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We Only Skimped OnThe Pric

Introducing The Fluke Series 10—From $692

Fluke guality: Made in the USA by Fluke,
with the same rugged reliability that's made
us the world leader in digital multimeters.
Count on hard-working high performance—
and a two-year warranty to back it up.

\

Actual size: Easy to carry,

i \

New! V Chek™: For fast accurate
checks on power sources and
supplies, set your meter on V Chek—
and let it do the rest. V Chek will
determine continuity/ohms; if voltage
is present, it will aufomatically
change modes to measure AC or DG
volts, whichever is detected. For must
initial troubleshooting checks, here's
the only setting you need to make.

Autoranging with manual option: \
Your choice. depending on your situation.

Sleep Mode: Shuts itself off
if you forget, extending long
battery life even further.

New! Slide switch and a
few pushbuttons control
all functions: Designed for
true one-hand operatiaon.

Fast, accurate tests
and measurements:
ACand DC voltage
measurementsto
600 volts, ohms to
40 MQ; audible
continuity test;
and diode test.

Safety—a Fluke standard:
Designed to meet UL1244,
IEC 1010, CSA and VDE safety
requirements; extensive
overload protection built in.

&

New! TL75 Hard Point™ Test Leads:
Comfort grip with extra strong tips
for extended service life.

Audible Continuity:

To perform fast continuity
checks, just listen for

the beep; no need to watch
the display.
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Large, easy-to-read display:
4000 count digital readout.

New! Min/Max record with relativ
time stamp and Continuity Captun
Makes intermittent problems easit
find. Records highs and lows—an
“time stamps” when they occurrec
continuity mode, opens or shorts ¢
as 250 ps are captured and displa)

Capacitance: Autoranging from
.001 J;Fto 9999 uF. No need to carry
a dedicated capacitance meter.

For high performance at Fluke's lowest %rl
Your hands on the new Series 10. Stop by
ocal Fluke distributor and feel what a pow
difference the ri?ht multimeter makes—a
right price. For a free product brochure or thi
of your nearest distributor, call 1-800-87-F

| Fluke 10 Fluke 11 Fluke 12
§69.95* $79.95° $89.95°
4000 count digital |V Chek™  Chek™
display Capacitance, Min/Max re:
1.5% basic dc volts| .001to 9989 uF | with relatl
accuracy 4000 count digital | time starr
2.9% hasic ac volts|  display Continuity
accuracy 0.9% basic dc Capture™
1.5% basic ohms volts accuracy Capac:lanc;
accuracy 1.9% basic ac volts| .0011
Fast continuity accuracy 4000 count
beeper 0.9% basic ohms display
Diode Test accuracy 0.9% basic
Sieep Mode Fast continuity volts accl
Two-year warranty | beeper 1.9% basic
Diode Test accuracy
Sleep Mode 0.9% basic
Two-year warranty | accuracy
Fast contini
beeper
Diode Test
Sleep Mode
Two-year w:
“Suggested U.S. list price Optional holst
L tift-stand avi

The New Series 10.
A Small Price For A Fl

FLUKE AND PHILIP
THE T&M ALLIANC

©1991 John Fluke Mfg. Co., Inc. Prices and specificat
subject to change. Ad no. 00130.

FLUKE.




M ay 1992 Electronics.

Vol. 63 No. 5

41 MIDI LIGHT CONTROLLER
Turn an ordinary musical event into a colorful extravaganza!
Edward J. Keefe Jr.

47 SOLID-STATE RELAY
Build your own at a fraction of the cost of commercial ones.
Rodney A. Kreuter

50 DIGITAL ALTIMETER
Bring this pocket-sized electronic altimeter on your next trip.
Anthony J. Caristi

31 BUYER'S GUIDE TO DMM'S
A benchtop digital multimeter round-up!
Stan Prentiss

65 WORKING WITH LED DISPLAY DRIVERS
All about 7-segment display decoder/drivers.
Ray M. Marston

COMPUTERS

57 BUILD THIS MICROPROCESSOR DEVELOPMENT

H!
g

I
i

mmlmlm

SYSTEM
Construction details for the 1802 microprocessor development
system. n"n “0“
Dave Dage
94 Advertising and Sales
Offices
DEPARTMENTS 94 Advertising Index
6 VIDEO NEWS 75 COMPUTER 12 Ask R-E
What's new in this fast- CONNECTIONS
changing field. The personal digital assistant. 16 Lettors
David Lachenbruch Jeff Holtzman 85 Buyer's Mart
82 DRAWING BOARD 28 New Lit
73 AU‘D|0 UPDATE_ Authotwe regulators, and our 24 New Products
Let's phase the music. oscilloscope.

Larry Klein Robert Grossblatt 4 What's News




Radio-Electronics, May 1992

ON THE GOVER

The digital multimeter is the back-
bone of the modern test bench, and
today's DMM’s provide better per-
formance and more features than
ever. How do you go about selecting
the instrument that best suits your
testing needs? Your first step should
be to read our Buyer's Guide from
start to finish. You'll learn how
DMM's work, and how to put them to
work for you. Read about the latest
models from the major manufac-
turers. Once you know how they dif-
fer—and what those differences
mean to your work and to your wal-
let—you'll be ready to make an in-
formed decision. Turn to page 31 for
the details.

COMING NEXT MONTH

THE JUNE ISSUE
GOES ON SALE
MAY 5.

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

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

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

BUILD A SOLID-STATE THERMOSTAT
Use temperature control in your next project.

As a service to readers, RADIO-ELECTRONICS publish ilable plans or infi i lating to thy prod
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and work hip used by read RADI%-ELECTHONICS disclaims any responsibility for the safe and proper
functioning of reaZar-built projects based upon or from plans or inf ion published in this i

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infring t of such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that any i 1 in such proj; It a patent

RADIO-ELECTRONICS, (ISSN 0033-7862) A‘Eril 1992. Published hly by Gi back Publicati Inc., 500-B Bi-Collw
Boulevard, Farmingdale, NY 11735. S d-Class Postage paid at Farmingdale, NY and additional mailing offices. Second-
Class mail registration No. R125166280, authorized at Toronto, Canada. One-year subscription rate U.S.A. and possessions
$17.97, Canada $25.65 (includes G.S.T. Canadian Goods and Services Tax Registration No. R125166280), all other countries
$26.97. All subscription orders pu{nbla in U.S.A. funds only, via international postal money order or check drawn on a U.S.A.
bank. Single copies $2.95. © 1992 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A.
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must pany all submitted manuscripts and/or artwork or photographs if their return is

desired should they be reject d. We disclai any resp ility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.




Within budget.
Without compromise.

Get more of what you
want in a 6% digit DMM
for just $995.

The HP 34401A gives you more
performance than any other DMM
for the price. More resolution.
Better accuracy. The highest read-
ing speed. Fastest throughput. And
widest AC bandwidth..

It has more standard features.

Like HP-IB, RS-232 and built-in
SCPI commands for more system
flexibility. Plus ten extended func-
tions including continuity, diode
test, limit test, reading hold, dB and
null to give you greater flexibility
on the bench.

What more could you want?

The HP 34401A also comes with
a 3-year warranty, standard.

“B For more information, or same-
day shipment from HP DIRECT,
call 1-800-452-4844**. Ask for

Ext. TB26. And we'll send you

a data sheet.

HP 34401A Digital Multimeter
DC Accuracy (1 year) 0.0035%
AC Accuracy (1 year) 0.06%

Maximum input 1000 Vde
Reading speed 1000/sec
Resolution 100 nV, 10 nA,
100 Q2
* |1.S. list price

** In Canada call 1-800-387-3867, Dept. 434

There is a better way.

[ caciaro

10 1992 Hewlett-Packard Co. TMLIDISSB/RE
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High-power semiconductor
laser

A series of reliable, 150-mW laser
diodes that oscillate at wavelengths
between 800 and 870 nanometers
has been developed at Sanyo Elec-
tric Company's Semiconductor Re-
search Center in Allendale, NJ. The
high-powered lasers are expected
to enhance processing speeds in
erasable optical-disc memories and
image-processing equipmentand to
be used in satellite communication.
In addition, they can be used as
pumping sources for blue laserlight
generation when they are used with
a second harmonic generation
(SHQG) device.

Blue-spectrum lasers with suffi-
cient power are critical to informa-
tion-intensive applications as long-
playing, high-definition, 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 wavelength 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-
processing applications. The Sanyo
development overcomes previous

tween 800 and 870 nm, Sanyo’s high-
power lasers will have applications in
optical-disc memories, satellite commu-
nications, and blue-laser light genera-
tion.

obstacles to blue-laser light genera-
tion by providing 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
conditions at room temperature
using a typical SHG device.

The laser diodes are fabricated
using a relatively uncomplicated
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 temperature, and for over
2000 hours 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 electroplating
method

A process allowing intricate gold
electroplating on microelectronic
devices, developed by Researchers
at Sandia National Laboratories (Al-
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
manufacturing microelectronics—
high corrosion resistance, high con-
ductivity, high melting point, and
ability to form good electrical con-
tacts—standard gold-plating solu-
tions can release large amounts of
poisonous cyanide gas if the solu-
tion becomes too acidic. The
cyanide-based solutions are so dan-
gerous that the EPA has classified
them as "‘acutely hazardous;"
therefore, they require special safe-
ty precautions.

Sandia has applied a gold sul
solution, which was developec
the 1970's and has been used sir
then for protective coverings but
for circuitry, to form precise g
patterns for semiconductor «
vices. The method has been s
cessfully used to plate extrem
fine lines on substrates. Sandia
searchers have also used the sul
solution, which contains no cyan
and is not dangerous, to make m
ature gold bridges that fo
crossovers on gallium arsenide s
strates. The crossovers allow ¢
ductors to cross on the surface
the IC without touching or short
out adjacent conductors. Te:
have shown the plating efficiency
be close to 100% in such appli
tions, and the plated gold’s dens
approached that of pure gold.

Transmission-line
impedance measurement

Beckman Industrial has be
awarded a patent for developin
time-domain reflectometry (TC
technique for the accurate m
surement of transmission line
pedance. The technique has be
incorporated in the compan
model TMT-1 transmission me
tester, which is used to test ¢
certify LAN and telecom phys
layer cabling systems.

TDR could be described as *
ble radar''—an electrical pulse
sent along the LAN under test ¢
cable faults (impedance chang
reflect some of the energy back
the TDR where an associated [
cessor plots it in a display or gr:
as a waveform. Traditional Tl
techniques are plagued by ‘“ca
dribble-up' or impedance ri
where the fundamental impedar
of the cable under test appears
increase along the length of the
ble. Beckman's measurement te
nique correctly measures 1
impedance along the entire len
of cables under test. I




YOU GAN ALWAYS SPOT
THE TECHNICIAN WHO
DESN'T USE TEXTRONIN.

If you're sending technicians and FSEs into the field with equipment other than Tektror

- =\ don't be surprised to discover some unusual tools in their service kits. ~ #=53

4
Sostr &
K\ éf
Signal flares, for instance. On the other hand, portable test gear from Tek gets technicians to the root of gj‘. & .,j
the problem long before the problem gets to them. Everything from oscilloscopes and spectrum analyzers to handheld DM

As a result, your customers will be back on their feet in what'll seem like no time at all. They/l

happy for that. Not to mention a whole ot nicer to work with. For your employees' sake, ge

touch with a Tektronix representative today. Or keep an eye peeled for signs of distress.  TALK TO TEK/1-800-426-22

Tektronix

03W-188149 Copyright@ 1991, Tektronix, Inc Test and Measurement
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Whats new in the fast-changing video industry.

DAVID LACHENBRUCH

® 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 increasingly
close together, and there are many
forecasts that the two will eventually
merge. Bets are even being placed
as to 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
central computer operated the
washing 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
incorporated into the appliances
themselves.

Since computers and television
sets are used in different rooms of
the house, the speculation as to
which will survive reflects a misun-
derstanding of the potential of dig-
ital technology. We would hope that
the computer and the TV set will
speak the same language so that
their software can be intermixed
and combined, but it's ridiculous to
think we will attach a keyboard to
our TV set of the future to write a
nasty letter to the fiber-optic com-
pany for overbilling us, while 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 100-inch
wall-screen (which, incidentally, has
no value in word processing).

e TV-Computer Compati-
bility. Capitalizing on the hope that
the TV set and the computer will be
able to speak with one another with-
out too much translation is Thom-
son Consumer Electronics (RCA
and GE brands in the United

States). Thomson says that all of its
efforts in advanced TV will be
focused on standardization with
computer multimedia. Thomson re-
cently won the contract to supply
the digital-compression system and
consumer receiving boxes and an-
tennas for Hughes Communica-
tions' 100-channel high-power di-
rect-to-home DirecTV satellite sys-
tem, due to start in 1994. Thomson
is also participating in a proposed
digital HDTV system with Philips,
NBC, Sarnoff Research Center,
and Compression Labs. Their
HDTV system and Thomson's sat-
ellite transmission signal use a stan-
dard based on the Motion Picture
Experts Group (MPEQ) digital-com-
pression formula for full-motion vid-
eo on a CD-ROM disc. Thomson
calls its system "MPEG+ +," be-
cause it has much higher resolution
than the current MPEG standard.
Actually, the MPEG + + system is
one of 32 different proposals for a
movie-quality digital-compression
system being considered for the ti-
tle of MPEG 2" standard.
Thomson notes that it expects
the MPEG + + system DirecTV to
be directly compatible with multi-
media systems, computers, video
recording systems of the future,
and all other encoded digital-com-
pression media. They don't say
what will happen if MPEG doesn't
choose MPEG + + for MPEG 2.

® How Far Off? Although we're
hearing optimistic forecasts that the
multimedia age is upon us, one ma-
jor Japanese manufacturer doesn't
see it that way. Toshiba, which, with
C. ltoh and Company, paid $1 billion
for part of Time Warner's TV-related
business, says its preparing for the
multimedia age, but doesn't agree
that it's just around the 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-

nications Group, " Our dream is &
five-inch disc with 120 minutes re
cording and playback time, erasable
and with high-definition quality. 2
higher density disc and the nexi
MPEG standard for full-motior
[movie quality]l video will provide
this. But the standards negotiations
are only beginning, and there are 32
contenders. There cannot be a stan
dard until 1995."

Asked about CD-l, now on the
market and hailed by its principle
sponsor, Philips, as a success
Hase said, “We do not think tha
CD-lis fully interactive. The fact tha
there are only around 50 titles sug
gests that the tooling is wrong, tha
the platform is not sufficiently flexi
ble. We are studying very carefully
and asking what is the right materi
al. Certainly not encyclopedias. We
need something sparkling tha
makes people say | must have it'.'

® Small Camcorders Domi
nate. Last year, 60% of all camcoi
ders sold in the U.S. wen
“compacts'—that is, 8mm or VHE
C. That is an increase from just ove
half in 1990 and only 37% in 198¢
The figures are supplied by the Elec
tronic Industries Association (EIA
which doesn't break down the con
pacts by format, but a good est
mate is that 8mm won by a larg
margin, comprising 63% of all conr
pacts and 43% of total camcorde
sales, compared to 32% full-siz
VHS and 25% VHS-C.

® Ghostbusting Winner. As w
go to press, the National Associz
tion of Broadcasters has declared
winner in its field tests of TV ghos
canceling systems (Radio-Elec
tronics, April 1992). It is the sy:
tem developed by Philips. All five ¢
the proposed systems require th:
the TV station transmit a pilot sign.
during the vertical blanking interve
and therefore FCC approval is re
quired. Action on a standard systel
is expected as early as June. R:

=
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MODEL 3000"

MODE|

UNJUERSM. COUNTER TIMER

Made in the USA

Our Name says quality, service and dependability - - “I was
Our customers agree! - o encourage
% 2 by éne:;‘g;?
Go, readers wol
extreme sensitivity, their brilliant LCD readout that can be seen / s 5 of wisdom,
even in bright sunlight and the rugged construction allowing - oS and bought ti

“The best part of the Optoelectronics LCD counters are their

: . Model 2300.
them to get banged around, but still continue to operate smack Your service we

dab on frequency... Yours is the only counter which reliably gives us superb! After
(at Radio School) an instant frequency readout with its rock-steady a2 5 tes“?ﬁ this unit 1
D digits i R (3% e & personally feel that all serious
LCD digits featuring incredible 1Hz resolution. radio enthusiasts should own dn
Gordon West Optoelectronics Frequency Finde

. . . Bruckm
Optoelectronics has satisfied its customers for over 18 years - %:&,-0 rMuEnima;; Newslette)

See for yourself what countless ~ OfMaryland
Otllers have al'ready djsmvered! Model 8030 3000 2600H 2810 2600HA 2210A 2300

Function Freq, Period Freq, Period
Ratio, Interval Ratio Interval Frequency Frequency Frequency Frequency Freque
Range 10Hz- 10Hz- 1MHz- 10Hz- 1MHz- 10Hz- 1MHz-
3,0GHz 3.0GHz 3.0GHz 3.0GHz 3.0GHz 2.4GHz 2.4GH:

FACTORY DIRECT ORDER LINE 10Digt 10 Digi

Displa LCD 10 Digit 10 Digit 10 Digit 8 Digit 8 Digit
\f i LED

wiFunction wiFunction LCD LCD LCD LED
- o - Annunciators  Annunciators
RF Signal 16 Seyment 16 Segment 16 Segment
(305)771-2050 » FAX(305)771-2052 Strength  Adjustable  Adjusiable  Adjustable = . . .
Indicator  Bargraph Bargraph Bargraph
53'21S NE 14th Avenue « Fort Lauderdale, FL 33-%34 Hold SwitchYes Yes Yes Yes Yes No Yes
5% Shipping Handling, (Maximum $10) U.S. & Canada. 15% outsidi - -
c'?'nlinaEl‘l)al B SA.  In Florda agd g".-a ;ales tax. i price $579. $375. $325. $256. $22s. Pi78; $68.
Visa and MasterCard accepted. Sensitivity: <1 to <10mV typical, Time Base: + 1.ppm.; + 2ppm add $100. - LCD Models only. Nicads & AC charger/adapter
included except for 2300. *For 2300, available with NiCad installed & AC charger/adapter, complete package $128.
A full line of Antennas, Probes & Carry case are sold separately. (One year paris & labor warranty.)
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S If You're Serious
e About a Future in
Electronics, Ensure that
Future with the Best
Educational Training

[ Available.

SEND FOR YOUR CIE HOME
STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE

ELECTRONICS SYMBOL HANDBOOK!

Includes hundreds of the most frequently
used electronic symbols. Published by

CIE exclusively for our students and pry
alumni. Yours free when you o -
request a CIE Course Catalog.
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[f you want to learn about electron-
s, and earn a good income with that
nowledge then CIE is your best
ducational value.

CIE’s reputation as the world
:ader in home study electronics is
ased solely on the success of our
raduates. And we've earned that
2putation with an unconditional
ommitment to provide our students
/ith the very best electronics
-aining.

Just ask
ny of the

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, IT'S PATENTED.

CIE's Auto-programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by-
step and principle-by-principle. And
while all CIE lessons are designed for
independent study, CIE's instructors
are personally available to assist you
with just a toll-
free call. The

50,000-plus
raduates of
1e Cleveland
1stitute of
lectronics
tho are
rorking in
igh-paying
ositions with
erospace,
omputer,
1edical,
utomotive
nd communi-
ation firms
aroughout the
rorld.

They'll tell you success didn't
ome easy...but, it did come....thanks
> CIE. And today, a career in elec-
‘onics offers more opportunities and
reater rewards than ever before.

JIE's COMMITTED TO BEING
'HE BEST....IN ONE
\REA....ELECTRONICS.

IE isn't another be-everything-to-
verybody school. \We teach only one
ubject and we believe we're the best
t what we do. Also, CIE is accredited
y the National Home Study Council.
ind with more than a 1,000 gradu-
tes each year, we're the largest

ome study school specializing
xclusively in electronics. CIE has

een training career-minded students
ke yourself for nearly 60 years and
/e’re the best at our subject .....
LECTRONICS ... BECAUSE IT'S THE
INLY SUBJECT WE TEACH!

result is practical
training... the
kind of experi-
ence you can put
to work in today's
marketplace.

LEARN BY
DOING...\WITH
STATE-OF-
THE-ART
FACILITIES
AND

EQUIPMENT.
In 1969, CIE
pioneered the first Electronics Labora-
tory course and in 1984, the first
Mircoprocessor Laboratory course.
Today, no other home study school
can match CIE's state-of-the-art equip-
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.

\While some of our students have a
working knowledge of electronics
others are just starting out. That's
why we've developed twelve career
courses and an A.A.S. Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

VHY CHOOSE CIE FOR YOUR TRAINING?
150,000 successful graduates from every country around the world.

Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your

degree the less your overall tuition.

State-of-the-art laboratory equipment is yours to keep and it comes
assembled, ready for hands-on experiments.

Approved for educational benefits under the G.I. Bill for veterans and other

eligible persons.

Upon graduation, CIE offers free preparation to pass the Certified

Electronics Technician Exams.

core lessons applicable to all areas of
electronics. And every CIE course you

~ take earns you credit towards comple-

tion of your Associate in Applied
Science Degree. 5o you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND WE'LL SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

i D YE SE | want to get started.

| Send me my CIE school catalog includ-
ing details about the Associate Degree
Program. (For your convenience, CIE

I will have a representative contact you -
there is no obligation.) AE38

I Name:

l Address:

B ciy:

: Zip: Age:

State:

B Fhone no. | ]

Check box for G.l. Bulletin Benefits
L1 Veteran [ Active Duty

|

. ,l

Nl CIE|
.-"

CLEVELAND

INSTITUTE OF

ELECTRONICS

1776 East 17th Street

Cleveland, Ohio 44114
(216) 781-9400

SDITED 4

4 4%{.

% ‘g
&

X
Hoyg grd®

o

1LV
WO’ 4,
-

A school of thousands.
A class of one.
Since 1934
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Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

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-volt 1.2-AH
batteries connected in series.
I'd like something that charges
them in about two hours and
then drops the charging current
to atrickle charge. | don’t need a
lot of bells and whistles, but a
having a charge/discharge in-
dicator would be nice. Got any
tricks up your sleeves that can
help me out?—C. Peterson, Van
Nuys, CA

It seems that this sort of request
shows 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. | ran across the problem a few
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 batteries when
they are being used to power the
circuit.

When 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 will allow so much current to run
through the batteries 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 current
flows through it, a voltage drop ap-
pears across the resistor. That
causes current to flow through the
collector-emitter junction of the
transistor and lights the LED to
show that the battery is charging.

As the battery voltage increases,
the battery's impedance increases

and the cumrent flow gets less and
less. That results in a constantly
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.

low a level determined by the pc
tiometer setting, the transi
turns off and the battery voltage
pears at the collector. That trigt
the SCR and lights the LED to v
you that the battery has to be
charged. The SCR latches and
LED stays lit until you turn off
power.

The critical element in
monitor circuit is the setting of
potentiometer, so you should u
multiturn unit. The circuit can be
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FIG. 1—THIS “INTELLIGENT” CHARGING CIRCUIT can be adapted for use with a\
range of batteries. One section monitors and controls the charging of the batte
and another section monitors the amount of charge left in the batteries when the

being used to power the circuit.

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 falls be-

ibrated by hooking it up to a vari
power supply and setting the

age to the value you want for
trigger voltage.

The schematic shows the or
switch for the circuit being pow:
and uses the single-pole, sir
throw switch in the jack to che
the power source from the batte
to the charger. If you trace thrc
the connections, you'll see tha'
charger recharges the batteries
powers the circuit at the same t



Ultravariable Pulse Generator op IN
*0.510 5MHz «%*“"‘_‘M
*Run, Triggered, Gate, Single-Shoty '.,-‘-=~--'. _ "D
*Independent width and space controlq B o :
*Variable 50Q output GoLosaL speciaLmes
Model 4001 $199.95
Audio/Sweep Generator 2 1D
*Sine/Square/Triangle
*1Hz to 100kHz
*Variable DC offset
*Sweepable 100:1
Model 2001 $178.50
2MHz Sweep Function Generator <IN
*0.2Hz to 2MHz Yndisid
*Duty-cycle, symmetry controls
*50Q2 output
*VCO input
Model 2002 $219.95
Digitally Synthesized Generator B IN
*DC to 1.6MHz QM q,-..
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*Trigger, Sweep, Burst, Hop and Gate modes e
*Internal/External Sweep L B o

*Sine, Square, Triangle, Ramps
*Optional RS-485 communications port

Model 2003 $499.95

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.

/Y can't Wait? Call...1-800-572-1028

*16 programmable memories 2003 SYNTHESIZED FUNCTION GENERATOR

CTION GENERATOR
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OBAL SPECIALTIES

EEZ R
B EYE
S
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GLOBAL
SPECIALTIES

70 Fulton Terrace
New Haven, CT 06512 » =
FAX 468-0060 fm-’,

© 1992 Interplex Electronics AD04
Specifications subject to change without notice.
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Get a reading of

in three seconds
for as low as $395.00
programmable power supply wilth built in GPIB,
No more wasting time twisting,
turning, or tweaking knobs. Get-
ting quick, accurate readings is
pushbutton easy with any of
American Reliance's program-

mable power supplies (PPS).

Today's technology makes PPS available
at the same cost of a standard linear
power supply. Why not move up fo the
ease of use, accuracy and convenience
of a PPS?

As a special offer, with the purchase of
any PPS, you may also purchase the
full-feature 4000 count Auto-Range DMM
(3010) for $65.00 with a two year
warranty! That's a regular $149.00 value.

Each unit comes with a free trial offer.

If after 15 days, you are not satisfed with
the performance of our PPS, simply
retumn it -- no questions asked, for a full
refund. However, you have the option
to purchase the DMM for just $79.00.

EITHER WAY YOU WIN !

MODEL | SPECIFICATIONS | USER PRICE
1322 [ SINGLE 32V/2A $395.00
1302A | SINGLE 30V/2.5A | $595.00
1326 [ 32V/3A OR 16V/6A[ $895.00
10710 [ SINGLE 7V/10A $895.00
2322 | DUAL 32V/2A $995.00
1603 | SINGLE 60V/3A §1,195.00
FOR DETAILS, CALL:

AMERICAN RELIANCE INC.
9952 E. BALDWIN PLACE, EL MONTE, CA. 91731

TEL: (818) 575-5110 FAX: (818) 575-0801

DRIVEWAY ALARM

| have a summer cabin that’s
located at the end of a long driv-
eway and I’'m looking for some
way to have an alarm that goes
off when a vehicle pulls into the
driveway. There are animals
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 reliable
way to get the job done. I've
been toying with the idea of an
RF-based circuit that has coils
under the road and uses the
presence of a vehicle to transfer
a signal from one coil to another.
If you have any ideas, it would
help me a great deal.—D.
Ingebright, Seattle WA

| have a house in the country and
was faced with the same problem a
few years ago. | have to admit
though, that the idea of solving 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 | used is a lot
easier, much more straightforward,
and can be done without having to
use a shovel.

| 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 count. It's just 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.
| don't know who makes the stuff,
but I'd be willing to bet you can get a
length of that wire the same way |
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 switch to
close. Different method, same idea.
It doesn't matter which of the two
materials you get since either of
them will 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 acr
my driveway triggers a simple
circuit and that, in turn, sound
bellin the house. The whole syst
took about an hour to set up and
been working reliably ever sii
then.

CALL-WAITING DILEMMA

My wife is using a compu
and modem on her job, a
she’s having a problem with ¢
waiting on the line. Whenever
incoming call shows up on |
line, the computer locks up al
to make matters worse, the
coming call is lost. Is there a|
thing that can be done ab
that without doing away with
call-waiting service co
pletely?—T. Edmonson, Bi
ingham, AL

This is a fairly common probl
and, if you can't afford to haw
separate data line, it can be a |
pain in the neck when you're usir
modem. It's bad enough losing
call, but imagine what it's like wi
call waiting causes the carrier
drop just at the tail end of downlo
ing a huge file. It's practic:
enough to make you start using
U.S. mail again!

There are ways around the pr
lem without discontinuing call w
ing and, believe it or not, the ans
is really simple. All that's needed
bit of software that's so minor:
can even write it yourself us
BASIC or whatever language
prefer.

The basic approach is to te
porarily change the values in a
of the modem’s control registe
The exact method is going to v
with different modems, but
basic principle will be the sar
Just about all popular modems h
one register that controls
amount of time the modem will v
to disconnect, once carrier |
been lost. In the Hayes series
modems it's the S10 register |
the time can be set in tenth-c
second increments. I'm not fam
with the modem you have, but
sure that if you go through the
ual (or call the manufacturer), yc
be able to get the information
need to make the modification.

| ran across a small public-don

continued on page



THE CET STUDY GUIDE
—2ND ED.

THE CET EXAM BOOK
—2ND ED.

Pass the Associate or Journeyman
exams with these guides. You'll
find the technical information you
need—from antennas and digital
circuits to test equipment and trou-
bleshooting—to help you become a
certified electronics technician.

Buy both books and save 10%
(regularly $30.90) #5447C $26.90

MAINTAINING AND
REPAIRING VCR'S
—2ND ED.

Use this revised and popular guide
to maintain and repair VHS HQ,
8mm, and camcorders. You get
in-depth coverage of = every
mechanical system and electronic
circuit used in VCRs # the use of
test equipment * and the new
high-quality (HQ) camcorders and
special VCR circuits.

352 pp., 370 illus. #3103H $27.95

VASTERING
[

PRUHNIC A

MATIEMATION

= g
BUILD YOUR OWN 386/
386SX AND SAVE A
BUNDLE—2ND ED.

Build your own powerful PC with
this hands-on guide. You get com-
plete information on = where to
buy discount parts ® new vendors
* and the software needed. Pilgrim
gives you step-by-step illustrations
and photographs of the actual
assembly process to ensure your
success. 240 pp., 85 Mus.
#4089H $29.95

INTERNATIONAL
ENCYCLOPEDIA OF
INTEGRATED CIRCUIT
—2ND ED.

Use this comprehensive 1000+ pi
manual to find the circuits you ne
without having to turn to stacks
manufacturers’ data books. Yo
find complete descriptions of cir
functions and uses, pinout ¢
grams showing external conn
tions, internal schematics, &
tables. 1,088 pp., 4,000 illus.
#3802H_S84-95 $44.95

| MAINTAINDG ANDREPAIRDG PRty

o VCRs

BUILD, REPAIR, and SAVE
with these leading

THE ENCYCLOPEDIA
OF ELECTRONIC
CIRCUITS—VOLS. 1 &2

"[These] references would be a
valuable asset lo any circuit
designer or hobbyist.'' —Radio
Electronics. Get 2,000 of the
most widely used, state-of-the-
art electronic circuits you can
use to build projects or design
your own circuits. #5376C

$49.95 (regularly $59.90)

ENCYCLOPEDIA
OF ELECTRONIC
CIRCUITS —VOL. 3

This comprehensive guide can
help you find answers to speci-
fic problems or dream up new
project ideas. Build alarm and
security systems...smoke,
moisture, and metal detectors
. ..computer, fiberoptic, and
laser circuits. . . power supplies
...filters and oscillators. ..
and much more.

832 pp., 1000 illus. #3348H
$39.95 (regularly $60.00)

Get all three comprehensive
encyclopedias and save $14!
Only $75.90 (#5460C)

MASTERING TECHNICAL
MATHEMATICS

Use this most comprehensive, one-
stop source of math instruction cur-
rently available to gain the com-
putational answers you need in any
technical or scientific field. You get
step-by-step, illustrated instructions
and alternative techniques for solv-
ing problems in basic arithmetic,
algebra, geometry, trigonometry,
and calculus. 586 pp., 420 illus.
#3438H $39.95

POWER SUPPLIES,
SWITCHING
REGULATORS,
INVERTERS, AND
CONVERTERS

Produce useful switching-type
power supplies for a wide variety of
practical applications with this com-
plete and up-to-date volume. It
shows you how to put the latest
semiconductor devices, capacitors,
magnetic components, and inte-
grated circuits together.

448 pp., 260 illus. #1665P $21.95

THE COMPLETE
SHORTWAVE LISTENER’S
HANDBOOK—3RD ED.

Get the latest in equipment, inno-
vations, and operating practices.
Get a frequency listing for major
and minor stations worldwide, SWL
terminology, abbreviations, signals,
and equipment jargon, and more.
304 pp., 96 illus. #2655P $17.95

BUILD YOUR OWN TEST
EQUIPMENT

Build 32 different testers, including
* perforated and etched boards to
test circuits « an audio amp
checker for troubleshooting radios
and TV ¢ and more. Hundreds of
illustrations guide you through each
process. 300 pp., 336 illus.
#3475H $27.95

MICROWAVE OVEN
REPAIR—2ND ED.

Save yourself countless dollars in
repair bills with this fix-it manual by
your side. You get clear, step-by-
step instructions, detailed illustra-
tions, and photographs to help you
easily accomplish repairs yourself.
You'll discover specific solutions for
more than 200 common microwave
oven malfunctions.

368 pp., 383 illus. #3457H $29.95

SECRETS OF RF
CIRCUIT DESIGN

Design and build your own radio
frequency amplifiers, preselectors,
signal generators, inductor coils,
antennas, microwave circuits, and
other devices. You also get experi-
ments that help you explore such
problems as electromagnetic
interference. 416 pp., 175 illus.
#3710H $32.95

THE NEW STEREO
SOUNDBOOK

Discover the future science of 3D
sound with this step-by-step guide
to sound perception, recording, and
reproduction. Optimize your stereo
equipment and listening environ-
ment by using the latest sound
quality and spaced microphone
techniques. 304 pp., 251 illus.
#3789H, $29.95

CUSTOMIZE YOUR PHON
15 Electronic Projects

THE TALKING TELEPHOM
—And 14 Other Custom
Telephone Projects

Build pleasant-sounding ringers
late-night telephone guard, hc
buttons, LED dial displays, off-hc
detectors, printed circuit boart
hold buttons, automatic recorde
a telephone lock, an animat
ringer, and more with this two-bo
set. 176 pp., 125 illus.

Send me everything | need
convert my telephone for or
$27.90 (#585815-0)

To Order Call Toll Free: 1-800-822-815

(in PA and AK call direct 717-794-2191)

FAX Orders: 1-717-794-2080 (Piease call between 8:30 a.m. - 5:00 p.m. E
Or mail coupon to: TAB Books, Blue Ridge Summit, PA 17294-08

—_————— e —— Please cut along dotted ling. == = == = — — =— ——
Please send me the book(s) indicated below:

# Price # Price #

[0 Check or money order enclosed made payable to TAB Books.
Charge my [ VISA [ MasterCard [J Am. Exp.

Acct.# Exp.
Signature
Name
Address
City/State/Zip
Please add applicable state and local sales tax. Orders subject to credit approval. Prices subject to cha

Orders outside the U.S. must be paid in U.S. funds drawn on U. 5. banks and must include $5.00 for ship
and handling.

Price __

Please F

d—If you are not

raturn the book(s) within the 15-day exan
tion period for a complete refund. R
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Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

KEEP IT SIMPLE

Regarding the article “‘Energy
Consumption Monitor’ (Radio-
Electronics, December 1991):
Sometimes we get so engrossed
with today's technology 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 watt-
hour meter, which can be purchased
atafleamarket forafewdollars. (t's
the same sort as the electric com-
pany uses at your house to bill you.)

The formula for finding power
consumed at any given time 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

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 consumption
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

| have found the motor-speed
controller circuit described in Ask
R-E (Radio-Electronics, Febru-
ary, 1992) to be very handy. How-
ever, there was a schematic error
showing the oscillator circuit to be
grounded. I've enclosed a drawing

your reliable source for

a world of crystal clear
communication

¢ Commercial Two-Way

¢ MicroProcessors

e Amateur/Experimental

e Scanners/Monitors/Pagers
o Satellite-Telemetry

e Plus custom applications

EXPEDITED ORDER SERVICE!

FOR FREE CATALOG,
CALL OR WRITE:

wmm=  JAN CRYSTALS
—_— PO. Box 06017
@ Ft. Myers, FL 33906
. (813) 936-2397
TOLL FREE 1-800-526-9825
FAX ORDERS: 1-813-936-3750

LEARN VUCR
CLEANING/MAINTENANCE/REPAIR

EARN UP TO $1000 A WEEK,WORKING
PART TIME FROM YOUR OWN HOME!

Secrets
Revealed!

NO Special
ools or

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S
IF you are able to work with common small hand
tools, and are familiar with basic electronics (j.e. able
to use a voltmeter, understand DC electronics)...
IF you possess average mechanical ability, and have
a VCR on which to practice and learn...then we can
teach YOUVCR maintenance and repair!
FACT: UR}!m 90% of All VCR malfunctions are due to
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns! : )
FACT: over 77 million VCRs in use today nationwide!
A\.rer%(i]el VCR needs service or repair every 12 to 18
months!
Viejo's 400 PAGE TRAINING MANUAL (over 500 pho-
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveal the SECRETS of VCR mainte-
nance and repair - “real world” information that is
NOT available elsewhere!
Also includes all the info you'll need re%arding the
BUSINESS-SIDE of running a successful service
operation!
FREE INFORMATION
CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.
4470-107 Sunset Blvd., Suite 600, Dept. RE
Los Angeles, CA 90027
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Fig. 1. This is the corrected schems
for the Motor-Speed Controller that ;

peared in February's Ask R-E.

of the corrected circuit (Fig. 1).

CALVIN D. KAUFMAN
Highland, M|

Thanks to you and all the oth
who pointed out our error—Ed,

FLIGHTS OF FANCY

For the last few years | have re
Radio-Electronics without mt
interest in the “Letters" section, |
over the past few issues |'ve reac
| noted a letter in the February 19
issue that is very wrong. It concel
the December 1992 Drawing Bo:
column, written by Robe

Grossblatt.

In the letter, the writer states tl
“high-speed aircraft all used ger
ators and the electromechani
voltage regulators they required
have spent the last 20 years as
Air Force airborne radar navigat
technician working on KC-13¢



B-52's, F-5/T-38's, U-2/TR-1's, and
even the fastest 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, 3-phase machines.
Voltage regulation 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 controller. The old-
style generator and the associated
inverters that the writer described
left the Air Force inventory with the
old T-28 and its sister aircraft, which
were piston-engine powered. All
modern jet-powered aircraft have
gone over to the alternator type of
power generator, but the old name
has stuck nonetheless.
RICHARD J. GOULET, MSat,
USAF

Wright-Patterson AFB, OH

ASK R-E ANSWERS

| read about the “"Commercial
Limiter” in Ask R-E (Radio-Elec-
tronics, January 1992) with great
interest. | have some additional in-
formation that | think would be help-
ful to anyone undertaking such a
project.

The article indicates that the au-
dio signal can be obtained at the
volume control or the speaker.
While the latter is always true, the
former might not be.

Many recent 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 sets 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 this
method is that it eliminates hum
pick-up, which results from routing
the audio signal to and from the vol-
ume control.

If a set uses an electronic at-
tenuator and if the concept of the
Commercial Limiter is understood,
the circuit could be modified to take
control of the attenuator line that
controls the volume. That would
preclude the necessity of using an
additional amplifier stage, which
could degrade the audio, par-
ticularly if the set has a good audio

section like those found in stereo
TV's.

In some of these sets, an in-
crease in control voltage causes a
decrease in volume, while in others
itis just the opposite. Depending on
the system, the photo resistor
could be placed so that it will shunt
the attenuator line to ground, pull it
up to some positive 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 when the volume 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 comes from
the output of the power amp or any
point after the volume control or at-
tenuator, it will have to be read-
justed each time the volume setting
is changed. If the input comes from
some point ahead of the volume
control or attenuator, then the lim-
iter's action will be independent of
the volume setting.

In many of the sound chips that
use electronic attenuators, there is
a pin that is connected tot he output
of the FM detector. From there, the
audio is sent to the attenuator. That
would be a good take-off point. In
sets that do have audio at the vol-
ume control, audio can be taken
from the "hot" side of the control
and the photo resistor can be con-
nected 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 with
the circuit diagram for the Audio
Limiter, shown on page 82. The
PNP transistor must have a base
voltage of about — 0.6V with re-
spect to the emitter for turn-on.
Since the base is tied to V 4+, it will
always be positive with respect to
the emitter. Under these conditions
it will never turn on. Perhaps it would
if 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. Actually, the LM386 is operat-
ing in a fixed gain mode. The photo

continued on page 22

Test Fine-Pitch Devices to
208 Pins

Interface boar.

Flex civcuitry with edge
CO!’I"%‘;[(}:{S.
5 ovides direct
Lock-on design — g;cess or
insures positive emulation boar
electrical and attachment

mechanical device
connection; quick-
release action

Individual contact wiping
action conforms to
variances in lead dimensions

Logic
Analyzer's
tiend.

! Pomona’s new FIN™ (Flexible
i Interface Network) QFP test clips
give you direct access to today’s

newest 100-, 132- and 196-pin [IEDEC
devices. Set-up time is drastically reduced,
and you can rely on repeatable contact
with every pin, every time. And, you can
choose among three styles in each pin
count to suit your interface needs.

Of course, you'll be able to select from
Pomona’s complete family of SMD and IC
test accessories including IC clip kits and
PGA adapters. You can also
choose from 18 EIA] QFP test
adapter models.

Pomona test accessories
are the logical choice.

We're Making Technology
Easier To Live With.

4—
Call. FAX or write today for your free

copy of Pomona's full-color Surface
Mount & IC Test Accessories brochure.

TTT Pomona

The World Leader In Test Accessories

1500 E. Ninth Street, P.0. Box 2767 Pomaona, CA 91769.
(714) 469-2900 FAX (714) 629-3317.
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Learn to troubleshoot an
service today’s computer
systems as you build a

386sx/20 mini tower
computer!

Train the NRI way—and learn to
service today’s computers as you build
your own 386sx computer system, now

with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic

hardware and software!

Jobs for computer service technicians
will almost double in the next 10
years according to Department of
Labor statistics, making computer
service one of the top growth
fields in the nation.

NEW!
386sx/20 MHz
Mini Tower

Computer

o

Now you can cash in on this
exciting opportunity—either as a
full-time industry technician or in
a money-making computer service
business of your own—once you've

mastered electronics and computers

the NRI way. el
NRI’s practical combination of “reason-why” theory Plus you now go on to work with today’s most

and hands-on building skills starts you with the funda- popular integrated software package, Microsoft Worl

mentals of electronics, then guides you through more learning to use its word processing, spreadsheet, dat

sophisticated circuitry all the way up to the latest ad- base, and communications utilities for your own pers

vances in computer technology. and professional applications. But that's not all.

Train with and keep a powerful 386sx/20 MHz
computer system plus popular Microsoft®
Works software!

Only NRI ;
you hands
training w
the remari

Only NRI gives you hands-on training with the finest
example of state-of-the-art technology: the powerful new
West Coast 386sx/20 MHz mini tower computer. As you

assemble this 1 meg RAM, 32-bit CPU computer from the RA.CER.
keyboard up, you actually see for yourself how each section ;’; fj‘g:‘;ﬁ
of your computer works. QuickTeck

You assemble and test your computer’s “intelligent” diagnostic
keyboard, install the power supply and 1.2 meg, high- 3&%?}’:_!:'
dpnsity ﬂoppy disk drive, then interface the high-resolu- profession
tion momtor. state-of-th:

Your hands-on training continues as you install a giﬁf’;f;gg
powerful new 40 meg IDE hard disk drive—now included computer
in your course to dramatically increase the data storage troubleshc
capacity of your computer while giving you lightning-quick fast and a
data access. rate.



Your NRI computer training includes all this: * NRI’s unique Discovery Lab® for circuit design and

testing * Hamf-held digital multimeter with “talk-you-through?” instructions on audio cassette * Digital

logic probe that lets you visually examine computer circuits * The new West Coast 386sx/20 MHz

T ey Batatlioet b st b oy Mot flo

- ent” meg hig nsi
drive, and high-resolution monitor * 40 meg I_DE‘zanf g'ive °
MS-DOS, GW-BASIC, and Microsoft Works software *

R.A.C.E.R. plug-in diagnostic card and QuickTech menu-
driven diagnostic software * Reference manuals with
guidelines and schematics

printer ports, serial communications ports, video display
memory, floppy drives, and hard disk drives.
Only NRI gives you such confidence-building, real-world
experience. Only NRI gives you both the knowledge and the
professional tools to succeed as today’s in-demand computer
service technician.

No experience needed ... NRI builds it in

NRI training gives you practical, hands-on experience
that makes you uniquely prepared to take advan-
tage of today’s opportunities in computer service.
You learn at your own convenience in your
own home. No classroom pressures, no night
school, no need to quit your present job until
you're ready to make your move. NRI starts you
with the basics, building on that foundation
step by step until you have the knowledge and
skills you need for success.
And all throughout your training you've
got the full support of your personal NRI
instructor and the entire NRI technical
staff, always ready to answer your questions
and help you achieve your training goals.

FREE catalog tells more. Send today!

Send today for NRI's big, free catalog that
describes every aspect of NRI’s innovative
computer training, as well as hands-on
training in other growing high-tech
career fields.

If the coupon is missing, write to:
NRI School of Electronics, McGraw-Hill

e

NOW! Training now includes Ultra-X Continuing Education Center, 4401 Connecticut Avenue,
diagnostic hardware and software for quick, NW, Washington, DC 20008.
accurate troubleshooting!

IBM is a registered trademark of International Busi Machines Corp. R.A.C.E.R. and
Now you train with and keep the latest in QuickTech are registered trademarks of Ultra-X, Inc.

diagnostic hardware and software: the =
extraordinary R.A.C.E.R. plug-in diagnostic SEND TODAY FOR FREE CATALOG
card and QuickTech diagnostic software,

2 McGraw-Hill Continuing Education Center
both from Ultra-X. Using these state-of-the- | ”E’ 4401 Connecticut Avenus, NW i
art tools, you learn to | Schools Washington, DC 20008 i
quickly identify and _ -

problems, and pinpoint defective support |
chips. Plus you learn to use your QuickTech | Address
g;?fgﬂig;zg{;ﬁg::ltg C;::iﬁﬁr:a :gf::;lu el [_CitnytateJ’Zip Accredited Member, National Home Study Couneil 3-062 __I

3 5 For career courses

service virtually approved under GI Bill I
any computer # Check one FREE catalog only [ check for details.
problem on XT, 0 MICROCOMPUTER SERVICING |
AT 80286/80386, O TV/Video/Audio Servicing O Computer Programming I
and compatible [ Telecommunications [ Pro, ammm? in C++ with Windows

E P [ Industrial Electronics O Desktop Publishin, I
machines. E %Tcurity Elheactron_ill‘:s = a gord : ssing Home Business

1 : ectronic Music Technology [0 Home Inspection

You discover how "o [] Basic Electronics [ Building Construction ]
tq use th.e RA.CE.R. O Automotive Servicing [ Bookkeeping & Accounting |
diagnostic card to - - |
identify individual |
defective RAM chips, locate interfacing | Name (please print) Age |
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Need Information about Businesses?

Call the Business INFOLINE!

There are over 9 million businesses in the U.S. — and finding information
about them can be virtually impossible, especially when you need it fast. But
now there’s a way...a revolutionary new service called Business INFOLINE!
Need to know the address and phone number for “XYZ 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...

“Your BMW breaks down on the interstate, and you need to know if there's a dealer in
the next town. "

“An out-of-town company is trying to sell you vinyl siding for your house, and you need
more information about them — how long the company has been in business, and how
many employees they have.”

“You're planning a vacation in the Pacific Northwest, and you want to line up things
for the kids to do. So you need to find the amusement parks and zoos in Oregon
and Washington. "

“A friend gave you a tip that "Apex Industries” would be a good stock investment, but
you want to know more. What do they do? What are their approximate 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 available Monday
through Friday, 7:00 a.m. to 6:00 p.m., Central Time.

Dial 1-900-896-0000
Ask for Ext. # 255.

Money-back Guarantee if not satisfied.

A Service of American Business Information « 5711 So. 86th Circle * Omaha, NE 68127

The World’s Most Popular Probe

(4

Model SP100 $ Free probe guide shows e_con«nmical
100 MHz Switchable 1x-10x ... "4 iy et
More SP100 Probes Have Been Sold Worldwide Than
Any Other Probe Ever Made
« Universal
For Tekironix, Hewlett Packard,
Philips, Leader, B&K, Kikusui,
Hitachi, Beckman and other
oscilloscopes

+ Economical
Substantial savings compared to
OEM probes

« 10 day return policy
Guaranteed performance and quality

TEST o ,.;I_ 9178 Brown Deer Road, San Diego, CA 92121
pnoges. e, | |1 7ot Free 1500365 5755
] -
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LETTERS
continued from page 17

detector is wired across the
source (the secondary windi
the transformer) and not in a
back loop. A change in resis
acts to reduce the audio lex
shunting it to ground before af
tion to the “gain adjust,” wh
actually a level-adjust control
doesn't involve the same pri
as adjusting the gain of a sta¢
The “"Commercial Limiter
the "Audio Link" illustrate an i
tant concept. Projects su¢
these help us to understanc
individual building blocks can |
sembled to perform a task
tribute a large portion c
knowledge of electronics t
projects and articles found i
dio-Electronics. Keep u
good waork.
STEVE BABBERT
Worthington, OH

ASK R-E
continued from page 14

program that addresses this
lem and I've put it on the RE
(516-293-2283) for you to «
load. The file is called (
WAIT.ZIP. It has a small B
program that was designed
Hayes 1200-baud modem,

should show you what has

done and how to do it. The prt
is well-commented and all

really have to do to make it
with your modem is change
numbers.

It really works. I've tried i
modems from Racal Vadic
Robotics, and Hayes (after st
patching), and never had a prc
If you find that it doesn't wor
best advice | can give you is t
tact the modem manufacture
let them come up with an ar
Call waiting is a common s
and you can be sure that you'
the only one who's had this
lem. If that fails, you'll just hs
spring for a second phone |
drop call waiting—whichever
od you prefer. Your phone cor
should have a way to disabl
waiting temporarily as well.



ssvorr  ELENCO & HITACHI PRODUCTS _ooroe

CALL TOLL FREE

SHIPPING AT DISCOUNT PRICES 1-800-292:7711

Hitachi RSO Series HITACHI COMPACT SERIES SCOPES
(Pf-(':';‘am;;%zl;ﬂ': D‘gg:: 55“"399 OSC'”";‘WP;S} SPECIAL BUY This series provides many new functions such as CRT
VC-6023 - Z, /S 1,695 2 - 20M Readout, Cursor measurements (V-1085/1065A/665A), Fre-
VC-6024 - 50MHz, 20MS/s $1.995 V-212 - 20MHz Scope 3425 auency G, (V-1085), Sweepime Autoranging. Delayed
VC-6025 - 50MHz, 20MS/s $2,195 SUeeD-ANCILIDRAN HOCK LN R G :YGU Con 110e
— 35 1 port ;
VC-6045 - 100MHz, 40MS/s $2,995 Hitachi Portable Scopes e CORACKIGNS 1 (T of periDTANG Anc onersson
VC-6145 - 100MHz, 100MS/s $4,495 DC to 50MHz, 2-Channel, DC offset func- V-660 - 60MHz, Dual Trace________ $1,149
RSO's from Hitachi feature roll mode, averaging, save tion, Alternate magnifier function V-665A - 60MHz, DT, w/cursor ____ $1,345
memory, smoothing, interpolation, pretriggering, cursor [ V-1060 - 100MHz, Dual Trace $1,395
measurements. These scopes enable more accurate, V-525 - CRT Readout, Cursor Meas. $995 V-1065A - 100MHz, DT, w/cursor. $1,649
simplier observation of complex waveforms, in addition to V-523 - Delayed Sweep____ $975 ] 3 —
: ¢ ; 5 V-1085 - 100MHz, QT, w/cursor $1,995
such functions as hardcopy via a plotter interface and V-522 - Basic Model $875 V-1100A MH
waveform transfer via the RS-232C interface. Enjoy the V-422 - 40MHz $775 -1100A - 100MHz, Quad Trace ___ $2,195
comfort of analog and the power fo digital. V-223 - 20MHz delayed sweep $695 V-1150 - 150MHz, Quad Trace $2,695
25MHz Elenco Oscllloscope  V-222-20MHzdeluxe________ $625 Elenco 40MHz Dual Trace
i : Good to
$349 BIEE NG "o $495
S-1325 20MHz Digital Storage Oscllloscope y | : 1,,340
* Dual Trace | | »oio0/migital s Wl » High luminance 6" CRT
o 1mV Sensitivity | . 2k word per channel memory D$§203 * 1mV Sensitivity
*6" CRT | « 10MS/s sampling rate $795 . 10KV Acceleration Voltage
* X-Y Operation | s State-of-art technology i * 17ns Rise Time
« TV 8ync | = Includes probes » X-Y Operation

. {2) 1x, 10x Probes included Includes (2) 1x, 10x Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi
scopes. Call or write for complete specifications on these and many other fine oscilloscopes. 1x, 10x Scope Probes: P-1 65MHz $19.95, P-2 100MHz 5$26.95

Digital Capacitance Meter Digital LCR Meter == Mulfimeter with F LU KE
B+ K = CW1sN0B| ] oo LI cooctoncas| | rmETERS
2 . Transistor Tester
TEST EQUIPMENT o) $58.95 $125 | All Models Avaliable
=] 9 Ranges Measures: : CM-1500B | Fiuke 70-1l ___$65
All Models Available 1p1-20,000ufd Coils fuk-200H |  EiE | Reads Vots, Ohms | Ejuke 77-1l 145
5% basic accy. '_,.: Caps .1pl-200uf jgses Current, Capacitors, Fluk ?9_”_ 169
Call for special price Zero control w/ Case h 08 Res .01-20M LM-’ . Transmtlors and Flﬂkg 87 _;289
Big 1 Display Cm—— Big 1 Display Diodes / with case Call for sp-e-au:.l_l A
Quad Power Supply XP-580 Digital Triple Power Supply AM/FM Transistor . True RMS 4172
$59.95 dyvirsmil) it Radio Kit B Digit Multimeter
2-20V @ 2A Ly $269 with Training Course M-7000
] 12V @ 1A 0-20V @ 1A $135
\\?j SV @ 3A ; U-Eg:g u Model AM/FM 108 o,
i, : L ccuracy
= V@ .5 Fully regulated, Short circuit protected $26. 95 1% Resislance
Fully mgulaled and short circuit protected with 2 limit control, 3 separate supplies 14 Transislors ¢ 5 Diodes with Freq. Counter
XP-660 with Analog Meters $195 Makes a great school project and Deluxe Case
GF-8016 Function Generator Function Generator {55 Convergence Generator STA NDARD
with Freq. Counter Blox
$249 : #3600 AMATEUR RADIQOS
Sine, Square, Triangle TR $28,95 SG-250
:“'saéz‘an':‘P- 12 'C; g:::z . $79.95 Now available - The worlds finest
req Counter .1 - z Provides sine, Iriangle, square |wms . i i
e = 7 | e s ot sl
GF-8015 without Freq. Meter $179 AM or FM capability Finest in the industry | 27, ;° !
worlds most popular line of amateur
10 rock steady patterns ¥
Learn to Build and Program Wide Band Signal RF & Video output | radios.
Computers with this Kit Generators i .
Includes: All Parts, Assembly and Lesson Manual High Current Power Supply Miz] Deluxe HTa
C168A 2 meter
radel C468A 450MHz Sak
MM-8000 HT
Twin Band HTs
$129.00 C28AM20MHz o0 |
C528A 2M/440MHz
Twin Band Mobile
Digital | C5608DA 2M/440MHz  CALL
SG-9000 $129 Volt/Amp Meters :
RF Freq 100K-450MHz AM M:dula' Fully regulated, 0-122VAC @ 24, 0- | We also have many accessories for
Starting from scraich you builda complete system. Our tion of 1KHz Variable RF output | 40VAC @ 10A or 0-30VDC @ 10A. Fully | these radios and most heath radios.
O o8 micromrocseent which uas: | $G-9500 w/ Digital Display & | variable, Short circuit protected. Call for details.
similar machine language as IBM PC. 150 MHz bulit-in Counter $249
WE WILL NOT BE UNDERSOLD! o s ) ~ O + T ]5 Da Mone Back Guqrqniee
UPS Shipping: 48 States 5% C & S SALES INC. 5 Yeach a:t el B e
($3 Min $10 Max) Shipping 1245 Rosewood, Deerfield, 1L 60013 T rr Y a8 RSt -
IL Res., 7.5% Tax FAX: 708-520-0085 (800) 292-7711 (708) 5341-0710 WRITE FOR FREE CATALOG
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NEW PRODUCTS

Use the Free Information Card for more details on these products.

VIDEO FRAME GRABBER.
You can take a video image

desktop publishing applica-
ized letterhead including

ple—using MacroHard's

VCR or camcorder, the
Video Frame Grabber will
digitize a video signal,
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 document,
and formats for popular
programs including Micro-
soft Paint and Windows
PBrush, Corel Draw, Ven-
tura Publisher, and Aldus

tions—creating a custom- |
your photograph, forexam-

Video Frame Grabber
package. With the helpofa |

and incorporate it in a vari-
ety of word-processingand |

PageMaker are provided.
The package, which con-
sists of the Video Frame
Grabber board, a 5%-inch
floppy disk, and a manual,
allows you to capture real-
time video at up to two
frames per second. Pause
and freeze modes are avail-
able for viewing and modi-
fying the image. The
package features scalable
printing, user-defined mar

CIRCLE 16 ON FREE INFORMATION CARD

gins, auto-exposure com-
pensation, and anti-aliasing
filtering for lower noise and
less snow.

The Video Frame Grab-
ber, which carries a one-
year warranty, has a sug-
gested retail price of
$149.95.—MacroHard,
755 Tatum Street, Wood-
bury, NJ 08096-3431;
Phone: 609-853-4680;
Fax: 609-853-0677.

RF DETECTOR/FREQUENCY
COUNTERS. Two new
pocket-sized counters
from Startek each feature a
2-inch, 10-segment LED
signal-strength bar graph
that functions indepen-
dently of the digital fre-
quency counter. The bar
graph, which can be used
to locate or adjust an RF
signal, will indicate the rela-
tive strength of an input sig-
nal at any frequency from
500 kHz to 3.5 GHz. The
user can switch between
dot-graph and bar-graph
operation, and the sen-
sitivity is adjustable.

The frequency-counter
function has a range of 1
MHz to 1.5 GHz on the
model 15-BG and 1 MHz to
3.2 GHz on the model 35-

CIRCLE 17 ON FREE
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BG. Other than the fre-
quency bandwidth, the only
difference between the two
models is that the 35-BGis
more sensitive above 500
MHz. Both counters have a
display-hold switch with in-
dicator and three switch-
selectable gate times. Res-
olutionis 1 kHz at 0.25 sec-

ond, 100 Hz at 2.5
seconds, and 10 Hz at 25
seconds, over the entire
range. The display consists
of eight red LED digits. A 1-
PPM TCXO time base is
standard, and there are
provisions for an optional,
ultra-high-stability TCXO.
With the Ni-Cd battery
pack fully charged, the
counter will operate for
3-5 hours. An AC adaptor/
charger is standard.
Models 15-BG and 35-
BG bar-graph/frequency
counters cost $220 and
$265, respectively.—Star-
tek International Inc., 398
NE 38th Street, Fort
Lauderdale, FL 33334;
Phone: 305-561-221 or
80-638-8050 for orders
only; Fax: 305-561-9133.

ANALOG/DIGITAL STORAC
SCOPES. A series of 101
and 200-MHz analog/di
ital oscilloscopes fro
Fluke and Philips combine
analog familiarity and digit
performance. It offers tr.
four-channel operation ¢
well as models with 2+
input-channel configur
tions. Additional feature
include direct-access co
trols, closed-case calibr
tion, serial interface fi
printer/plotter, full pri
grammability, automat
pass/fail testing, sign
math and analysis, sign
averaging, and peak-dete
mode for HDTV tri-lev
sync. A touch-hold-an
measure feature is used f
initiating measuremen
from a probe-mounted bt
ton. The units have a wic
range of applications in r
dio/TV, medical ele
tronics, and the new 110
line resolution video.
The four Fluke/Phili
oscilloscopes—PM 338
PM 3384, PM 3392, ai
PM 3394—can each t
considered two scopes
one, with the easy oper
tion and realtime 100-
200-MHz bandwidth of :
analog scope, and digit
sampling rates of 200 rr
lion samples per secon
According to Fluke, tl
analog portion is not redu
dant; there continue to |
many applications that d
mand the "live” signal re
resentation and infini
resolution of analog inst
ments. Switching betwe
analog and digital oper
tion is simple. The uni
have full digital capture al
signal analysis capabilitie
providing powerful stora
and measurement ¢
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pabilities on demand. In-
stant results are obtained
by selecting 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
triggering. In addition 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 fourchan-
nel operation, which pro-
vides full sensitivity with
complete attenuation
ranges on each channel.
The 100-MHz PM 3382
and the 200-MHz PM 3392
offer 2+2 channel opera-
tion, a configuration that
provides a cost-effective
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, respectively.—
John Fluke Mfg. Co., Inc.,
P.O. Box 9090, Everett,
WA 98206; Phone:
800-44-FLUKE.

SELF-TUNING TEST RE-
CEIVER. For testing the
modulation quality of
mobile voice transmitters
and verifying the accuracy
of audio signalling tones
such as DTMF and
CTCSS, Optoelectronics'
R-10 communications test
receiver is a quick, easy,
and inexpensive alternative
to costly modulation
meters. The unit can auto-
matically accommodate

the enormous difference
ratio between an unknown
carrier of up to 1000 MHz
and a modulating frequen-
cy as low as 50 Hz, without
any manual luning.

The R-10 automatically
determines and locks onto
whatever carrier signal is
the strongest within a 100-
foot range. Once the signal
is locked in, the R-10 de-
modulates whatever 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
outputis evaluated on a fre-
quency counter or 0s-
cilloscope. For counter-
surveillance operations,
the R-10's demodulated au-
dio can be monitored to de-
termine if a surreptitious
transmitter is in the area.
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The test receiver fea-
tures two operating
modes; a squelch ca-
pability that serves as a
sensitivity control; audio
gain, power, and low-bat-
tery indicators; and a rear
connector 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-10 test communi-
cations receiver costs
$359.—0ptoelecironics
Inc., 5821 NE 14th Avenue,
Fort Lauderdale, FL. 33334;
Phone: 800-327-5912 or
305-771-2050; Fax:
305-771-2052.

MULTI-PURPOSE INTER-
FERENCE FILTER. Ace
Communications’ MPIF-1
receiver filter eliminates a
variety of unwanted sig-
nals. The compacl (3 X 2 X
1V2-inch) external filter
eliminates most of the
sources of interference
common in broad-banded
receivers. Unwanted sig-
nals are filtered from the
54-108 MHz, 174-220
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 interference in many
areas. The use of BNC
connectors makes the fil-
ter quite versatile; the
MPIF-1 can even be used
on handheld receivers.
The MPIF-1 multi-pur-
pose interference filter has

CIRCLE 20 ON FREE
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a suggested retail price of
$59.—Ace Communica-
tions, Monitor Division,
10707 East 106th Street,
Fishers, IN 46038; Phone:
817-842-7115; Fax:
317-849-8794.

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

YOU OVER
THE EDGE

Formulations

PUSH BUTTON
TEGHNOLOGY

AT PRICES THAT
WON’T PUSH &

e Environmentally Engineered

e Chemicals For All Your
Repair/Production Needs

» Quality Products Since 1965

Call Today For More Information
Manufacturers Reps Wanted

WE DARE YOU TO COMPARE!

1545 5TH INDUSTRIAL COURT
BAY SHORE, NEW YORK 11706
(800) 645-5853

IN NY (516) 665-6868

RITE
OFF

Yesterday's Values, Tomorrow’s Technology

CIRCLE 191 ON FREE INFORMATION CARD



Radio-Electronics, May 1992

CIRCLE 21 ON FREE
INFORMATION CARD

: power supplies help pro-

vide fast, flexible, and pre-
cise output control. With
outputs ranging from 200
to 2000 watts, the HP
6000 series power sup-
plies provide a variety of
choices for benchtop or
system applications that
do not require HP-IB control
of the power supply. The
series consists of five
power supplies (which vary
by voltage ratings) in each
of three power ranges:
200, 500, and 2000 watts.

All models have low out-
put noise, extensive load-
protection features, and
the “smart” front panel.
The peak-to-peak ripple
and noise spans from a low
of 3 mV p-p on the low-
power, low-voltage models
to a high of just 16 mV on
the 2-kW, 120-volt model.
Overcurrent, overvoltage,
and overtemperature 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 potentially
dangerous conditions oc-
cur. "Smart"” front-panel
controls provide three
methods for setting the
output voltage and current.
A numeric-entry keypad al-
lows the user to set the
voltage quickly and pre-
cisely, while:up/down but-
tons and rotary pulse
generators permit the user
to quickly and conveniently
change the voltage and cur-
rent settings in small incre-
ments. For repetitive

benchtop tests, up to five
states or sets of power
supply settings can be
stored and recalled for
easy sequencing among
states. Front-panel con-
trols also allow the user to
calibrate the power 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 for 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 models,
and $3650 to $3800 for
the 2000-watt models.—
Hewlett-Packard Company,
Inquiries, 19210 Pruneridge
Avenue, Cupertino, CA
95014; Phone:
800-752-0900.

HAND-HELD DIGITAL MUL-
TIMETERS. Aimed squarely
the field service technician,
Fieldpiece's digital multi-
meter models HB75 and
HB77 are professional-
grade instruments that are
durable and easy to use in
the field. They include a
built-in logic probe and a
variable-pitch 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, in-
termittents can easily be
found by listening for dis-
continuities in the tone
while wiggling suspect
connections. Second, one
“odd" test point in a series
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of test points that are near-
ly the same can be found
without waiting for the
meter to display a number;
instead, the technician can
quickly scan the test points
and "hear" the one that is
different.

Both models have a built-
in logic probe that re-
sponds up to 20 MHz. "Hi"
and “lo" are indicated both
in the display (with up/
down arrows) and by a
beeper with two different
tones. Both DMM'’s also
have a built-in capacitance
meter that measures ca-
pacitors up to 200 pFin the
circuit using the test leads.

Model HB77 measures
the true-RMS value of AC
voltages and currents. Cur-
rent ranges go from a low
of 200 pA 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—0.25
volts for the 200-p.A range.

Both heavy-duty meters
feature a drop-resistant
housing, O-ring seals to
protect against con-
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 in-
stalled. Both DMM'’s have
24 ranges in AC and DC
volts, AC and DC amps,
and ohms, and both include
a high-voltage indicator
that warns the user when
touching anything over 28
volts. A single rotary dial,
with the “menu" of func-
tions printed around it,
makes the meters easy to
understand and use.

The models HB75 and
HB77 digital multimeters
have suggested list prices
of $139 and $179, respec-
tively.—Fieldpiece Instru-
ments, Inc., 8322B Artesia
Blvd., Buena Park, CA
90621; Phone:

714-992-1239; Fax
714-992-1239.

2.7-GHz SYNTHESIZED SIC
NAL GENERATOR. De
signed for use in researc
and development, mar
ufacturing, and servicin
electronic products, Leac
er's model 3221 syr
thesized signal generatc
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offers high-stability an
high-purity outputs to 2.
GHz. Its extensive modulé
tion capabilities includ
seven modes with 14 simu
taneous combination moc
ulation modes—pulse, lo¢
ic, DC-FM, and internal ¢
external AM and FM. RI
output level engineerin
units are selectable be
tween dBm and dBp. wit
0.1-dB resolution. Thre
convenient presets are it
cluded for commonly use
RF-output levels. One hui
dred preset memories &
low storage and recall of ¢
front-panel setting cond
tions. RF output on/of cor
trol and 50-watt revers
power-protection reset ai
accomplished with a sing
key. A continuous, variab
RF-output mode allow
+5-dB variation in 0.1-d
increments for squelch a¢
justments. Edit functior
for frequency, output leve
and modulation make

easy to change operatir
parameters. Other stal
dard features include GPI
and a GaAs FET puls
modulator.

The model 3221 sy
thesized signal generatc
costs $12,300.—Lead:
Instruments Corporatio
380 Oser Avenue, Hau|
pauge, NY 11788; Phon
800-645-5104 C
516-231-6900. R
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REMOTE CONTROL A-B SWITCH—lets
you hook up your cable box by remote control,
when needed, then unhook it just as easily!
Restores TV, VCR features. Or, replace any
A-B switch with this superb quality remote
version. Bright LED indicators, JUST $35,
INCLUDES SHIPPING. Visa, MC, or check.
(C.0.D. $5 extra) Fast delivery, 30 day money
back. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, Nevada 89193 1-800-535-7827.

CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA-
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD-
UCTS. P.O. Box 582, Saco, ME 04072

1 (800) 234-0726.
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FREE CATALOG! ELECTRONIC TOOLS &
TEST EQUIPMENT—Jensen's new Master
Catalog, available free, presents major brand
name electronics tools, tool kits, and test in-
struments, plus unique, hard-to-find products
for assembly and repair and custom field ser-
vice kits available only from Jensen. All fully
described and illustrated. Enjoy free technical
support and rapid, post-paid delivery any-
where in the Continental USA. JENSEN
TOOLS, INC., 7815 S. 46th St., Phoenix, AZ
85044. Phone: 602-968-6231; FAX
1-800-366-9662.
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CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $940.00 per each insertion.

® Fast reader service cycle.

e Short lead time for the placement of
ads.

e We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3115

TWO TRANSMITTERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V battery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mW
output! 80-130MHZ. Receive on any FM radio
or wideband scanner. VT-75 microtransmitter.
$49.95 + 1.50 S&H. VISA, MC, MO. COD's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 1-800-759-5553.
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CREATE INTELLIGENT PROJECTS WITH
THE VERSATILE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerful comput-
erwas designed for flexibility and can be used
for various electronic projects. I/O 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 other options
available. CALL FOR FREE BROCHURE.
MJS DESIGNS, INC., 1438 W. Broadway
Rd., Suite B185. Tempe, AZ 85282. (602)
966-8618.

CIRCLE 181 ON FREE INFORMATION CARD

APPLIANCE REPAIR HANDBOOKS—13
volumes by service experts; easy-to-
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators,
washers, dryers, microwaves, etc.), elec.
housewares, personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-(312) 932-9550.
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TUNABLE 50dB NOTCH FILTERS—for TV.
Can be tuned precisely to required frequency.
Model 23H-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.0.D. $5 extra). Fast
delivery, 30 day money back. Quantity prices
to $16. STAR CIRCUITS, P.O. Box 94917,
Las Vegas, Nevada 89193 1-800-535-7827.
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RADIO FREQUENCY INTER-
FERENCE: How to Find it and
Fix it; book edited by Ed
Hare, KA1CV, and Robert
Schetgen, KU7G; The Amer-
ican Radio Relay League;
225 Main Street, New-
ington, CT 06111; $15.00
plus $3.00 shipping and
handling ($4.00 for UPS).

If you've ever experi-
enced- black-bars flashing
across your TV picture in a
rhythmic pattern, a garage
door opening or closing by
itself, a buzz that drowns
out AM stations, a touch-
controlled lamp with a mind
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of its own, or anonymous
conversations that inter-
rupt music on your stereo
you've experienced radio-
frequency or electromag-
netic interference (RFI/
EMD. This 256-page book
not only explains the me-
chanics of RFI/EMI, but
also provides practical
cures for the problem.
Opening chapters offer
general information on how
to find the interacting
equipment, locate help,
and resolve conflicts. Sub-
sequent chapters discuss
RFI/EMI problems and pro-
vide cures for specific elec-
tronic systems, including
transmitters, televisions,
telephones, amateur-radio

28 equipment, stereos and

other audio gear, power
lines and electrical devices,
computers, and auto-
mobiles. The chapter on fil-
ter performance explains
how to select a filter and
provides test results and
performance tables for
dozens of low-pass, high-
pass, power-line, and mis-
cellaneous filters. In addi-
tion; the book also explains
RFI/EMI regulations and
standards, and provides a
copy of the ARRL EMI/RFI
report form, which can be
used to file official EMI/RFI
complaints.

SECRET SIGNALS: The Eu-
ronumbers Mystery; by
Simon Mason. Tiare Pub-
lications, P.0. Box 493, Lake
Geneva, W1 53147; Phone:
414-248-4845; $9.95 plus
$2.00 shipping and han-
dling ($3.00 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 broadcasts
consisting of a single voice
reading out long lists of
numbers in four- or five-dig-
it groups. While explana-
tions for those mysterious
broadcasts have ranged
from commodity prices to
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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
shortwave-radio bands.
This book, written by a man
who has studied the Euro-
pean numbers stations for
years and has monitored
thousands of transmis-
sions in the process, is an
indispensable tool for
tracking those stations
from North America. It in-
cludes numerous traffic ex-
cerpts, identifiers, sched-
ules, and clues turned up
by hearing mistakes in
transmissions. Descrip-
tions of transmissions from
“Bulgarian Betty," “'‘Papa

‘November,” “The Russian

Man," "“Swedish Rhap-
sody,”” and "'The Lin-
colnshire Poacher'' 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.

THE HARD DRIVE ENCYCLO-
PEDIA: The Guide to PC-
Compatible Hard Drives; by
Adrian Alting-Mees. Anna-
books, 12145 Alta 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 companion
diskette of utilities, this
book provides a complete
reference on PC-compati-
ble hard-disk drives. The
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book includes sections
ST-506, ESDI, SCSI, ¢
IDE specifications, as v
as a section covering f
other interfaces. Ott
sections cover the physi
and electrical chare
teristics of hard drives, l¢
ical encoding scheme
and file formats. Sectic
covering controller para
eters, hard-disk drives, &
manufacturers include
tensive lists of related inf
mation. Another secti
lists the BIOS hard-dr|
tables for many popu
BIOS's, and explains h
to use the utilities on t
companion disk to see t
drive-type tables in yc
own BIOS. More than 16
hard-drive model numb
are listed by manufactu
so that if you have to ins’
a drive but don't have
spec sheet, you can locz
the important paramete
in the included tables.

1992 ELECTRONIC TEST ¢
CESSORIES CATALOG; fri
ITT Pomona, 1500 E:
Ninth Street, P.0. Box 27!
Pomona, CA 91769-27¢
Phone: 714-469-2900; F:
714-629-3317; free.
Specially featured in tl
140-page catalog are
expanded line of oscil
scope-probe kits and t
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new lines of test probes
and clips for miniature and
heavy-duty applications.
Also featured are accesso-
ries designed to make test-
ing SMT devices and high-
density leaded compo-
nents easier and more re-
liable. New products in-
clude new IC clip kits,
coax/BNC universal adapt-
er kits, digital multimeter
test-lead kits, cable and
patch accessories, and
jumper kits. ITT Pomona's
popular selection of jum-
pers and cables, boxes,

plugs and jacks, con-
nectors, adapters, single-
point test clips, and static
control devices are also de-
scribed. An easy-to-use in-
dex is provided to help
readers quickly locate spe-
cific products.

LENK’S LASER HANDBOOK:
Featuring CD, CDV, and CD-
ROM Technology; by John D.
Lenk. McGraw-Hill, Inc.,
Professional Book Group, 11
West 19th Street, New York,
NY 10011; Tel. 1-800-2-
MCGRAW; $39.95.

This new addition to
McGraw-Hill's Consumer
Electronics Series is a
practical 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 who work with
laser-based technology,

Lenk's Laser
Handboo{c_ i

: —ﬁ‘ : ;h
John D. Lenk
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the book focuses on vid-
eodisc and compact-disc
players, and CD-ROM
units, using information
that is applicable to all
sorts of laser devices, in-
cluding CD-| (compact-
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
how laser equipment

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 tech-
niques for encoding and
decoding as well as the
basic principles of optical
readout. Proper operation
and installation are de-
scribed, as are the test
equipment and tools re-
quired for servicing and
maintenance.

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

e

1-800-CALL-EDF

D 1988 FDF%M
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Faster, Less Heat
Chem-Wik® Lite pre-
vents damage to sensitive

circuit boards. Designed
to respond twice as fast
as conventional braids, its
lighter mass provides
superior thermal conduc-
tivity with less heat, less
contact time, and less
pressure.

Lite Responds
50% FASTER!
{Based on actual
tests performed)

100
Reg Lite

100

High Purity,
High Quality

Using pure white rosin
flux applied to the finest
oxygen-free, oil-free pure
copper wire, you're
assured maximum
solderability with no ionic
residue. Chem-Wik
achieves full wetting in
less than one second to
meet the requirements of
MIL Standard 883B
Method 2022.

A Size and Length
for Every Need

Select the exact size to
suit your application.
Always sealed fresh and
contamination-free, and
available in static
dissipative packaging.

Call for a free sample of
cool running Chem-Wik.

CEChemtmnics@

8125 Cobb Center Dr.
Kennesaw, GA 30144

-645-5244
B00-645-52 Eﬂﬂmlﬂ
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THE PARTS PLACE

Micromini Toggle Switches. Reli-
ability at low cost. Rated 3A at

125VAC. Ys"-dia. stem.

SPST. #274-624 .......... 2.29
SPDT. #274-625 .......... 2,39
DPDT. #274-626 ......... 2.59

(1) TO-220 Heat Sink. Ideal for PC
board use. #276-1363 9¢
(2) TO-3 Mounting Hardware. Com-
plete kit. #276-1371 ............ 99¢
TO-220 Mtg. Kit. #276-1373 ... .. 99¢
(3) Heat Sink Grease. Assures maxi-
mum heat transfer. #276-1372 ... 1.59

UL-Listed DVM. Micronta® makes
electronics testing a snap!
Autoranging, 2" LCD digits, bar
graph to spot peaks, data hold to
freeze display, continuity sounder,
diode-check. #22-186 ... .. 69.95

Try Our Exclusive Postage -Free Parts ““Hotline”

sorts of ac
o postage

(1) Portable Shortwave Antenna. DX grabber! Clips o portable’s rod arn-
fenna 23-ft. wire element stores on pocke | 374, 8.95
(2} Dial Cord Repair Kit. Radio Sha 5 six feet of high-
strength dial cord and three tension spring
shless de u)nanriljt’ operation
ment and circuits that are
14.95

pomary.

ke it a great chuice fc
sensitive 10 hum or noise
(4) UL-Recagnized Power Transformer
Center-tapped secondary provides 12VAC at 1.2A, #2

(1) Double-Shielded, 4 Conduc-
tor Cable. For data or audio. The
best! 30 ft. #278-777 ....... 7.95
(2) Coiled Mike Cable. Replace
CB, ham, marine radio cords. 4 con-
ductors. 5 ft. #278-358 .. ... 2.99

(1) 1N914/4148 Switching Diodes.
Popular silicon type. Rated 75 PIV.
#276-1122 . ..... Pkg. of 10/99¢
(2) 1IN34 Germanium Diodes.
Hard-to-find signal diodes. Rated
60 PIV. #276-1123, Pkg. of 10/99¢

E@!{ﬁ—d;é

(4}

(1) Coiled 6-Ft. Test Leads. Why put
up with tangles? #278-750 .. Set/4.99
(2) Posts to BNC. #274-715 ....8.95
(3) Posts to Bananas. #274-716, 4.95

& ni

(1) 1%z to 3VDC Motor. Use in solar
power demos. #273-223 ......, . B 99¢

(2) Electret Element. #270-092, 2.99
(3) 12VDC Magnetic Buzzer. A more

pleasing tone! #273-026 ........ 219 (4) Stackable Dual Inline Banana
(4) "Ding-Dong" Chime. Classy entry Plug. Versatile! #274-717 .... ... 2.99
alerl. 6 to 18VDC. #273-071 .....8.99 (5) 6-Ft. BNC-to-BNC. #278-964,5.99

§

(1) Thermal Fuses. 128° C., #270-1321. 14
#270-1320. 228° C., #270-1322 . . . . Emel
(2) Thermistor. Resistance is prt
tional to temperature. #271-110 . ..
(3) Surface-Mount Resistors.

pieces, 15 popular values! Rated Vs *
5%. #271-313

IC Inserter/Extractor Kit. W
risk bending or breaking pins
expensive chips? This kit make
easy to install and remove any D
style IC from 6to 40 pins. Both to
are groundable to prevent st:
“zaps". #276-1581 ........ 6

PC/XT Experimenter's Circuit Card. This premium-quality prototyping
board fits a computer's XT expansion bus connector. Features durable epoxy
glass construction and plated-through holes on standard 0.100" centers.
Accepts D-sub connector shown at right. 37/a x 101he x 1he"

H2T0-1888 0 5 S Sl s S e L SR R s e s s 29.95

Right-Angle D-Sub 25 Fem:
Connector. Ideal for use with F
XT circuit card at left. Radio Sh:
also stocks a big selection of D-£
and IDC-type connectors for cc
puter hookups. #276-1504 .. 2

Since 1921 Radio Shack has been the place to obtain up-to-date electronic parts
as well as quality tools, test equipment and accessories at low prices. Nearly 7000
locations are ready to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers, Radio Shack is a division of Tandy Corporation

Radlo JThaekK =<

MERICA'S TECHNOLOGY STORE
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- BUYER'S GUIDE
T0 DMM'S

Today’s bench DMM gives
you more performance for
your instrument dollar
than ever before.

STAN PRENTISS

THE BENCHTOP DIGITAL MULTIMETER (DMM) IS THE
workhorse test instrument in today's labs and
sevice shops while the handheld DLIM is the fa-
vored vertatile tester in the field. Bench/portable
DMM's have seized the high ground where empha-
sis is on accuracy, resolution and automated test-
ing. Benchtop DMMSs are in use for electronic
equipment testing, service, and calibration in
both shop and field. They are also filling important
roles in design departments, scientific labs, and
as components in industrial data acquisition and
automated test systems.

To be classed as a DMM, a meter is usually ex-
pected to be able to make the five basic electrical
measurements: DC and AC volts, DC and AC cur-
rent, and resistance. However, the term DMM now
covers a wide range of instruments from the low-
cost handheld, battery-powered units costing less
than $100 to the AC line-powered bench/portable
units whose base list prices can range from $200
to nearly $2700.

Benchtop DMM’s are distinguished from hand-
helds by their rectangular cases and front-face
displays and controls. Their long depth dimen-
sions give them stability on a bench or other flat
surface. Most are equipped with tilt bails to raise
their front faces for easier user reading. Despite
those differences, there is considerable overlap in
features between high-end handheld and low-end
benchtop DMMs.

In fact, some bench-type meters are little more
than repackaged handhelds, and they cannot be
distinguished by looking only at specifications. All
handheld DMM’'s are portable, but benchtop
DMM’s are also portable, and those that are bat-
tery powered can be used conveniently in the field.

Many bench DMM’s have liquid-crystal displays,
typical of today’s handhelds, but most of the high-
end models have vacuum-fluorescent or LED dis-
plays that afford better viewing in subdued light.
These displays can be used because the benchtop
units have less restricted power budgets than the
handhelds.
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How they work

Figure 1 is a simplified func-
tional block diagram of a DMM.
In practice, both AC and DC
voltage measurements are
made by one circuit, and both
AC and DC currents are mea-
sured by another. Typically
there is a separate resistance
measuring circuit.

The latest DMM’s, both hand-
held and bench, include either a
microcontroller (microcomput-
er-on-a-chip) or microprocessor
for various control and self-
check functions. A micro-
processing function block has
been omitted from the sim-
plified diagram, but it would
typically be located between the
analog-to-digital (A/D) convert-
er and the display.

The microprocessor or micro-
controller provides control sig-
nals for the true root-mean-
square (RMS) voltage and cur-
rent converter if the DMM has
one. Bench meters are more
likely to have this feature than
handhelds; thus it is not ex-
clusive to either one. However,
provision for interfacing with
systems is an exclusive bench
DMM feature.

Bench DMM manufacturers
have used a number of different
schemes to convert analog in-
put signals into a digital read-
out. Among them are voltage-to-
frequency, successive approx-
imation, reciprocating re-
mainder, and dual-slope inte-
gration conversion. However,
the most popular scheme in use
today is some form of dual-slope
integration.

Figure 2 is a simplified block
diagram of a dual-slope inte-
grating DMM. Instead of con-
verting voltage to frequency as
is done in other methods, it is
converted to time. The timing
sequence for this technique is
shown in Fig. 3. Switch S1 con-
nects the unknown input volt-
age to the integrator consisting
of input resistor R1 and an oper-
ational amplifier with capacitor
Cl in its feedback loop.

Switch S1 remains in that po-
sition for the integration
period. During this time, Cl1 is
charged at a rate determined by

R1. At the end of the integrat
period, C1 has a charge tha
proportional to the input w
age. The op-amp causes |
voltage across Cl to build |
early so the charging rate is g
erned by the current throu
resistor R1.

In the second phase of du
slope operation, control lo
switches S1 to connect a re
ence voltage to R1 and the inj
of the integrator. The refere:
polarity is always opposite
that of the unknown input v
age. Two references are uset
one negative and the ot}
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FIG. 2—SIMPLIFIED BLOCK DIAGRAM of a dual-slope integrating DMM. Switch
connects the unknown voltage to the integrator for the first half of the cycle, and"
reference voltage for the second half. The time to discharge capacitor C1is conver

to a digital readout.
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FIG. 1—BLOCK DIAGRAM of a basic digital multimeter.
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FIG. 3—DUAL-SLOPE INTEGRATION
measuring sequence. The slope angle
depends on the magnitude of the un-
known input voltage and the time to dis-
charge to zero is a function of that value.

positive. At the beginning of the
second phase, the output from
the clock is gated. Capacitor C1
is then discharged linearly by
the reference voltage, and the
clock is stopped when C1 is dis-
charged through zero.

If the unknown input voltage
is doubled, C1 charges up twice
as fast. Since a constant refer-
ence voltage is applied to dis-
charge the capacitor, the dis-
charge rate will be constant.
This means that the time to dis-
charge Cl1 is doubled if the un-
known input is doubled, as
shown in Fig. 3. The accuracy of
the dual-slope technique de-
pends primarily on its reference
voltages. This method is favored
because errors introduced dur-
ing charging are canceled dur-
ing discharge. Some benchtop
DMM A/D converters can now
take 1000 readings per second.
Hewlett-Packard's HP 34401A
DMM can, for example, makes
up to 50 range/function
changes per second.

Figure 4 is a simplified di-
agram of a typical DMM circuit
for measuring both AC and DC
voltage. Many different proprie-
tary circuits are used for true
RMS AC and DC voltage con-
version. As can be seen, the out-
put of the true RMS converter
goes to the A/D converter.

Both AC and DC current can
be measured with the circuit
shown in simplified form in Fig.
5. Again, the range switch block
represents either manual or au-
tomatic range functions. Fuse
F1 can represent two fuses in
series, one rated for low current
values, and the other rated for

VIYs \npyr

2 DVDER FUNCTION AND RANGE SWITCHES
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FIG. 4—SIMPLIFIED DIAGRAM of a typical voltage-measurement circuit
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FIG. 5—SIMPLIFIED DIAGRAM of a typical current-measurement circuit.

high current values. Those pro-
tect the meter against acciden-
tal damage and the user from
shock. The true RMS converter
functions in both the voltage
and current measurement cir-
cuits and, as in the voltage cir-
cuit, the output goes to the A/D
converter.

Several different resistance
measuring circuits can be
found in today'’s crop of bench
DMM’s. The most popular are
the constant-current source
and voltage-ratio techniques.
The constant-current source
supplies current to the un-
known resistance value. The
DMM then measures the voltage
drop across the unknown. In
the voltage ratio-method,
shown in simplified form in Fig.
6, there is a voltage source and
an internal divider consisting of
a reference resistor (Rggp) and
the unknown value (Ry). The
value of Vi is obtained from
the lower op-amp.

Figure 7 illustrates a conven-
tional 2-wire ohms converter
found in most bench DMMs. It
is based on a DC constant-cur-
rent source. Figure 8 is a sim-
plified schematic of a four-wire
ohms converter that will elimi-
nate measurement errors intro-
duced by lead resistance in
precision DMM's.

Alternate or optional battery
power enhances the bench/por-
table meter’s portability and im-
proves its isolation from the AC
line for certain critical measure-
ments. It also ensures the safety
of the user when making cer-
tain kinds of high-voltage and
current measurements. Most
low-cost, battery-powered
bench DMM’s use multiple “C"
or “D” cells, or 9-volt transistor
batteries, typically disposable
alkaline. However, the battery
power sources of the higher per-
formance meters are typically
multiple rechargeable nickel-
cadmium (Ni-Cd) cells or sealed
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FIG. 6—SIMPLIFIED DIAGRAM of a typical DMM voltage ratio resistance-measure-

ment circuit.

lead-acid batteries. Manufac-
turers offer power options: 117
or 220 volts, 50 to 60-Hz line,
and/or batteries.

Some bench DMM's have been
designed for dual use as porta-
ble or rack-mounted instru-
ments. Rack mounting is used
in systems applications. The
purchaser can specify the case
style desired.

Available bench DMM'’s

If you examine Table 1, Digital
Multimeter Characteristics, in-
cluded here you will see 3-1/2-
digit bench/portable DMM's list
priced below $200, and higher
performance instruments
priced for more than $2600—a
price spread of better than an
order of magnitude. Those
prices include only the bare nec-
essities such as basic test leads,
power cord, and manuals. Most
DMM accessories such as
probes and carrying cases are
extra expense items.

The basic electrical measure-
ment functions in bench DMM’s
are usually supplemented with
special features, many of which
are can also found in the hand-
helds. The most common exam-
ples are diode test and audible
continuity. As stated earlier,
bench models are more likely to
include true RMS AC voltage
and current measurement than
handhelds, and system com-
patibility is an exclusive feature
with the bench models. Many
bench DMMS’s can also display
such math functions as min/
max hold, and provide readouts
in dB and dBm.

With their foecus on accurate
measurement, many DMM's
have only a few of the special
features found in handhelds.

Fig. 7—SIMPLE 2-WIRE ohms ccaverter.

FIG. 8—SIMPLIFIED 4-WIRE ohms con-
verter for eliminating lead resistance er-
rors. Current is supplied by a separate
current source.

The line separating the features
of handhelds from those of
benchtop DMM’s is fuzzy, at
least in the $200 to $300 price
price range. Features such as
peak hold, sleep mode, and ca-
pacitance measurement are
more likely to be found on the
handhelds.

But it’'s worth keeping in
mind that, generally speaking,
you get what you pay for in
bench/portable DMMs. Prices
have been raised on many of the
models that have been on the
market for ten years or more.
However, there is general agree-
ment that you can get more for
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your DMM dollar today than
ever before. This is due, in part,
to the ongoing transfer of ad-
vanced A/D converter ICs and
microprocessor devices to in-
strumentation, and intense
worldwide competition.

Experts agree that the most
critical parameter in benchtop
DMM’s (and the one you should
look at first) is DC voltage ac-
curacy. It can be stated in a
number or ways: + (% of read-
ing + number of least signifi-
cant digits), = (% of reading +
% of range), + (% of reading +
number of counts), and even
parts per million (ppm) of read-
ing as + (ppm of reading + ppm
of range). Regardless of the form
used, it will be given at a spec-
ified ambient temperature, usu-
ally between 18°C and 28°C,
with relative humidity up to
90%.

Accuracy ratings might be
given for periods of one year, six
months, 90 days, or even 24
hours. To cut through all this
complexity, most manufac-
turers give short forms of their
accuracy specification known
as basic DC-voltage accuracy.
That is what we used in our
characteristics table.

After you have checked out
basic DC-voltage accuracy, you
should study the specifications
and literature to be sure that the
meter you are considering is a
quality product built ruggedly
enough to meet your needs and
includes all of the accepted user
safety and instrument protec-
tion features for that class of
product. Next you might want
to examine the basic AC-voltage
accuracy rating.

A 5-1/2- or 4-1/2-digit DMM
can be expected to offer higher
accuracy and resolution than a
3-1/2-digit DMM, and this
should be kept in mind during
your search. The 1/2 in the spec-
ification of the DMM display re-
fers to the use of the digit 1 in
the most significant digit (MSD)
position. The full scale on a
4-1/2 digit display, for example,
is 9999, but the additional digit
1 permits the display to show a
value that is 100% higher
(19999) in what is known as the
100% overrange condition.

There is a close but not abso-

lute correlation between the
number of display digits and
counts. For example a 3-1/2- dig-
it DMM might have 2000 or
even 3200 counts, a 4-1/2-digit
meter typically has 20,000
counts, but it could have more.
A 5-digit DMM will have
100,000 counts, but a 5-1/2-dig-
it meter would be expected to
have a count of atleast 200,000.
Rather than try to define such
confusing designations as a
4-3/4 -digit DMM, it is a lot easi-
er to look for the display count
that we have listed in our selec-
tion table.

As you move upscale in bench
DMMss, prices rise accordingly.
Therefore, it becomes even
more important to pay atten-
tion to the reputation of the
manufacturer, and inquire
about any guarantees or war-
ranties being offered. Not sur-
prisingly, even some reputable
manufacturers who are willing
to offer 3-year warranties on
their handheld and low-cost
bench DMM’s are reluctant to of-
fer more than a one-year war-
ranty on their most sophisti-
cated bench models. However,
one-year warranties can usually
be extended for a fee. We suggest
that you carefully read and com-
pare specifications, literature,
and any available evaluations of
products before you buy any
bench DMM. _

In searching for the bench
DMM best suited to your needs,
you should consider the value of
such features as autoranging
vs. manual ranging. Autorang-
ing automatically determines
the proper range and polarity
for the DMM to display a mea-
surement with the best resolu-
tion. Manual ranging allows
you to override the autoranging
function and make manual se-

ANALOGIC’S DP 100.

BECKMAN INDUSTRIAL'S MODEL 3

lections. While some DMN
have both, many high-perft
mance DMM’s do not inclw
autoranging. This is acceptat
because those instruments w
be used in controlled enviro
ments where the ranges of u
known signals are general
known.

Measurement capabilities

In addition to basic DC-vo
age accuracy, you will want
know the maximum DC volta
that can be measured withou!
plug-in probe, and maximu
DC-voltage resolution. Bas
DC-voltage accuracy will ran
from 0.1% in 3-1/2-digit (20t
count) meters to 0.003 %
5-1/2-digit (200,000 coun
meters. A rating of 1000 vol
maximum DC voltage is coi
monplace in modern bent
DMM's; it will be obtained at t
high end of as many as fi
ranges, typically 200 mV, 2V, :
V, 200 V, and 1000V. Maximu
DC-voltage resolution shou
typically be a value of 100 mici
volts or less.

The AC-voltage specificatio:
also include basic accurac
maximum resolution, and me
imum (RMS) value without t
use of a probe. Frequency ran
in hertz over which AC me
surements are valid is anoth
variable included under ¢/
volts. Basic AC-voltage accura
is typically a fraction of t!
DMM’s DC-voltage accuracy;
some cases it is as much as :
order of magnitude less.

Maximum AC resolution, al
measured in microvolts, ty
ically matches the values for [
volts. Maximum voltages f
bench DMMSs are typically t
tween 750 and 1000 volts /
RMS. Expect five AC volta
ranges comparable to the [
voltage ranges. The ability
measure true RMS voltage is
popular feature for ben



DMM’s; most bench DMM’s ei-
ther offer this feature or make
provision for it as an option.

Maximum ratings for AC and
DC current in amperes that can
be measured without a probe
are also important for the bench
DMM user. Don't be surprised to
find that handhelds have higher
maximum current ratings than
high-performance bench
meters to protect against the
unknown conditions encoun-
tered in making current mea-
surements in the field. They
could be only 2 amperes. How-
ever, you can expect the bench
meter to have better current res-
olution—0.1 microampere or
better.

Maximum resistance values
that can be read on a bench
DMM are typically 20 megohms
or better, but they could be as

FLUKE’S DUAL-DISPLAY MODEL 45

high as 300 megohms. How-
ever, maximum resistance reso-
lution could be 1 milliohm or
less in the high-end models.
The diode tests and con-
ductance measurement func-
tions are less popular in high-
performance DMMss.

Special features

Beyond the capability for
measuring the five basic elec-
trical parameters and doing di-
ode tests, many DMM functions
are considered to be special. In
general, with the exception of
system compatibility, none are
exclusive to bench DMMs5.

Because of their normally
controlled working environ-
ments, accuracy and resolution
outrank versatility in the selec-
tion of a bench DMM. It has
been found that specialized
temperature, frequency, and
even capacitance measuring in-
struments are preferred over

GOLDSTAR’S MODEL DM-7241

those functions in DMMs used
in labs or shops. Manufacturers
will, however, include these
functions if they find a demand
for them. But if you don't need
them you could be paying a lot
for a feature with lower perfor-
mance than is obtainable in a
specialized instrument.

By contrast, the handhelds
follow the Swiss Army knife phi-
losophy of stuffing as many
“tools” as is practical in a single
package. Battery conservation
and protection against personal
shock and destruction of the
DMM are, as you might expect,
more important characteristics
in handhelds.

True RMS voltage and cur-
rent: This feature provides
accurate measurement of nou-
sinusoidal waveforms such as
square waves, pulses, or the
outputs of silicon-controlled
rectifiers. This function, either
standard or optional, is widely
found in bench DMM?s, but less
often found in handhelds. You
can be sure that any DMM with
the true RMS measurement fea-
ture will cost more than a com-
parable meter without that
feature. :

System compatibility: Some
bench DMM's offer an EIA
RS-232C and/or IEEE-488 in-
terface as either standard or op-
tional features. The RS-232C
interface allows data to be inter-
faced to any serial printer or
computer. The data can be filed,
manipulated, printed, or trans-
mitted by modem. Internal
DMM circuits format the mea-
surement data transmission.
Host computer software per-
mits remote operation of all in-
strument functions.

IEEE-488 (also known as the
general purpose information
bus or GPIB), is a parallel inter-

face bus that consists of eight
bidirectional data lines and
eight signal grounds (three
wires for handshakes between
equipment, and five wires for
management). Some DMM's
permit both RS-232C and GPIB
interfaces. Although RS-232C
interfaces are becoming more
popular because of the pro-
liferation of personal computers
in laboratories, the IEEE-488

KEITHLEY’S MODEL 2001

bus is still widely used in indus-
trial data acquisition systems.

Decibel (dB) and dBM read-
out: DMM’s with this function
measure and display the dB
gain or loss of amplifiers, filters
or attenuators. The dBm read-
out is referenced to 1 milliwatt
and 600 ohms.

Offset/relative reference: This
function stores the input in
memory as a zero “‘reference”.
Any subsequent input is auto-
matically compared to the refer-
ence in memory, and the display
shows the difference (=) be-
tween these two values. It is also
a handy feature for nulling out
test lead resistance or measur-
ing the dB gain for the stages of
an audio amplifier. Relative ref-
erence works in all functions
and ranges, and is a feature
found on high-end handhelds
and low-end benchtops.
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Frequency or period: Some
DMM'’s can also measure fre-
quency or its reciprocal period.
Bench-type DMM’s are likely to
have frequency responses in the
megahertz range, especially if
they have six or more readout
digits. Some DMM's now have
AC voltage input ranges as high
as 15 MHz and AC current input
to 1 MHz. These can be trans-
lated into period. You will want
to know accuracy, sensitivity,
maximum input, and trigger
level for these measurements.

Temperature measurement:
Some bench DMM’s have the ca-
pability for measuring tempera-
tures with one or more standard
thermocouples or a resistance
temperature detector (RTD).
Here again, the specified ac-
curacy and resolution will be
important in your decision if
you want this feature in your
multimeter.

Continuity beeper and diode
test: Continuity, diode and
transistor checks can be made
quickly on DMM’s with this fea-
ture without looking at the dis-
play. A continuous tone indi-
cates continuity, while a beep
signals a forward-biased diode
or transistor. The beeper is easi-
ly heard in a noisy industrial
environment.
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Min/max hold: DMM's with
this feature store the highest
and lowest readings, permitting
you to monitor a signal for sec-
onds, or even days. Collected
average values during the
period are calculated and dis-
played, and when the recording
period ends, you can examine
the readings at your con-
venience. Overloads or manual
stop/starts won't erase memory
until you give the command.
Min/max recording is possible
when measuring AC and DC
voltage or current, and resis-

B&K PRECISION'S MODEL 2833

tance. This feature is also found
on some handheld meters.
Analog Bar Graph: The ana-
log bar graph is a segmented
analog needle simulator. It per-
forms the same role as a VOM
needle, while eliminating the
mechanical/inertial distortion

BENCHTOP DMM SOURCES
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inherent in a needle’s moy
ment. This feature is not wid
available in bench DMMs.

Sleep mode: This feature ¢
tomatically shuts off power
you forget or if no measu:
ments are taken for a specifi
length of time, say 60 minut
This conserves battery life. It
found in some battery-power
bench meters.

Peak hold: This feature
useful for recording transier
as low as 1 millisecond, ¢
pecially from intermitte
power lines or connectior
This mode can also be used
measure the plus and min
peak values of sine waves up
about 450 Hz. It permits e
measurement of both peak li
voltage and line current
power supplies and electris
equipment. However, it is rar
found on bench DMMs5.

Data hold: This feature
known by different propriet:
names such as “touch hold”
“probe hold.” It allows you
keep your eyes on the prok
and on the circuit under te
The DMM's microcomputer ¢
termines when the input sig
is steady, alerts you with a be:
and then captures and hol
the measurement on the disp
until you are ready to view it
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automatically updates with
each new measurement.

Reading spec sheets

Manufacturers' specification
sheets can be quite confusing
because they do not follow a uni-
form format. They can be es-
pecially intimidating for the
first time DMM buyer trying to
decipher the baffling termi-
nology. The wise buyer should
understand such terms as
CMR, NMR, and RMS, average,
and peak AC readout.

Definitions of some of the
commonly used terms in DMM
specificastions sheets will be
helpful to you. Remember that
the manufacturers are trying to
attract your attention to their
instrument's more glamorous
features which may or may not
be something you need. So bro-
chures do not necessarily rank
the qualities that are of most
importance to you in any logical
order. The burden for interpret-
ing these specifications falls on
you, the prospective buyer and
user. But this also holds for a lot
of other purchases such as ap-
pliances, automobiles or home-
entertainment products.

Noise is an especially severe
problem in DMMs due to their
high accuracy, resolution, and
sensitivity. DMM’s used in sys-
tems are more susceptible to
noise than those used just in
isolated measurement applica-
tions. Long signal leads and
‘coupling between adjacent sig-
nal leads compound the prob-
lem in systems.

Noise can be defined by its ori-
gin relative to signal input lines
on the DMM. Normal-mode
noise enters with the signal and
is superimposed on it. Com-
mon-mode noise is common to
both the high and low signal in-
puts. Common mode noise be-
comes normal-mode noise
when it flows into the DMM’s
signal inputs.

Normal-mode noise ori-
ginates from power-line pickup,
electromagnetic fields or even
from within the device being
measured. Noise can be sin-
usoidal, spikes or white noise.
There are two techniques used
to reduce normal-mode noise:
integration and filtering. Inte-

SIMPSON’S MODEL 460-6

TRIPLETT'S MODEL 4800

gration stretches the measure-
ment out over a fixed period of
time during which amplitude
variations are averaged out. If
the integration period includes
a sufficient number of periodic
noise cycles, the noise will be
averaged out.

Filtering slows down the con-
VErsion process or measure-
ment speed so it is used
judiciously. Integration does a
better job of rejecting line-re-
lated noise, and filtering is bet-
ter for broadband noise.

Common-mode rejection
(CMR) is a measure of the
change in output voltage when
both inputs are changed by
equal amounts of AC and/or DC
voltage. It is the measure of an
instrument’s ability to cancel
undesirable signals entering
the measurement circuit be-
tween the input and ground. A
reasonable value for CMR in a
bench DMM is 100 volts DC or
peak AC from any earth input.

Normal-mode rejection (NMR)
is a logarithmic measure of at-

tenuation of normal-mode
noise components at specified
frequencies in dB. For an ampli-
fier used in instrumentation,
the normal-mode signal is the
actual difference signal being
measured. This signal often has
noise associated with it.

DC voltage uncertainty =
[(ppm of reading) x (measured
value) + (ppm of range) X
(range used))1,000,000.

Percent uncertainty = (ppm
uncertainty)/10,000.

AC voltage uncertainty = [%
of reading) X measured value)
+ (% of range) X (range
used)})/100.

Crest factor (CF) expresses
the waveform’s peak value ratio
to that of its RMS value. Crest
factors in true RMS meters ac-
tually specify their dynamic
ranges.

Self-test: DMM’s with a micro-
processor-controlled self-test
feature usually run through
this routine when they are
turned on and the results show
up on the display as segments
that appear as rapidly as four
times per second.

Self-check capability is ex-
tremely important for the as-
surance of accuracy and con-
tinued calibration to laboratory
or international standards. Nev-
ertheless, all DMM's, even those
with this feature should be re-
calibrated at least once a year
for maximum accuracy and re-
liability.

Imput impedance is the com-
bined AC and DC resistance at
the input of the DMM. An input
impedance of 10 megohms or
better virtually eliminates mea-
surement errors caused by load-
ing in most circuits.

The outstanding charac-
teristics of bench-type DMM's
have been highlighted primarily
on a basis of published specifi-
cations and unusual features.
In an evaluation section that fol-
lows we have selected a cross-
section of available benchtop
DMM’s and discussed some of
their outstanding features. All
of the bench multimeters dis-
cussed in this article are capa-
ble of making the five basic elec-
trical measurements: AC and
DC voltage, AC and DC current
and current.
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Selected reviews

Analogic offers the DP100,
with a 5-1/2-digit LCD display
capable of measuring voltage
current and resistance. It is also
a frequency counter capable of
measuring up to 25 MHz as well
as an RTD temperature meter.
The portable DP100 is powered
from both built-in rechargeable
batteries and the AC line. It of-
fers =0.003% basic DC-voltage
accuracy, 0.1-microvolt sen-
sitivity and the ability to mea-
sure true RMS AC voltage and
current, and 2- or 4-wire resis-
tance. The DPM includes
RS-232C compatibility or op-
tional IEEE-488.2 converter.

B&K Precision offers three
bench DMM’s all capable of
making the five basic measure-
ments—AC and DC voltage and
current, and resistance. The
model 2831A is a 3-1/2-digit
meter with a LED display that
also offers continuity checking
and diode test. It has a 0.1%
basic DC-voltage accuracy rat-
ing. The model 2833 with a
4-1/2-digit LCD display, features
true RMS voltage and current
measurement. It has basic
0.05% DC-voltage accuracy.
Other features include audible
continuity check, diode test,
data hold, dBm readout, and
frequency measuring.

The B&K model 2832, with a
3-1/2 digit LCD display, mea-
sures capacitance. It's basic DC-
voltage accuracy is stated at
0.5%. Other features include
audible continuity check and
diode test. This DMM can be
powered from the AC line or six
“C” cells.

Beckman Industrial Corp. of-
fers two 3-1/2-digit bench/ por-
table DMMs with LCD displays,
the models 350 and 360 B. Both
are packaged in similar cases
with a front-panel rotary func-
tion switch, and both have
basic 0.1% basic DC-voltage ac-
curacy and 22-megohm input
impedance. In addition to the
five measurement functions,
the meters provide audible con-
tinuity checking and diode test-
ing. The model 360 offers true
RMS AC voltage and current
measurement as well as temper-
ature measurement with a type
K thermocouple. Both meters

are powered by six “D" cells and
are built for field use.

John Fluke Mfg. Co. offers a
family of seven bench/portable
DMMs with 3-1/2 to 5-1/2-digit
displays. Some also offer diode
test and others measure con-
ductance. There is, however,
considerable variation in the
special features offered. The
3-1/2-digit model 37 has a basic
DC-voltage accuracy of 0.1%
and the 5-digit model 45 has a
basic DC-voltage accuracy of
0.02%. The model 45 has a dual
vacuum-fluorescent display
and it can measure frequency
and display dB and dBm. It also
has the min/max hold feature.

Fluke is also offering two
5-1/2-digit models in the 8800
series, the 8840A and 8842A.
The 8840A offers 0.005% basic
DC-voltage accuracy, while the
8842A has 0.003%. Both fea-
ture optional true RMS AC volt-
age and the ability to measure
frequency to 100 kHz.

Goldstar Electronics offers
the DM-7241 with a 4-1/2-digit
LCD display. It has a basic DC-
voltage accuracy of 0.05% and a
resistance range to 20
megohms.

ewlett-Packard offers four
benchtop DMM's. The
HP34401A has a 6-1/2-digit vac-
uum-fluorescent display and
features true RMS AC voltage
and current measurement. Re-
sistance is measured in ohms
with 2- and 4- wire circuits. In
addition, the model 34401A
measures frequency, period,
and continuity, and can do di-
ode tests and DC:DC ratios. DC-
voltage accuracy is given as
0.0035% 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 and dBm
readout, and limit test. Both the
IEEE-488.2 and RS-232C inter-
faces are standard.

Keithley Instruments offers
five bench/portable DMMs. The
model 2001 has a 7-1/2-digit dis-
play and a rated basic DC-volt-
age accuracy of 0.0007%. Basic
AC-voltage accuracy is given as
0.03%, and bandwidth is 1 Hz
to 2 MHz. The 2001 can mea-
sure resistance values from 1
micro-ohm to 1 gigohm. It takes

2000 readings per second wi
4-1/2-digit resolution, 300-5(
with 5-1/2-digit resolution, ai
between 45 and 200 with 6-1/
digit resolution.

The 2001's standard me
surement functions include £
crest factor, frequency from 11
to 15 MHz, true RMS, and pe:
and average AC. It also mak
DC in-circuit current measui
ments, and offers simultaneo
displays. Options include a te
channel scanner. GPI
(IEEE-488.2) output is sta
dard.

Kenwood USA Corp. offers tl
model DL-712 that has bo
manual and autorangin
Other standard features of tI
DMM include diode test, da
hold, and continuity checkin

Leader Instruments’ moc
856 has a 4-1/2-digit LED d:
play which includes a b
graph. Equipped with aut
ranging, it measures true RM
and frequency. The 856 al
does diode test and continui
checks, displays dB and dBa
and makes data comparisor
Its basic DC-voltage accuracy
0.05%.

Simpson Electric offers fo
4-1/2- and 3-1/2-digit bencht
DMM'’s. They all feature tr
RMS AC measurement. TI
4-1/2-digit 460-6 offers Ni-(
battery/AC-line operation ai
0.07% DC volts accuracy. T
467-2, a 3-1/2-digit DMM, h
peak hold.

Triplett Corp. offers the moc
4800, a 4-1/2-digit bencht,
DMM with true RMS readot
Its features include data memnr
ry, peak hold, dBm readout, a
toranging, temperature me
surement, and diode test.

Yokogawa offers the 5-1/2-d
it models 7551/7552 and t
6-1/2-digit models 7561/75€
They are rated for basic D
voltage accuracies of 0.00E
and 0.003%, respectively. The
DMM'’s can be calibrated wi
external signals. The 7552 a
7562 offer RMS AC measw
ment, while the 7551 offers .
mean measurement. The 75E
however, offers both frequer
measurement and a 20-ampe
range. The RS-232C
IEEE-488 interfaces are sta
dard on all these models. |



of sophlstlcated lighting. The
lights provided by the clubs and
bars where they play do little to
showcase a band’s talent. With
the MIDI (Musical Instrument
Digital Interface) light control-
ler presented here, that can all
end. A simple microprocessor
with a handful of components
can transform their act into a
full fledged “concert.” Every-
thing that is needed to syn-
chronize lights and music
already comes out of the MIDI
port of MIDI keyboards. This cir-
cuit will make use of that infor-
mation and enhance the show.

MIDI is a communications
protocol originally created for
interfacing synthesizers and
other electronic devices. It has
evolved into a communications
standard that is used in all
phases of audio and video pro-

duction. MIDI allows devices to
talk to each other with different
types of control and data values.
The values can be either
CHANNEL, SYSTEM, REAL-TIME, OT
SYSTEM EXCLUSIVE messages.
MIDI communication is
achieved through multi-byte
messages, each consisting of
one sTATUS byte followed by one
or two pata bytes. Real-time and
exclusive messages are excep-
tions to that rule.

Two types of data bytes are
sent over the MIDI cable, status
and para. Status bytes are eight-
bit binary numbers in which
the most-significant bit is set to
“1." A status byte sets the func-

LIGHT

CONTROLLER

Our MIDI light controller can
turn an ordinary musical performance

into a concert!

tion of the data bytes that follow
it, and a new status byte is re-
quired for each new action. The
MIDI specification also outlines
RUNNING sTATUS. That defines
the action for all data bytes that
follow a status byte, until a new
status byte is sent. That way
more information can flow
down the cable. Data bytes are
eight-bit binary numbers in
which the most-significant bit
is set to “0.”

The MIDI light controller pre-
sented here reacts to NOTE ON,
NOTE OFF, START, sTopr. and
CONTINUE status bytes. The data
bytes are used to determine
which light to control and how
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FIG. 1—SCHEMATIC OF THE MAIN PROCESSOR BOARD. The MIDI signal is fed in

through an optocoupler (IC8) to the microcontroller (IC1).

to respond to different condi-
tions on the MIDI. It can operate
on any of the 16 MIDI channels,
and will respond to note infor-
mation from octaves 1-8. The
MIDI light controller is user-
configured. You have control
over whether the lights will
latch, toggle, or stay off in reac-
tion to note information on the
MIDI by setting the ouTPUT TYPE
keyboard selection.

When a stop command is re-
ceived (sTopr. sTART, and
CONTINUE commands syn-

chronize all elements of a MIDI
system), the lights can either all
go off, all go on, or light selec-
tively, depending on the user’s

sTop DEFINE parameters. That is
useful for creating a “scene” be-
tween songs and during breaks
on stage. The CONTROL OCTAVE
determines which range of
notes will be used to control the
lights. The operating channel is
set by selecting CHANNEL DEFINE.
The message CHANGE CHANNEL #
will be displayed on line 1. Line
2 will toggle between “1” (chan-

nels 1-8) and “2" (channe]
9-16). You must select “1" or “2
for the desired range of char
nels (1-8 or 9—-16) and select tk
desired channel.

The lights are controlled k
note information on the MID
They can respond to actu:
notes of a song or notes that a
placed in the sequence specil
cally for the light controller.
use existing notes, you woul
select the channel and octay
from the sequence, and ente
them on the keyboard. If tk
lights are to be controlled by
separate track, you would ent¢



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

The light controller will also
work directly from a keyboard
without the aid of a sequencer
by connecting a keyboard’s
MIDI output to the jack on the
light controller. As you play the
keyboard, the appropriate
lights will illuminate.

The circuit

Figure 1 shows a schematic of
the main processor board. The
MIDI signal is fed in through
IC8, 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 mA.
The MIDI signal has the follow-
ing operating specifications:

31.25-kHz baud rate,
asynchronous, 1 start bit, 8
data bits, and 1 stop bit, with a
period of 320 microseconds per
serial byte. The signal is well
suited to the serial portion of
the Intel 80C32 microcontroller
(IC1) that has built-in transmit
and receive serial ports, 128
bytes of internal RAM, two inter-
rupt lines (each with program-
mable priority), and external
memory addressing capability
up to 64K. The CMOS version of
the 8032 was used because of
its higher speed and lower
power consumption.

The output of optocoupler
IC8 enters the serial receive port
(pin 10) of microcontroller IC1.
Software in the 27C64 EPROM
(IC3) controls port setup and
baud-rate selection. At power
up, asmall reset circuit (R3, D2,
and C3) initializes the micro-
controller. An oscillator is made
up of a 12-MHz crystal (XTAL1)
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SOLDER-SIDE FOIL PATTERN for the light controller.

and two 30 pF capacitors (Cl
and C2).

The address and data buses of
the microcontroller are multi-
plexed. To remove the low-order
address information, a
74LS373 8-bit latch is used.
The 74LS373 is strobed with
the ALE (ADDRESS LATCH ENABLE)
signal from the microcontroller,
and address data is removed.
The 27C64 EPROM (IC3) is used
to store program data. The
EPROM is enabled by the micro-
controller’s PSEN (PROGRAM
STORE ENABLE) line.

The keyboard and LCD cir-
cuits both require an address
signal to interact with the data
bus. A 74LS138 (IC4) is used to
generate a signal when certain
addresses are reached (1000h,
2000h, 4000h, 6000h...). The
keyboard is mapped at external
address 2000h. The keys are
scanned by the 74C922 key-
board controller chip, IC5. All
keyboard action, including de-
bouncing, is handled by IC5.
The scan rate is controlled by
C4, and debouncing by C5.

The LCD is mapped at exter-
nal address 8000h. An Optrex
LTN211 two-line LCD module is
used to display current channel
and mode information. Also,
user-definable selections are
displayed there. Function data
is written to the module at ad-
dress 8000h, and display data is
written at 8200h. Address selec-
tion and read/write functions
are established by IC6, a
74LS00. Contrast of the LCD is
altered by R21. Output from the
microcontroller is on port 1,
pins 1-8. A resistor network,
R30, is used to pull-up output
lines. The lines drive the Triac
and LED sections.

Figure 2 shows the high-
power output section of the
light controller. Eight identical
drivers are used to control the
output channels. An output
from IC1 is passed through a
IN914 diode and a 120-ohm re-
sistor that drives an MOC3010
Triac-driver optocoupler. Out-
put from the optocoupler is sent
to a high-power Triac. The cir-
cuit is designed with 6-amp Tri-
acs, which are fused at 5 amps
for added protection. The 120-
volt AC input to the Triacs must
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FIG. 2—HIGH-POWER OUTPUT SECTION. An output from the microcontroller is
passed through a 1N914 diode, a 120-ohm resistor, an MOC3010 Triac-driver op-

tocoupler, and finally to a high-power Triac.

be connected to a circuit that
can handle the current. Power
consumed by the light control-
ler at 120 volts AC with all eight
channels operating at full power
is 4400 watts—that's almost 40
amps! Most household wiring is
15 or 20 amps per circuit break-

er, so the AC input should be
separated into multiple circuits
to control that much power.
Figure 3 is the LED display
section. It's used to indicate
which output channel is active.
It also helps you set up MIDI se-
quences without having to

hook up any external lights.
A clean 5-volt DC powe
source is required for the ligh
controller. The author used
self-contained 5-volt suppl
that includes a built-in trant
former, rectifier, and regulato
The supply accepts a 120-vo
AC input and outputs 5-voli
DC. You can use a similar suj
ply if you like, although they a1



more expensive. Otherwise any
5-volt supply will do.

Software

Software for the light control-
ler is interrupt-driven. Upon re-
ception of MIDI data, an
interrupt is generated. The soft-
ware jumps to the interrupt
routine for the serial port. First
the interrupt is cleared, then
the byte is placed in the receive
buffer. As more data comes in, it
is buffered. The keyboard also
generates an interrupt any time

All resistors are Va-watt, 5%, unless
otherwise noted.

R1, R4—220 ohms

R2—280 ohms

R3—10,000 ohms

R5, R6, R8, Ri0, R12, R15, R17, R19,
R22-R29—120 ohms

R7, R9, R11, R13, R14, R16, R18, R20—
180 ohms

R21—5000 ohms, potentiometer

R30—1K % 8 SIP resistor

Capacitors

C1, C2—30 pF, mica

C3—10 pF, 16 volts, electrolytic

C4—10 pF, tantalum

C5—1 pF tantalum

Semiconductors

IC1—80C32 microcontroller

1C2—741L.5373 8-bit latch

|C3—27C64 EPROM

IC4-—74L.5138 3-to-8 demultiplexer

IC5—74C922 16-key keypad encoder

IC6—74L500 quad NAND gate

IC7—74L.5244 octal buffer/line driver

IC8—6N138 optocoupler

IC9-IC16—MOC3010 optoisolator

D1-D10—1N914 diode

TR1-TR8—any 6-amp Triac in a T0-220
case

LED1-LED9—Chassis-mount light-
emitting diode, any color

Other components

XTAL1—12-MHz crystal

Fi-F8—5-amp fast-hlo fuse

P1, P2—10-pin header strip

S01, SO2—10-pin header socket

J1—5-pin DIN socket

Miscellaneous: inverter (for use with
LCD backplane, see text), 5-voit
power supply (see text), project case,
grounded AC linecord, 8 grounded
AC outlets, wire, solder, etc.

Note: The following items are avail-
able from Audio Visual Imagery,
P.O. BOX 332, Randolph, MA
02368:

e PC board—$35.00
e Programmed 27C64 EPROM—
$10.00

A diskette with the sample files will
be included with any order. Please
add $1.50 S&H to any order. MA res-
idents must add 5% sales tax.
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FIG. 3—LED DISPLAY SECTION. These LED’s will indicate which output channel is
active without having to set up the full-power lights.

a key is pressed. As in the serial
section, first the interrupt is
cleared.

The main monitor loop of the
program simply tests to see if
data is in the receive buffer or
the keyboard flag is high. If data
is in the buffer, the byte is
checked for a high MSB indicat-
ing a status byte. If it is a status
byte, the status register is up-
dated. The status will then re-
main until a new status byte is
received. The program then
continues the main monitor
loop. If the byte is data, it is ex-
amined to determine the action
to be taken. Depending on the
current user-set mode of the
controller, a light will be turned
on, a light will pulse, or nothing
will happen. If the data turns
out to be bad, it is flushed.

After examining the data and
acting upon it, the main
monitor loop is resumed. When
the key flag is high, the data in
the temporary buffer is exam-
ined. The action desired is
stored in the appropriate regis-
ter. The main monitor loop is
then resumed. All user-defined
actions are entered on the key-
board. As options are entered,
the LCD displays the choices
available. The option being de-
fined is displayed on the top
line, and the selections are cy-
cled through. Press the key for
the desired action. If more infor-
mation is needed for the chosen
item, it will be presented on the
LCD. The source code for the
EPROM and some sample files
to run on a sequencer are avail-

able on the RE-BBS as a self-
unarchiving zip file called
MLC1.EXE. A programmed
EPROM is available from the
source mentioned in the Parts
List.

Construction

The PC board for the light
controller can be made using
the foil patterns we've provided,
or it can be purchased from the
source mentioned in the Parts
List. A parts-placement di-
agram is shown in Fig. 4. Notice
the row of pads to the left of the
P1 header that divides the board
down the center; the board can
be cut there if you want to re-
motely locate the power section
of the board and then run low-
voltage wiring between the two
sections.

If you are going to cut the
board in two, do it before stuff-
ing it, as it will be easier. Install
the components according to
Fig. 4, and check your work as
you go. The pads marked “INV”
on the board are for a voltage
inverter (see parts list), if used.
It that generates the proper volt-
ages for the backlight on the
LCD if the LCD you use has one.
If it does have a backlight, and
you wish to use it, install the
inverter and connect the LCD’s
backlight terminals to the pads
marked “BL” on the board.

Any kind of case will do for
this project, as long as every-
thing fits inside—keep in mind
the power supply you will use
and be sure to leave room for it.
If you use a metal enclosure be
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FIG. 4—PARTS-PLACEMENT DIAGRAM. The PC board can be cut down the row of
pads to the left of the P1 header if you want to run low-voltage wiring between the two

sections.

sure to ground it to the AC safe-
ty ground as shown in Fig. 2,
and also properly ground all
eight AC outlets.

As a reminder, the light con-
troller can output about 5 amps
per channel, and any wire com-
mon to all eight outputs must
carry about 40 amps. The con-
troller's internal AC wiring must
therefore be chosen accordingly.
Also, if your house wiring is
rated 15 or 20 amps per circuit
breaker, the AC input to the
controller should be separated
into at least two circuits. Figure

5 shows the current version of
the PC board.

Testing

To test the light controller,
simply adjust R21 to the middle
of its range, and apply a clean 5-
volt DC power source to the cir-
cuit. A message will appear on
the LCD. Adjust R21 for the
best-looking display. Plug a
MIDI cable into the mipI N jack
(J1) on the light controller. The
other end should be placed in
the outpur jack of a sequencer
or the THRU jack of a synthesizer.
(If you're not using a sequencer,
connect it to the outpur jack of

the keyboard.) At power up, the
light controller is on MIDI chan-
nel 1. Make sure your MIDI
equipment is sending notes out
on channel 1. As notes are sent,
LED1 will light, indicating that
data is being sent over the MIDI.
As notes are received and exam-
ined, the appropriate LED(s)
will light (as long as the notes
are in the coNnTROL ocTavE of the
light controller).

If the circuit does not work,
check the supply voltage. Make
sure XTALI1 is oscillating. Check
for a 1-microsecond reset pulse
on pin 9 of IC1 at power up. If
the reset circuit does not pro-
duce a pulse, the circuit will not
start up. At power up, the eight
LED’ should light and then ex-
tinguish. If that does not hap-
pen and the clock and reset
circuits are working, check the
wiring of the LED’s and the Tri-
ac section. If nothing happens
still, the problem is with the mi-
crocontroller. Check the wiring
of the ApDRESs and pata bus.
The circuit will function with-
out the keyboard and LCD sec-
tions. If the circuit seems to be
working (responding to MIDI
notes, turning on LED’) but

the keyboard and/or LCD don
respond, check the wiring
IC4 and IC6. Check for READ ar
WRITE (RD and wR) signals fro
IC1, pins 17 and 18 respective
Along with source code ar
HEX data for the EPROM, sar
ple songs are provided in the z
file on the RE-BBS. (The samg
files are also included with a
order from the source me:

- s |

FIG. 5—THE CURRENT VERSION of t
PC board, shown here with all parts
stalled.

tioned in the Parts List.) Thr
samples are provided in bo
*WRK and *.MID formats th
will help you get started. T
songs were set up using
Roland MT-32, Cakewalk 3.
and our MIDI Light Controll
The MIDI Light Controller a1
knowledge of your sequence
operation will provide you—ai
your audience—with a gre
looking show. F



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

SOLID-STATE RELAYS MAKE IT A
cinch to connect digital logic to
the nasty world of 115 volts (or
more). These handy little de-
vices make it possible for a bat-
tery-operated supply to turn on
100-watt light bulbs, 10-horse
power motors, a lawn sprin-
kling system, or almost any-
thing else you can imagine.

Solid-state relays, or SSR’s,
usually consist of an op-
toisolator and a Triac, which is
used as an AC switch. There are
many SSR variations such as
those using reed relays in place
of the optoisolator, and those
using SCRS instead of Triacs,
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 sink
on the bottom and screws for
attaching the four wires—
nothing could be simpler.

There are three common com-
plaints with SSR’s: First is the
cost—twenty dollars apiece is
about average. Second is the
fact that they can’t be repaired.
When SSR's go bad, the fix could
usually be a two-dollar Triac,
butyou can't get inside the plas-
tic potting compound to repair
it. Third is the fact that most
SSR’s made in large quantities
are usually rated at about 10
amps. Who wants to pay for a
ten-amp relay when all he needs

RODNEY A. KREUTER

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 solid-
state relay presented in this ar-
ticle can be built for less than
eight dollars. An added bonus is
that it can be repaired if any-
thing goes wrong.

Operation

The basic operation of a solid-
state relay is much like a switch
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 Triac
will turn off only when the cur-
rent drops to zero.)

Our SSR circuit is shown in
Fig. 2. Diode D1 provides pro-
tection in case you connect the
input backward. Resistor R1
limits the input current. If you
would like to use an SSR that
requires a large inputvoltage (to
increase the noise immunity)
you can make R1 a large value. If
you make R1 470 ohms, the re-
lay will need about 12 volts to
turn on. The power rating of R1
is a function of the maximum
input voltage. For inputs up to
10 volts, a 1-watt resistor is
needed.

The voltage across Q1's collec-
tor-emitter junction is almost
constant (with a minimum in-

put of three volts) at 1.75 volts
(typical LED voltage) plus 0.7
volts (typical Vg ), or 2.45 volts.
The voltage across R1 will there-
fore be the input voltage minus
about 2.5 volts.

The minimum input voltage
needed to turn on the SSR is a
function of the minimum LED
current (the LED inside IC1)
and R1. The minimum for the
MOC3010 is 15 milliamps. That
works out to an input voltage of
about 4 volts using the compo-
nents shown. You can reduce
the minimum voltage needed by
decreasing R1 or by using an op-
toisolator that requires less
LED current. Since the LED
needs about 1.75 volts across it
before it begins to emit light,
operation below three volts isn’t
practical. The maximum cur-
rent through the LED is set by
resistor R2,

When the voltage across R2
reaches about 0.65 volts, Q1 be-
gins to conduct, shunting cur-
rent from the LED. The result is
that, although the current
through RI rises as the input
voltage rises, the current
through the LED stops increas-
ing at about 15 milliamps. The
minimum LED current, there-
fore, is not the minimum cur-
rent you can pass through the
LED; rather it is the minimum
LED current that will operate
the Triac.

Probably the most misun-
derstood aspect of solid-state re-
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FIG. 1—A SOLID-STATE RELAY is much
like a switch that is controlled by an in-

put voltage or current.

POSITIVE

you can use a transistor to pro-
vide a current sink as shown in
Fig. 5.

Zero-voltage switching

Some of the newer SSR’s pro-
vide zero-voltage or zero-cross-
ing switching. In normal opera-

|
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FIG. 2—SSR CIRCUIT. Diode D1 protects the unit if you connect the input backward,

and R1 limits the input current.

lays is that the input require-
ment is really current, not
voltage. That means that the
driving circuit must be able to
supply the current necessary to
operate the LED in the SSR. In
the example shown, the current
is about 15 milliamps. The cur-
rent can come from a current
source as in Fig. 3 or a current
sink as in Fig. 4. Most circuits
can sink more current than
they can source. For example,
TTL can source only one milli-
amp or so, but it can sink 10 to
15 milliamps. If you must use a
logic family that can't source or
sink much current, such as the
output of most computer ports,

+
DRIVE s
CIRCUITH CURRENT

FIG. 3—THE INPUT REQUIREMENT of
an SSR is current. Here the driving cir-
cuit is shown as a current source.

Vet

pRive JCURRENT
ciReuTl =— =

FIG. 4—THE DRIVING CIRCUIT is shown
here as a current sink.

tion the trigger side of the relay
is totally asynchronous to the
AC side. That means that a trig-
ger could occur during any part
of the AC sine wave. If the trig-

FIG. 5—IF YOUR CIRCUIT can’t source
or sink much current, use a transistor as
a current sink.

ger occurs near a peak (90
270 degrees), a large curre
will flow into the load almost i
stantly. That creates a lot of
(radio frequency interferen
and also is very hard on the fi
ment of ordinary light bulbs.
order to prevent that, zeix
crossing SSR's accept the tr
ger at any time but delay tur
ing on the AC load until the ne
time the AC voltage pass
through zero volts.

Safety

Building an SSR requir
putting 110 volts on a print
circuit board. From an electri¢
point of view, that can be p
fectly safe. However, it's prok
bly a good idea to cover
printed circuit runs on the 1]
volt side of the PC board wi
silicone sealer. Also, try to u
only isolated Triacs (where t
case is electrically isolated frc
the Triac), and ground the he
sink to the AC safety wi
(green, or earth ground).

Choosing a Triac

There are three basic requi
ments when choosing the o
put Triac. First is to make st
that it will handle the volte
required. The minimum fo1
115-volt AC line requires a 2(
volt Triac. A 220-volt line
quires a 400-volt Triac. F
member that those are t
minimum so, for a few cer
more, it pays to use the ne
highest voltage rating.

The next requirement is o
rent. A 6-amp Triac will handl
amps only if it is properly he

)
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FIG. 6—PARTS-PLACEMENT DIAGRAM. You must heatsink the Triac and connect ti
heatsink to earth ground, even if you're using an isolated Triac.



PARTS LIST

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

R1—100 ohms, 1-watt (see text)

R2—43 ohms (see text)

R3—180 ohms

R4—2200 ohms

R5—10,000 ohms

Capacitors

C1—0.01 pF, 500 volts, ceramic

Semiconductors

IC1—Motorola MOC3010 Triac-out-
put optoisolator (or MOC3011 for
zero-crossing switching, see text)

D1—1N4002 diode (or any 1-amp,
100-volt or greater diode)

Q1-—2N3904 NPN transistor

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

sinked. As a word of warning,
motors draw a lot more current
on start-up than they do during
normal operation, sometimes
as much as ten times more.
The third requirement is the
gate current. The Motorola
MOC3010 optoisolator will pro-
vide about 100 milliamps of
drive current for the output
Triac. That should be adequate

TRi1—Teccor Q4006L4 Triac (or
equivalent, see text)

Note: The following items are
available from Q-Sat, PO Box
110, Boalsburg, PA 16827:

e A printed circuit board for
two solid-state relays, can be
cut in two or left together (part
number SSR-PCB)—$8.00
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
ok
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m
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for any Triac you can find in a
TO-220 package.

Although not a strict require-
ment, an isolated Triac is a good
safety precaution. Isolated Tri-
acs provide electrical isolation
from the electrical connections

TABLE 1—TYPICAL TRIAC-OUTPUT OPTOISOLATORS
Motorola Blocking LED Current Maximum R2 Zero Crossing AC Line

Type  Voltage (mA)
MOC3008 250 30
MOC3010 250 15
MOC3011 250 10
MOC3012 250 5
MOC3020 400 30
MOC3021 400 15
MOC3022 400 10
MOC3023 400 5
MOC3030 250 30
MOC3031 250 15
MOC3032 250 10
MOC3040 400 30
MOC3041 400 15

(ohms) Switching Voltage
22 No 115
43 No 115
68 No 115

130 No 115
22 No 220
43 No 220
68 No 220

130 No 220
22 Yes 115
43 Yes 115
68 Yes 115
22 Yes 220
43 Yes 220

to the case. Early Triacs were
not normally isolated. That
meant that you had to use mica
washers and thermal grease.
Thermal grease is still a good
idea, but the mica washer isn’t
required for isolated Triacs. If
you don't know whether or not
your Triac is isolated, simply
measure the resistance from
each lead to the case. An iso-
lated Triac will measure open on
all three leads.

Warning: The Radio Shack
400-volt, 6-amp Triac (part
number 276-1000) will work
well in this circuit, but it is not
isolated. You must use a TO-220
mica washer and thermal
grease if you plan to use that
device.

Construction

For a simple SSR, an op-
toisolator such as the Motorola
MOC3010 will be sufficient. For
a zero-crossing SSR, an
MOC3031 will do. Many compa-
nies make optoisolators. Make
sure yours has a Triac output
and that the pinouts are com-
patible with your design. Table 1
shows some typical Triac-out-
put optoisolator specifications.

Although the SSR can cer-
tainly be built without a printed
circuit board, using the foil pat-
tern we've provided will make
building it a simple task. You
can also buy a pre-made PC
board from the source men-
tioned in the parts list. Figure 6
shows the parts-placement di-
agram. The only precaution,
other than the one about work-
ing with 110 volts, is to heatsink
the Triac. If you leave the leads
on the Triac long, it should be a
simple matter to find some heat
sink to attach to the Triac. Just
remember to connect the heat-
sink to an earth ground. Even if
youTre using an isolated Triac,
the earth ground is still neces-
sary. Otherwise you should buy
your solid-state relays from a re-
liable company—don’'t build
them yourself. Figure 7 shows
the author's completed pro-
totype.

Remember that SSR’s can
switch only an AC line. Trying to
switch a DC line will result in a
relay that closes but never
opens. R-E

s L oree
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ANTHONY J. CARISTI

IF YOU ENJOY HIKING OR DRIVING
through mountainous coun-
try—but without knowing how
[ar above sea level you are—this
project will be of interest. It's a
simple, easy-to-build, compact
electronic altimeter that pro-
vides altitude readings from
zero to 1999 feet with a resolu-
tion of 1 foot. The device has a
3Ys-digit LCD readout and is
powered by a common 9-volt
battery.

The altimeter's small size and
light weight allows it to be easily
carried wherever you travel. The
modest power drain of the cir-
cuit ensures many hours of op-
eration on a single 9-volt
battery. If desired, the instru-
ment can also be powered by the
12-volt electrical system of any
vehicle.

The electronic altimeter is a
pneumatically operated device
that responds to absolute at-
mospheric air pressure. It oper-
ates on the same principle as
the aneroid altimeters found in
every aircraft.

Absolute atmospheric pres-
sure is a mathematically defina-
ble parameter that varies inver-
sely with altitude. At sea level
the pressure is 14.7 pounds per
square inch, and decreases as
altitude increases.

The heart of the altimeter is a
high-quality solid-state abso-
lute-pressure sensor that is sen-
sitive enough to detect changes
in altitude as small as one foot.
The surrounding circuitry am-
plifies the analog voltage output
of the sensor, and converts it to
digital form to drive the display.

The sensor

The pressure sensor was de-
veloped by Motorola Semicon-
ductor Products, Inc., Phoenix,
AZ, It's designed to respond to
absolute atmospheric pressure,
which is defined as pressure
measured with respect to a per-
fect vacuum (zero pounds per
square inch absolute, or O
PSIA). Over the altimeter’s range
of interest, O to 1999 feet, the
absolute atmospheric pressure
varies from 14.696 PSIA to
13.67 PSIA (which corresponds

to 29.92 to 27.82 inches of mer-
cury, respectively).

Inside the sensor is a mono-
lithic silicon piezoresistor that
is ion-implanted on a thin sil-
icon diaphragm. The pressure
sensor contains two chambers
separated by the silicon di-
aphragm. One of the sensor’s
chambers is exposed to at-
mospheric pressure by means
of an external port. The other
chamber is evacuated to as per-
fect a vacuum as possible, and
sealed. That way the diaphragm
of the sensor is under constant
stress in accordance with the
difference between atmospheric
pressure on one side, and an es-
sentially “perfect” vacuum on
the other. The mechanical
stress placed on the diaphragm
(and the piezoelectric resistor)
causes the sensor to generate
an output voltage that is propor-
tional to the applied pressure as
seen by the open port of the sol-
id-state sensor.

to 1999 feet), the sensors o1
put voltage will change or
about 1.4 millivolts.

A differential amplifier, co:
posed of three sections of .
LM324N quad op-amp (IC
provides voltage amplificati
of the sensor output. The ga
of the amplifier can be adjust
by potentiometer R3 to allow |
the normal tolerance differen
between different sensors. T
DC voltage level at pin 8 of IC1
set to 2.5 volts when the
timeter is at zero altitude (s
level). At 1999 feet, the amplif
output falls to about 2.4 vol

The DC voltage from the d
ferential amplifier (IC1) driv
an ICL7106CPL analog-to-d:
ital (A/D) converter (IC3). Tk
chip, which is used in ma
commercial DMM’s, conver
the differential voltage from I
to digital form and drives t
3Y2-digit liquid crystal displ
(DSP1). An external referen
voltage, generated by R14—R]

A DIGITAL
LTIMETER

Add new dimensions to your next trip
to the mountains with our pocket-sizea

electronic altimeter.

Refer to the schematic of the
altimeter circuit shown in Fig.
1. The piezoresistor within the
sensor (IC4) is connected be-
tween pins 1 and 3, and is driv-
en by the 5-volt power supply in
the circuit. The taps on the re-
sistor, connected transversely
across the element, are brought
out to pins 2 and 4 of the sensor.

Under normal conditions in
which atmospheric pressure
causes a stress on the piezo-
electric resistor, the sensor dif-
ferential output voltage is a
finite but very small value—
about 20 millivolts. Over the
range of interest for climbers (0

provides the proper conversit
factor between the analog inp
voltage and the desired digil
display in feet.

As described earlier, the ot
put voltage of the amplifier se
tion is set to 2.5 volts by [
when the altimeter is at s
level. That voltage is fed to t
negative analog input of I(
(pin 30). Since the altimet
must read zero at sea level, t
positive input of IC3 (pin 2
must see a constant 2.5-voli
That way the differential inp
voltage between the positi
and negative inputs will be zer
and the display will read 000



desired. As the elevation of the
altimeter increases, the voltage
fed to pin 30 decreases while the
voltage at pin 31 remains con-
stant. As a result, the net dif-
ference in voltage is detected by
IC3 and converted into an in-
creasing digital display readout
of altitude.

There is one other factor that
must be taken into considera-
tion in a pneumatically sensing
altimeter of this type. Changing
weather conditions cause
changes in barometric pressure
from the standard value of 14.7
PSI (or 29.92 inches of mercury
at sea level). As with any al-
timeter that reacts to absolute
air pressure, the effect of chang-
ing barometric pressure must
be canceled out.

In this project the effect of
barometric pressure is canceled
out by means of BARO SET
potentiometer R11 which can be
adjusted for about 2.4 to 2.6
volts at its wiper. Therefore, R11

must be set so that the voltage
at pin 14 of IC1-d causes the dis-
play to indicate the correct
known altitude at any reference
location. Once that is done, the
altimeter is calibrated for the
current barometric reading—
but changing weather condi-
tions can change the readings
significantly. You will probably
have to recalibrate the altimeter
before each use, or simply set it
to zero and use it to measure a
relative altitude.

Power for the altimeter comes
from a 9-volt battery or from a
vehicle's 12-volt electrical sys-
tem. Either source is fed to an
AN78LO5 fixed 5-volt regulator
(IC2). The altimeter’s modest
current drain of about 6%
millamperes allows many hours
of operation from a 9-volt bat-
tery. When 12 volts is used as the
power source, a resistor and di-
ode are used to isolate the al-
timeter circuit from any elec-
trical transients.

Construction

The altimeter is built using
two single-sided PC boards—
one analog and one digital.

The two PC boards can be
made using the foil patterns
we've provided, or they can be
purchased from the source
mentioned in the Parts List.
Point-to-point wiring can also
be used. Parts-placement di-
agrams for the analog and dig-
ital boards are shown in Figs. 2
and 3, respectively.

You should use sockets for the
two DIP IC’s, but because of the
limited space in the prototype’s
enclosure, only low-profile sock-
ets would fit. Do not install the
IC’s in the sockets until in-
structed to do so. Note that the
altimeter’s accuracy will suffer if
metal-film resistors, where
specified. are not used. Also
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FIG. 1I—THE PRESSURE SENSOR (IC4) has an analog output that is converted to
digital form by IC3 and then displayed on the LCD.

note that R20 and D1 (shown on
the analog board in Fig. 2) are to
be installed only if you wish to
power the unit from a vehicle's
12-volt source.

The pressure sensor should
be handled with care. Its leads
must be bent at right angles so
that the sensor lies flat on the
analog board. Use two long-
nose pliers when bending the
leads—one to prevent stress on
the lead where it enters the plas-
tic body and the other to bend

it. Before forming the leads, lo-
cate pin 1 of the sensor; it's iden-
tified by a notch cut into the
lead. Then you'll be able to form
the leads in the correct direc-
tion. Mounting hardware for
the sensor is optional because
the leads will hold it in place. No
pneumatic connection to the
sensor’s pressure port is re-
quired, except calibration.

The LCD module can also be
mounted in a socket if you like;
you can make one for it by cut-

ting a 40-pin DIP socket in h:
lengthwise. To keep the &
timeter as compact as possibl
the LCD module is mounted ¢
the copper side of the digit
board, after all of the comp
nents are installed on the cor
penent side. (You can install
socket for the LCD now, b
don't install the LCD just ye
Mounting the LCD on the co
per side allows the digital boa
to be mounted on the cover
the enclosure.
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FIG. 2—PARTS-PLACEMENT DIAGRAM for the analog board. Note the components
that are optional for 12-volt use. Also note the four connections that must be made to

the digital board (see Fig. 3).

Obtain a clip for the 9-volt
battery, or salvage a connector
taken from an exhausted bat-
tery. Be sure to observe proper
polarity on the battery con-
nector. Power switch S1 and po-
tentiometer R11 should be
installed on the side of the en-
closure, easily accessible to the
user. If you are dealing with lim-
ited space (a small enclosure),
use a miniature toggle or slide
switch for S1. Once R11 is set,
it’s best if it can not be acciden-
tally changed during the use of
the altimeter. Therefore, R11
should be a screwdriver-ad-
justed part. If mountingR1l isa
problem, the resistor can be ep-
oxied in place next to the power
switch. A multiturn potentiom-
eter will make it easier to cali-
brate the unit.

A number of jumper wires, la-
belled JU1-JU20, are required
on the component side of the
digital board to complete the cir-
cuit. You must solder a jumper
wire between each pair of
pads—JU1 to JU1, JU2 to JU2,
and so on. Use #24 or #26 insu-
lated stranded wire. Examine
both boards carefully for bad
solder joints, shorts, and im-
properly installed components
before continuing.

Final assembly
When both boards are com-

pleted, power, ground, and the
two differential output wires
from ICl-c and IC1-d must be
connected between the analog
and digital boards, as indicated
in Figs. 2 and 3. Use insulated
stranded wire for those connec-
tions and be sure to allow suffi-
cient length to permit proper
mounting in the enclosure. In
the prototype, the boards are
placed one above the other.

12-volt power

If you want the option of
powering the altimeter from a
vehicle's 12-volt source, R20
and D1 must be installed on the
analog board. To allow opera-
tion from either the 9-volt bat-
tery or 12-volt source, a mini-
ature jack can be installed in the
enclosure to allow connection to
the vehicle's electrical system
and still allow portable use. Be
sure to observe proper polarity
when wiring the altimeter for
12-volt operation. You can make
a power cable by putting a mini
plug on one end and, most like-
ly, an automotive cigarette light-
er plug on the other. Just be
sure to plug the cable into the
altimeter first, to avoid having a
live male connector completely

. exposed.

The altimeter can be wired for
12-volt power exclusively, or as a
combination 9- and 12-volt

unit. Follow the wiring di-
agrams in Figs. 4 and 5 for the
selected power-source option.
Give the project one final visual
inspection before continuing
with the checkout. Figure 6
shows the author’s prototype.

Electrical checkout

Before proceeding, make sure
the ICs are not in the sockets.
You'll need an accurate DC volt-
meter with an input resistance
of at least 1 megohm to perform
the checkout.

Use a fresh 9-volt alkaline bat-
tery or a well-regulated DC
power supply to power the cir-
cuit. If the power supply has
current-limiting capability, set
the limit to 10 milliamps to pro-
tect the project in the event of a
malfunction. (The normal cur-
rent drawn by the circuit is
about 62 millamperes.) Set the
supply for 9- or 12-volts output,
as applicable.

First, check voltage regulator
IC2. Apply power to the circuit
and measure its output voltage.
Anything between 4.75 and
5.25 volts is good. In case of
trouble here, check the orienta-
tion of C1 and IC2, and the po-
larity of the power supply.
Measure the terminal voltage of
the battery or supply while it is
powering the circuit to be sure
it is delivering at least 7 volts to
the regulator. Disconnect power
and measure the resistance be-
tween the 5-volt line and ground
to be sure there is no short cir-
cuit. As a last resort, try a new
regulator.

Check the analog circuit
next. Insert IC1 into its socket,
and apply power to the circuit.
Measure the voltage at pin 8 of
IC1; adjust R3 for a reading of
2.5 volts. Measure the voltage at
pin 14 of IC1 while rotating po-
tentiometer R11 over its range.
Make sure the range of adjust-
ment is about 2.4 to 2.6 volts. If
you don't see the correct volt-
ages, check the wiring and com-
ponents associated with IC1.
Check the pressure sensor for
correct orientation. Try chang-
ing IC1 as a last resort.

Disconnect power from the
circuit and insert IC3 into its
socket. Place the readout in its
socket on the solder side of the
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FIG. 3—PARTS-PLACEMENT DIAGRAM for the digital board. Note that the LCD mod-
ule mounts on the solder side of the board after all other components are installed and

x ) | *
JUI? Ju1s % JU

Ju20 JU10 .qu

the board is tested (see text for details). Also note the twenty pairs of pads labelled
JU1-JU20. You must solder a jumper wire between each pair of pads; for example, JU1

to JU1, JU2 to JU2, and so on.

IC2
q| TBLOS
IN out

* _GND

SouF

‘.’...L'

FIG. &—WIRE THE ALTIMETER as
shown here for 12-volt power ex-
clusively.

T=

FIG. 5—THE ALTIMETER IS SHOWN
wired for both 9- and 12-volt operation.

digital board in accordance
with Figs. 3 and 7. If you didn’t
use a socket for the display, po-
sition it so that its terminals are
flush with the component side
of the board and solder.

With the LCD installed, set
R15 to mid position, apply
power, and adjust R11 over its
range. The display should indi-
cate some number that can be
54 varied via R11 between approxi-
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by IC3 at pin 1 of the readout.
normal indicationatpin lisa
volt peak-to-peak square wa
with a period of about 140 n
croseconds.

If the readout displays digi
but the numbers do not ascei
and descend with adjustment
R11, the fault is most likely wi
the components or wiring
IC3. Check all parts to be su
they have the correct value. T!
reference network composed
R14—R17 can be checked by 1
moving IC3 from its socket a1
measuring the voltage betwe:
pins 35 and 36 of the sock
while adjusting R15 over i
range. Normal indication is
to 35 millivolts with pin !
positive with respect to pin 3

Operation of IC3 can |
checked by removing IC1 fro
its socket and temporari
shorting pins 8 and 14 of It

SEOAG

T30
"H3aM0d

Nna
| AvaR

s T

FIG. 6—HERE'S THE AUTHOR'S PROTOTYPE. Notice the four wires that connect 1

analog and digital boards together.

mately —1000 and +1000.

If the display is completely
blank, check the orientation of
the LCD module and IC3 to be
sure that they have not been
placed backwards in the circuit.
If available, an oscilloscope can
be used to verify the presence of
the backplane signal generated

socket. That causes the di
ferential input voltage fed to tt
A/D chip to be zero, and the di
play should read 000.

Once the display is operatir
properly, operation of the a
timeter can be verified befo:
final calibration. Set R15 to m
position and adjust R11 for



lisplay of about 20 or 30 feet.

Physically move the altimeter
1igher and lower to observe the
change in altitude reading.
Hold the project horizontally or
vertically as you make this test;
a change from one orientation
to the other can cause the read-
put to vary 3 or 4 feet, due to
gravitational force on the ex-
tremely sensitive solid-state
pressure Sensor.

You should be able to detect
and resolve 1 or 2 feet of vertical
displacement. It is normal for
the display to fluctuate 1 or 2
digits. Additionally, it should be
noted that the altimeter is a
pressure-sensitive device and
will respond to any variation in
barometric pressure, in which a
change in pressure of only 0.001
inch of mercury at sea level will

PINT

FIG. 7—THE LCD MODULE has a mark-
ing similar to that on an IC, indicating
where pin 1 is. Note that the module
mounts on the solder side of the digital
board, so be careful where pin 1 goes.

cause a change of 1 foot in the
altitude reading.

Even though the resolution of
the instrument is 1 foot, the al-
timeter will not have either the
accuracy or stability to indicate
altitude that accurately.

PARTS LIST

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

R1, R4-R9—100,000 ohms, 1%
metal film

R2—2210 ohms, 1% metal film

R3—5000 ohms, cermet PC-mount
potentiometer

R10, R12—107,000 ohms, 1% met-
al film

R11—10,000 ohms, PC-mount po-
tentiometer, screwdriver adjust

R13—100,000 ohms

R14, R17—249,000, 1% metal fiim

R15—2000 ohms, cermet PC-
mount potentiometer

R16—1500 ohms, 1% metal film

R18—1 megohm

R19—47,000 ohms

R20—330 ohms (optional for 12-
volt operation)

Capacitors

C1—10 pF, 25 volts, axial elec-
trolytic

C2—0.1 pF, 50 volts, ceramic disc

C3—10 pF, 25 volts, radial elec-
trolytic

C4, C7—0.47 pF, 50 volts, metal
film

C5—100 pF, 50 volts, ceramic disc

C6—0.01 pF, 50 volts, ceramic disc

C8—0.22 iF, 50 volts, metal film

Semiconductors

IC1—LM324N quad op-amp

IC2—AN78L05 5-volt regulator

IC3—ICL7106CPL A/D converter
(Intersil)

IC4—MPX2101AP semiconductor

pressure sensor, 15 PSI absolute
(Motorola)

D1—1N4004 silicon diede (optional
for 12-volt operation)

DSP1—3Y%-digit LCD module (Di-
gikey LCD002)

Other components

Ji—Miniature jack (optional for 12-
volt operation—also requires
matching plug)

S1—SPDT minature slide or toggle
swiich

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

Miscellaneous: 9-volt battery clip,
IC sockets, #24 gauge stranded
hookup wire, enclosure, hard-
ware, plastic tubing, tee fitting,
clamp, soda or wine bottle, food
coloring, solder, etc.

Note: The following parts are
available from A. Caristi, 69
White Pond Road, Waldwick,
NJ 07463:
® Set of 2 etched and drilled
PC boards (analog and dig-
ital}—$19.95
® LM324N op-amp (IC1)—$2.00
¢ AN78LO5 regulator (IC2)—
$1.50
e ICL7106CPL A/D converter
(IC3)—$17.50
® MPX2101AP pressure sensor
(IC4)—$39.50
e Set of 13 metal-film re-
sistors—$4.95

Please add $2.75 postage/han-
dling.

Final calibration

To perform the final circuit
adjustment, you will need a tape
measure, three lengths of Ya-
inch outside diameter clear
plastic tubing, a tee for a three-
way connection, and a clear
plastic or glass bottle of clean
drinking water. A soda or wine
bottle is a good choice. Be sure
that the inner diameter of the
plastic tubing allows it to be
stretched over the pressure port
of the sensor for an air-tight
seal. The suggested test setup is
shown in Fig. 8.

In this procedure, the abso-
lute pressure that represents
1900 feet of altitude will be sim-
ulated by drawing a partial vac-
uum to cause a column of water
to rise in the straight, clear
tube. This procedure uses basic
laws of physics to set a desired
pressure differential.

As noted earlier, absolute air
pressure, under standard con-
ditions, is 14.696 PSI at zero al-
titude (sea level). At 1900 feet,
the pressure falls to 13.716 PSI.
The pressure levels can also be
specified in other units such as
inches of mercury or inches of
water. In this case, the desired
pressure differential between
zero altitude and 1900 feet, 0.98
PSI, is equivalent to 27.13
inches of water, rounded out to
27V inches. Thus, to simulate
the change in pressure from
zero to 1900 feet, a column of
water 27 inches high can be
used.

Set up the altimeter and ap-
paratus as shown in Fig. 8. In
this test, the water in the ver-
tical tube is drawn up to the re-
quired height of 27% inches by
drawing a vacuum at the open
end of the tubing.

With no vacuum applied to
the open end of the plastic tube
and the pressure sensor con-
nected as shown in Fig. 8, turn
on the altimeter and allow a
minute for the circuit to sta-
bilize. Adjust R11 for an altitude
reading of some small positive
number, such as 50 feet or so.
The number selected is not sig-
nificant.

Now, gently draw vacuum at
the open end of the tubing so
that the column of water rises
27Y% inches above the level of
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PLAIN OR o 0
TINTED WATER

PRESSURE
SENSOR

FIG. 8—CALIBRATION SETUP. You will need a tape measure, clear plastic tubing, a tee
connector, and a clear bottle with water in it. Food coloring will make the water easier
to see. See text for details.

water in the bottle. You can
clamp the hose to maintain the
required vacuum. Make sure
you have a solid column of water
with no air bubbles in it. Allow
the display to reach a stable level
and note the reading. Adjust

Using the altimeter

Since the altimeter is subject
to the variations of barometric
readings, the instrument must
always be corrected for the cur-
rent barometric pressure before
starting out on an excursion.

such as an airport where the
titude is documented, setti
the altimeter to reflect the c
rect altitude, and then retu
ing home immediately. T
reading of the altimeter at y«
home will then be your rel
ence altitude. For best accurz
do this during a period of stez
barometric pressure con
tions.

For future use, before leavi
home with the altimeter, sim
turn it on and allow a minute
so for the display to stabili
Then set R11 so that the readi
is equal to the reference altitt
at your home.

Once set, do not readjust F
since you will have no referer
against which to adjust it. A
later time, if you travel to ¢
other location with a known
titude, R11 can be readjusted
reflect a more accurate altitu
if the barometric reading t
changed since the original s
ting of R11.

When taking an altitude re:
ing, turn the unit on and all
about a minute for the circuit
stabilize. Remember, if there
asudden change in air presst
such as might occur with
changing weather, the readi

IRt T‘Iﬁﬂ?
ZART T
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[ 2%4 INCHES

FOIL PATTERN for the analog board.

R15 so that the display indi-
cates 1900 feet more than the
original reading (50 feet) set
previously.

Repeat the above test as nec-
essary until you are satisfied
that the change in altimeter
reading is as close to 1900 feet
as possible when the water col-
umn is drawn up 27% inches.
This completes calibration.

T

You do not have to know the ac-
tual barometric reading to do
this. Simply turn the unit on,
allow a minute for the circuit to
stabilize, and set R11 to obtain a
display that represents the
known existing altitude at your
location.

Learning the true altitude of
your home can be done by tak-
ing the altimeter to a location

27fs INCHES — ==

FOIL PATTERN for the digital board.

can fluctuate. Wait for the d
play to settle down.

Be sure to turn off your b
tery-powered altimeter wh
not taking altitude readin
That will conserve power a
provide extremely long batt
life, which should be about
or 15 hours of altimeter oper
ing time when using an alkali
battery. |



BUILD THIS

MICROPROCESSOR

DEVELOPMENT

SYSTEM

LAST TIME WE DISCUSSED THE CIR-
cuitry for our 1802 development
system and described how the
software functions. This time
we’ll talk about construction
and operation.

Construction

The complete unit uses three
PC boards, corresponding to
the sections of the circuit
(main, keypad/display,
EPROM). Foil patterns are pro-
vided if you want to make your
own boards; boards and kits are
also available commercially (see
the parts list).

POWER
TERMINAL 1
BLOCK

RESET

i

Construction details for
our inexpensive 1802
microprocessor development system.

The main chassis measures
8" x 4.6" x 1.5". As shown in
Fig. 7, S1 (reset) and S2
(EPROM power) mount on top of
the chassis, as does a four-con-
nector terminal block that
brings several voltage sources
out of the chassis for use by ex-
perimental circuits (developed
on the breadboard). In addition,
there is space for two 63-row
solderless breadboards, and
two 63-row power buses. Fur-
ther, the rear edge of the case is
slotted to allow the pins of P3 to
protrude.

The power supply enters one

FIG. 7—MAIN CHASSIS ASSEMBLY. The terminal block on the left delivers power to
breadboard circuits. Note that P3 consists of separate wire-wrap pins that protrude

through a slot in the case.

side of the chassis through a
grommet; the 6-wire telephone
jack for the keypad/display unit
fits in a slot on the other side.

Main board

Mount all parts on the main
PC board, as shown in Fig. 8.
Resistors R13-R24 must be Y-
watt units in order to mount on
0.3" centers. All other resistors
mount on 0.4" centers. Sockets
should be used in all IC posi-
tions, and are required for IC20
(the EPROM burner slot) and
IC22 (the EPROM that contains
the operating system). You can
buy a pre-programmed EPROM
(see the ordering information in
the parts list for details) or burn
your own using the hex dump
shown in Listing 1.

The operating system re-
quires the first output port, IC2.
The other output ports can be
installed during assembly. or as
the need arises. In addition, you
can eliminate IC3-IC13 if you
don't need parallel inputs. The
author recommends that you
install at least two output ports
(IC2 and IC3) and two input
ports (IC8 and IC9).

You must install the operat-
ing-system EPROM at IC22
(0000h), and 8K of RAM at IC19
(EOO0Oh). You needn't install
components at IC20 and IC21
unless you need additional
memory.

ey
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FIG. 8—MAIN PC BOARD. Note that R13-R24 must be s-watt units to fitin the available
space. Sockets are required for IC20 and 1C22, and optional but recommended

elsewhere.

The bus connector (P3) con-
sists of 128 individual wire-
wrap pins, each measuring
0.075". The best way to install
them is to insert them through
the board and into a female
header to hold them perpen-
dicular while soldering. Figure
9 details the function of each
pin.

Connect one wire from
ground to the reset switch, and
another to the pad marked reset
on the main board. Figure 10
shows the completed main
board.

c 1987

DAGE SCIENTIFIC

]
o000 ©9000 0000 09000 0000 OOOO

eo0o0® ©00 O00O0O® 000 O0OOOCOCO OOCO

goooooo00.000000000-000000000
eo000 000 00000 000 ©00CO0OCO OOO

-

Keypad/display assembly

Assemble the keypad/display
unit as shown in Fig. 11. Mount
the IC's without sockets, as
there is not enough clearance to
use them. However, mount each
display using half a socket un-
der the rear row of pins only.
Doing so angles the display
about 20 degrees for better view-
ing. The pull-down resistors for
the key switches must be Y-
watt units to fit the 0.3-inch
mounting centers.

The six-conductor telephone
cord connects directly to the foil

COMPONENT SIDE OF THE KEYPAD/DISPLAY BOARD.

side of the board, as shown

| Fig. 12; secure the cord with
nylon wire wrap. The other e1
of the cord has a modular ph
that fits into J1 on the ma
board. The color codes in pho:
cords and connectors seem

vary, so we haven't provided s
cific details. It doesn’t matt
which color you use for whir
signal; just make sure th
you're consistent at both enu
of the cable. Figure 13 shows tl
completed keypad/displ:
board.

EPROM board assembly

Assemble the EPROM boa:
as shown in Fig. 14. Mount
six-pin female connector (J1) ¢
the solder side of the board;
will mate with P4 on the ma
board, and serves to hold tl
EPROM board in place. Tt
completed EPROM board
shown in Fig. 15. Whe
mounted properly, the EPRO
board rides about %2" above tl
EPROM that is being pr
grammed (see Fig. 16). In fro1
of this connector are two sold:
pads used to connect tt
EPROM programming voltag
Connect the ground side (gn:
only if the programming voltag
doesn't have a common grour
with the main board.

In case you want to inste
RAM in IC20, remove tk
EPROM circuit; otherwise eve:
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JISTING +—HEX DUMP OF OPERATING SYSTEM (0000—04FF)

000 71 00 F8 OO B3 F8 09 A3 D3 F8 FE B2 ¥B FF A2 E2
010 F8 00 B4 F8 60 A4 ¥F8 00 B5 F8 70 A5 F8 00 B8 F8
020 91 AB 34 3A E3 62 00 62 01 E2 DB 69 FB FF 3A 3D
030 D8 D8 69 FA FO C2 02 24 30 52 €O 04 Al F8 00 52
1040 62 22 FB 06 A7 FB 00 52 7B 61 DB 22 27 87 3A 45
50" 30 22 FF FF FF FF FF FF FF FF EF EFICO EQ 00)D3
1060 EZ 96 73 86 73 93 B6 83 A6 46 B3 46 A3 30 5F D3
070 96 B3 86 A3 EZ 12 72 A6 FO B6 30 6F FF FF FF FF
080 21 7D 13 19 4D B9 81 30 01 0D 05 C1 A3 51 83 87
J0S0 D3 7B TA 7B VA 7B 7A 7B 7A 7B 7A 7B 7TA 7B 7A 7B
JOARQ 7A 30 90 99 B6 89 A6 D5 FF D4 00 CE 46 BB 46 A8
JOBO 46 B9 46 A9 46 A7 46 32 C3 E9 08 28 73 27 87 3A
1J0CO BA 30 CA 48 59 19 27 87 3A C3 D4 00 EE D5 87 73
JODO 97 52 60 60 B0 02 AT 22 02 B7 22 22 22 89 73 99
JOEO 73 8A 73 9A 73 88 73 98 73 87 73 97 73 D5 60 42
JOFO B7 42 A7 42 B8 42 A8 42 BA 42 AA 42 B9 42 A9 60

11000 60 60 87 73 97 73 22 42 BY 02 A7 D5 87 73 97 73
1110 88 73 98 73 F8 00 BB F8 91 AB F8 02 B7 A7 27 97
1120 3A IE F8 00 52 62 22 F8 01 52 62 22 DB 69 FB FF
1130 3A 22 DB &9 FB FF 3A 22 DB 69 FB FF FA OF 3A 22
1140 F8 10 B7 27 97 3A 43 FB 00 AA F8 00 52 62 22 F8
1150 01 52 62 22 DB 69 FB FF 3A 78 F8 OB AA D8 69 FB
)J160 FF 3A 78 DB 69 FB FF FA OF 32 47 F9 B0 AA 60 72
J170 B8 72 A8 72 B7 FO A7 D5 F6 33 6E 1A 30 78 FF FF
}180- B8 7398 52 FB FF B8 F8 FO A8 FB 05 58 18 FB DF
}J190 58 18 99 Fb6b F6 F6 F6 BA D4 02 09 9A 58 18 99 BA
JIAO D4 02 09 9A 58 18 89 F6 F6 F6 Fb BA D4 02 09 9A
JIBO 58 18 89 BA D4 02 09 9A FF 01 58 18 09 F6 F6 F6
J1cO F6 BA D4 02 09 9A 58 18 09 BA D4 02 09 9A 58 09
JIDO BA 72 B8 FO A8 D5 87 73 88 73 98 73 89 73 99 73
JIEO E6 72 B9 72 A9 E2 F8 00 B8 F8 91 AB F8 00 52 62
JIFO 22 FB 06 A7 E9 7B 61 D8 27 87 3A F5 E2 60 72 B9

J200 72 A9 72 BB 72 A8 FO A7 D5 88 73 98 52 F8 00 B8
J210 FB 80 AB SA FA OF 32 1D FF 01 18 30 15 0B BA 72
)220 BB FO A8 D5 F8 00 B9 AS D4 01 80 D4 D1 D6 FE FO
J230 D4 01 OC 8A 52 FE 33 4A F8 04 A7 B9 FE A9 99 7E
)240 B9 27 87 3A 3B B9 F1 A9 30 28 BA F6 33 5C F6 33
J250 56 F6 33 AOQ 30 24 D4 00 A3 D4 01 80 09 73 D4 01
)260 D6 FF F2 D4 01 OC 60 8A FE 33 88 FB FF BB FB F7
)J270 AB 02 FE FE FE FE 52 8A F1 52 08 28 58 18 02 22
J280 BA D4 02 09 SA 58 30 5E 8A F6 33 94 F6 33 9A F6
J290 33 9C 30 24 02 59 09 F3 3A 59 19 38 29 30 59 FF
J2R0 F8 02 Bl F8 CB Al F8 FF B8 F8 FA A8 EB 49 73 49
J2B0 73 .09 73 ES F8 D1 73 F8 79 73 FB 22 73 30 24 FF
J2c0 42 70 22 78 22 52 30 DB 52 F8 FF BO F8 F9 AC FO
J2D0. 73 40 73 40 73 40 73 60 E2 92 BO 82 A0 22 F8 00
J2EQ. 7E 73 E6& C5 FB 01 73 1010 80 73 90 73 20 83 73
J2FO 93 73 B4 73 94 73 85 73 95 73 BE 73 .86 ¥3 78 73

D300 97 73 88 73 98 73 89 73 99 73 BA 73 9A 73 BB 73
0310 9B 73 8C 73 9C 73 8D 73 9D 73 BE 73 SE 73 B8F 73
0320 9F 73 FB8 03 B3 F8 29 A3 D3 80 AF 90 BF OF FA OF
0330 AA B7 30 3B D4 01 OC 8A FE 33 59 90 BF 80 AF 8A
0340 B7 32 49 2F 2F 2A 8A 30 41 OF A9 2F OF B9 1F D4
0350 01 80 D4 01 D6 FF F2 20 34 BA F6 33 98 F6 33 98
0360 F6 33 66 CO 00 09 D4 01 OC 8A FE 33 89 F8 04 A7
0370 B9 FE A9 99 7E B9 27 87 3A 70 BA 52 89 F1 A9 D4
0380 0l 80 D4 01 D6 FF F2 30 66 BA F6 3B 93 B9 5F 2F
03890 99 5F 1F 97 AA 30 3B FF FB 03 Bl F8 9F Al D1 F8
03A0 IF A7 20 27 87 3A A2 40 BF 40 AF 40 BE 40 AE 40
03BO BD 40 AD 40 BC 40 AC 40 BB 40 AB 40 BA 40 AA 40
03C0 B9 40 A9 40 BS 40 AS 40 B7 40 A7 40 B6 40 A6 40
03D0 BS5 40 A5 40 B4 40 A4 40 B3 40 A3 40 B2 40 A2 40
O3EQ 7A CE C4 7B 40 F6 22 22 COD 02 CO FF FF FF 46 BB
03F0 46 AB 16 E6 F5 A7 26 9B 75 16 16 B7 17 F8 00 BD

0400 AD AC EB 97 3A 09 87 32 13 8C F4 AC C7 1D cd4 27
0410 1B 30 03 BC A9 BD B9 D4 01 BO FB FF BE F8 FO AE
0420 9D F6 F6 F6 F6 BA D4 02 09 9A 5E 1E 9D BA D4 D2
0430 09 9A 5E D4 01 D6 FF FO D5 456 BB 46 AB 16 E6 F5
0440 A9 26 9B 75 BY 19 16 16 46 BC 46 AC 99 3A 52 89
0450 32 6A OB 5C D4 01 8O D4 Ol D6 FF FO EC OB F3 3A
0460 66 1B 1C 29 30 4C 9C B9 BC A9 D4 01 BDO D4 01 D6
0470 FF FO D5 46 BV 46 A7 27 17 27 87 C4 C4 3A 77 97
0480 27 17 27 C4 C4 3A 77 D5 D4 04 39 04 88 04 AOQ FF
0490 00 D4 01 OC CO 02 24 FF D4 03 EE 00 00 00 00 30
04A0 09 7B F8 40 B7 57 FB 8O B7 07 7A F8 CO B7 57 34
O4B0 Al FB FE B2 A2 12 E2 69 22 B6A 22 6B 22 6C 22 6D
04CO 22 6E 22 7B 7A BF 67 66 65 64 63 62 61 22 3D B7
04D0 F8 00 B8 F8 91 AB E3 7B 62 01 62 00 61 55 DB E2
04E0 3E D6 F8 00 B8 F8 91 A8 E3 62 00 62 01 E2 DB 69
04F0Q 22 FB 00 52 62 7B 61 22 DB 3F EB8 FF FF FF EF FF

= 31/ INCHES =

SOLDER SIDE OF THE KEYPAD/DISPLAY BOARD.
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COMPONENT SIDE OF THE MAIN PC BOARD.

access to that location will incur
a 50-ms delay.

After assembling each board,
check all work, and correct any
mistakes. Then apply power,
and hold down the O key. If all is
well, all segments and decimal
points of the display should
light up. If they do not, remove
power and check all connec-
tions again.

Electronic construction is
complete; now you can mount

the boards in their proper chas-
sis locations.

Operation

Boot up normally; the display
should read "“A-0000.” The ‘A"
indicates Address Select mode;
the zeros indicate the current
address.

Actually, the monitor pro-
gram has four modes: Address
Select, Memory Monitor, Run,
and Debug.

Y

PARTS LIST—MAIN BOARD

All resistors are Ya-watt, 5%, unles:
otherwise noted
R1, R3-R8, R11, R12—1000 chms
R2—150,000 ohms
R9—30,000 ohms
R10—22 megohms
R13-R24—51,000 ohms, % watt
Capacitors
C1—1 uF, 35 volts, tantalum
C2, C3—20 pF, ceramic
C4-—10 pF, 25 volts, tantalum
C5, C6—0.1 wF, mini ceramic
Semiconductors
IC1—74HC238 3-to-8 line decoder
IC2-1C13—74HC373 octal D latch
IC14—74HC138 3-to-8 line decoder
IC15—74HC373 octal D latch
IC16—74HC86 quad 2-input XOR gat¢
IC17—74HC299 8-bit shift register
IC18—1802 microprocessar
1C19—6264 static RAM
1C20—see text
IC21—see text
1C22—2764 EPROM (with operating
system)
1C23—4556 dual 1-of-4 decoder
Other components
XTAL1—2.010 MHz crystal
P1-P4—wire-wrap pins, 0.025" square
X 0.75"
J1—6-conductor telephone jack

PARTS LIST—KEYPAD/DISPLAY
BOARD

All resistors are Y4-watt, 5%, unless
otherwise noted
R1-R20—51,000 ohms, Y&-watt
R21-R68—330 ohms
R69—100,000 ochms
Semiconductors
IC1-IC6—74HC164 8-bit shift register
IC7—74HC00 quad 2-input NAND gate
IC8-1C10—4021 8-bit shift register
Other components
DS1-DS3—dual 7-segment LED dis-
play, 0.5", common anode
S51-520—SPST, normally open, push-
button, PC mount

When the display shows “A-,
the monitor is in the Addres
Select mode. Any time the ope
ating system is in contro
pressing F4 returns you to Ac
dress Select mode.

To enter a new address, jus
press the corresponding key:
The digits you enter scroll fror
right to left; if you make a mis
take, simply enter new digit
until you see correct addres
displayed.

After entering the desired ac
dress, you have three choices
with corresponding keys



PARTS LIST—EPROM BOARD

All resistors are V-watt, 5%, unless
otherwise noted
R1, R4—22 megohms
R2—47.000 ohms
R3—100,000 ohms
Capacitors
C1—0.001 uF, Mylar
C2—100 pF, ceramic
C3—0.001 uF, Mylar
C4—0.02 uF, 5%, Mylar
C5—0.1 pF, ceramic
Semiconductors
IC1—74HC02 quad 2-input NOR gate
IC2—555 timer
D1—1N4148 diode
Q1, Q2—2N4124 NPN transistor
Miscellaneous: Chassis & hardware,
power supply, telephone cord & con-
nectors, terminal block, toggle switch,
push button switch, solderless bread-
boarding connectors, PC boards.
Note: The following items are avail-
able from Dage Scientific, 6124 Bald-
win St., Valley Springs, CA 95252
(209) 772-2076:
e Kitincluding everything but power
supply (Model MC-2)—$195
® Surplus power supply (+12, +5,
—5—$11 '
e Operating system in EPROM—$10
® Set of 3 PC boards and manual—
$35
Please add $5 shipping & handling
per order. California residents add
applicable sales tax.

Monitor (F1), Run (F2), and De-
bug (F3).

Monitor mode allows you to
examine and modify memory
contents on a byte-by-byte
basis. Run mode lets the CPU
execute the program at the cur-
rent address. Debug mode in-
serts a breakpoint at the
current address.

To enter Monitor mode, type
the desired address and press
F1. That address and its con-
tents will appear. For example,
0000.FF indicates a hex-
adecimal value of FF at address
0000h.

[n this mode, the function
keys take on new meanings. F1
stores the currently displayed
value into the currently dis-
played address and moves on to
the next address. F2 displays
the next address. F3 displays
the previous address.

To change the currently dis-
played value, use the hex keys to
roll new digits into positions 5
and 6. If you make a mistake,
simply enter new digits until

oocoocoo000

-5 41f2 INCHES

oooo0o0cO0OOCOOOOCOOOOOCOOCOOOODOOOPOOOOOODOODOOOOPOOOODODOODOOOOOOCOOODOOOOCOOODODROOROO
0000000000000 0020000000000000000000000000000C0COO0O0ODO0OD0OD0DODO0OCODODODDODO

SOLDER SIDE OF THE MAIN PC BOARD.

the correct value appears. Mem-
ory contents will not be altered
until you press F1. When you do
press F1, the currently dis-
played value will be stored at the
displayed address, and the next
address will be displayed. If the
value can not be stored into
memory, the address counter
will not increment. (It's possible
to program values one byte at a
time into an EPROM using that
procedure, but there's a better

Y

way, as discussed below.) And
remember: Press F4 at any time
to return to Address Select
mode.

After storing a program in
memory, you can execute it
using the Run command. Start-
ing from Address Select mode,
enter the desired starting ad-
dress and press F2. The
monitor program then trans-
fers control to your program. If
your program hangs, press the

iam KA

B T 1]
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FIG. 9—PLUG P3 CONNECTIONS. The 128 pins of P3 consist of one group of 8 pins (for
serial I/O, EF flags, Q clock, and interrupt) and 12 groups of 10 pins each. Those 12
groups break down into six input ports and six output ports, each with pinouts as

shown.

FIG. 10—THE COMPLETED MAIN BOARD. Sockets should be used in all IC positions,
and are required for IC20 (the EPROM burner slot) and IC22 (the EPROM that contains

the operating system).

I
R20,
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" FIG. 11—KEYPAD/DISPLAY PC BOARD. Mount all parts as shown here. If you use ou;
case, don’t use IC sockets except under the rear row of display pins.

FIG. 12—PHONE CABLE connectio
Solder the wires directly to the foil s
of the board.

reset switch to regain monii
control.
In case your program does!

work the first time, you can u

Debug mode to track dov

problems. Use Address Sele
mode to select a likely addre

for troubleshooting and pre

F3. You'll return to Address £
lect mode. Now enter the des

ed starting address and pre
F2. Later, when the CPU hits t

breakpoint address, it will st¢

executing a special debug p
gram that allows you to view t

CPUss internal registers, and
verify that what you intended

happen is indeed happening
You can set only one bre:
point at a time; you cann
breakpoint addresses in RO
When your program reaches t
breakpoint, it will halt and d
play the current address. Yi
are now in the Debug mode.
In Debug mode, the displ
appears the same as in Monit
mode. However, as you press t
hex keys the display will she
the internal register number (
positions 1—4) and the value



FIG. 13—COMPLETED KEYPAD/DISpIay
board. Mount each display using half a
socket under the rear row of pins only, to
provide better viewing.

“' ‘ C LB“ R4
FlEm #@gj‘ﬂg
el L i A
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FIG. 14—EPROM PC BOARD. Mount all

parts except J1 on the component side
of the board; mount J1 on the foil side.

FIG. 15—THE COMPLETED EPROM
board. A six-pin female connector (J1)
on the solder side mates with P4 on the
main board.

that register (in positions 5-6).

The debug program uses regi-
sters 0 and 1, which have been
reserved for DMA and interrupt.
Pressing hex key O displays the
contents of the D register in po-
sitions 1 & 2, the X register in
position 3, and the P register in
position 4. Pressing hex key 1
displays Q in position 2 (set=1,
reset=0) and DF in position 4.

While in debug mode, register
contents can be altered by first
selecting a register pair and
then pressing function key F3.
Change the value by rolling new
digits in from right to left. When
the correct value appears, press
F1; otherwise press F3 to back
out without changing the cur-
rent register. Registers D, X, P,
Q. and DF can also be modified
by selecting hex keys 0 and 1 as
described above. To exit debug
mode and continue execution,
press F2. Of course you can
press F4 to return to Address
Select mode.

The debug breakpoint alters
program memory by replacing
three bytes at the selected ad-
dress. When the user program
reaches the breakpoint address,
the debug program takes over
and restores the original three
bytes to the proper locations.
However, if the user program
never reaches the breakpoint,
those three bytes will never be
restored. In that case you must
restore them either by con-
tinuing execution at the break-
point, or by reentering the bytes
manually using Monitor mode.
If you continue at the break-

FIG. 16—THE EPROM BOAFID mounts on the mam board and rides about 12" above the
EPROM that is being programmed.

Address Memory Contents
FFO3 Start address (hi)
FFO4 Start address (lo)
FF05 End address (hi)
FFO8 End address (lo)

F07 Destination address (hi)
FF08 Destination address (lo)

point, the debug program will
restore the three bytes and im-
mediately jump into Debug
mode. As usual, you can modify
registers, continue execution,
or return to Address Select
mode.

EPROM programming

With the EPROM program-
mingboard connected to J4 and
the proper programming volt-
age available, flip the EPROM
switch to on, and you are ready
to program the EPROM
mounted at IC20. All that is re-
quired to program a location is
to “write” to it. As mentioned
earlier, you can do this byte at a
time using the Monitor mode.
However, due to the error-prone
nature of that procedure, the
author recommends a more au-
tomated procedure.

The preferred method is to en-
ter your program in RAM and
then transfer it to EPROM with
the operating system'’s built-in
“move” utility, which in fact will
move a block of data anywhere
in memory, not just to EPROM.
Start the utility by running at
0488. Doing so transfers the
move utility itself to RAM start-
ing at FFOO. Now enter the start,
end, and destination addresses
as shown in Table 1.

Double-check your values to
ensure that they are correct,
and then run at FF0O. The dis-
play will show the remaining
number of bytes to be trans-
ferred. It will be changing
rapidly, but will at least give
some idea about how things are
progressing. In case data can-
not be transferred correctly, the
program will terminate and the
display will show the address
that didn’t change.

That about wraps things up.
Actually, now that the hard-
ware's built, the real fun is just
about to begin. R-E
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPYGUARDS
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Stop throwing away those used Polaro.
batteries—use them in your electroni
experiments instead!

MARC SPIWAK

DID YOU EVER NOTICE HOW POLAR-
oid cameras never need bat-
teries? That's because every
pack of film you buy contains a
brand-new Polaroid Polapulse
battery to power the camera’s
motor and flash. Some people
might consider that a modern
convenience: Every change of
film also replaces the battery.
The worry of dead batteries is
over, once and for all—or is it?
While these flat 6-volt cells cer-
tainly make instant-picture tak-
ing as convenient as possible,
they can be harsh on our en-
vironment, or at least our land-
fills. To add insult to injury, the
Polapulse battery that you
throw out with your old film
pack is still in pretty good
shape.

FIG. 1—THE BATTERY JIG lets you recy-
cle “old” Polapulse batteries.

Most people, however, would
have no use whatsoever for
these used but still perfectly
good batteries. The batteries,
which can be accessed only by
breaking open the film holder,
don't fit into any standard bat-
tery holder. But readers of this
magazine should certainly be
able to find hundreds of uses for
these “recycled” 6-volt cells.

Using the Polapulse.

To get at the battery, all you
have to do is crack open the
plastic film holder—after the
film is finished, of course. Just
be careful of the metal leaf-
spring’s sharp edges. You'll find
the battery itself mounted on a
piece of cardboard with its two
contacts exposed on one side.

Holding the battery with
contacts nearest to the t
positive is on the right. You
remove the battery from
cardboard mount if you'd lik
work with a smaller ovel
package.

The one problem with us
the batteries is that it’s harc
make reliable electrical cont
with the battery’s positive ¢
negative terminals. It's virtu
impossible—as well as unsat
tosolder to the terminals. Th
where our handy battery
comes in. It allows you to us
Polapulse battery for whate
the need may be, and pop i
new one when it's dead.

The jig is fashioned from |
pieces of perforated cc
struction board, four scre
and spacers, and some cont
springs from a sacrificed AA-
holder. Two of the springs m:
electrical contact with the t
tery, and a third spring help:
hold the battery in place. M:
hook leads are soldered to
contact springs, and sir
nylon screws hold the spring;
the fixture.

FIG. 2—THE BATTERY JIG uses
pieces of perforated construct
board, screws, spacers, and spri
from an AA-cell holder. Nylon scni
hold the contact springs to the fixtui

You can, of course, use
ligator clips or other connect:
that better suit your needs. A
you may wish to modify the r
chanical construction as w
In any case, do try to get i
most use possible from the
batteries before they are thro
away.



N OUR LAST INSTALLMENT WE
ooked closely at theory and
sractical applications of the
LM3914-series of LED bar-
graph driver IC’s and concluded
with 7-segment display sys-
tems. In this article, we'll exam-
ine 7-segment display driving
techniques in detail, con-
centrating on decoder/driver de-
vices and circuitry.

Display latching

In the last article we intro-
duced 7-segment displays and
simple BCD-to-7-segment de-
coder/driver IC’s that can be
used to activate those displays.
Figure 1shows how three sets of
those ICs can be used with a
trio of decade counters to make
a simple digital-readout “fre-
quency” meter. In the figure, the
amplified external frequency
signal is fed to the input of the
series-connected counters with
one pin of a 2-input anDp gate.
The other input is derived from
a timebase generator.

When the timebase input sig-
nal is low, the AND gate is off, and
there is no input to the coun-
ters. When the timebase gate
signal switches high, a brief
RESET pulse is fed to all three
counters, setting them all to
zero. Simultaneously, the input
gate turns on and remains on
for one second. During that
time the input-frequency
pulses are summed by the coun-
ters. At the end of the one-sec-
ond period, the gate turns off as
the timebase gate signal goes
low again. That ends the count
and enables the display mod-
ules so that they give a steady
reading of the total pulse count,
and therefore the frequency.
The whole process repeats itself
again one second later when the
timebase gate signal goes high.

The simple system illustrated
has one major drawback: The
display blurs during the count-
ing period, becoming stable and
readable only when each count
is complete and the input gate is
off. Figure 2 shows a circuit for
frequency meters designed to
overcome display blurring. In
the circuit, a 4-bit data latch is
wired between the output of
each counter and the input of
its decoder/driver IC.

WORKING

WITH

D
DISPLAY
DRIVERS

Learn all about 7-segment display
decoder/drivers in our continuing
coverage of optoelectronic IC’s.

RAY M. MARSTON
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FIG. 1—5IM§LE bIGITAL frequency-meter circuit.

When the timebase gate sig-
nal goes high, a reset pulse is
fed to all counters, setting them
to zero. Simultaneously, the in-
put gate is turned on, and the
counters start to sum the input
signal pulses. The count con-
tinues for one second while the
4-bit latches prevent the coun-
ter output from reaching the
display drivers. As a result, the
display remains stable during
that interval. At the end of the
period a brief LATCH-ENABLE
pulse is fed to all latches.

The instantaneous binary-
coded decimal (BCD) outputs of
each counter are then latched
into memory, and also fed to the
display via the decoder/driver
ICs. That steadies the reading
of the display to give a total
pulse count, which corre-
sponds to the input signal fre-
quency. A few moments later,
the sequence repeats itself with
the counters resetting and then
counting the input frequency
pulses for one second, and so
on.
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The circuit in Fig. 2 generates
a stable display that is updated
once per second. In actual cir-
cuits, the count periods shown
in Figs. 1 and 2 can be set at any
decade multiple or submultiple
of one second, provided the dis-
play is suitably scaled. Many
commercial decoder/driver IC’s
are available with built-in 4-bit
data latches.

Multiplexing

You can see in Figs. 1 and 2
that at least 21 connections
must be made between the IC
circuitry and the 7-segment dis-
plays of a 3-digit readout. Sim-
ilarly, at least 70 connections
must be made for a 10-digit dis-
play. The number of IC-to-dis-
play connections can be signifi-
cantly reduced with a technique
known as multiplexing. Figures
3 and 4 illustrate multiplexing.

Figure 3 shows how each digit
of a 3-digit common-cathode
LED display is individually acti-
vated with only 10 external con-
nections. In the display circuit-
ry, all “a” segments are con-
nected together, as are all other
sets of segments (“b"” to “g").
Thus only seven external “a” to
“g"” connections are made to the
display, regardless of the
number of digits used. However,
no 7-segment display is illumi-

FIG. 2—IMPROVED DIGITAL frequency-meter circuit.

"UNITS"
DECADE

COUNTER

nated by signals on the segment
wires unless the display is en-
abled by tying its common ter-
minal to ground. In Fig. 3,
enabling is achieved by activat-
ing switching transistors Ql,
Q2, and Q3 with suitable exter-
nal signals. However, this
scheme calls for an additional
connecting wire for each display
module.

Figure 3 also shows how three
different sets of segment data
can be selected with switch S1-
a, and each of the three display
modules can be selected with
switch S1-b and Q1, Q2, or Q3.
Sl-a and S1-b are ganged to-
gether to form a two-pole rotary

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

switch which provides the mt
tiplexing. These switch el
ments represent a fast-actir
electronic switch capable of cy
ling the contacts through pos
tions 1, 2, and 3 fast enough f
flicker-free multiplexing.

The operating sequence of tl
circuit shown in Fig. 3 will |
discussed here. Assume in
tially that the contacts of S1
and Sl-b are in position 1 :
that Sl-a selects segment da
of display module 1 (1, ), ar
S1-b activates display module
with Q1. Module 1 will the
show an illuminated numb
“3." Moments later the switc
contacts move to position 2, s
lecting segment data 2 (2,

- and illuminating module 2 wi
Q2. Module 2 will then be
luminated to show the numb
“2."” Moments after that, tt
switch contacts move to pos
tion 3, causing module 3
show the number “7.” Tht
only one digit is ever on at a1
one time.

In practical displays, the s
quence is repeated fast enoug
so that you do not see the di
play segments being turned c
and off. Your eye's persistence
vision makes it look as if tt
three digits are all lit up t
gether. The multiplexing fr.
quency must be about 1 kHz.

Figure 4 shows a more rez
istic arrangement for mult
plexing a 3-digit frequenc
meter. The multiplexer (MUX)
located between the outputs
the three BCD data latches ar
the input of a display-drivir
BCD-to-7-segment decode
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driver IC. The scheme shown
has two major advantages: Only
one decoder/driver IC is needed
(regardless of the number of
readout digits), and its multi-
plexer includes only five ganged
3-way sequencing switches.
One of those switches is for con-
trol data, and four are for BCD-
segment data. That arrange-
ment saves three ganged 3-way
switches, as compared with the
eight needed in Fig. 3.

Commercial large-scale inte-
grated (LSI) ICs now available
can perform all of the counting,
latching, multiplexing, decod-
ing, timing, and display-driving
functions in Fig. 4. A device of
this complexity is typically
packaged in a dual-in-line pack-
age (DIP) with only 20 pins.
Those pins provide for all neces-
sary connections to the power
supply, display modules, and in-
puts. Therefore, a complete 4-
digit counter can be built with a
dedicated IC in a circuit such as
that shown in Fig. 5. Another
example of an LSIIC in a display
circuit is the 3'%-digit digital
voltmeter (DVM) chip shown in
Fig. 6.

Ripple blanking

Unless there is automatic
suppression of the two un-
wanted leading zeros, the 4-dig-
it circuit in Fig. 5 will give an

“IG. 4—PRACTICAL MULTIPLEXING of a 3-digit frequency meter.

4-DECADE

LS|
COUNTER

IC

FIG. 5—4-DIGIT COUNTER CIRCUIT
based on an LSI chip.

FIG. 6—3-1/2-DIGIT VOLTMETER based
on an LSI chip.

actual reading of 0027 if it is
used to measure a count of 27.
Similarly, if the 3'%-digit circuit
of Fig. 6 measures 0.1 volt, it
will display 0.100 volt unless the

two unwanted trailing zeros are
automatically suppressed.

In practical circuits, auto-
matic blanking of leading or
trailing zeros can be performed
with a ripple-blanking tech-
nique, as shown in Figs. 7 and
8. Each decoder/driver IC (with
a BCD input and 7-segment
output) is provided with a
RIPPLE-BLANKING INPUT (RBI) and
scripple-blanking output (rRBO)
pins.

Assuming those pins are ac-
tive-high, if the rBi terminal is
held low (logic 0), the 7-segment
outputs of the IC are enabled,
but the rBo terminal is disabled
(held low). If the rB1 terminal is
biased high (logic 1), the 7-seg-
ment outputs become disabled
in the presence of a BCD 0000
input, and the rBO output goes
high under the same condition.
The rBO terminal, therefore, is
normally low and goes high only
if a BCD 0000 input is present
at the same time the RrBI
terminal is high.

Figure 7 shows the ripple-
blanking technique for leading-
zero suppression in a 4-digit
display with a reading of 207.
The rer input of the thousands
or most significant digit (MSD)
decoder/driver is tied high, so
the readout is automatically
blanked in the presence of a
zero when the rBo terminal is
high. Consequently, the rei pin
of the hundreds IC is high, the
readout shows 2, and the rBoO
terminal is low. The rBI input of
the tens unit is low, so the read-
out shows O and its rBO output
is low. The units readout shows
the least significant digit (LSD),
which does not require zero
suppression. Its rRBI pin is
grounded and the readout
shows 7. The display therefore
gives a total reading of 207.

In the leading-zero suppres-
sion circuit, Fig.7, the ripple-
blanking feedback is applied
backwards from the MSD to the
LSD. Figure 8 shows how trail-
ing-zero suppression is accom-
plished by reversing the direc-
tion of feedback from the LSD to
the MSD. Therefore, when an
input of 1.1 volts is fed to that
circuit, the LSD is blanked, be-
cause its BCD input is 0000 and
its rBI input is high. The rBoO

eaninnAasIT.AINeU ‘Tasr Apiat
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3-1/2-digit DVM readout.

terminal is high under that con-
dition, so the hundredth’s digit
is also blanked in the presence
of a 0000 BCD input.

Most decoder/driver IC's have
RIPPLE-BLANKING INPUT and
RIPPLE-BLANKING OUTPUT pins.
Usually these pins are active-
low. If a decoder/driver IC does
not include integral ripple-
blanking logic, it can usually be
obtained by adding external log-
ic circuitry similar to that
shown in Fig. 9. The rBo pin is
connected to the BLANKING INPUT
pin of the decoder/driver IC. Fig-
ure 9 shows an active-high cir-
cuit in which the output of the
4-input NoRr gate goes high only
with a 0000 BCD input. The
RBO output goes high only if the
0.0 input is present when rsi is
biased high.

Decoder/driver IC's
Many decoder/driver IC’s are
available commercially as both

FIG. 8—RIPPLE-BLANKING for trailing-zero suppression of the last two digits of a

DECODER/ DECODER/
DRIVER DRIVER
Ic* Ic*

RBI RBO RBI RBO

DECODER/ DECODER/
DRIVER DRIVER
| Ic* Ic*
RBO RBI RBO RBI

FIG. 9—ACTIVE-HIGH ripple-blanking
logic.

TTL and CMOS devices. Some
of those devices have integral
ripple-blanking capability, and
others have built-in data
latches. A few of those devices
have built-in decade-counter
stages. Let’s look at some of the
most popular of those devices.

The 7447A and 7448 7-seg-
ment decoder/driver IC's are in
the standard TTL family. They
are also available in a low-power
Schottky (LS) form designated
as 74L.547 and 74LS48, respec-
tively. All of those IC’s have inte-

gral ripple-blanking facilitis
but do not include data latch:
Figure 10 shows the pino
common to those devices, ea
of which is housed in a 16-f
DIP

FIG. 10—PINOUT for BCD-to-7-segm
decoder/drivers IC’s 7447A, 74LS
7448, and 74LS48.

The 7447A/74LS47 has an
tive-low output designed
driving a common-anode L.
with external current-limiti
resistors (Ry), as shown in F
11. The 7448/74L548 has an
tive-high output that drives
common-cathode LED ir
manner similar to that of 1
circuit in Fig. 11, but with {
common terminal of the disp
connected to ground. In
cases, the Ry current-limiti
resistors should be chosen
limit the individual segme
currents below the following
solute limits:

7447A = 40 mA
74LS47 = 24 mA
7448 and 74LS48 = 6 mA

Figure 12 shows how
7448/74L.548 candrive aliqu
crystal display (LCD), using
pair of 7486 or 74LS86 quad
input xor gate IC’s. An exter:
50-Hz square wave applies t
necessary phase signals to t
display.

As shown in Fig. 10, each
the 7447/7448 IC’s has three i
put control pins:LAMP TEST,
RBO, and RBIL. The LAMP TEST [
drives all display segments
when the pin goes to logic-l
with the rBO pin on or at log
high. When the ByvrRBO pin
pulled low, all outputs a
blanked. The ByrBo pin al
functions as a RIPPLE-BLANKI
outpuT pin. Figure 13 sho
how to connect the RripPI
BLANKING pins to give leadir



coder/driver.

“HUNDREDS" |

decoder/drivers.

zero suppression on the first
three digits of a 4-digit display.

The 4511B is a BCD-to-7-seg-
ment decoder/driver IC with an
integral 4-bit data latch, but it
lacks built-in ripple-blanking.
That CMOS device features NPN
bipolar transistor output stages

FIG. 11— DRIVING a 7-segment common-anode LED display with a 7447A-type de-

FIG. 13— SUPPRESSION OF FIRST THREE digits of a 4-digit display with 7447A-type

FIG. 12—DRIVING a 7-segment LCD with a 7448-type decoder drivers.

capable of handling output cur-
rents up to 25 mA. It can drive
most popular 7-segment dis-
plays. Figure 14 is a functional
diagram of the IC. The 4511B
will operate from any 5- to 18-
volt power supply.

The 4511B has three input-
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FIG. 14—FUNCTIONAL DIAGRAM of the 4511B IC.
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FIG. 15—DRIVING a 7-segment, common-cathode LED display module with a 451
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FIG. 16—DRIVING a common-anode

LED lamp or segment with a 4511B.

BCD
INPUTS

control pins:LAMP TEST (LT)
BLANKING (BL), and LATCH ENABL
STROBE (LE/s). The LAMP TE:
and BLANKING inputs are activ
low, and the LATCH ENABL
STROBE input is active-high.
normal operation, LAMP TE:
and BLANKING are made hig
and LATCH ENABLE/STROBE is he
low.

When the LATCH ENABL
STROBE pin is low, BCD inp
signals are decoded and fed ¢
rectly to the 7-segment outp
pins. If LATCH ENABLE/STROI

+3V T0 18V
1
4 A 9
° D AV o LCD
2 10
O——u10C b —_—
s il ¢ I |
| wET
5 45438 12
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4—1 LD e L& |
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WAVE ©
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FIG. 177—DRIVING a 7-segment LCD with a 4543B.



joes high, the BCD input sig-
1als present at the moment of
ransition are latched into
nemory and fed (in decoded
orm) to the 7-segment outputs,
vhile LATCH ENABLE/STROBE
emains high. If the Lamp TEsT
nput is grounded, all output
egments are activated, re-
iardless of the BCD inputs. If
he BLANKING input is grounded
while LAMP TEST is positive), all
utput segments are blanked.

Figure 15 shows the basic
onnections for driving a com-
non-cathode LED. A current-
imiting resistor (Ry) must be
wvired in series with each dis-
slay segment, and it must have
1 value chosen to hold the seg-
mentcurrent below 25 mA. Note
‘hat the segment outputs of the
1511B are not internally cur-
rent-limited. Therefore, the de-
vice has no output-overload
protection.

Figure 16 shows how to modi-
¥ the circuit in Fig. 15 to drive
an LED common-anode display.
(n the example shown in Fig. 16,
an NPN buffer transistor must
pe used between each output-
drive segment and the input
segment of the display. Resistor
Ry sets the operating segment
current of the display in those
examples, and Ry, sets the base
current of the transistor.

The 4511B can also drive 7-
segment liquid-crystal displays
(LCD) with an external square-
wave PHASE signal and a set of
XOR gates similar to those of Fig.
12. In practical circuits, how-
ever, it is better to use a 4543B
IC for that specific application.

The 4543B is a 7-segment
CMOS decoder/driver with an
integral 4-bit data latch. It was
designed for driving LCD’s, but
it can also drive most other 7-

@ |

COMMON
CATHODE

FIG. 18—DRIVING A common-cathode
LED lamp or display segment with a
4543B.
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FIG. 19—DRIVING A gas-discharge tube
or display segment with a 4543B.
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FIG. 20—DRIVING A fluorescent tube or
display segment a 4543B.

segment displays.

The 4543B has three input
control pins: LATCH DISABLE (LD),
PHASE, and BLANKING (BL). In nor-
mal use, the LATCH DISABLE pin

CLK 20UT}
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p/E 40268
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CARRY OUT
Vec

RESET
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= | e
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0 - o W @ o O
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FIG. 21—PINOUT of the 4026B decade
counter with 7-segment outputs.

is biased high and the BLANKING
pin is tied low. The state of the
pHASE pin depends on the dis-
play that is being driven. For
driving LCD displays, a square
wave (approximately 50 Hz,
swinging fully between the
ground and V_.) must be ap-
plied to the pHase pin. The

PHASE pin must be grounded for
driving common-cathode LED's
and it must be tied to logic-high
for driving any common-anode
displays.

The display can be blanked at
any time simply by driving the
BLANKING pin to the logic-high
state. When the LATCH DISABLE
pin is in its normal high state,
BCD inputs are decoded and fed
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FIG. 22—CASCADING TWO 4026B decade counters.
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FIG. 23—PINOUT for the 4033B decade
counter with 7-segment outputs and rip-
ple blanking.

directly to the 7-segment output
pins of the IC. When the LarcH
DISABLE pin is pulled low, the
BCD input signals present at
the moment of transition are
latched into memory and fed (in
decoded form) to the 7-segment
outputs while LATCH DISPLAY
remains low.

Figure 17 shows a method for
using the 4543B to drive an
LCD, and Figs. 18-20 show how
that circuit can be modified to
drive other 7-segment displays.
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FIG. 24—CASCADING TWO 4033B decade counters without zero suppression.
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The value of Ry in Fig. 18 mv
be chosen to limit the outj
drive current to below 10 mA |
segment (individual LED lamr
If higher drive currents :
needed, use a buffer transis
between the output of t
4543B and the input of the ¢
play segment.

Figure 21 shows the pinou
the 4026B, a complete dec:
counter with integral decoc
driver circuitry. It can drive ¢
segment common-cathode L
display directly. The segmut
output currents are intern:
limited to about 5 mA with a
volt supply or 10 mA with a
volt supply. Therefore, the ¢
play can be connected directl
the output of the IC without
ternal current-limiting
sistors. The 4026B does 1
include a data latch and is1
capable of ripple blanking.

As shown in the Fig. 21,
4026B has four input cont
pins and three auxiliary outy
pins. The input pins are des
nated: cLocK (CLK), CLOCK INF
IT (Cc1), RESET (RESET), an
DISPLAY/ ENABLE (D/E). The IC |
a Schmitt trigger on its cLc
(cLk) input line, and clock ¢

continued on page




AUDIO UPDATE

Let’s Phase the Music: More comments on
papers from the 91st AES convention

coustic phase, and its au-
Adibility. has been a subject
of controversy ever since
srmann von Helmholtz addressed

e subject in the late 1800's. Yet,
aspite all we've learned about
aring since Helmholtz, and the
irrent availability of sophisticated
sw research tools, the controversy
igers on. The argument is not, as
1e might think, simply an abstract,

sometimes heated, debate
mong philosophical psycho-
sousticians. It has real-world con-
aquences for the way audio signals
10uld be recorded an audio equip-
ent should be designed.

I've been aware ever since | built
iy first Williamson amplifier in the
arly 1950's that signal phase shift
as a significant audio parameter—
: least in power amplifiers. In its
arly incarnations, the Williamson
Jsffered from marginal instability
ecause the 20-dB negative feed-
ack loop sometimes shifted
ositive at the frequency extremes.
hat frequently resulted in pulsing
'oofers at one end of the spectrum
nd RF oscillation at the other. But
side from such obvious instability
isturbances, I've never felt that lin-
ar phase shift posed a severe
weat to fidelity.

In the early 1980’s, many speaker
anufacturers decided that the
onventional two or three drivers in-
talled on the single vertical front
anel of a system resulted in acous-
¢ phase shifts caused by the dif-
srent path lengths to the listener's
ars of the woofer and tweeter sig-
als. That was usually “solved™ by
tepping a cabinet’s front panel so
1at the woofer was several inches
yrward of the tweeter. Aside from
enerating new opportunities for
dvertising copy writers (and some
xpensive pot-bellied speakers),
ne arrangement’s audible advan-
ages were elusive—at least to my
ars. And, in any case, it seems to
1e that on a purely theoretical basis
uch "time alignment” would only

hold when a listener's ears were
also aligned exactly on axis with the
acoustic center of the two (or more)
drivers.

| once saw/heard a speaker
phase demonstration using a two-
way system with a movable tweeter.
A square wave was fed to the sys-
tem and the speaker’'s output

INTERCHANNEL SPEAKER
T = PHASE
Most of us first encountered
“phase” as an audio phenomenon
when we were told to make sure that
the right and left speakers of our
stereo system were connected in
proper polarity. That meant that
when presented with, say, a positive
audio pulse from both amplifier
channels, the cones of both
woofers would move simulta-
neously in the same direction. If the
speakers were wired incorrectly, the
cones would move in opposite di-
rections, and bass performance
would suffer. In addition, the 180-
degree phase differences in the
high frequencies would confuse the
ear's localization system, disturbing
the stereo sound-stage image and
imparting a vague “phasiness’ to
the reproduced sound. In general,
speaker polarity/phase, if correct in
the original installation, remains so
unless the connections are

changed. R-E

picked up by microphone and dis-
played on an oscilloscope. As the
tweeter installed on top of the sys-
tem was slowly 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.
| stood in front of the display for
several minutes, really trying to hear
the waveform distortion that was
clearly evident on the scope screen.
Following in the tradition of Herr von
Helmholtz, | never did hear any
effect. All of this is background for

the latest phase controversy beauti-
fully delineated in the following Au-
dio Engineering Society (AES)
preprint.

Observations on the Au-
dibility of Acoustic Polarity
[Greiner and Melton (3170
K-4)1.

To understand what is meant by
absolute polarity, it helps to use a
simple musical example, such as
the sound of a kickdrum. The impact
on the drum head produces an air
compression that moves outward
and is picked up by a recording mi-
crophone. Ultimately, it is re-
produced by a forward-moving
speaker cone as an air compres-
sion. However, anyone who deals
with electronics knows that the orig-
inal electrical signal from the micro-
phone has had its polarity flipped
probably dozens of times by the re-
cording and reproduction elec-
tronics before it reaches the
speaker. In fact, there's a 50-50
chance that the initial kickdrum im-
pact is being 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 ongoing discussion. Un-
like other 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' re-
search effort involved extensive,
carefully controlled listening tests
to determine the types of signals

S0IUOAIB|3-0IPRY ‘2661 ABW
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most sensitive to polarity inversion.
It seems self evident that highly
asymmetrical signals were most
likely to be audibly changed by inver-
sion. For example, note the trom-
bone waveform shown in Fig. 1.

In general, it could be said that
acoustic polarity inversion is clearly
audible in some circumstances (par-
ticularly with test signals), although
most of the time with real-world mu-
sic it is not. It seems that even when
waveforms have clear asymmetries
as in Fig. 1—and not all of them do—
other effects inherent in the com-
plex nature of most musical tones
tend to mask the identifying charac-
teristics of the inversion.

The authors conclude that “while
polarity inversion is not easily heard
with normal complex musical pro-
gram material, as our large-scale lis-
tening tests showed, it is audible in
many select and simplified musical
settings. Thus it would seem sensi-
ble to keep track of polarity and to
play the signal back with the correct
polarity to assure the most accurate

]
3
=

\VaWilVa

AMPLITUDE

[

==

_\_[

] b | ST |
TIME
Fig. 1. Trombone waveform. In gener-

al, reed instruments show the great-
est asymmetry.

reproduction of the original wave-
form."

No one can argue with the above
as an ideal goal, but exactly how is it
likely to be realized? Assuming that
(1) we have a recording with all the
instruments recorded in phase, that
(2) our three-way speaker doesn't
have its mid-range connected in in-
verted polarity to flatten the sys-
tem’'s frequency response (a no
longer common practice), and that
(3) anyone in authority cared
enough to manufacture discs and
tapes with all their polarity ducks in
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a row, how would the consu
know when he had it right?

Next month I'll discuss one r
AES paper and then call it quit:
the 91st Convention.

PHASE INSENSITIVITY

it is well known that loudspeak
cone travel is seldom equally line
in both its outward and inward e
cursion. In other words, the speak
cone’s push on the air may not |
exactly equal to its pull, even wh
driven by a low-distortion, higt
symmetrical sinewave. It seen
probable to me that most hum:
ears are also asymmetrical in the
responses to the compressions ai
rarefactions of an impinging acou
tic waveform and therefore genera
harmonic distortions. Whether a
individual listener's degree of hez
ing asymmetry correlates with the
sensitivity to absolute phase is ¢
open question. | noted with intere
that Greiner and Melton suggest
one point that a distorting sour
system may increase the audibili
of polarity inversion.

I know for a fact that I've alwa
been comparatively insensitive
phase. For example, in the ear
days of quadrophonics | was eve
uating a four-channel synthesiz:
that attempted to generate artifici
rear channels by tapping off tt
front channel, “wobbulating” it at
25-Hz rate, and feeding it to a pair
rear speakers. The four-chann
effect, for better or worse, was bar
ly perceptible to my ears. A frier
dropped in unexpectedly while
was doing my listening and greete
me with, “Hi Larry ... (three-secor
pause) ... your rear speakers a
outof phase.” | sat alongside him ¢
the couch between the wobbulate
rear speakers and for the life of m
couldn't hear what he had detecte
instantly—and claimed was givir
him a headache!

| also know that some listene
are incredibly sensitive to very sm
percentages of tape flutter,
phase-shift phenomenon, but tt
numbers have to get pretty bad b
fore | hear it. In case you are wo
dering, my overall acuity ar
sensitivity were (by test) pretty goc
in those days, so my phase inse
sitivity was, in effect, anindepende
variable. | wonder what the norm
distribution of phase sensitivity i
and whetherignoring it may not ske
the results of psychoacoustic stu
ies of phase. R



COMPUTER CONNECTIONS

The personal digital assistant.

adget lovers take heed: Per-
Gsonal Digital Assistants

(PDA's) will be the fastest-
jrowing segment of the computer
usiness within two years—maybe
 the end of this year. What is a
Yersonal Digital Assistant? It's a pa-
yerback-size computer that bridges
he gap between calculatorlike or-
janizers on the one hand, and hefty
1otebooks on the other. In so doing,
he PDA hopes to provide both
yower and ease of use, but without
he size, weight, and battery-life and
weight constraints of a notebook
2C.

Numerous technologies are com-
ng together to make this category a
eality. Low-voltage CPU's, system
sontrollers, video controllers, and
JRAM's from Intel, Cyrix, AMD,
Nestern Digital, and others prom-
se to drastically lower power con-
sumption. The chips run at 3.3 volts,
and could more than double battery
ife, from 3.5 to 8.0 full hours. Emer-
Jing standards for credit-card sized
memory modules seem to be taking
nold. Hard-disk drives continue to
shrink. Integral Peripherals has
introduced 20- and 40-megabyte
drives in 3-ounce packages that
measure 2" X 3", and that consume
500 mW of power 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 approaches to
the PDA. One, promulgated by PC
vendors, amounts to a miniature
DOS machine with a QWERTY key-
board that allows touch typing. It
has a full 80 x 25 (640 x 200,
CGA-level graphics) non-backlit
LCD screen. The other, promul-
gated by consumer electronics
companies (e.g., Sony), consists of
a proprietary device using a stylus
input in place of a keyboard.

The DOS version may well con-
form to a spec developed by Phoe-

nix Technologies, called the Com-
panion PC (CPC). A CPC will be
based on an 8086-level computer-
on-a-chip developed by Chips &
Technologies (see the January 1992
issue of this column for more infor-
mation), PCMCIA memory cards,
Phoenix BIOS and power manage-
ment software, and special battery
technology developed by Duracell.
As for software, Microsoft has deliv-
ered a ROMable version of DOS
5.0, and promises to do the same
for Windows 3.1. Lotus might sup-
ply a suite of applications, including
a task switcher, although Microsoft
Works could very well provide steep
competition.

Tantalizing views of the other cat-
egory have been revealed by Sony.
And there are persistent rumors
that Apple and Sony are working
together to put a Mac-style inter-
face on this new breed. Sony has
released one such device in Japan,
but apparently has no plans to mar-

FIG. 1—DYCAM'S MODEL 1 digital cam-
era stores 32 shots, each with a resolu-
tion of 376 x 240 x 256 gray levels. It'sa
harbinger of the future for PC-based dig-
ital imaging.

ket it here.

Electrical power usage remains a
major issue with portable comput-
ers of all configurations. In the
ROMable versions of DOS 5.0 and
Windows 3.1, Microsoft has intro-
duced an Advanced Power Manage-
ment (APM) Application Program-
ming Interface (API), co-developed
with Intel and Phoenix, that provides
the system with information about
which peripherals are not being
used, so it can remove and thereby
conserve power. Several battery
manufacturers have introduced flat,
wide batteries that provide both a
better fit with today'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 volts at three
amps.

One interesting device is the
“Commuter Computer," introduced
by Memorex at the January Con-
sumer Electronics Show (CES). The
device weighs 1.3 pounds, lists for
$599, and includes a word pro-
cessor, scheduler, notepad, the DR-
DOS 5.0 operating system, carry-
ing case, power adapter, and ca-
bles; an external 1.44 megabyte
floppy drive is available for $299.

Multimedia update

Here's an imaginative use of mul-
timedia: The Virtual Press Con-
ference. Redgate Communications
of Vero Beach Florida plans to outfit
more than 100 movers and shakers
of the computer industry with 1.2-
meter satellite dishes, TV's, VCR's,
fax machines, and dedicated phone
lines, at a cost of about $2 million.
Redgate will then broadcast to them
hour-long interactive press con-
ferences, during which they can ask
questions, receive printed materials
by fax, and record the whole thing
on VHS tape. The viewers will pay
nothing for the service; Redgate in-
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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 Multimedia PC Marketing
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 QuickTime, 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-
cludes four components: system
software, file formats, compres-
sion/decompression technology,
and userinterface standards. Apple
hopes it will become a cross-plat-
form standard with support for Mac,
DOS, Windows, UNIX, Silicon
Graphics, DEC, and Cray systems.
The video format is 160 x 120 pix-
els, running at 15 frames per sec-
ond. That's obviously no competi-
tion for broadcast-quality video
(BQV); Apple hopes that the stan-
dard will evolve to accommodate
more powerful hardware that can
support BQV.

Apple has announced a Quick-
Time “player’ that will allow PC-
based Windows users to experi-
ence QuickTime movies. (Corel
Systems, of CorelDraw fame, wrote
the file-format translator) In addi-
tion, 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 respective ap-
plications. You could use this tech-
nology to combine a series of
spreadsheets into an animated
demonstration 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 how advanced
features of 0OS/2 allowed several
program processes to control sepa-
rate halves of a duet in sync.

Product watch

The Dycam Digital Still Camera
Model 1 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-
lows 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 name.)

Despite flawed installation in-
structions, getting the Dycam going
is easy. Attach a base mount to the
main unit and plug in a wall-mount
charger. When the LED starts blink-
ing, the battery is fully charged.
Then it's just point, shoot, and up-
load the images to your PC via an
RS-232 port.

The Dycam comes with control
software for both PC and Mac; |
tested.the PC version, which actu-
ally comes with both Windows and
DOS versions. | found the Windows
version unstable, due to frequent
UAE's (Unexplainable, uninten-
tional, unwanted Application Er-
rors); consequently | 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 view an enlarged version, use the
arrow keys to highlight the desired
image, press Enter, and the soft-
ware downloads, decompresses,
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 instructions 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 switch 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

determines shutter speed a
whether to use the flash. Trip
mode allows you to set the shut
speed manually, from 1 to 640 m
seconds. Shutter bugs would prt
ably prefer to set shutter speed
familiar inverse time units (1/t, e.
1/60, 1/30, etc.). There's no way
attach a standard remote shutter
lease, but you can take a pictt
from the keyboard (Alt-T).

The software allows you to s¢
images to disk in a variety of {
mats, including EPS, TIFF, PCX
proprietary Dycam format, a
others. The software provides soi
ability to adjust image contrast &
brightness, but for optimal rest
you'll want to use a third-party t
(e.g., PhotoShop). When the ca
erais full, you will have to clearit ¢
(Alt-C) to make room for more, &
you cannot selectively delete f
tures from memory. Although t
camera maintains a time/de
clock, you cannot include a tim
date stamp as part of the image

When | first learned of t
Dycam, | thought it would be
ideal way to develop product a
screen shots for the magazine. L
fortunately, that will not be feasikt
The problem is not limitations w
the software, but the optics. T
lens system provides image qua
comparable to a $20 instant ca
era—but the Dycam lists for almc
$1000. The CCD provides a tc
resolution of 376 x 240 pixe
which is less than found in a TV
compensates by providing 256 |
els of gray, which definitely hel|
because the eye responds better
variation in tone and color than
absolute resolution. Even the be
shots, however, come out grai
Shots of people generally fare b
ter than inanimate objects.

Add-on lenses are available,
cluding wide-angle, telephoto, a
macro (close-up). Other acces:
ries include an adapter for 12-v
auto operation.

Despite its limitations, t
Dycam opens a world of pc
sibilities for users who don't ne
publication quality. For example
real estate agent could publi
house shats to give prospective
ents some idea of layout. Scho
could create classroom newsl
ters.
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>hatsworth, CA 91311 (818)  also provides for swapping micro- speech, animated writing se-
198-8008. processor technology; one report  quences, and a set of progressive
indicates that GB will join IBM, Ap-  lessons. The company plans to re-

Jews bits ple, and Motorola in developing the  lease versions in French, Spanish,
Slate Corporationis a technology PowerPC, part of last summer's ac- German, and advanced Japanese.
sader in the fledgling Pen-comput- cord between IBM and Apple. Big-bucks consumer-oriented ad-
1g market. Two officers of the com- Worried about Japanese en- vertising is becoming the rule in the

vany, Dan Bricklin and Bob croachment 'on American markets?  PC business. You've probably seen
‘rankston, designed the first Maybe it's time to start learninghow  Intel’s flashy “Vacancy" ads on ca-
ipreadsheet for personal comput- to deal with them on their own  ble. Now Microsoft is gearing up for
irs, VisiCalc. The dynamic duo is at terms—literally. A company called a $30 million Windows pro-
t again, with a pen-based BayWare (415-949-3190) has intro-  metion, including $8 million for TV
spreadsheet called At-Hand. At- duced a Windows-based program  spots alone. 1992 is going to be
{and reads and writes 1-2-3 and that the company claims can teach  remembered in the PC industry as

xcel files, and runs under the Pen-  the essence of Japanese in four to  the year the battle for graphical op-
Yoint operating system. It's sched-  eight weeks, by studying only an  erating environments became really
iled to ship in the second quarter. hour per day. Power Japanese 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 GROSSBLATT

ust when | thought we had
'driven in the final nail on the
whole business of auto-
motive charging systems, | got a
letter with some stuff in it that | have
to pass on. Even though we spent all
our time talking about alternator-
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 most important factor in
modifying the design is to realize
that regulators for generator 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 Craig
Shippee, a reader from Bridgewater,
Massachusetts 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

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 gener
ator is set up with a grounded field
(one side of the field hard wired to
ground). The other interesting part
of the design is that it uses only one
DPDT relay instead of the two or
three relays found in standard gen-
erator regulators.

Craig's circuit is a classic exam-
ple of what happens when need
comes up against ingenuity and ex-
perimentation. 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 when the regulator
doesn’t want it to charge the bat-
tery, and the 40-amp diode makes
sure there's no backflow 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 500-ohm potentiometer
to get the cut-in point that's best for
your system. Craig is using the cir-
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must be used.

cuit on a tractor but there's no
son why it can't be used with
generator-based automotive e
trical system.
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Some good thinking went into the
modification and, in the words of
Jimmy Hatlo, a "Tip of the Hat" to
Craig 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 specified in
the design criteria. Since we're
using an LM3914 as the LED driver,
we'll have to add a second chip to
the circuit. The 3914's were de-
signed with that in mind, so it
doesn't take much though to string
two (or more) of them together.

The circuit for doing 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 important things when
you're designing circuits is to be
absolutely familiar with the compo-

* Model WS-10
Windstation
$129.50

PLUG &"|NTO
THE WEATHER!

The WS-10 Windstation roof-top sensor plugs
directly into the PC Game Port. It sends
you immediate measurements of your local
weather patterns. Wind speed, direction and
gust value data are continuously displayed.
Outside temperature, 24 hour extremes and
wind chill valuesare optional.
Months of information can be
stored for viewing, plotting
- and analysis. To plug into the

. weather, call the order line;

1:800-992-8110

12036 Nevada City Hwy.
Grass Valley, CA 95945
(916) 274-8100
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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 dot,
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: MODE SELECT (pin 9), +V (pin 3),
and the cathode of LED9 on pin 11.

That last piece of information—
the state of pin 11—is critical only
when you're doing an expanded dot
display. Rememberthat having a dot
display means you want to have only
one out of twenty LED's on at any
one time. The 3914 controlling
LED11—LED20 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 first
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 (12—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 turn off the LED's in
the first 3914. 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 voltage to the whole circuit is
in the range of the first 3914. 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 LED's indicate equal increments
in input voltage, you have to be care-
ful about the reference voltage for
each chip. The IC has an internal
reference-voltage generator and,
even though it can be configured to
provide different voltages, we're
using it in the plain vanilla mode to
generate a 1.2-volt reference. On
the second IC in the chain, we have
to set the reference voltage a bit
higher. Remember that the first
3914 has to respond to input signals

from 0 to 1.2 volts while the sec
3914 has to respond to input sigr
in the range of 1.2 to 2.4 volts.

That sounds more difficult the
really is. All we have to do is use
voltage at the top end of the ci
parator chain in the first 3914 as
low voltage for the bottom enc
the second 3914. By doing that,
absolute working-voltage range
the second 3914 will be 1.2 v
higher than the first one, or 1.2
2.4 volts.

This isn’t quite the end of the ¢
ry because we have to give sc
thought to LED current as well. -
drive current for the LED's is de
mined by the voltage from the -
rail on one side and the IC's re
ence voltage on the other si
There's a ratio of about ten-to-(
between the current for each of
LED’s and the current drawn fi
the reference voltage at pin 7. Sii
the second 3914 is working wit
reference voltage twice as high
the first 3914, we have to adjust
value of the resistor on the secc
3914. A simple application of Oh
law tells us that if we have twice
voltage but want the same amo
of current, we have to double
value of the resistor. Since we us
about 1K on the first 3914, we h
to use a 2K resistor on the secc
one.

Before we turn away from -
3914, let me repeat that while it
relatively simple chip to use, thet
more going on inside it than
imagine. The only way you'll ever
able to get a good handle on usin
is to work your way through the
formation in the data sheet. The v
to do that is to call or write the fo
at National Semiconductor (28
Semiconductor Drive, Santa Cle
CA 95052-8090, 408-721-50(
and ask for the data sheet.

The complete schematic for
scope so far is shown in Fig. 3. J
about the only thing we have to ¢
to it is an input amp and a pad
rangement to prescale the in
voltages. The time has also co
for us to deal with some of the r
chanical problems in the scopt
mainly the wiring of the disp
While it's certainly not impossible
hand wire four hundred LED's, it
lot easier to use a commerci
available multi-LED module.
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FOR SALE

LAND/General mobile radios, CB’s, scanners,
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ceivers catalog $2.00, RAYS, Box 14862RE, Ft.

CABLE TV converters: Jerrold, Oak, Scientific
Atlantic, Zenith & many others. "New MTS" stereo
add-on: mute & volume. Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C ac-
cepted. B & B INC., 4030 Beau-D-Rue Drive,

Worth, TX 76117-0862. Eagan, MN 55122,
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(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)
16 ($49.60) 17 ($52.70) 18 (855.80) 19 ($58.90) 20 ($62.00)
21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)
26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)
31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Card Number Expiration Date

/

Please Print Name Signature

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in gold caps at no extra charge. Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface, $3.70 per word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per word prepaid. Entire ad in boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2Vi"—8$410.00; 2" = 2Vi"—$820.00: 3" =
2V4"—$1230.00. General Information: Frequency rates and prepayment discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.0O. BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the
issue. (i.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert
sciences, hacking, etc. Huge selection. Free
brochures. MENTOR-Z, Drawer 1549, Asbury
Park, NJ 07712.

TUBES: “oldest,” "latest.” Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood
Ave., R.E., Hammond, IN 46324.

FREE CATALOG

FAMOUS “‘FIRESTIK" BRAND CB ANTENNAS
AND ACCESSORIES. QUALITY PRODUCTS

FOR THE SERIOUS CB'er. SINCE 1962
FIRESTIK ANTENNA COMPANY
2614 EAST ADAMS
PHOENIX, ARIZONA 85034

ELECTRONIC parts, kits, and supplies to
make printed circuit boards. Free catalog, THE
CIRCUIT CONNECTION, 39 East Fullerton, Ad-
dison, IL 60101. (708) 832-3570.

PRINTED circuit boards. High quality manufac-
turer of single, double sided, and multilayer
boards. Services include photoplotting, prototype,
and production manufacturing. Contact our sales
department for information and quotes. CAPITAL
CIRCUITS, 1214 Capitol, Addison, IL 60101. 5?03;
628-0715, Fax: (708) 628-8278, Modem (708
628-9282.

CLOCK, 1-32MHz variable square wave gener-
ator. Request specs, price. TROLEX, 1292
Mearns Rd., Warminster, PA 18974,

| Quality Microwave TV Antennas
’lWIRELESS CABLE - IFTS - MMDS - Amateur TV
Ultra High Gain 50db(+) = Tuneable 1.9 to 2.7 Ghz.
* 55-Channe! Dish System $199.95
* 36-Channel Dish System  $149.95
* 20-Channel Dish System $124.95
= Ophonal Commercal Grid Antenna (nat shown| Add 550 00

» Yagi Antennas. Components. Custom Tuning Avaitable
= Ca8 or write {SASE) for “FREE" Calalog
PHILLIPS-TECH ELECTRONICS
Dish System P.0. Box 8533 « Scottsdale, AZ 85252

LIFETIME _ (602) 947-7700 (S3.00 Credit all phone orders)
WARRANTY  MastesCard » Visa » American Expeess » COD's » Ouantity Priciag

OSCILLOSCOPE 50 MHz, Hewlett-Packard, sol-
id state calibrated, manual $290.00 1 (800)
835-8335 X-159.

CABLE TV Equipment. Most type available.
Special: Oak M35B $39.95. No catalog. COD or-
ders only. 1 (800) 822-9955.

FIBER optics kits, Experimenters $24.50,
Datalink w/PCB $36.25, HILL ELECTRONICS,
Box 47103, Phoenix, AZ 85068-7103.

IMPOSSIBLE cable systems. New user program-
mable units authorize any or all features of Pi-
oneer or Jerrold descramblers. TAKE CONTROL,
1 (B00) 968-4041.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB radios.
10-Meter and FM conversion kits, repair books,

plans, high-performance accessories. Thousands
of satisfied customers since 1976! Catalog $2.
CBC INTERNATIONAL
P.O. BOX 31500RE, PHOENIX, AZ 85046
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Monumental Selectio:

lest/Measurement and Prototype Equipment

Jameco Solderless Breadboards Metex Digital Multimeters |
= * Handheld, high accuracy * AC/DC voltage, ACIDC | o =SSy
current, resistance, dio?;s, continuity, transistor hFE | '
(except M3900) f
» Manual ranging w/overload protection Qx
* Comes with probes, batteries, case and manual S
M3650 & M4650 only:
* Also measures frequency and capacitance
M3800 35 Digit Multimeter weeenes$39.95 8 M
M3610 3.5 Digit Multimeter .ve....$59.95 Ny
M3900 3.5 Digir Multimeter Toll-Fr
with Tach/Dwell cuveeereens$59.95 4 How' - linet
ol 2 Ho
M3650 35 Digit Multimeter w/Frequency Ofd‘r \- L'I
& Capacitance ersnsnenansnnse D7 4,05 '83
M4650 4.5 Digir w/Frequency & Capacitance Lol
J R e hdih oy 4 d & Dara Hold Switch.v.r....$99.95
ameco's long-lasting breadboards feature screen-printed color coordinates and are
suitable for many kinds of Erototﬂiling and circuit desisp. Larger models feature a Jameco IC Test Clip Ser
heavy-duty aluminum backing with voltage and grounding poss. o Test Cligs aredesigredIoRtem poreey
Part Dim. C;nm Bindi Part Diu‘;}' Contact Binding[’ f m"‘*’., connections to DIP package componen

* Heavy-duty spring loaded hinge provid:
positive contact

Part No.  Description

JTC16  16-pin (for 8, 14 & 16-pin ICs)

JTC20  20-pin (for 18 & 20-pin ICs)

JE21 325x2125 400 0 $4.95 JE25 6.500x425 1,660 3 $17.95
JE23 650x2125 830 0 6.95 JE26 6.875x575 23%0 4 22.95
JE24 650x3.125 1,360 2 12.95 JE27 7.250x7.50 3220 4 31.95

y

51-Piece Electronic Tool Kit JTC24  24-pin
Tools Included in Kit: JTgig iﬁ‘p!n
* 10" measuring tape JT -pin

* 5.25" needle nose pliers

* Utility components box

* 6" long tweezers

* 8 picce hex key wrench set

* 7" brush and scraper

* Digital Multimeter

* Utility knife with extra blade
*6 Piccc precision screwdriver set
* 7" fine point probe

* Round needle file

* 6 Slotted & 4 Phillips screwdrivers
e 7" slotted probe

« Flat needle file

* 4.5" diagonal cutting pliers

* 5.25" Bent needle nose pliers

* Soldering stand

* Rosin core solder

* 5.25" Flat nose pliers

* 30 Wart soldering iron

E(E)PROM Programmer UVP EPROM Era:
1 Socket 16K-1Meg

My |

* Built-in Normal, Intelligent 1&I1, and : >
Quick-pulse algorithms * XPG000A « Erases all EPROM’s » Erases 1 chi
needed for operation * Software included | 15" 0 O re chips in 21 min

XPGOOL covueuasrrersssnsnnenneees$119.95 | ¢ UV intensity: 6800 UW/CM?
XPG6000A Adapter Card...ovvuvunne $29.95 | DE4

EPROMs - for your programming need:

* 5.5" Stainless steel scissors Part No. Price  Part No. Price  Part No.

* Desoldering pump TMS2516 0 $425  2764-25.0rrren$375  27256-20ummmen
* 6" adjustable wrench TMS2532A ........6.95  2764A-20............ 3.75  27256-25....ce....
' C"‘Irymg case 400026 National General Purpose TMS2564...cc000u. 5.95 2764A-25 ...ccviiinne 3.19 27C256-15.......
MS305 $119.95 Linear Devices Databook..19.95 | TMS2716...cc00005.95  27C64-15.cccc00n3.95  27C256-20......

w3.95  27C64-25...

: w325  27C256-25.......
... 475  271280TP.

ECO@ 400039 Narional Logic Databook....19.95 ;?,gi“ : T T

s 1 A4 400015 National Dara Acquisition 2716.... s D39 27128-20....cc0000i00 7.95 27512-20..........
ELECTRONIC COMPONENTS Linear Devices Databook..11.95 4 vy DI B e ol b B Ty e
COMPUTER PRODUCTS 400104 National Special Purpose 27128A-15 ... 4.95 27C512-15......

Linear Devices Databook..11.95 27128A-20..........4.49  27C512-20.......

24 Hour Toll-Free Order Hotline 27128A-25.........3.75  27C512-25.......

400044 Narional LS/S/TTL
18008314242 Darsbook 14.95

27C128-15..........5.75  27C010-15.......
27C128-25..........7.95  27C020-15.......

= = ] | 230843 Intel Memory Darsbook..24.95 wwid75  272560TP.......3.75 27C020-20......
casc
MG | "o ﬂ"f“z 270645 Intel Embedded Controller 2764-20.cc0000i3.95  27256-15.00000rin5.49  68766-35umurrere
2 P Databook ....... 24 S st ;
> ::h i e e : 2 * Partial Listing * Over 4000 Electronic
gl b | Acttiene Dorecbamiivl and Computer Components in Stock!
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t Competitive Prices

Computer Upgrade Products and Electronic Components

Upgrade your existing computer system! Jameco will help you upgrade easily and economically.
Jumeco 803865X Motherboard Fujitsu 101-Key Enhanced Keyboard

* 16MHz processing SPﬂd This keyboard features 12 function keys, separate cursor and numeric keys.
cys, sep oy
.+ Baby motherboard (8.5"x13") « IBM PC/XT/AT and ibl S ;.
* Zero or one wait state operation 0 mpare e ompn 19 saas :
RAM * Automarically switches berween XT or AT |8 fuzaa]-:::jasas]- 1
* Supporss up o 16MB of * LED Indicators for Num Lock, Caps jotrtnunuansss
* Intel 803875X/comparible math coprocessor socket Lock, and Scroll Lock i | ma 1
* AMI BIOS T |
* Six 16-bit and two B-bit expansion bus slots * Tactile Feedback 4
* Manual included * One-year Warranty

* One-year Warranty

FKB4700 $79.95

Toshiba 1.44MB 3.5"

' JE3616SN............$299.95
meco IBM Compnlible Power Supplies

3l JE1036: Internal Floppy Disk Drive
ves 5;1@:25\?’@:50‘(5 034 < Oupun 15v@ 204, 5V @054, « IBM PC/XT/AT and compatibles
;War{ i g 5 ;;?\;ﬁt?& 12V0.0.58 @ * Compatible with DOS versions 3.3 or higher
a0y e STt el
-‘t;ns.':;‘nx 5.5"W x 4.625"H * Built-in fan ’ ! * 720KB formatted low density mode
A Waranh * Size: 6.5"L x 5.88"W x 6"H QU Many more * Size: 1"H x 4"W x 5.9"D (actual drive size)

) 157 * One-year Warranty . ; Upgrade Products * One-year Manufacturer's Warranty
130 150 Wart PC/XT Power Supply ceesesssssssesssnssnnnas $69.95 Addi{iomffow available! 356KU $99.95
136 200 Warr AT Power Supply. $89.95  supplies available!
tegrated Circuits® Memory Connectors IC Sockets
do. 19 10: | PartNo. Function Price ipti i LowProfile  Wire Wrap(Gold) Level #;
gg 3%2 5{2 41256120 256K DIP  120ns....$1.79 gg%gé’ 11}43121 2551;1“, 5-3; 8LP  $.10 8WW  $.49
5 T ‘15 | 41256150  256KDIP 1500s.....169 | ppospy Lshoridatg o 30 | 14LP 11 14WW .69
08.. 20 .19 | 511000P80 IMBDIP 80n.....599 | DB25MH Metal Hood g3 AR 2 O g
14.... -39 -29 | 511000P-10  IMBDIP  100ns......5.49 LEDs 28IP 22 28WW 139
gg i %g :g 41256A9A-10  25GKSIPP 10005...18.95 | ya00R  T1, (Red) s14 | 4OLP 28 4OWW  1.89
i .29 .19 | 41256A9B-80  256KSIMM 80ms....20.95 | XC556G  T1 3/4, (Green) .16
76..... ...39 .29 | 421000A9A-80 1MB SIPP 80ns....54.95 | XC556R  T1 3/4, (Red) 12 %
$6:0s «25 15 | 471000A9B-80 1MBSIMM 80ns...5495 | XC556Y  T13/4, (Yellow) .16 =0
e .35 25 : p——
gg -gg ‘%’ Miscellaneous .
1175... -39 Zig Components* Call or Write for a
193... ...59 49 )
1244... .. .69 59 Potentiometers FREE 90—Page ::Irl-tlt(cqn
TR G 39 | il G hmsin e ke 1992 Catalog! 2

. XX"):
e d 22 5009, 1K, 5K, 10K, 20K, 50K, 100K, IMEG

Linear ICs* b Vs S 24-Hour Toll-Free Order Hot]me'

63PXX 1/2Wart, 1 T rants iR
s h ek 1°'800°831°4242

Transistors And Diodes

17T... e +65 55 $30.00 Minimum Order
24N .. e 39 29 PN2222 $.12 IN751 $.15
36Z... ..1.05 95 PN2907 .12 C106B1 .65
[e=—=—=_=_= === . :
32 = 35 | IN4004 .10  2N4401 .15 ELECTRONIC COMPONENTS A B o o o
5556\1(1 ig ;55) 2N2222A .25 1N4148 .07 FAX: 415259202503 (Inteenational
»: e ' 1N4735 25 2N3055 .69 COMPUTER PRODUCTS ¥
23{:“"' ... .49 39 2N3904 12 1N270 25 R BBS Support. 4156379025
41CN... 29 25 1355 Shoreway Road Technical Support: 14800831400
458N ... 35 29 Switches Belmont, CA 94002 po il
ServiceDirect™:1+80028312802
el =6 22 MT123 SPDT, On-On (Toggle) $1.15
489N ... .. .45 39 | On-On (Toggiclioh 1x CA Residents please add applicable salcs tax
206-8 SPST, 16-pin (DIP) wvesesea1.09 = A , : : 3
12003A . ceses 109 .59 MPC121 SPDT Y. Shipping, handlingand  The following services are availab)
15931‘241\] ..... }.?g {.gg On-O%f-On {Topgle) o119 @ M insurance are additional. dlmugh 415959208097 from 7AMN
nee sasesda “ L] .
F e e 13 41 MS102 SPST, Momentary Terms: Prices subject to change without norice. 5PM P.S.T.: * International Sdes
] ot . .45 41 (Push-Burton) csssssssssssssess « 39 Items subject to availability and prior sale. Y Cusu_'mﬂ' Service
*Call ﬁar a camp!’rr{ listing of ICs *Additional components available Complete list of terms/ ies is available upon request. ¢ Credit Departmem
© 1992 Jameco 5/92 ¢ All Other Inquiries
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WIRELESS CABLE RECEIVERS 1.9 TO 2.7 GHz
30 CH PARABOLIC DISH SYSTEM $173.90
a0 CH ROD ANTENNA SYSTEM $193.90
30 CH CRYSTAL CONTROLLED SYSTEM $294.95
SUN MICROWAVE INT'L, INC,  SEND $1.00 FOR
P.0. BOX #34522 CATALOG ON THESE
PHOENIX, AZ. 85067 AND DTHER FINE
(602) 230-1245 VIDEO PRODUCTS
QUANTITY DISCOUNTS

DRDERS OMLY 1-800-484-4190 CODE 5783

b4

VISAMCAME X

T.V. notch filters, phone recording equipment, bro-
chure $1.00. MICRO THinc. Box 63/6025, Mar-
gate, FL 33063. (305) 752-9202.

CIRCUIT Boards — Complete printed circuit fab-
rication from single sided to production multi-
layers. Twenty-four hour turnaround available.
CIRCUIT CENTER, PO Box 128, Addison, IL
60101. (708) 543-0671.

OUR monthly picture flyer lists quality surplus
arts at low prices. Send today for yours. STAR-
!%'RONICS. Box 683, McMinnville, OR 97128.

DESCRAMBLERS
BEST BUYS BEST SERVICE
BULLET PROOF TV TESTED .
WANT TO BUY:
TOCOM, SA B580,DPV7212
Must be reascnable price.
Call Fer Your Wholesal
Catalog or Send $1.00 TO: Dealers Wanted
Mult-Vislon (402)331-3228 800-835-2330
Electronles™ 2730 S0.123rd CL#126 Omahs, NE 68144

CABLE T\

JERROLD, Tocom and Zenith “test” chips.
Fully activates unit. $50.00. Cable de-
scramblers from $40.00. Orders 1 (800)
452-7090. Information (310) 867-0081.

AFFORDABLE Diode lasers! Our small laser
head (1.4” x 1.8") snaps right on top of a 9V
battery. Includes drive electronics, collimat-
ing lens, & adjustable output }:omr. Visible
@670nm: 3mW (TOLD9200) $79.95, or 5SmW
&TOLDQZTI) $99.95. Detailed plans only —

9.95. SECURICOM, PO Box 5227,
Chatsworth, CA 91313-5227. S/H $3.75 (818)
710-0110.

+* 4 % % PRESENTING & 4 %

* X & K& STARRING +* ¥«
JERROLD, HAMLIN, OAK
AND OTHER FAMOUS MANUFACTURERS

* FINEST WARRANTY PROGRAM AVAILABLE
* LOWEST RETAIL | WHOLESALE PRICES IN US.
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS.
* ALL MAJOR CREDIT CARDS ACCEPTED
FOR ALL INFORMATION
1-800-345-8927

PACIFIC CABLE CO.. INC.
73252 Reseda Blvd.. Dept. 2114
Reseda. CA 91335

DESCRAMBLERS cable TV converters, lowest
prices, guaranteed, best quality, all types avail-
able, CNC CONCEPTS, INC., Box 34503, Min-
neapolis, MN 55434. 1 (800) 535-1843.

CAB LE DESCRAMBLERS

Converters, Remote Controls, Descramblers, more

#EX192

All major brands carried

80C52-Basic microcontroller board. Basic inter-
preter, 32K RAM, 16K Eprom, Eprom programmer,
RS232, expansion connector. Bare board with
manual, schematics $22.95. 80C52-Basic micro-
processor chip $25.95. Assembled and tested
$124.95. PROLOGIC DESIGNS, PO Box 19028,
Baltimore, MD 21204.

PHOTOFACT folders under #1400 $5.00. Others
$7.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554. (516) 481-4380.

SPEAKER repair. All makes — models. Stereo &
professional. Kits available. Refoaming $18.00.
ATLANTA AUDIO LABS, 1 (800) 568-6971.

ENGINEERING software and hardware, PC/
MSDOS. Circuit design and drawing, PCB
layout, FFT analysis, Mathematics, Circuit
analysis, etc. Data acquisition, generation,
I/0 PCB’s, etc. Call or write for free catalog.
(614) 491-0832, BSOFT SOFTWARE,
INC., 444 Colton Rd., Columbus, OH
43207.

HEMOVE Bulld this kit which removes

vocals from standard stereo re

LEAD CD's, tapes or FM broadcasts
along with the background

Use with any home comj

VOCALS stereo. Additional kit adds rev
our voice, then mixes it with

Call or write re-assembled boards ava

for free info  Weeder Technologies; 14773

(513) 444-2276 sey Rd.; Mt Orab, Ohio 4515

DESCRAMBLER kits. Complete cable kit $4
Complete satellite kit $49.95. Add $5.00 shiﬁ]
Free brochure. No New York sales. SUMM
Box 489, Bronx, NY 10465,

SURVEILLANCE transmitter kits tune fror
to 305 MHz. Mains powered duplex, teleph
room, combination telephone/room. Catalog
Popular Communications, Popular

tronics and Radio-Electronics book reviev
“Electronic Eavesdro‘;_)gina Equipment
sign,” $2.00. SHEFFIELD ELECTRONICS
Box 377785-C, Chicago, IL 60637-7785.

DESCRAMBLING. New secret manual. |
your own descramblers for cable and subs:
tion TV. Instructions, schematics for SSAVI, g
sync, Sinewave, (HBO, Cinemax, Showt

HF, Adult) $12.95, $2.00 poste
CABLETRONICS, Box 30502R, Bethesda,
20824,

ANTIQUE RADIO CLASSI
Free Sample! fa ;:,;Zi
Antique Radio's - —— AL
Largest Circulation Monthly. |
Articles, Ads & Classifieds. -
6-Month Trial: $15. 1-Yr: $27 ($40-1st
A.R.C., P.O. Box 802-L9, Carlisle, MA (

ANTI-THEFT Alarm, self contained, loud, ¢
monly available parts, install in TV, VCR, corr
er, efc. Plans and instructions. $4.50. TE
NICAL SPECIALTIES, PO Box 7216, River:
CA 92513.

EASY to build lethal gas alarm. CO propane r
ral $8.00. RGM, Box 2481, Hazelton, PA 18:

ETCH PCB's yourself, no chemicals, easy, ch
full instructions, $2.00, SASE, NICKNAP, PO
593, Howell, NJ 07731.

TESLA coil design program for IBM PC!

tastic, graphic, menu driven. Coils any ¢

§§4b95. W.C.N., 3283 Belvedere, Riverside
507.

-

*JERROLD, *TOCOM, *ZENITH DESCRAMBLEF

Radio-Electronics, May 1992

*GENERAL INSTRUMENTS
*SCIENTIFIC ATLANTA, *OAK
*HAMLIN, *EAGLE, *PIONEER
7th Year in business. Thank You

Member of Omaha Chamber of Commerce

1 Year warranty on new equipment
30 Day money back guarantee
Orders shipped from stock within 24 hours

CALL TODAY FOR A FREE CATALOG

1-800-624-1150

»  87550.72nd st
Omaha, NE 68114

CIRCLE 53 ON FREE INFORMATION CARD

PLANS AND KITS

FASCINATING electronic devices! Dazers!
Lasers! FM/AM/phone transmitters! Detectors!
Kits/assembled! Catalog $2.00. QUANTUM RE-
SEARCH, 16645-113 Avenue, Edmonton, AB.
T5M 2X2.

HOBBY/broadcasting/HAM/CB/surveillance
transmitters, amplifiers, cable TV, science, bugs,
other greal projects! Catalog $1.00. PANAXIS,
Box 130-F5, Paradise, CA 95967.

PCB and schematic CAD. $195.00 IBM EGA CGA
Multilayer, rubberband, autovia, NC drill, laser, dot
matrix, plotter, library, Gerber, AUTOSCENE,
10565 Bluebird St., Minneapolis, MN 55433. (612)
757-8584 free demo disk.

KLY

1-800-582-111<«

FREE CATALOG
GUARANTEED BEST PRICES + IMMEDIATE SHIP
M.K. ELECTRONICS

B362 Pines Blvd. Suile 276
Pembroke Pines, FI 33024

DEFEAT videotape anﬁ-oow, PCB PAL ins!
tions $16.50 w/PH. NORM HOGARTH, 955
Ogden, Bend, OR 97701.

HAND held digital recorder announcer. |
technology permits permanent storage of per:
al recordings and messages. Plans $9.95
$49.95. Send check or money order to CD
303 Northwoods Drive, Ballground, GA 301

TELEPHONE Projects! Automatic recorder it
face-$7.00, disable extension phones-$7
phone line being used indicator-$7.00, detec!
tension phones-$7.00, FM telephone trans
ter-$7.00. Detailed plans include film positive
makmg g)ur own printed circuit board! Free ¢
log! TECHNOTES, Box 2308, Seal Beach,
90740-1308.

BUY BONDS




EASY FAX
1-800-582-1255

EASY ORDER
-800-582-4044

High Quality Based on Innovative Research
Since the development of its original VSIS (V-channeled Substrate Inner Stripe) structure in 1981, Sharp has been known as one
of world leaders in production of laser diodes. Sharp laser diodes —famous for long life and their record of high quality-answer a
wide range of application requirements from optical data files such as magneto-optical disk systems and consumer products like
CD players to medical apparatus and measuring instruments. With features like high power, low noise, short wavelengths and
compact packages, Sharp laser diodes are available in models to satisfy various applications.

Due to popular demand in 1991 - Every Sharp Laser Diode is encased in a
UTiSEres EasyTech introduces a comprehensive high precision hermetic package. A built-
(Standard Package) range of Laser diodes from the industry in pin photo diode makes it easy to
leader in laser technology. control optical power output.

Features:

+ Long life, high reliability and an original VSIS structure, featuring a single transverse mode and negligible waste current.

+ Wide variety of models to suit an extensive range of applications in the manufacturing or do-it-yourself environment.

*New B (Buried) -'V8IS structure incorporating high resistance GaALAs crystal buried at both sides of the optical waveguide (V-
channel) preventing carriers in the active layer from diffusing from the direction parallel to the active layer, thus dramatically
reducing wasted current not contributing to laser oscillation. This achieves a very low threshold current level of only 25mA.

-Compact and lightweight, essential when giving laser-applied equipment-like CD players, VD players and laser printers - a small

LT Package Dimensions space saving footprint.
. | Optical Pwr Output
| Wavelength (mW)
rder # | 1-9 10+ (nm) Typ. Max. _Typical Applications Weight
T020MC | 13.90 12.90 | 780 3 o] Measuring instruments, Bar code readers 3 oz.
T022MC 13.90 12.90 780 3 5 CD players, CD-ROMs 30z.
T023MC | 16.50  15.50 780 3 ‘ 5 VD players, Analog devices 3o0z.
T021MC | 55.00 50.00 780 10 15 High-speed laser printers, Medical apparatus Il 30z
To10MC 49.00 | 40.00 810 [aa3 | 5 Short-distance optical fiber communications, Measuring instruments | 3 oz.

FEATURES
“Input Rush Current: <50A peak m
«Temperature Range: Operating 0° to 50°C |

Storage -25° to +85°C e iasats
*Insulation Resistance: 10MQ @ 500V
IATERIALS -Ereakdoyvn Voltage: AG100V/DC500V per min. .
fort/Rear and Display Parial: Aluminim E3120E +Automatic over voltage shutdown/fold back protection
‘op/Bottom, Side Panel and Chassis: 0.9mm Steel Dimensions
\ese industry standard 19° rack mount cabinets are made from .9mm steel, with the front | Order # Price Output Voc/Amps Watts (HxDxW in.) Weight
1d rear panels being made from aluminum for easier, custom fitting. The front panel is 1/8" | KCTO30FJ1 5.95 +5V@3A/+12V@1A/-12V@400mA...30...14.17 x 1.77 x 1.89 ...1 |b.

ick. These cabinets have been finished in gun metal grey and come flat packed, ready for KCT040FJB 6.95 +5V@4A/+12V@1A-12V@400mA...40. 40.. 1447 x1.77x 1.89 .1 Ib.
wr final construction. The enclosure has die punched venting. Handles are furnished on

1" and larger cabinets. These are sturdy, well made commercial quality cabinets and are
ire to make your project look its best. (Please note "Panel” size is the front panel.)

rder # 1-9 10+ Panel Cabinet (HxWxD) Weight
3120A 36.95 34.95 19" x1.6875"... ..1.5"x 16.625" x 9.625"...... 7.0 Ibs.
3120B 44.95 42.95 19" x3.4375" .3.25" x 16,6257 x 9.625". ..7.8Ibs.
3120C 49.95 47.95 19"x 3.4375" ...3.25" x 16.625" x 13.1875 ..9.0 Ibs.
3120D 54.95 52.95 19"x5.1875" 5.0" x 16.625" x 13.1875" .12.0 Ibs.

3120E 59.95 57.95 19"x5.1875" .5.0"x 16.625" x 16.757... .13.2 Ibs. 2917 BGWIEW Drive
3120H 79.95 77.95 19"x8.6875".........8.5" x 16.625" x 16.75". ....18 Ibs. MasterCard
Fremont, CA 94538 -

Eusy Order:  1-800-582-4044

Easy Fax:  1-800-582-1255
i International Fax:  1-510-770-2346
Customer Service:  1-510-770-2345

I Monday-Friday, 7am - Spm (PST) /10am-8pm (EST)
dver 10,000 insertion cycles . @ COD-No personal checks, US funds ($5.00 Surcharge)
Accepts all standard components SB1660

Price Price Dimensions (in.) Dist. Dist. ‘rrmlnnl Terminal Binding m USPS mups E]Fedaﬂﬂ EXPI’GSS mmborne

rder# 1-9 10+ LxWxH Strips Points Strips  Points  Posts Pasts
iB200 2,99 2.49..65x037x04...2...100%2. ... Add approx. 5% of total for shipping UPS Ground ($3.00 min.).

18300 4.89 4,39 .53 x2:2x04 Actual shipping charges based on weight.

iB630 545 4.95..65x14%04. ... z

iB830 6.9 5.99..65x22x0.4 Call or write today for your free copy of our 32 page catalog.
iB1360 12.4911.99...85%x39x1.2......... California residents, ndl‘JEmprhtl sales tax.

iB1660 17.4516.95...85x51x 1.2 I?nglﬁ‘;:;"'f s 'LL':'“

iB2390 22.4921.49...9.1x69x12 We reserve the right to substifute monufacturers.

}B3220 31.4930.49...95x83x1.2 ... Prices subject to change without notice.

*Racks B, C, D, E and H feature extruded aluminum handles

E3120C

Designer boards for the part-time hobbyist, student or engineer!!

eatures
Solor coordinates for easy recognition
nsertion wire: 20-23 AWG (0.3 — 0.8 mm)

EOR T B N U Y Y
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Be a TV/VCR
Repair Specialist
N OW you can train at home in your spare time for a money-

making career as a TV/ACR Repair Specialist. No previous
experience necessary. No need to quit your job or school.
Everything is explained in easy-to-understand language with
plenty of drawings, diagrams and photos. We show you how
1o troubleshoot and repair videocasselle recorders and TV
sets, how to handle house calls and shop repairs for almost
any make of television or VCR. Tools are included with your
course 50 you can get “hands-on” practice as you follow your
lessons stép by step. Send for free facts about the exciling
opportunities in TV/VCR Repair and find out how you can start
making money in this great career. MAIL COUPON TODAY!  Kaa

- —

School of Wﬁcﬁﬂ-&ﬁ, gptjnsﬁz;l
925 Oak Street, Scranton, PA 18515

| Please send me full information and color brochure on how | I
can learn TV/VCR Repair at home in my spare time. | under-

l stand there is no obligation and no salesman will visit me. |
l Name Age I
Add Apt. #
I citystate Zip
Phone { )
. S S S S S S S — —

SATELLITE TV

FREE catalog — Lowest prices worldwide. SKY-
VISION, 1012 Frontier, Fergus Falls, MN 56537. 1
(800) 334-6455. See full page ad the Shopper
section.

VIDEOCIPHER Il, descrambling manual. Sche-
matics, video, and audio. Explains DES, Eprom,
CloneMaster, 3Musketeer, Pay-per-view (HBO,
Cinemax, Showtime, Adult, etc.) $16.95, $2.00
postage. Schematics for Videocypher Plus,
$20.00. Schematics for Videocypher 032, $15.00.
Collection of software to copy and alter Eprom
codes, $25.00. CABLETRONICS, Box 30502R,
Bethesda, MD 20824.

Cable TV
Descrambler Kits

Universal Kit...................$55.00

Includes all parts and PC Board. Not included
is the ac adaptor or enclosure.

Tri-Mode Kit................ ....539.00

Includes all parts, PC Board and AC Adaptor. Not
Included is the enclosure.

SB=3 KREsaed eennennnnnn 329,00

Includes all parts, PC Board and AC Adaptor. Not
included is the enclosure.

Universal Tutorial.............$9.85

Includes an in depth study of the techonology used
and has troubleshooting hints.

Tri-Mode Tutorial..............$9.95

Includes a gate by gate study of the circuit and has
troubleshooting hints.

Snooper Stopper............ $39.00
Protect yourself from descrambler detection and
stop the “bullet”.

Call Toll Free 1-800-258-1134
Visa, MasterCard & COD
M & G Electronics, Inc.

301 Westminister Street
Providence, RI. 02903

CIRCLE 192 ON FREE INFORMATION CARD

DIGITAL SATELLITE imaging system. Receive
pictures from outer space of planet earth! Works
with any IBM compatible computer. Systems as

low as
Moonbeam Satellite, 339 Neighborhood Rd

99.00. Call or write now for free details:

Mastic Beach, NY 11951. (516) 281-2669, (516)

281-8250-fax.

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOG!
Hamlin Combos $44, Oak M35B $60 (min. 5), etc.

WEST COAST ELECTRONICS
For Information: 818-709-1758
Catalogs & Orders: 800-628-9656

SECRET cable descrambler. Build your own de-
scrambler for less than $11.00, in seven easy
steps. Radio Shack parts list included. Also free
descrambling methods that cost nothing to try!
Send $10.00 to LOUIE WHITE, 2 Marlin, Baytown,

TX 77520.

| BEST BY MAIL
Rates: Write National, Box 5, Sarasota, FL 34230

OF INTEREST TO ALL

RETIRE EARLY 1-900-776-3348 CODE AB 5180 Mention
Code ($6.95).

HAIR PROBLEMS? THINNING, FALLING, BREAKING.

H.

air Helpers promises results. 1-800-4-HAIR-10.

1,200 HOME BUSINESS: 693 Ways To Save! Send $5.00:
Information, Box 883, White Cloud, M| 49349,

SAVE! SAVE! SAVE! Learn How To Reduce Mort
Loans By THOUSANDS OF DOLLARS, Cut Rates On

FINANCIAL

o

sumer Loans, And Much More! Send Check Or Money

Order For $22 +

$3.00 S/H To: Information R

i SATELLITE

SATELLITE "N AME BRANDS AT 50% DISI
™ This FREE 24 page Consumer
Guide tells all about Satellite

lists guaranteed lowest prices.
Satman, Inc
6310 N. Universily No. 3798 = Meoria, |

1-800-472-8626

BUYING
GUIDE

CALL FOR

MONEYMAKERS! Easy! One man CRT re
ing machinery. $6,900.00 rebuilt. $15,900.0C
CRT, 1909 Louise, Crystalake, IL 60014.
458-0666. Fax (815) 477-7013.

MAKE $$$! Become an American electr
dealer! ProﬁtTg‘?portun'rties since 1965.
SCOTT PRUETT, 1 (800) 872-1373.

HOME assembly work available! Guarar
easy money! Free details! HOMEWORK-R

520, Danville, NH 03819.
tors and parts for tube equipment

ig a Send $2.00 for our 32 page catal

ANTIQUE ELECTRONIC SUPP
6221 S. Maple Ave.sTempe, AZ 85283+602-820

RECEIVING TUBES
OVER 3000 TYPES IN STG

Also hard-to-find transformers, c:

MAKE $75,000.00 to $250,000.00 yearly or
fixing IBM color monitors. No investment,
doing it from your home (a telephone requ
Information, USA, Canada $2.00 cash for
chure, other countries $10.00 US funds. |
DALL DISPLAY, Box 2168-R, Van Nuys
91404 USA. Fax (818) 990-7803.

£
Management, PO Box 44001, San Francisco, CA 94144.

Allow

Weeks For Delivery.

MONEYMAKING OPPORTUNITIES

WORK AT HOME! Easy assembl
week/part-time guaranteed. 1-800-285-4500 Ext. 515

work, up to

$250 per
15.

MULTI-LEVEL MARKETING - Big Profits - Tiny investment
}Ij)\?tTaollasogu}O: P&P Services, Box 301-(RE), Staten Island,

“EASY MONEY" TAKING Sna

G

lobal, 1404-(RE) Ouachita 67, gamdan. AR 71701.

shots. Send LSASE To:

r,

BUSINESS OPPORTUNITIES

4 ELECTECH /

CABLE T.V. DESCRAMBLE
= All quality brand names -

= All fully guaranteed « All the ti
Knowledgeable Sales Service Depart
FOR FREE CATALOG 800-253-0C

YOUR own radio station! Licensed/unlicensed
AM, FM, TV, cable. Information $1.00. BROAD-

CASTING, Box 130-F5, Paradise, CA 95967.

LET the government finance
Grants/loans to $500,000.
sage: (707) 449-8600. (KS1).

ur small business.
ree recorded mes-

EASY work! Excellent pay! Assemble products at

home. Call toll free 1 (800) 467-5566 Ext. 5192.

Home study. Be-
come a personal
computer expert at
home and in busi-
ness. Learn at your
own pace. Exciting
and easy to follow.

Send or call today
for free literature.
800-223-4542

Name

Address

City. State____ Zip

ScHooL oF COMPUTER TRAINING
2245 Perimeter Park
Dept. KF342 Atlanta, Georgia 30341

EARN COMPUTERS! i

WANTED

INVENTIONS/ new productsfideas wanted:
TLCI for free information/inventors newsletl
(800) 468-7200 24 hours/day — USA/Canadi

INVENTORS: We submit ideas to industry.
out what we can do for you. 1 (800) 288-?0

PAY TV AND SATELLITE DESCRAMBLING

ALL NEW 1992 EDITION ALL NE

1992 edition update on cabie, wireless and satellite. Turn-ons, ¢
bullets, bags, B-Mac, blackciphers. includes Mew VT Plus Fixes. Ourb
Only $15,95. Other (all different) editions. Volume One (Basics), 19891
1991 Edition, $15.95 each MDS Handbook §9.95, Satellite System:
$600, $12.95. Any 3/529.95 or 5/$49.95. Scrambling News Year 0/
cages) $39.95. Video 529 95. Scrambling News Monthly $24.954yr
$3. New catalog §1 Special this month evervihing listed for $99.95

Scrambling News, 1552 Hertel Ave.,
Buffalo, NY, 14216. Voice/Fax (716) 874-2088

COD'S ARE DK. ADD $6

INVENTORS

INVENTORS! Can you patent and profit from
idea? Call AMERICAN INVENTORS CORF
free information. Serving inventors since 19
(800) 338-5656.

MASTERCARD AND VISA are now acce
for payment of your advertising. Sir
complete the form on the first page o
Market Center and we will bill.




ELECTRONICS

10010 Canoga Ave., Unit B-8

Chatsworth, CA 91311

STOCK # MFG.
LS9220 TOSHIBA
LS9200 TOSHIBA
LS9201 TOSHIBA
LS9211 TOSHIBA
LS9215 TOSHIBA
LS3200 NEC
Ls022 SHARP
SB1053 PHILLIPS

R DIODE

WAVE- OUTPUT OPER. OPER.

LENGTH POWER CURR. volT. 124 25-99 100+
660nm 3mW  85mA 25V 12999 123.49 111.14
670nm 3mW  85mA 23V  49.99 47.99 4319
670nm 5mW  80mA 24V 5999 5699 51.29
670nm 5mW  50mA 23V  69.99 6649 59.84
670nm 10mW 45mA 24V 109.99 104.49 94.04
670nm 3mW  85mA 22V 5999 5699 51.29
780nm  5mW  65mA 175V  19.99 1899 17.09
820nm 10mW 90mA 22V 10,99 1044 9.40

SINCE 1983 — YOUR I.C. SOURCE — AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.O.'s WELCOME!

WAO Il PROGRAMMABLE ROBOTIC KI

The pen mechanism in-
cluded with the robot allows it
to draw. In addition to drawing
straight lines, it can also accu-
rately draw circles, and even
draw out words and short
phrases. WAQ |l comes with
128 x 4 bits RAM and 2K ROM,
and is programmed directly via
the keypad attached to it. With
its built-in connector port, WAD

® The total design workstation -

and power supply.

Ideal for analog, digital and micro-
processor circuits

8 logic probe circuits

variable size, square, triangie wave
forms, plus TTL pulses

]

S | PROTOBOARD DESIGN STATIC

including
expanded instrumentation, breadboard

Function generator with continuously

Il is ready to communicate with
your computer. With the
optional interface kit, you can

Triple power supply offers fixed 5 VDC
supply plus 2 variable outputs - +5- 15
VDG and -5 - 15VDC

8 TTL compatible LED indicators, switches

connect WAD |l to an Apple I,
Ile, or I+ computer. Editing and
transfering of any movement
program, as well as saving and
loading a program can be
performed by the interface kit.
The kit includes software,

cable, card, and instructions.
( ) The programming language is

- BASIC.

* Power Source - 3 AA batteries (not included)

DESCRIPTION

Pulsers
Potentiometers
Audio experimentation speaker

instrument saves hundreds of dollars
needed for individual units

board sockets

@ Fixed DC output

+5VDC @ 1.0 amp, ripple- 5SmV
= Variable DC output

+5 - to +15 VDC @ 0.5 amp, ripple -

5mv

Multiple features in one complete test

Unlimited lifetime guarantee on bread-

L ]

Variable DC output

-5-to =15 VDC @ 0.5 amp, ripple -
S5mV

Frequency generalor

frequency range: 0.1 Hz to 100 KHz in 6

ranges

output voltage: 0 to = 10V (20 Vp-p)

output impedance: 600  (except TTL)

output current: 10mA max., short circuit

protected

?_nf_tful waveforms: sine, square, triange,

sine wave: distortion
KHz)

TTL pulse: rise and fall time
drive 20 TTL loads

Square wave: rise and fall time £ 15 s
Logic indicators

8 LED's, active high, 1.4 volt (nominal?
lhrfshold, inputs protected to + 20 volts

3% (10 Hz to 100
25ns

2 push-button operated, open-collector
output pulsers, each with 1 normally-
open, 1 normally-closed output. Each
output can sink up to 250 mA
Potentiometers
1-1K 110K
and uncommitted
BNC connectors
2 BNC connectors pin available and
uncemmitted shell connected to ground
Speaker

025W, 8 Q

Breadboarding area

2520 uncommitted tie points
Dimensions

11.5" long x 16" wide x 6.5" high

input

3 wire AC line input (117 V, 80 Hz
typical)

Weight

7 Ibs.

, all leads available

MV961 WAO Il Programmable Robotic Kit 79.99 7599 6839 STOCK # DESCRIPTION
WIIAP Interface Kit For Apple I, IIE, Il+ 39.88 37.99 3419 PB503 Protoboard Design Station 20099 284.99 256.49
IDC BENCH ASSEMBLY PRESS COLLIMATING PEN LASER DIODE MODULE

STOCK #
LSLENS

PV505  Panavise Bench Assembly Press

COLLIMATING LENS

DESCRIPTION
Collimating Lans Assembly

POWER SUPPLY

The Panavise PV505 1/4 ton
manual IDC bench assembly
pressis a rugged, practical instal-
lation toal designed for low
volume, mass termination of
various IDC connectors on fiat
ribbon cable.

* Assembly base & standard
platen included

Base plate & platen may be
rotated 90° for maximum
versatility

Base plates & cutting acces-
sories are quickly changed
without any tools required

* Additional accessories below
* Size-10"WxB75"Dx8"H
* Weight - 5.5 |bs.

s

STOCK #
SB1052

14999 14245 12824

This economical collimating
lens assembly consists of a
black anodized aluminum
barrel that acts as a heat sink,
and a Frass lens with a focal
point of 7.5 mm. Designed to fit
standard Smm laser diodes,
this assembly will fit all the
above laser diodes. Simply
Elace diode in the lens assem-
ly, adjust beam fo desired
focus, then set with adhesive.

LP35

1-9 10-24
2483 2374

25+
2137

* Input: 1157230V
* Qutput: +5v @ 3T5A
-12v @ 1.5A
-12v @ 4A
® Size: 7" Lx5W"
STOCK #
PS1003

Wx2W"H
PRICE
$19.99

ing a MOVPE grown gain
This collimator pen delivers a maximum
CW output power of 2.5 mW at 820 nm.

90-150mA is designed for lower power
applications such as data retrieval,
telemetry, alignment, etc.

ment in an optical read or write system,
and consists of a lens and a laser diode.
The lens system collimates the diverg-
ing laser light .18 mrad. The wavefront
quality is diffraction limited.

The housing is circular and precision manufactured measuring 11.0
mm in diameter and 27.0 mm leng. Data sheet included.
As with all special buy items, quantity is limited to stock on hand

DESCRIPTION
Infra-Red Collimator Pen

DUAL MODE LASER POINTER

DESCRIPTION
Dual Mode Laser Pointer

ROBOTIC ARM KIT

Robots were once confined to science
fiction movies. Today, whether they're
performing dangerous tasks or putting
together complex products, robotics
are finding their way inlo more and
more industries. The Robotic Arm Kit
is an educational kit that teaches
basic robotic arm fundamentals as well
as testing your own molor skills
Command it to perform simple tasks.

STOCK #
Yot

n contain-
ahlAs laser.

A low power collimator

The operating voltage of 2.2-2.5v @

The non-hermetic stainless steel case
specifically designed for easy align-

1-5
4959

10-24
4743

25+
4274

LDM135-5
LDM135-1
LDM135-2
LDM135-3

Mew slimline laser pointer is only 4"
in diameter x 6" long and weighs
under 2 oz., 870 nm (@ less than 1
mW produces a 6 mm beam. 2
switches, one for continuous mode,
and one for pulse mode (red dot
flashes rapidly). 2 AAA batteries
provide B+ hours of use. 1 year
warranty.

18
19999

1024
18998

25+
170,98

PRICE
§43.99

5 mW Laser Diode Module
1 mW Laser Diode Module
2 mW Laser Diode Module
3 mW Laser Diode Moduie

DESCRIPTION
He-He Laser Tube

The LDM 135 integrated as-
sembly consisting of a laser
diode, collimating optics and
drive electronics within a single
compact housing. Produces a
bright red dot at 660-685 nm, It is
supplied complete with leads for
connection to.a DC power supply
from 310 525 V.

Though pre-set to produce a
parallel beam, the. focal length
can readily be adjusted o focus
the beam fo a spot

Sturdy, small and sell-con-
tained, the LDM135 is a precision
device designed for a wide range
of applications. 0.84" diam. x
leng.

DESCRIPTION

189.99
199,89

180.49
189.69

162.44
170.59

He-Ne TUBES

New, tested 632nm He-Ne |aser
tubes ranging from SmW to 3mW
(our choice). Perfect for hobbyists
for home projects. Because of the
variety we purchase, we cannot
guarantee specific outputs will be
available at time of order. All units
are new, tested, and guaranteed
to function al manufacturars
specifications,

1-9 10-24
69.99 6649

25+
59,84

AVOIDER ROBOT KIT

An intelligent robot that knows how
1o avoid hitting walls. This robot
emits an infra-red beam which
detects an obstacle in frontand then
automatically turns left and con-

tinues on,
STOCK # PRICE
Mvei2 $43.99

' ORDER LINE — (800) 824-3432  INTERNATIONAL ORDERS — (818) 341-8833 s
) FAX ORDERS — (818) 998-7975 © TECHNICAL SUPPORT — (818) 341-8833

IEI

& 15.00 MINIMUM ORDER ® UPS BLUE, RED & FEDERAL EXPRESS SHIPPING AVAILABLE ® OPEN MON-FRI 9:00 AM - 6:00 PM, SAT 10:00 AM - 3:00 PM PDT
o CA RESIDENTS ADD 8Y%% SALES TAX ® CALL FOR QUANTITY DISCOUNTS ® CALL FOR FREE CATALOG (FOR 1ST CLASS DELIVERY OR
CATALOGS DELIVERED OUTSIDE THE U.S. — SEND $2.00) » WE CARRY A COMPLETE LINE OF ELECTRONIC COMPONENTS

*NO SHIPPING CHARGES ON PRE-PAID ORDERS DELIVERED IN THE CONTINENTAL U.S.
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Courieous Service - Discount Prices « Fast Shipping

ALL ELECTRONICS CORP.

Mail Order Electronic Parts And Supplies

P.O. Box 567 « Van Nuys, CA 91408

INFRARED Remote
A.C. SWITCH

This infrared remote control
device lets you turn on/off
lamps, appllances or other
120 Vac devices using an
IR transmitter similar to the
one on your TV or VCR.
Originally designed for use
with a hydromassage unit,
these transmitters and
recaivers will apparently
operate most A.C.

devices with 2 prong CAT# RC-1
non-polarized plugs.

Not recommended for 9

use with heaters. each
Requires a 9 volt battery 2 for $17.00

(not included).

Electroluminescent
BACKLIGHTS
b+
:EG @,@

At last] A low cost electroluminescent glow strip and
inverter. These brand-new units were designed to back-
light small LCD TVs made by the Citizen Watch
company. The inverter circult changes 3 or 6 Vdc to
approximately 100 Vac, the voltage required to light the
glowstrip. Luminescent surface area Is 1.7" X 2.25". The
strip is a salmon color in its off state, and glows white
when energized. The circuit board is 2.2° X 1*, Glow
strip and circuitry can be removed easily from plastic
housing. Ideal for special lighting effects and
backlighting. Two models available:

Chizen# 91TA operates on 3 Vdc CAT# BLU-91
Citizen# 92TA operates on 3-6 Vdc CﬁT# BLU-92

LARGE $ 3 20

QUANTITY
AVAILABLE

10 for $32.00 - 100 for $275.00
SUPER SMALL

Surface Mount Green LED

Surface mount LED chip. N

Clear when off, green when Iit. N=_

Very tiny - whole unit is 0.115" b

X 0.055" X 0.05" thick. 1mm (0.04") lens diameter.
Gold-plated mounting surfaces for superior conductivity.

CAT# SMLED-2
10 fnrsz

100 for $18.00
1000 for $140.00
S.P.S.T. Pushbutton
SMK Manufacturing
0.47" square black pushbutton. %
CAT# PB-29

SPST normally open. 4 p.c. pins
for mounting. Ideal for low
current switching applications.
100 for $15.00

s l’or*'

DESCRAMBLERS
MAKE THE CONMNECTION . :
NU-TEK ELECTRONICSIE=
CABLE TV EQUIPMENT ‘,b

ORDER TOLL FREE

1-800-228-7404

DON'T FORGET 1o ask asout our
FREE camiioc witi BuvinGg GuiDe

FRIENDLY, PROFESSIONAL SERVICE

30 DAY MONEY BACK GUARANTY
BEST PRICE - BEST SERVICE

o (@] | oA [COD
FOR MORE INFORMATON NU-TEK ELECTRONICS

]_5] 2_2&_&3 5114 BALCONES WOOD DR

#307 DEP. 298 AUSTIN TEXAS 78759

FREE CATALOG!
1-800-648-7938

JERROLD HAMLIN OAK

CABLE TV
DESCRAMBLE

* Special Dealer Prices!

e Compare our Low Retail Prices!
* Guaranteed Prices & Warranties!
® Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS, INC
=] 4080 Paradise Rd. #15, DeptRE593
o Las Vegas, NV 89109

For all other information (702) 362-902

EDUCATION & INSTRUCTIO

F.C.C. Commercial General Radiotelephon
cense. Electronics home study. Fast, inex|
sive! “Free" details. COMMAND, D-176,
2824, San Francisco, CA 94126.

EE CATALOG

+ CABLET.V. BOXES - ALL TYPES -
+ LOW PRICES - DEALER PRICES -

AcE PRODUCTS

Q 1-800-234-0726

CABLE TV DESCRAMBLERS

* CONVERTERS *
and ACCESSORIES.

A ]
Al
| ]
(DL

PANASONIC, JERROLD, OAK,

PIONEER, SCIENTIFIC ATLANTA
AND MORE. LOWEST PRICES. FREE CATALOG.

CABLEREADY (800) 234-1006

TERMS Minimum order S? 0.00. Shppmg and handling
for the 48 continental U.S.A. $3.50 par order. All others
including AK, HI, PR or Canada must pay full shipping.
All orders delivered in CALIFORNIA must include state
sales tax (7 1/4%, 7 1/2%, 7 3/4%, 8 1/4 %) .Quantities
Limited. NO C.0.D. Prices subjact to change w/out notice.

Call or Write For Our
FREE 64 Page Catalog
(Outside The U.S.A. Send $2.00 Postage)
ALL ELECTRONICS CORP.
P.O. Box 567 = Van Nuys, CA + 91408
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CABLE TV DESCRAMBLERS!
CABLE KINGDOM!

*JEROLD* *0AK* *HAMLIN*
*ZENITH* *PIONEER*
*SCIENTIFIC ATLANTAx

IN STOCK

& MONTH WARRANTY! WE SHIP COD!
ABSOLTLEY LOWEST
WHOLESALE/RETAIL PRICES!
*kkkkkxFREE CATALOGkdkkikk
J.P. VIDEO
1470 OLD COUNTRY RD
SUITE 315
PLAINVIEW, NY 11803
NO N.Y. SALES
CALL NOW! 1 (800) 950-9145

ELECTRONIC engineering. 8 volumes ¢
lete. $109.95. No prior knowledge required. |
rochure. BANNER TECHNICAL BOOKS, 1

Grant Avenue, Rockford, IL 61103.

MAKE a thing... make a living... Study Indus
Design Technology and bring your ideas to
Learn to problem-solve, sketch, render and
sign. Develop models, create prosthetic a|
ances. Build your future in movie and the
special effects, toy and product, exhibit, trans
tation, furniture/fixture, architectural and ami
ment environmental 693|gn at The Art Instit
of Pittsburgh, Philadelphia, Fort Lauderd
Seattle or The Colorado Institute of Art.
information write 526 Penn Avenue, Dept.
Pittsburgh, PA 15222. Or call 1 (B00) 525—10

CATCH the hottest wave in telecommunicati
and prepare for the future now. Laser/fiber op
photonics and electronics. It's all part of the e:
ing Media/Telecommunications Technol:
program at THE ART INSTITUTE OF DALL
For further information write 8080 Park L
Dept. 61, Dallas, TX 75231 or call 1 (€
275-4243.

FREE information available for annual cross re
ence index to electronics articles printed in :
eral magazines. Send sase to LOCK-TRON
PRINT, 5207 Sherwood, Lawton, OK 73505.

CGABLETV
"BOXES"”

Converters-Descramblers

Remote Controls-Accessorie
* Guaranteed Best Prices
* 1 Year Warranty - CO.D.'s
* |Immediate Shipping *

* FREE CATALOG *
Call or Write

NAS/TRANS-WORLD CABLE C(
3958 North Lake Blvd. ® Suite 255
Lake Park, Florida 33403
1-800-442-9333
1-800-848-3997




DISPLAY DRIVERS

continued from page 72

ils do not have to be pre-
laped. The counter is reset by
iving the RESET pin high.
The cLOCK INHIBIT pin must be
'ounded to allow normal
unting. When CLOCK INHIBIT is
gh, the counters are inhib-
zad. The display is blanked
hen the display ENABLE pin is
ounded.

The three auxiliary output
ns of the 4026B are desig-
ated DISPLAY/ENABLE OUT (D/E
JT), CARRY OUT (CARRY OUT),
1d 2 out (2 out). The DISPLAY/
{ABLE OUT signal is a slightly
:layed copy of the DISPLAY/EN-
ILE input signal. The CARRY
JT signal is a symmetrical
juare wave whose frequency is
1e-tenth of the clock input fre-
aency, and is used when cas-
uding 4026B counters. The 2
JT pin goes low only on a count
“two. Fig. 22 shows the circuit
ynnections for cascading
ages.

TO 7-SEGMENT COMMON-CATHODE LED'S
A

4 @

“THOUSANDS" “HUNDREDS"
40338 40338
RBI  RBO RBI  RBO
LT ] I

e

“TENS" "UNITS"
40338 40338
RBI RBO RBI RBO

]

FIG. 25—MODIFICATION of Fig. 24 circuit to obtain automatic leading-zero suppres-

sion.

Figure 23 shows the pinout
pattern of the 4033B, a modi-
fied version of the 4026B. The
DISPLAY ENABLE and DISPLAY EN-
ABLE ouT pins of the 4026B have
been eliminated and replaced by
RIPPLE-BLANKING INPUT (RBI1) and

RIPPLE-BLANKING OUTPUT (RBO).

Figure 24 shows the wiring
scheme for two 4033B’s in nor-
mal use. The RESET. CLOCK INHIB-
1T, and LaMP TEST pins are all
grounded, and the RIPPLE-BLANK-
ING INPUT pin is positive. That
configuration does not blank
leading or trailing zeros.

If cascaded 4033B's are to give
automatic leading-zero sup-

pression, the circuit in Fig. 24
must be modified as shown in
Fig. 25 to provide ripple-blank-
ing. In Fig. 25, the re1 pin of the
most significant digit (MSD) is
grounded, and its rBoO pin is
connected to the rei1 pin of the
next least-significant stage.
That pattern is repeated on all
except the LSD, which does not
require zero suppression. If
trailing-zero suppression is re-
quired, the direction of ripple-
blanking feedback must be re-
versed. The re1 pin of the LSD is
grounded and its rRBO pin is
wired to the rei pin of the next
least-significant stage. R-E

MCM ELECTRONICS

Opens the door to over
17,000 products!

Come on in and see for yourself! MCM is a broadline distributor of
electronic replacement parts such as: semiconductors, connectors,
audio/video accessories, test equipment, hardware, chemicals,
tools and lots more. With 17,000 items stocked and ready for
delivery, MCM also opens the door to great service.

Our latest catalog features an expanded line
of diodes and rectifiers; as well as reduced

prices on select video heads.

Call today for your free MCM
Electronics Catalog.

TOLL-FREE

1-800-543-4330

or Fax 1-513-434-6959

<

MCM ELECTRONICS

650 CONGRESS PARK DR.
CENTERVILLE, OH 45459-4072

A PREMIER Company

e......;_-:\n

1-800-543-4330

TOORDN B FAN DEAL § 5134348000
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icience PROBE! — the only
nagazine devoted entirely to Amateur
scientists! If you are fascinated by sci-
ncein allits many forms ... . if you can't
tay away from a microscope, tele-
icope, calipers, or test tube — we in-
ite you to share the wonders in every
ssue of Science PROBE! You will join
L community of Amateur and Student
scientists who enthusiastically seek
scientific knowledge or follow scientific
wursuits for their own sakes and not
nerely as a profession.

Dbtain your next issue of Science
PROBE! by visiting a quality News-
stand, Convenience Store, or Super-
narket or by reserving your personal
sopy through the mail by completing
he coupon below.

=rom your very first issue of Science
PROBE! you will be involved in a world
of scientific facts, experiments, and
studies pursued by amateur scientists
who are university students, investors,
academicians, engineers, or office
workers, salesmen, farmers—whose
guest is to probe into the mysteries of
science and reveal them to all.

Plan to become a Science PROBE!
reader!

Welcome to. . .

PROBE!

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

Articles to appear in upcoming issues of Science PROBE!
are:
How an Amateur Mapped the Milky Way
Make your own Seismometer
Operate a Solar-powered Weather Station
Grow Crystals Automatically
Experiment with a Saltwater Aquarium
How to Keep a Science Notebook

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!

Science PROBE!
] 500-B Bi-County Boulevard
Farmingdale, NY 11735

7RE25

Please forward my copy of Science PROBE! as soon as it comes off the press.
I am enclosing $3.50-U.S.A. ($4.23-Canada-includes G.S.T.) plus $1.00 for
shipping and handling. Better still, please enroll me as a subscriber and send
the next four (4) quarterly issues of Science Probe. I am enclosing $9.95-
U.S.A. (Canada: $16.00—includes G.S.T\)

[] Next Issue Only [J Next Four Issues (1 Year)
Offers valid in the U.S.A. and Canada only. No foreign orders.
Name

Address

City State ZIP
All Orders payable in U.S.A. Funds only.

ON SALE AT QUALITY NEWSSTANDS, CONVENIENCE STORES AND SUPERMARKETS
GET YOUR COPY TODAY—$3.50-U.S.A.—$3.95-Canada




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

With this new 60 MHz digital oscilloscope, Tektronix takes
handheld performance to an even higher plane! The 224 pac
more power per pound than any other product and — with its on-boé
rechargeable batteries — goes wherever duty calls.

With its exclusive IsolatedChannel™ architecture, you can make tw
channel floating measurements without the risk of shock or damage t
delicate electronics. Such standards as Tek's sharp, bright CRT, rapic
rate and wide viewing angle make measuring fast and efficient. And tt
familiar front panel and fully automated features keep it simple.

You get advanced capabilities like video line triggering and 10 MS/
digitizing per channel for excellent single-shot performance, plus time-
correlated single-shot waveforms for easy comparison. With CAT200 s
you can even control the 224 over phone lines from halfway round the

Call 1-800-426-2200 Ext. 83 to get the full story. We'll st
more of the 224 — and ways it's giving bench performance wings!

e Tektronix

Test and Measurement
Copyright © 1992, Tektronix, Inc. All rights reserved.
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