nor­
mal use. Th e RESET. CLOCKrwum­
IT, and LAM P TEST pins are all
grou nded , a nd th e RIPPI.E ·BLANK·

IN G INPUT p in Is postttve. That
co nrlguratlon does not blank
leading or trailing zeros.

Ifcascaded 40338"5 are to give
au to ma ti c lea d ing- zero sup-

R80

"UNITS'
41"31

RBI

"TENS'
40'31

RBI RBO

I

"'HUNOREOS'
40'31

RBI RBO

I

TOl ·SEGMENT COMMQNoCAlHOOE LED'S

"THOUSAUOS'
40'31

RBI RBO

DISPLAY DRIVERS
continued (rom page 72

nal s d o not have to he p re­
shaped . The counter Is res et by
dr iving th e RES!:.. pin h igh .

The CLOCK INIllUIT pin must be
gro u n ded to a llow nor ma l
coun ting. When CLOCK INHIBIT Is
high. the cou n ters are Inhi b­
ite d . T h e di s pl ay Is b lanked
when the d isplay E NABLE pin Is
grounded.

The th ree aux il ia ry out pu t
pins of the 402613 a re desig­
nated DlSPLAY/ E NABI. E OUT (DIE
OUT ) . C A I{ RY OUT ( C AR RY ou'rt.
a nd 2 OUT (2 our). The DISPLAYI

ENAnLl·; OUT s igna l Is a sligh tly
delayed copy of the D IS PLAYiEN·

ABLE I n pu t s i gn al. The CARHY
OUT s ignal Is a sy m metr ica l
square wave whose freque ncy Is
one -ten th of th e clock Input fre­
quency. and is used when cas­
cad lng 40268 cou n ters. The 2

OUT pin goes low on lyon a count
of two. Fig. 22 shows th e circuit
con nectio ns fo r cascadi ng
stages.
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~.-..~_ .._-._---­._-- ­---­._ -._ -­._ ---
~,-soc-543-4330- ----

MCM ELECTRON ICS
650 CO N GRESS PARK D R.
CEN TER V ILLE . O H 4 545 9 -40 7 2

A PREMIER Company

Come on inand see foryourself! MCMisabreadline distributorof
electronic replacement parts such as: semiconductors, connectors.
audiOlVideoaccessories, lest equipment, hardware, chemicals,
tools and lots more. With 17,000 items stockedand ready for
delivery, MCM also opens the door to great service.
Our latest catalog features an expanded line
ofdiodes and rectifiers; as well as reduced
prices on select video heads.
Call today tor your free MCM
Electronics Catal09.

TOLL·FREE

1-800-543-4330
orFax 1·513-434-6959

MCM ELECTRONICS
Opens the door to over

17,000 products!
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MIDWESTlTu a IllA rk a n..1II0 kla.
Ralph Be rgen. Midwesl Sale. Manager
Radio-Electronics
One Northfield Plaza. $tJite300
Norihlield, lL 60093·12 14
1·706·446·1444
Fa>; 1·108·559·0562

PACIFIC COAST/Mounta in S latel
M. ....ln G...n. Pacific SIlle. Ma....ge.
Radio-Elect ron;"
5430 Van N_uy. BIV'd. $tJite 318
Van Nuy• . CA 91401
1·618·968 ·2001
Fax 1.616·966 -2009
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Idyllwild. CA 92549
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For out of this world prices call
WORLDWIDE CABLE

1 800-772-3233
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If you 're fascinated by science in all its many forms,
if you are compelled to experiment and explore, then
Science PROBE! is your kind of magazine!

-------------------------~~~-1
Science PROBE!
500· B Hi-County Boulevard
Farmi ngdule . NY 11735

••

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

Artic les 10 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 Aqua rium
How to Keep a Science Notebook

Welcome to.

Obtain 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.

Sc ience PROBE ! - th e o nly
magazine devoted entirely to Amateur
Scientists! If you are fascinated by sci­
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! You will join
a community of Amateur and Student
Scientists who enthusiastically seek
scientific knowledge or follow scientific
pursuits for their own sakes and not
merely as a profession.

From your very first issue of Science
PROBEI you will be involved in a world
of scie ntific facts, experiments , and
studies pursued by amateur scientists
who are university students, investors.
academicians, engineers. 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 forward my copy of Science I'ltOB E! as soon as it comes olTthe press.
I am enclosing $3.50-U.S.A. !$4.23-Canada-inc1udes G,S.T.) plus $1.00 for
shippin g and ha ndling. Better still, please enroll me alla subscriber and send
th e next four (4) quarterly issues of Science Probe. I am enclosing $9.95·
U,S,A. (Canada: $16.00-includes G.S.T.)

o Next Issue Only 0 Next Four Issues (1 Year)
OlTt'rs valid in the U.S.A. and Canad a only. No foreign orders.Name _

Address _

City State ZIP _

All Orders payable in U.S.A. Fund s only.

-----------------------------
ON SALE AT QUALITY NEWSSTANOS, CONVENIENCE STORES ANDSUPERMARKETS

GET YOUR COPY TOOAY-S3.50-U .S.A.-S3.95-Canada



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

With thisnew 60 MHz digital oscilloscope, Tektronix lakes
handheld performanceto anevenhigher plane! The224 packs
more power perpound than anyother product and - withilS on-board
rechargeable batteries - goes ....teeer duty calls.

With its exclusive IsolatedChannel'~ a rchitecture, youcan make two­
channeilloalingmeasurementswithout therisk01shockor damage to
delicate electronics. Suchstandards asTek's sharp,bright CRT, rapid upr
rate andwidevielving anglemakemeasuringlast and ellicien!.And the 2~

lamiliar front pane!and fu llyautomated features keepitsimple.
You getadvanced capabilities like video line triggering and 10 MSls

digitizingper channel lor excellent single-shotperlorrmnce,plus time­
correlated single-shot waveforms foreasy comparison. With CAT200 softw<
youcan even control the 224over phone lines fromhalfway roundthe worle

Call 1·800·426·2200 Ext. 83 10 get the full story. We'll show'
more of the224 - and ways it's giving bench perlormance wings!

Copy,,,,~l e 1992,Tel tlo<>ix, loe.All ,,,,nil ' neMll
4OW·18S392

:0. " Tektronix
A eslandMeasurement
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