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The Professionals' Choice

PRO 400

with 20MHz FREQUENCY COUNTER excidient for
COMPUTER, TV, VCR REPAIR and ENGINEERING.

YOU CAN'T
GO WRONG!
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• DIODE CHECK
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Bayonet type, 2N16"L for lie x11/4"
fuses. 15 Ampere 250V. Panel hole
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SPECIAL BUY
$ 6.25 per gabon

Clean. safe, economical, indefinee shed lite
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20% wetting solution
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$7.00/ 4Ib bag
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Silent action red push honor, molded housing
RequIres le panel hole Overall length including solder lugs is 1.
Rated 115 VAC, 1AMP
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9V Battery Snap & Holder
Snap
.15 ea. :1Cleai100+
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3AG FUSE BLOCK

6-9V DC, 80 dB
Stock No. 680089

$1.39/1o. ea.

Non-Corrosive Flux Resin Core

Black lamInated phenolic
1Z wide
17/9 long For t/4 o1 1/4 long fuses Solder lug connections
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LOW BATTERY Warning
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TIMER -LM555

20 e ea.

23

AC/DC VOLTAGE
DC CURRENT
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DIODE 8. BATTERY TEST
LOW BATTERY Warning
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CONTINUITY TEST
TRANSISTOR CHECK

• 5 Digit Multifunction Dual Display
• Selectable Reading Rates & Resolutions
• True RMS AC Voltage, AC Current
• .02% Basic DC Voltage Accuracy
• DC Current to 10A
• RS-232 Interlace
RI Touch Hold, Relative & Mln/Max
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PROTECTIVE CARRY CASE
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Soldering stand with base. sponge
For W6OP. WP25P. WP4OP. and irons with barrel diameters
up to 15'32'

LEO TEST VERIFY
•20MHz FREO contrite
13 AC/DC VOLTAGE RANGES
IBAC/DC CURRENT RANGES

$69

Model SP23
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IRON HOLDER
Model PH60

13 LOGIC TEST

verity«.
OnrabW,
Back Stand

EQUIPMENT

Featherweight 1-3/4 oz., 25 watts for PC work. Ideal for
reaching into those hard to get spots. Replaceable tip.
Stock No. YOUR COST 6+
810002 $8.55 ea
$7.95 ea

MONEY BACK
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WELL ER
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SOLDERING GUN

$ 28 ea
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NEMA grade FR-2 1/16" thick, unpunched clad on one side
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Size
YOUR COST
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4 1/2" x 6
$1.55 ea
440003
5" x
$2.40 ea
440015
8 1/2 x 12 1/2"
$4.90 ea

ETCH RESIST INK PENS
er===eP

Black felt bp pen for melting rests? circurte erectly on PC boards
Dries Instantly for neat, easy appecaton
Can be removed roe PC Board Stromlo Solution
Stock No. Model
Deecre
YOUR COST
440115 22-220 Draws 1/32' wide $1.48 ea
440116
22-222
Draws 1/64" wide $1.85 ea
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NEW HAND-HELD TEST EQUIPMENT
OSC-1 FLAT OSCILLOSCOPE 699.00

SEE
C111111

The OSC-1

is a hand-held battery-operated oscilloscope.

designed for field use.

housing for easy field replacement.

"the audio source

PP

It is

The batteries are housed in a trap-door
The heart of the portable

oscilloscope is aSony flat screen 2 black and white screer.. There is
added circuity to take the analog signal and display it on the video
screen. The unit works as asampling oscilloscope by comparing the
input wave-form with the horizonal timebase. The unit has an input

2100 WARD DRIVE

gain control and sweep control. The unit is perfect for field use and

HENDERSON, NV 89015

small labs where space is at a premium.

ASG-2 LOW DISTORTION AUDIO GENERATOR 255.00
ASG-2
s."‘•

The ASG-2 is ahand-held battery-operated sine-wave audio generator.
It is designed for field use and is housed in arugged aluminum case.
The battery is in a slide-lock compartment that requires no tools for
change. The sine-wave generator is atypical wien-bridge with a FET
for thermal stabilization. The unit has low distortion, typically under
0.05% across the band. The unit will generate frequencies from 2020kHz. The ASG-2 has three-decade switching plus eight switches to
determine the exact operating frequency. There is apush-button onoff switch.
The output level has a range of +10dBm to -60dBm and has both
balanced

and

unbalanced

outputs.

The

balanced

output

is

electronically done. The output levels are determined by two rotary
switches. One switch is for the decades in 10dB increments and the
other rotary switch is in 1dB increments. The unit will drive 600 ohm
loads.

AVM-2 PORTABLE AUDIO VOLTMETER 259.00

AV M-2

The AVM-2 Audio Volt Meter is designed to read audio type signals

„„..„.

from a low of 1my (-60 dB) full scale to a high of 100 volts (+40 dB)
from a low frequency of 10 Hz to 100 KHz. The scale of the analog
meter is calibrated in both scales of volts/millivolts and dB's.

The

accuracy of this instrument is about 2-3%. The input impedance is
1M ohms/ 10pf which means it will not load the typical circuit it is
measuring. The unit operates with a single nine-volt battery with a
current drain of 7.5 ma.
voltage of 7.5 volts.

The unit will operate with a low battery

The unit is factory calibrated so that is very

accurate in the field.

THD-2 DISTORTION ANALYZER 495.00
TU D-2

The THD-2 is a hand-held battery-operated distortion analyzer.

It is

designed for field use and is housed in arugged aluminum case. The
battery is in a slide-lock compartment that requires no tools for
change. The distortion analyzer is atypical state-variable filter type.
The unit is easy to use. Place the input signal into banana jacks, and
set the input level control and range switch to obtain a100% reading.
Then set the frequency multiplier switch to the proper range.

The

frequency can be set by the decades and units frequencies. The fine
adjust pot can make up for small differences in the correct frequency.
The final step is to depress the proper range switch to read the
distortion in %. This number is read on the analog meter in °A
THD+N.

There is a low frequency filter switch to eliminate any

hum components.

THERE ARE FOUR MORE INSTURMENTS: LOUDSPEAKER IMPEADANCE METER,
FREQUENCY METER, AUDIO TESTER, SWEEP FUNCTION GENERATOR
CONTACT FACTORY FOR MORE DETAILS
800-634-345 -702-565-3400 -FAX 702-565-4828
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OLD COLONY'S NEW REFERENCE TOOLS!

COMPACT DISC PLAYER
BKT16
MAINTENANCE AND REPAIR
$14.95
Gordon McComb, John Cook
Complete with apreventive maintenance schedule you can follow, this
well-illustrated guide walks the reader through the steps involved In taking
apart, cleaning, and lubricating aCD player. And if problems do occur, the
troubleshooting techniques in this book provide easy relief. The book also
includes background information on the theory and operation of CD players,
what criteria you should use when shopping for one, alist of major manufacturers, a"similar model" cross reference table for troubleshooting, and a
handy glossary. 1987, 245pp., 7 1
/ x91
2
/ ,softbound.
2
DESIGN AND BUILD AUDIO AMPLIFIERS
BK717
—INCLUDING DIGITAL CIRCUITS
$19.95
Mannie Horowitz
This second edition is acomplete course in designing and building audio
circuits for all electronics applications, covering JFETs, equivalent noise
generators, and much more. Whether you need apreamp, amp, power amp,
mixer, tone modification circuit, power supply, or special accessory, here
is all the data you need to create completely up-to-date circuits. 1980,
350pp., 5 x 8, softbound.
HOW TO MAKE PRINTED CIRCUIT BOARDS
BK718
—WITH 17 PROJECTS
$15.95
Calvin R. Graf
In addition to general workshop principles, in this book Graf discusses
tools and safety habits and offers acomplete refresher course on electronics
theory, schematic diagrams, and soldering. He also explains design and layout
as well as numerous types of boards and wiring. Key subjects covered include: how to get from an electronic schematic to aprinted circuit board;
etching aprinted circuit board; cleaning, drilling, and mounting electronic
parts onto the board; soldering and desoldering components; alisting of
commercially available electronic project kits; and the various types of
diagrams used in electronics, including block, pictorial, layout, and wiring.
1988, 207pp., 7 x 9, softbound.
TROUBLESHOOTING AND REPAIRING
BK719
AUDIO EQUIPMENT
$18.95
Homer L. Davidson
This volume supplies all the basic information you need, along with specific
examples, to fix stereo components, compact disc players, telephone answering machines, and much more. The detailed discussion of servicing and repair
procedures for individual items includes probable causes of malfunctions
and tips on difficult-to-diagnose problems. Scores of photos, diagrams, and
drawings are used, as well as actual manufacturers' schematics and service
literature. In addition to the equipment above, the book also covers auto
CD players, compact cassette tape decks and portable stereo players, boombox cassette players, deluxe amplifiers, auto stereo cassettes, and stereo
turntables and speakers 1987, 325pp., 7 V2 x 9 1
/ ,softbound.
2
ACOUSTICS: WAVES AND OSCILLATIONS
8012
S. N. Sen
$34.85
The result of the need in an honors course at Jadavpur University for a
better text, this rare yet refreshing book supplements the physical bases
of acoustics with mathematical and experimental details wherever possible. Topics include simple harmonic motion; theory of forced vibration and
resonance; theory of coupled oscillations; vibration in an extended medium;
vibration of strings, bars, tuning forks, membranes, rings, and air columns;
reflection, refraction, diffraction, reception, and transformation of sound;
sound measurement and analysis; acoustics of building; recording and
reproduction of sound; and ultrasonics. India, 1990, 234pp., 6 Y2 X 10,
hardbound.

THE MUSICIAN'S GUIDE TO ACOUSTICS
BAS35
Murray Campbell, Clive Greeted
$27.95
The result of the authors' fifteen-plus years of lecturing on musical acoustics
to students at Edinburgh (U.K.) University, this book is amust for everyone
with some musical background who feels the need for aclearer understanding of the practical basis of their art. While reasonable familiarity with musical
notation and terminology is required to make best use of the book, only
elementary mathematics is needed. Chapters include The Creation and
Transmission of Musical Sounds; Hearing Musical Sounds; Anatomy of a
Musical Note; Playing in Tune; Sound Production in Musical Instruments;
Bowed and Plucked Stringed Instruments; Stringed Keyboard, Woodwind,
Brass, and Percussion Instruments (one chapter each); Organs; The Human
Voice; Electronic Instruments; and The Musical Environment. 1987, 612pp.,
61
/ x91
2
/ ,hardbound.
2
SEMICONDUCTOR CROSS REFERENCE DATA BOOK
Engineers of Howard W. Sams 8, Company

OKS37
$19.95

Old Colony Sound Lab uses cross references all the time, every day. Of
all the versions available for semiconductors, this is easily one of the very
best. Sams' engineers have assembled replacement data for over 319,000
registered type and part numbers, including those for the United States,
Europe, and the Far East, and present it here in avery easy-to-read and use
format. Four suppliers are featured: NTE Electronics, Radio Shack, Philips
ECG, and RCA. Semiconductors covered include bipolar transistors, FETs,
diodes, rectifiers, ICs, SCRs, LEDs, modules, and thermal devices. 1991,
520pp., 8 1
/ x II, softbound.
2
THE RECORD SHELF
INUNA1
GUIDE TO THE CLASSICAL REPERTOIRE
$18.95
Jim Sveida
From the host of American Public Radio's "The Record Shelf," this classy
book is an irreverent, selective, and highly opinionated recordings guide
to the best in CDs, LPs, and cassettes. Just as on his radio show, the author
tries to include something pointed, interesting, amusing, or enlightening
about each work, and then suggests which of the available recordings should
be bought. 1988, 462pp., 6 x 9, softbound.
THE FOUNDATIONS OF ACOUSTICS:
BASIC MATHEMATICS AND BASIC ACOUSTICS
Eugen Skudrzyk

IIKSV2
$189.95

The goal of this book is to provide the acoustician with amathematicallybased insight into the physical phenomena of acoustics. Combining into
one volume such subjects as mathematics, dynamics, hydrodynamics, physics, statistics, signal processing, and electrical theory, the author comes up
with apowerful reference for the academic or professional acoustician. Well
illustrated. Austria, 1971, 790pp., 7 1
/ x 10, hardbound.
2
AUDIO AMPLIFIER CONSTRUCTION
IIKEV10
R. A. Pen fold
$7.95
The purpose of this book is to provide the reader with awide range of
preamplifier and power amplifier designs that will hopefully fill almost
anyone's needs. The preamp circuits include low noise microphone and
RIAA types, atape head preamp, aguitar preamp, and various tone controls. The power amplifier designs range from low-power, battery-operated
to 100W MOSFET types. Also included is a 12V bridge amp capable of giving up to 18W output. All of the circuits are relatively easy to construct
using the PCB or stripboard designs given. Where necessary any setting-up
procedures are described, but in most cases no setting-up or test gear is required in order to successfully complete the project. Most of the designs
should be within the capabilities of constructors with limited experience
as well as more advanced hobbyists. United Kingdom, 1983, 128pp., 4 %
X 7, softbound.
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SALE ENDS JULY 1!

AUDIO ENTHUSIAST'S HANDBOOK
BKEV12
B. B. Babani
$4.95
This book discusses a number of audio and hi-fi topics, including
record/playback curves, stylus compliance, vinyl recordings then and now,
evaluating loudness, acoustic feedback, hi-fi vs. stereo, stereo tape track
standards, equipment performance figures, and tracking error's cause,
effect, and cure. United Kingdom, 1975, 96pp., 4 % x 7, softbound.
BUILD YOUR OWN SOUD STATE
REIMS
HI-F1 AND AUDIO ACCESSORIES
$4.95
M. H. Babani, editor
This volume presents the reader with the design and construction plans
for avariety of useful projects, including astereo decoder, three-channel
stereo mixer, FET preamp for ceramic PUs, microphone preamp with adjustable bass response, stereo dynamic noise filter, speaker protector, and
voice-operated relay. United Kingdom, 1976, 96pp., 4 % x 7, softbound.
DIGITAL AUDIO PROJECTS
BKEV14
R. A. Penfold
S9.95
The first section of this book takes alook at the basic principles involved
in converting an audio signal into digital form and then converting it back
again to an analog signal. It also deals with some practical aspects that have
to be borne in mind when considering digital audio projects. The second
section contains some useful and extremely interesting practical circuits
for constructors to build and experiment with. The projects are not highly
complex, but nonetheless they are probably beyond the range of complete
beginners. United Kingdom, 1988, 96pp., 4 % x 7, softbound.
ELECTRONIC CIRCUITS FOR THE
BKEV15
COMPUTER CONTROL OF MODEL RAILWAYS
$9.95
R. A. Pent old
This innovative book is an examination of the problem of interfacing the
computer to the layout. It includes projects consisting of various types of
controllers, including ahigh-quality pulse type, as well as circuits for train
position sensing, signal and electric points control, sound effects, and more.
Projects are equally adaptable to large or small layouts. United Kingdom,
1986, 96pp., 4 % x 7, softbound.

BUY THREE, TAKE 10% OFF!

THE WOOD EFFECT
BKMA1
R. C. Johnsen
$12.95
According to the author, masked by random combination with other distortions in the music reproduction chain an unsuspected major contributor
has lain hidden: aural sensitivity to "phase inversion," the Wood Effect.
In this book the results of an extensive study of the Wood Effect are reported
and discussed, including an exhaustive survey of the relevant literature.
Although no means are proposed to correct countless errors, customary
practice in acoustics and audio is severely scrutinized. BKMA 1's subtitle
is "Unaccounted Contributor to Error and Confusion in Acoustics and
Audio." 1988, 99pp., 6 x 9, softbound.
THE HOMEBUILT DYNAMO: DYNAMO DESIGN
ORTF1
AND CONSTRUCTION WITH CERAMIC MAGNETS
$84.95
Alfred T. Forbes
We added this book to our offerings not just because it is aphysically
handsome volume, but also because it is unique and, as many reviewers
have pointed out, an experimenter's "delight." In 1969, Al Forbes and his
wife decided to live the simple life and retreated to aparcel of undeveloped
land. Soon enough, they needed agenerator. This book is the extremely
detailed account of how Al built one from scratch. But it is more than that:
it's ahead-on encounter with just about every principle of electricity, magnetism, and hands-on construction known to man. Along the way, incidentally, the reader runs into how to build precision wire-winding jigs, asmall
lifting magnet, afoot-powered version of the dynamo, adiamond saw, a
sheet metal cutter, and a139-pound flywheel. With more than 300 illustrations, this volume is slowly becoming aworldwide cult favorite among doit-yourselfers everywhere. New Zealand, 182pp., 8 1
/ x 12, hardbound.
2
THE VTL VACUUM TUBE LOGIC BOOK
BKVTI
David Manley
$12.95
This third edition of every tube freak's must-have book is replete with
tube matter of every description, including circuits, specifications, reviews,
and history, presented with more than a liberal dash of humor and
puckishness. 1991, 120pp., 5 1
/ x81
2
/ ,softbound.
2

MODEL RAILROAD SPECIAL!

AUDIO AND HI-F1
BKHN1
ENGINEER'S POCKET BOOK
$27.95
Vivian Capel
This book is aconcise collection of practical and relevant data for anyone
working on sound systems. The topics covered include microphones, record
players, compact discs, tape recording, high-quality radio, amplifiers, loudspeakers, and public address systems. A lengthy section on acoustics is included for dealing with most aspects atechnician is likely to encounter,
from human hearing to sound insulation, and qualities such as heat and
magnetism are covered as well. This is apocket book, in avery handy size.
United Kingdom, 1988, 190pp., 3 3
/ x73
4
/ ,hardbound.
4

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE
OREV17
Adrian Michaels
$11.85
This book, one of two transistor guides recommended by Old Colony,
is designed to help the user find possible substitutes for apopular, useroriented selection of modern transistors. It includes devices produced by
over 100 manufacturers, and wherever possible the equivalents are subdivided into European, American, and Japanese types. Also shown are the
material type, polarity, and manufacturer, as well as an indication of device
use or application. United Kingdom, 1981, 1990, 320pp., 4% x 7, softbound.

STRUCTURE-BORNE SOUND
8094
L. Cromer, M. Heck!
$84.95
Translated from the German and revised by E. E. Ungar, this second edition is athorough introduction to structural vibrations, with emphasis on
those at audio frequencies, and the attendant radiation of sound. The book
presents in-depth discussions of fundamental principles and basic problems,
in order to enable the reader to understand and solve his own. Included
are chapters on the measurement and generation of vibrations and sound;
the various types of structural wave motions; structural damping and its
effects; impedances and vibration responses of the important types of structures; the attenuation of vibrations, and sound radiation from structures.
Germany, 1973, 1988, 573pp., 6 1
/ x91
2
/ ,hardbound.
2

MODEL RAILWAY PROJECTS
BKEV16
R. A. Penfoid
$6.95
This handbook provides anumber of useful but reasonably simple projects for the model railway enthusiast to build, including such things as controllers and signals and sound effects units. Stripboard layouts are provided
for each project United Kingdom, 1981, 112pp., 4 % x 7, softbound.
IIREVIRII
$14.95
Both Electronic Circuits for the Computer Control of Model Railways
(BKEV15) and Model Railway Projects (BKEV16), at asavings of $1.95!

ifortiliusu
Drama.
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MORE

BUY FOUR, TAKE 15% OFF!

HOW TO USE OP AMPS

SALE ENDS JULY 1!

BKEV3

E. A. Parr
S9.95
Parr's book is adesigner's guide covering many operational amplifiers
which serves both as asource book for circuits and as areference book for
design calculations. The approach is as nonmathematical as possible and
is thus equally understandable by the hobbyist or the engineer. United
Kingdom, 1982, 160pp., 4 % x 7, softbound.
AUDIO PROJECTS
BKEV4
F. G. Rayer
$6.95
This book covers in detail the construction of awide range of audio projects, including preamps, power amps, mixers, tone controls, and many
others. All are fairly easy to build, and to that end the author has included
anumber of board layouts and wiring diagrams. United Kingdom, 1981,
96pp., 4 % x 7, softbound.
AN I
NTRODUCTI
ON TO
BKEV5
LOUDSPEAKERS AND ENCLOSURE DESI
GN
S9.95
V.Cape!
In this volume may be all you need to know about the theory and operation of speakers and the various boxes into which they may be fitted. The
book also includes the complete design and construction details for the inexpensive but high quality enclosure called the "Kapellmeister." United
Kingdom, 1988, 160pp., 4 % x 7, softbound.
MODERN OP AMP PROJECTS
BKEV 6
R. A. Penfold
S6.95
BKEV6 includes awide range of construction projects which make use
of the specialized operational amplifiers available today, including low noise,
low distortion, ultra-high input impedance, low slew rate, and high output
current types. Circuits using transconductance types are also included. United
Kingdom, 1982, 112pp., 4 % x 7, softbound.
HOW TO GET YOUR ELECTRONICS PROJECTS WORKING
BKEV7
R. A. Pen fold
$5.95
We have all built circuits from magazines and books only to find that they
did not work correctly, or at all, when first switched on. The aim of this
book is to help the reader overcome just these problems by indicating how
and where to start looking for many of the common faults that can occur
when building projects.
Chapter 1deals with mechanical faults such as tracing dry joints, short
circuits, broken PCB tracks, and so forth. The construction and use of a
tristate continuity tester to help in the above is also covered. Chapter 2deals
with linear analog circuits and also covers the use and construction of a
signal injector/tracer which can be used to locate and isolate faulty areas.
Chapter 3considers ways of testing the more common components such
as resistors, capacitors, op amps, diodes, transistors, SCRs, unijunctions,
and so forth, with the aid of only alimited amount of test equipment. Chapter
4 deals with both TTL and CMOS logic circuits and includes the use and
construction of apulse generator to help in fault-finding. United Kingdom,
1982, 96pp., 4 % x 7, softbound.
CONCERT HALL ACOUSTICS
BKSV 3
Yoichi Ando
$69.95
Number 17 in the Springer Series in Electrophysics, this book provides
an interdisciplinary approach to solving acoustic design problems in concert halls. Considered one of the original sources in this field, the volume
explains in detail the importance and interrelationship of total sound energy,
delay of early reflections, reverberation, and the "spatial-binaural criterion,"
a measure of the spatial impression of the sound field. Germany, 1985,
151pp., 6 VIx 9 %, hardbound.

ACOUSTICS SOURCE BOOK
BKM115
Sybil P. Parker, editor-in-chief
$39.95
This widely-sought member of the McGraw-Hill Science Reference Series
is an accumulation and explanation of all that has to do with acoustics, focusing on basic concepts, sound production, sound transmission, sound detection, and practical applications. One of the clearest and most basic references
on acoustics available today. 1988, 333pp., 7 x 9 V2, hardbound.
LISTENING :AN INTRODUCTION TO
BKMT 1
THE PERCEPTION OF AUDITORY EVENTS
$39.95
Stephen Handel
This book combines broad coverage of acoustics, speech and music perception, psychophysics, and auditory physiology in alively introduction to
the perception of music and speech events. Coherence and clarity are the
hallmarks of this book, and the author's strategy is to discuss specific points
in detail rather than every possible thing superficially. All in all very fascinating, especially the treatment of the physiology and neurophysiology of
the auditory system. 1989, 597pp., 6 1
/
2 x 9 V2, hardbound.
AUDITORY PERCEPTION
IMMX1
F. Alton Everest
$159.115
This thorough, inventive, and understandable audio training course on
psychoacoustics comes complete with eight lessons on four tapes and a
manual with hundreds of technical diagrams illustrating the concepts. The
aural examples and classic experiments enable the student to clearly and
quickly comprehend the complexity of the hearing process. Topics include
the perception of delayed sounds, auditory filters, masking of critical bands,
the perception of pitch, timbre, and much more. 1986, 104pp., 5 1
/ x81
2
/,
2
softbound, 4 cassettes, vinyl case for all.
POWER ELECTRONICS HANDBOOK :
BKB4
COMPONENTS ,CIRCUITS ,AND APPLICATIONS
$79.95
F. F. Mazda
The purpose of this book is to provide all the information required by
power electronics engineers. It describes the design of power circuits used
for avariety of applications, the characteristics of power semiconductor
devices, and how they are used in power circuits. The author's approach
is to give the maximum amount of information in aconcise form, with the
emphasis on the practical rather than the theoretical. United Kingdom, 1990,
417pp., 6 1
/x91
2
/ ,hardbound.
2
AUDIO ELECTRONICS REFERENCE BOOK
BKBL 1
Alan R. Sinclair, editor
$164.95
Written by ateam of expert, specialist contributors, this volume is of interest and profit to audio design and service engineers and technicians, as
well as any amateur users of audio equipment who want to learn the technology of the art. BKBL1 is both asummary and aguide to the new state
of audio, and includes in its coverage those areas where professional and
amateur audio have begun to overlap, such as electronic music and public
address systems. United Kingdom, 1989, 615pp., 6 1
/ x91
2
/ ,hardbound.
2
TROUBLESHOOTING AND REPAIRING
IIKT20
COMPACT DISC PLATERS
$18.95
Homer L. Davidson
This is an invaluable reference for both the electronics technician and
the do-it-yourselfer alike. With it, you'll be able to troubleshoot and repair
servo control loops, remote control systems, optical lenses and laser assemblies, and much more! Detailed examples of actual repair and adjustment procedures and achapter on the care and handling of the discs themselves further enhance the usefulness of this book. 1989, 337pp., 7 Y2 x
9 v2, softbound.
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INCREDIBLE INTRODUCTORY BOOK SALE!

LOUDSPEAKERS, VOLUME 1
BKAS1I1
Raymond E. Cooke, editor
$29.95
From The Audio Engineering Society's Anthology Series, 61 papers, covering the years 1953 to 1977, written by the world's greatest transducer experts and inventors on the design, construction, and operation of loudspeakers. 1980, 448pp., 8 1
/
4 x 11 1
/ ,softbound.
4
LOUDSPEAKERS, VOLUME 2
BKAS112
Raymond E. Cooke, editor
$29.95
Also from The Audio Engineering Society's Anthology Series, 49 papers
from 1978 to 1983 by experts in loudspeaker technology, extending the
work initiated in Volume 1. 1984, 464pp., 8 1
/
4 x 11 1
/ ,softbound.
4
LOUDSPEAKERS SET!
BKAS1S
Raymond E. Cooke, editor
$53.95
From The Audio Engineering Society's Anthology Series, both BKAS1/1
(Volume 1) and BKASI/2 (Volume 2) as above, at asavings of $5.95!
MICROPHONES
BKAS2
Louis A. Abbagnaro, editor
$29.95
Sixty-three papers covering calibration and testing, general purpose
microphones, directional microphones, miniature types, and associated electronic circuits. From The Audio Engineering Society's Anthology Series.
19 -79. 392pp. 8
x 11 1
/ ,softbound.
4
SOUND REINFORCEMENT
BKAS3
David L. Klepper, editor
$29.95
Seventy-three papers dealing with the significant aspects of the development of sound-reinforcement technology and its practical application to
sound system design and installation. From The Audio Engineering Society's
Anthology Series 198. 339pp., 8 1
/ x 11 1
4
/ ,softbound
4
STEREOPHONIC TECHNIQUES
BKAS4
John M. Eargle, editor
S29.95
From The Audio Engineering Society's Anthology Series, 67 articles and
documents on the history, development, and applications of stereophonic
techniques for studio technology, broadcasting, and consumer use. 1986,
390pp., 8 1
/ x I1 v. ,softbound.
4
SPICE: A GUIDE TO CIRCUIT SIMULATION
BKPH2
& ANALYSIS USING PSPICE
$19.95
Paul W. Tuinenga
Designed as areference on PSpice for the design and analysis of analog
circuits, this book clearly explains how to use the features of PSpice to solve
common electrical and electronic problems, as well as some in nonelectrical areas. Topics include DC operation, transfer functions, frequency
response, and noise analysis. SPICE is an acronym for Simulation Program
with Integrated Circuit Emphasis, and PSpice is aSPICE-derived simulator
created by MicroSim Corporation. Companion software for the book is
available (see below). 1988, 200pp., 7 x 9 1
/
2 ,softbound.
SPICE BOOK1SOFTWARE SPECIAL!

BKPH2IS
$27.95
Student-version software to accompany BKPH2 is available for both the
IBM PC and Macintosh II. The PSpice program can simulate circuits of up
to five nodes and ten transistors, with the parameters inserted by the user.
Special BKPH2/S includes both the book and one software package at asavings of $4.95!
Software packages available (be sure to specify!):
SOF-SPC1B5GD IBM PC
SOF-SPC2B5GD IBM PS 2
SOF-SPC1M3GD Macintosh II
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TIME DELAY SPECTROMETRY
BKAS5
John R. Prohs, editor
$29.95
From The Audio Engineering Society's Anthology Series, 32 articles of
the works of Richard C. Heyser on measurement, analysis, and perception,
reprinted from the pages of the Journal of the Audio Engineering Society
and other publications representative of the field, including Audio magazine
and that of IREE Australia. The anthology serves as amemorial to the author's
work and as fundamental material for future developments in audio, and
will undoubtedly provide the stimulus for expanded discussion. 1988,
280pp., 8 1
/ x 11 Y4, softbound.
4
AUDIO IN DIGITAL TIMES:
BKAS6
CONFERENCE PROCEEDINGS
$34.95
Forty-four papers presented by experts on digital audio at The Audio
Engineering Society's Seventh International Conference held in Toronto
on 14-17 May 1989. Digital audio, from the history, basics, hardware, and
software, to the ins and outs, was the topic of the conference. Illustrated
with many figures and tables. 1990, 384pp., 8 1
/ x 11
4
softbound.
THE SOUND OF AUDIO:
BKAS7
CONFERENCE PROCEEDINGS
$34.95
I%% uni -tour papers presented by authors highly regarded in the engineering community at The Audio Engineering Society's Eighth International Conference held in Washington, D.C., on 3-6 May 1990. The topics were devoted
to the progress of sound, including measurement, recording, and reproduction. Textbook style, fully illustrated. 1990, 384pp., 8 1
/ x 11 Y4, softbound.
4
DIGITAL AUDIO: COLLECTED PAPERS
BKAS8
Barry Blessner, et al., editors
$34.95
First publication of papers presented at The Audio Engineering Society N
Premiere International Conference held in Rye, N.Y., on 3-6 June 1982,
authored by the world's leading experts in the application of digital techniques in the field of audio engineering. Twenty-five of the 27 papers are
transcribed, edited, and published for the first time. Subjects include basics,
converters, measurements, rate conversion, recording formats, error correction, manufacturing, and applications. Includes aSoundsheet disk with
audio demonstrations of digitally synthesized sounds. 1983, 268pp., 8 Vs x
11 1
/ ,softbound.
4
MICROPHONES: TECHNOLOGY AND TECHNIQUE
BKB3
John Borwick
$29.95
Beginning with abrief history of the relevant technology, this book then
goes on to explain the basic theory of acoustics, electricity, and magnetism.
The working principles and design of all types of microphones are explained
in considerable detail, with examples of popular current models and descriptions of microphone accessories. The second half of the book provides guidelines on the creative balance techniques to be used for musical instruments,
voices, and ensembles of all kinds, in both classical and pop music. Production methods are outlined both for studios and for on location, with notes
on public address operations for live shows. Borwick is considered THE
authority. United Kingdom, 1990, 241pp., 7 1
/
2 x 9 Y2
softbound.
THE ART OF ELECTRONICS
BKC1
Paul Horowitz, Windfield Hill
$54.95
Completely up-to-date with the latest technology and standards, this second edition features completely rewritten chapters on microcomputers and
microprocessors, digital electronics, and low-power and micro-power design
(both analog and digital). Many new tables have been added, including ones
for A/D and D/A converters, digital logic components, and low-power devices. The quintessential electronics text and reference. 1989, 1100 PP. ,7 1
/
2
X 10 11
/
4,hardbound.

WorldRadioHistory

9

MORE

HARD-TO-FIND BARGAINS FROM AROUND THE WORLD!

'"ie

On°dim
1.0,
Nly
(44
Soue

ACOUSTICAL MEASUREMENTS

BKAC1

Leo L. Beranek
$44.95
Here is acompletely revised edition of the famous text by the well-known
authority, with more than half the pages and chapters revised or completely
rewritten to cover new developments in acoustical instruments and measurement procedures, including sound and vibration meters, intensity meters,
spectrum analyzers, recorders, computers, and noise measurement devices
1948, 1989, 841pp., 5 3
/ x83
4
/ ,hardbound.
4
ACOUSTICS—AN INTRODUCTION TO ITS
PHYSICAL PRINCIPLES AND APPLICATIONS
Allan D. Pierce

BKAC2
$37.95

This volume introduces the physical principles and theoretical basis of
acoustics, concentrating on those concepts and points of view that have
proven useful in applications and phenomena such as noise control, underwater sound, architectural acoustics, audio engineering, nondestructive
testing, remote sensing, and medical ultrasonics. The text is supplemented
by problems and their answers. 1981, 1989, 678pp., 6 1
/ x 91
4
/ ,hardbound.
2
EXPERIMENTS IN HEARING
BKAC3
Georg von Békésy
$27.95
Considered obligatory reading for all those who want to claim literacy
in the auditory sciences, this classic on hearing contains many of the vital
roots of contemporary auditory knowledge. 1960, 1989, 760pp., 6 x 9,
softbound.
ACOUSTICAL DESIGNING IN ARCHITECTURE
BKAC4
Vern O. Knudsen, Cyril M. Harris
$27.95
This book is acomprehensive, nonmathematical treatment of architectural acoustics, completely revised with new illustrations and updated to
eliminate obsolete materials. In handbook format, it covers all the general
principles of acoustical designing and includes specific applications. 1950,
1980, 408pp., 5 3/8 x 8 1
/ ,softbound.
2
ACOUSTICS
BKAC5
Leo L. Beranek
$27.85
This volume is an indispensable source of practical acoustical concept
and theory for acoustical and electrical engineers, scientists, and consultants,
with new information on microphones, loudspeakers and speaker enclosures,
room acoustics, and acoustical applications of electromechanical circuit
theory . 1954. 1986. 491pp., 6 x 9, softbound.
MARQUETRY AND INLAY:
BKT21
TWENTY DECORATIVE PROJECTS
S15.95
Alan and Gill Bridgewater
Complete with 200 illustrations, aglossary, and an introduction to tools
and techniques, BKT2 Iprovides step-by-step directions for easy-to-do projects. This book gives woodworkers an opportunity to add avaluable new
skill to their repertoire—inserting fine woods and decorative veneers into
finished surfaces. 1989, 192pp., 7 x 10, softbound.
TONMEISTER TECHNOLOGY: RECORDING ENVIRONMENTS,
BKTE1
SOUND SOURCES AND MICROPHONE TECHNIQUES
$19.95
Michael Dickreiter
Recently translated from the German by Stephen F. Temmer, this rare
book for the first time provides an English-language reference integrating
music and musical engineering. Used by the German Broadcasting System
Technical Training Center as atext to train people who graduate from a
music conservatory and opt to go into broadcast, TV, recording, or sound
reinforcement engineering, this book will appeal to neophytes as well as
professionals in the music and audio engineering fields. Profusely illustrated,
with every other page illustrations. 1984, 1989, 142pp., 6 x 9, softbound.

HEARING: ITS PSYCHOLOGY AND PHYSIOLOGY
BKAC6
Stanley Smith Stevens, Hallowell Davis
$27.95
This multidisciplinary book leads readers from the fundamentals of the
psychophysiology of hearing to acomplete understanding of the anatomy
and physiology of the ear, including the relationship between stimulus and
sensation. 1938, 1983, 512pp., 5 V2 x 8 1
2 ,softbound.
/
ELECTROACOUSTICS: THE ANALYSIS OF
BKAC7
TRANSDUCTION AND ITS HISTORICAL BACKGROUND
S27.95
Frederick V. Hunt
This volume provides acomprehensive analysis of the conceptual development of electroacoustics, including the origins of echo ranging, the crystal
oscillator, the evolution of the dynamic loudspeaker, and electromechanical
coupling. 1954, 1982, 260pp., 5 1
/ x81
2
/ ,softbound.
2
VIBRATION AND SOUND
Philip M. Morse

IIXAC8
$27.95

One of the most widely used texts and references on the science of acoustics, this volume provides students and professionals alike with abroad spectrum of acoustics theory, including wave motion, radiation problems, the
propagation of sound waves, and transient phenomena. 1936, 1981, 468pp.,
6 x 9, softbound.
ACOUSTICS/HEARING SPECIAL 81

BKACIX2

$49.95
Your choice of TWO from BKAC3 through BKAC8, at asavings of $5.95!
Be sure to specify books. (BICAC1 and BKAC2 not eligible.)
ACOUSTICSIHEARING SPECIAL #2

BKACIX3

$74.95
Your choice of THREE from BKAC 3through BKAC8, at asavings of $8.90!
Be sure to specify books. (BKAC Iand BKAC2 not eligible.)
TOTAL HARMONIC DISTORTION
—CARTOONS FROM STEREO REVIEW
Charles Rodrigues

BKPB1
S7.95

This hilarious collection of 118 of the author's classic cartoons on audio,
video, and music is the perfect gift and/or awonderful conversation'piece.
Also featured are a foreword by William Livingstone and an illustrated
autobiographical sketch by Rodrigues himself. One of akind. 1988, 132pp.,
61
/
2 x 7 ,softbound
SHEET METAL HAND PROCESSES
BKBE2
Claude J. Zinn grabe, Fred W. Schumacher
$13.95
For help in building that special enclosure, this volume will prove indispensable, introducing the beginning sheet metal technician to basic instruction in the properties and selection of metal and the processes performed
with measuring and marking, bench, cutting, piercing, joining, and soldering tools. BKDE2 includes an excellent selection of illustrations, and every
process is described in an easy-to- understand, step-by-step fashion. 1974,
209pp., 7 Y4 x 10 1
/
4,softbound.
CABINETMAKING, PATTERNMAKING, AND MILLWORK
BKDE4
Gaspar J. Lewis
$22.95
If making your own speaker cabinets has led you into woodworking, this
book will be agreat addition to your library. Designed for advanced high
school, vocational, technical, and apprenticeship programs, it provides the
reader with the skills necessary for proficiency in each of the three areas
of specialization. Also included are three sections common to all three fields:
the nature of wood and its uses; how to use hand tools, portable power
tools, and stationary woodworking machines; and methods of joinery. 1981,
438pp., 7 1
/ x 9 Y2, hardbound.
2
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BKT14
BEGINNER'S GUIDE TO
$11.95
READING SCHEMATICS
Robert J. Traister
This outstanding handbook takes you step-by-step through every phase
of understanding and using schematics. Coverage includes how and why
schematics are used; how each symbol is derived, used, and drawn; how
individual symbols are combined to represent electronic circuits; proper
numbering of components; and units of electronic measurement. 1983,
134pp., 5 x 8 V2, softbound.

AUDIO (BABANI ELEMENTS OF ELECTRONICS, BOOK 6)
OXEYE
F. A. Wilson
$11.95
In this book, analysis of the sound wave and an explanation of acoustical
quantities prepare the way. These are followed by astudy of the mechanism
of hearing and examination of the various sounds we hear. A look at room
acoustics with asubsequent chapter on microphones and loudspeakers then
sets the scene for the main chapters on audio systems, amplifiers, oscillators, disc and magnetic recording, and electronic music. United Kingdom,
1985, 320pp., 4 y, x 7, softbound.

GREAT SOUND STEREO SPEAKER MANUAL
8XT15
$16.95
—WITH PROJECTS
David B. Weems
In this book, Weems strips the mystery from drivers, crossovers, and construction materials in order to help you build your own speakers and get
the best possible performance from all of your sound equipment. Included
are current trends in speaker design, getting great stereo sound from units
you build yourself, calculating design parameters, transmission- line systems,
crossover networks, and much more! 1990, 248pp., 7 V2 X 9, softbound

AUDIO AMPLIFIER FAULT-FINDING CHART
BKEV9
C. E. Miller
$4.95
This tool is actually afoldable wall chart which will help the user trace
most common faults which might occur in audio amplifiers. All the reader
has to do is select one of the faults shown at the top of the chart and then
follow the arrows, carrying out the suggested checks in sequence until the
fault is cleared United Kingdom, 1987, 17 'h x 25.

PRACTICAL STEREO AND QUADRAPHONY HANDBOOK
IIKEV11
B. B. Babani
$4.95
A reference book for all those interested in modern stereophonic and multisound-channel equipment. The subjects covered include explanations of
many of the technical terms used in this Midi() field, stereo equipment and
techniques, positioning of multiple loudspeakers for best results, stereo and
four-channel pickups, and more. United Kingdom, 1975, 96pp., 4 y. x 7,
softbound.
AUDIO SYSTEMS DESIGN AND INSTALLATION
BKS33
Philip Giddings
$59.95
This book is apractical, hands-on tool designed to help the audio professional find information quickly. The many useful tables, checklists, photos,
and diagrams included are all intended to improve and expedite system
design. Giddings also provides many effective tips and strategies for efficient audio system installation. 1990, 350pp., 7 y. x 9 1
/
4,hardbound.

YES! Please send me
BK

@

THE ART OF DIGITAL AUDIO
8X82
John Watkinson
$52.95
This book begins with clear definitions of technical terms specific to particular technologies employed in digital audio. The theory of each area is
then discussed and their practical applications considered. All of the major
digital recording formats are explained. Consumer machines, compact discs,
DAT, and mastering recorders are covered, as well as multitracking. The
professional's first digital audio reference, written in laymen's terms. United
Kingdom, 1988, 500pp., 6 1
/
2 x 9 1
/
2 ,hardbound.
AUDIO TECHNOLOGY FUNDAMENTALS
11034
Alan A. Cohen
$24.95
Audio Technology Fundamentals is abrief yet comprehensive overview
of the electric and electronic circuitry used in typical audio systems. It provides students, audio beginners, and musicians with an introduction to electric circuits and basic audio concepts. The book is especially appropriate
for musicians who want to record their performances and electronically
modify the recording. 1989, 250pp., 7 Y
8 x 9 'A, softbound.

SALE ENDS JULY 1!

MAGIC NO

NAME

s
STREET 8. NO.

BK
STATE

CITY

BK
BK

MCNISA

BK

PAYMENT BY: ri MC/VISA

ZIP

EXP. DATE

7 CHECK

ri MONEY ORDER

BK
SUBTOTAL
LESS SALE DISCOUNT
TOTAL
PLUS SHIPPING (see right)
TOTAL ORDER

OLD COLONY
SOUND LAB

SHIPPING: In US, please add $2 for first book,

PO Box 243, Dept. E91
Peterborough, NH 03458
24-HOUR LINES:
TEL. (603) 924-6371
FAX (603) 924-9467

please add 20% for surface delivery. Airmail:

WorldRadioHistory

ELEKTOR ELECTRONICS USA JUNE 1991

75C each additional. In Canada, please add $4.50
for first book, 75C for each additional. Others,
Please inquire.
FOREIGN CHECKS MUST BE IN US FUNDS
DRAWN ON US BANK.
CALL OR WRITE FOR YOUR FREE CATALOG!

PLAYING RECESS(ION)
Right in the middle of what economists are now calling arecession, many
US electronics vendors are telling some customers they don't want their
business. These customers' crime appears to be that they don't need
enough. A number of vendors whose primary customer base has been
the individual consumer are no longer happy to sell to that base since
the big-ticket blandishments of the military/industrial complex in this
country are so large and so lucrative that the individual buyer is no longer
"interesting."
The problem is made more complex by the habit of US manufacturers
to assign exclusive distribution rights to selected companies. The contracts are subject to sudden death shifts, as well. A distributor can come
to work on a Monday morning only to discover that his right to sell a
line has been lifted summarily and assigned to acompeting company.
This accounts, in some measure, for the distributor businesses' resemblance to mayflies, who seem to appear and disappear with equal rapidity.
It is now aregular feature of the American business scene where money
is the only consideration. We are no longer content to make aliving, the
object seems to be to make akilling—and to get out fast. Business managerial style is avicious scramble to the top, amanagement slot with a
golden parachute attached, and the drive to maximize profits at any cost.
The cost is usually the company's integrity and financial soundness.
Naturally the manager bails out quickly before the full slide into deep
troubles begins to occur—or the sudden crash takes place.
With such management style in place, it is not difficult to see why we
are in this recession. When sales drop, the retrenchment begins and such
managers, or their less fortunate successors, chop and cut into the skilled
work force of the company in an effort to save money. When this becomes
apervasive technique throughout industry, everyone becomes asmaller
vendor, and asmaller customer. Why should it be surprising that a"recession" results? US business seems to have made recessing stylish lately.
Isuggest that such times and such myopia offer opportunities to those
of you with courage and imagination. Look around to see what people
need. Many needs are unmet. One of the largest is ecological, another
is the technological evolution of the home.
As an example of the former, your local service station has aproblem
with the oil drained from your crankcase. It can no longer be dumped
in ahole on the back corner of the parking lot. Service station owners
must now pay for disposal. Someone has the bright idea that old oil might
be good fuel. Burning it requires aspecial furnace costing under $3,000.
If someone suggested you might permanently cut your fuel oil bill in half
by aprimary investment of $3,000, what would your response be?
The smart entrepreneur will find away to sign up the service stations
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in his area to collect their oil once amonth charging afee of only 25c
agallon, buy asecond-hand oil delivery truck, sell some lucky homeowners
anew furnace and guarantee afuel oil supply at 505 agallon for as long
as nearly every American continues to drive acar.
The American home is being converted into an electronic obstacle course.
Service opportunities abound for maintenance of microwaves, intercoms,
protection devices, garage door openers, and much else. Terms could be
an annual contract, or by the service call. Such an organization would
also have aunique opportunity to offer advice and sales of new devices
as they inevitably appear. Technology is still fearsome to many and your
help could be not only welcome, but worth cash.
Finally, we are better supplied with materials to make pottery throughout suburban America than to build electronic projects. And the crunch
is not just aproblem for hobbyists. Our mail-order electronics vendors
who don't want orders under $50 or $100 are aproblem for the many
independent development labs throughout the US as well. Such companies
build sample quantities of new devices to confirm their integrity. The needs
of such companies are quite similar to those of the serious hobbyist. But
developers complain constantly about how difficult their life has become
because our marketplace in the US is of such ascale that companies outgrow
their small customers who helped them get started.
Ihope many of you will give serious thought to the opportunities even
these few facts suggest. If our current electronics vendors are suffering
from gigantism and are uninterested in supplying the small company or
the hobbyist, then there's amarket asking for help and assistance. The
idea Iam suggesting here is clearly exemplified by anew advertiser in
our classified section this month.
The operation is mail order. Resistors are the product: 1,000 + ±5%,
WsW, carbon film types, arranged neatly in abox of five or ten of each
value for under $20 delivered. A neat service with credit cards accepted,
an 800 number, and areorder blank.
The other advertisers in this magazine are, so far as Iknow, firmly committed to supplying you with the parts you need. If you wish for parts
not immediately available, let our advertisers know about it. You will also
be seeing more ads from European-based vendors who are eager to hear
from you and to help with what you need. Your credit card and your FAX
can reach anywhere in the world, as fast as you can dial.
For the adventurous, opportunities abound. The computers and software are plentiful and lots of customers are looking vainly for the good
stuff they need to build, rebuild, and design. If you are tired of playing
recess and of those who are, get going. And let us know how you are
doing.—E.T.D.
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I

SINGLE-BOARD COMPUTER

Rapid Systems has announced the PX1260,

ELECTRONICS SCENE

CATALOG SUPPLEMENT
For acopy of Antique Electronic Supply's

ahigh-speed, high-performance 33MHz, In-

1991 Catalog Supplement, contact the com-

tel 386-based CPU module for the PCXI EISA

pany at PO Box 27468, Tempe, AZ 85285-

passive backplane. This plug-in CPU module

7468, (602) 820-5411, FAX (602) 820-4643.

features optional integrated 40Mb hard disk
with 31
2 ", 1.44Mb floppy. The PX1260 is
/

I

based on asingle-board computer and is com-

TEN INSTRUMENTS IN ONE

pletely enclosed in ametal chassis to keep

Global Specialties has announced the PRO-

EMI emissions in and RFI out. Two serial

TOMETERTm 4000, a portable instrument

ports, one parallel port, a31
2 "floppy, and
/

system. The hand-held package features ten

the keyboard connector and reset button are
located on the front of the module.
Applications for the unit include EISA
workstations, industrial PCs, production test,
modular rugged PCs, factory automation, and
networks.
The PX1260 sells for $5,995. For more information, contact Susan Conley, Marketing,
Rapid Systems Inc., 433 N. 34th St., Seattle,
WA 98103, (206) 547-8311, FAX (206) 5480322.

RAPID SYSTEMS—>mie
3833 EISA (PU
_
fib HAID DISK
RESET

comi
f

Pe"
(OW

jele•
-KEYBOARD

test instruments capable of performing 35
SYN-TECH XTR COMPACT

measurement functions. The model 4000

DESKTOP BASE STATIONS

packs the power of Global Specialties' com-

Midland LMR has introduced Syn-Tech

plete line of instruments into a 33/
4 digit,

XTRTm desktop FM two-way radio base

4,000-count multimeter case.

stations, anew series of programmable dis-

The PROTOMETER 4000 combines a

patch units replacing earlier Syn-Tech

digital multimeter capable of measuring DC

models.

and AC voltage, DC and AC amps, ohms, plus

These compact stations feature program-

an autoranging frequency counter, transistor/

mable RF output power: 2-50W in low-

capacitance tester, and logic probe into a

band models (29.7-50MHz), 2-40W in

durable drop-resistant case. Standard fea-

VHF (136-174MHz), or 2-30W in UHF

tures include a large LCD display, 4,000-

(406-470MHz). All are programmable for

count accuracy, peak hold, and ahigh-voltage

up to 22 channels (expandable to 99) and

warning indicator.

have built-in dual-priority, 40-channels-

The rugged construction makes the unit

per-second scanning with operator add/

ideal for field service and industrial mainte-

delete capability. Tone and digitally coded

nance applications. Engineered with special

squelch are randomly programmable by

heat-resistant components, its current-mea-

channel for all standard codes (optional in

suring range is extended up to 20A AC/DC.

VHF). Units can be programmed by PC or

You can use this one meter to check all elec-

by an EEPROM programmer. The radios

tronic components.

are data-capable and have built-in data

The PROTOMETER 4000 sells for $139.95.
For more information, contact Global Special-

ports.
The XTRs include abuilt-in power sup-

ties, 70 Fulton Terrace, New Haven, CT

ply operating on 110/220V AC, 60/50Hz.

06512, (203) 624-3103, FAX (203) 468-0060.

A 24-hour digital clock and day/date display are standard, as is a high-quality
desktop microphone with PTT lock and

Eril

monitor keys. Low-band units include a
noise blanker. Options include a highsecurity scrambler, digital voice storage
and replay, and tone and DC remotes.
For more information, contact Midland
LMR, Marketing Department, 1690 N.
Topping, Kansas City, MO 64120, (800)

LENBROOK DISTRIBUTES NAD IN US

643-5263, ext. 1690.

Lenbrook Industries, the Canadian distributor of NAD electronics, will also distribute
the entire NAD line of audio and video products in the US. Robert Brown, president of
LincolnWood, the former distributor, has
been named Director of US Operations for

I

ICOM FIRST IN SPACE

Packet radio, used in amateur radio space
communications, is now part of the Soviet

Lenbrook Industries. He will handle the NAD

manned space station, Mir, callsign U2MIR.

line, as well as the company's PSB speaker

The packet equipment consists of Icom

line and other anticipated Lenbrook activities

America's ICOM IC-228A 2-meter FM

in the US.

transceiver and PacComm Handi Packet unit,

NAD made this move to divest itself of the

along with alaptop computer. The equipment

direct distribution activity, preferring to put

was launched to Mir on a Progress M6 re-

its capital and other resources into research,

supply "space truck" on January 14. To con-

product development, manufacturing, and

tact U2MIR, the downlink frequency is

international marketing.

145.55MHz.
WorldRadioHistory
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16-CHANNEL AID
DATA-ACQUISITION SYSTEM

BASICON has announced the DAS-1 Data

MICROPAATH BBS
• NOW ON-LINE
MicroMath Scientific Software has an-

Acquisition System. Suited for the industrial

nounced the installation of acomputer bul-

environment, the device provides conveni-

letin board. The board's main emphasis is the

ence, saves time, insulates noisy analog sig-

Special Interest Forum, which facilitates

nals from the PC, and simplifies gathering

communication between scientists and en-

information from multiple sources, such as

gineers. It allows professionals direct access

thermocouples, strain gauges, and load cells.

to each other, giving them more resources in

The DAS-1 reads 16 channels of analog sig-

solving many complex challenges. The bul-

nals. For convenience, wires are fastened to

letin board acts as aclearinghouse for ideas

an industrial-grade screw terminal quick

and solutions for these and other needs.

connect edge connector. This allows test

Services provided are e-mail or two-station

wires to remain in place and enables you to

teleconferences, classified ads, customer

move the DAS-1.

product feedback on MicroMath products,

BASICON' ssoftware reads and displays

and registration of MicroMath products. Fu-

information in real-time. All thermocouple

ture services will include spec sheets on prod-

probes are pre-calibrated, and abuilt-in auto-

ucts, an electronic newsletter, application

matic cold junction calibration is included.

specific examples and notes for evaluating

The software has up to eight alarm condi-

products, product demonstration materials,

A free disk containing 176 SPICE models of

tions for each channel, which can be acti-

and professional overnight slide preparation

Analog Devices' IC amplifiers is available

vated on increment or decrement and which

from MicroMath plot files.

from the company. The advanced modeling

are displayed on the screen. Each alarm can

The board has no user connect charges and

techniques used allow as many pales and

send output addressed by an RS-232 code to

runs on a33MHz 80386 PC. Phones lines are
"hunt grouped," making all lines accessible
through asingle phone number. These lines

AMPLIFIER SPICE MODEL LIBRARY

zeroes as are needed to shape amodel's fre-

any of 255 devices, such as lights, sirens, and

quency response accurately to conform to the

valve controls. The DAS-1 is well-suited for

device. For 26 of the devices, models include

use in laboratories and industrial settings.

are connected to modems supporting 1200

voltage and current noise; this allows de-

For analysis of data, the DAS-1 can export

and 2400bps. The bulletin board supports

signers to predict system noise performance

information in Lotus 1-2-3 format. It com-

two simultaneous log-ons and will be ex-

as part of the SPICE simulation. The library

municates via a9-pin RS-232 port. The unit

panded as needed. It can be accessed 24 hours

also includes models of two instrumentation

has asmall size (5 1
2 "by 5
/
2 "by 21
/
1
2 "), low
/

aday at (801) 943-0397.

amplifiers.

power requirement (5V DC), abuilt-in micro-

For more information, contact Analog
Devices Literature Center, 70 Shawmut Rd.,
Canton, MA 02021.

I

CATALOG OF TEST INSTRUMENTS
AND ACCESSORIES

processor, and quick cable disconnect.
For more information, contact William V.
Rochat, President, BASICON, Inc., 14273
NW Science Park Dr., Portland, OR 97229,
(503) 626-1012, FAX (503) 643-4686.

III MULTIPLIER ICs
FOR VARIED APPLICATIONS
Analog Devices' monolithic AD734 analog
multiplier/divider operates with asmall sig-

B&K PRECISION has available a68-page

nal and full-power bandwidth of 10MHz. It

catalog covering the company's line of elec-

also offers aslew rate of 450V/µS, asignal-

tronic test instruments, including oscillo-

to-noise ratio of 94dB, and aconversion ac-

scopes, IC comparators, digital multimeters,

curacy of 0.25% for high-grade devices.

signal and function generators, power sup-

•

As afour-quadrant multiplier, the AD734

plies, component testers, video test instru-

can function as an oscillator, filter, or voltage-

ments, probes, and accessories.

controlled amplifier. When connected as a

The Test Instruments catalog (BK-91) pro-

two-quadrant divider, the device can func-

vides complete specifications in listings and

tion as an automatic gain control amplifier

comparison charts. Key product features are

or an RMS/DC converter. Direct divide mode

summarized, along with selected product ap-

lets you optimize dynamic range for varying

plications. The catalog also describes product accessories to enhance the instruments.

I

KITS FOR THE
ELECTRONIC MUSICIAN

input signal spans. Applications include audio systems, sonar, analytical instrumenta-

These instruments address applications such

PAIA Electronics has available its 1991

as engineering, maintenance and repair, field

catalog of kits for the electronic musician.

The AD633 is afour-quadrant multiplier.

service, education, production-line testing,

Products include the MV-8 MIDI/Control

Intended for medium- and high-volume sys-

quality control programs, and research and

Voltage processor, aPC-MIDI interface and

tems, its full-scale accuracy is 2% and re-

development.

software package, rack chassis enclosures,

quires no external components for operation.

and an experimenter's kit. Other products

Applications include power measurement,

uct category assists in specifying the correct

range from avocal zapper and guitar effects

watthour meters, motor control, and gamma-

instrument for atask, as well as provides an

to kits for constructing studio sound process-

correction for projection TV.

educational training aid.

ing equipment such as limiters, equalizers,

A glossary of terms for each major prod-

Copies of the catalog are available from

mixers, avocoder, and more.

tion, and RF and IF signal processing.

The AD734AQ sells for $10.55 (100s) and
the AD633JN for $3.38 (1,000s). For more in-

B&K PRECISION, Maxtec International

The 1991 catalog is available free from

Corp., 6470 W. Cortland St., Chicago, IL

PAIA Electronics, Inc., 3200 Teakwood Ln.,

Ballardvale St., Wilmington, MA 01887, (617)

60635, (312) 889-1448.

Edmond, OK 73013, (405) 340-6300.

937-1428.

WorldRadioHistory
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UNIVERSAL
Ni-Cd BATTERY
CHARGER
by A. Rigby

Ni-Cd batteries are now used in so much
everyday equipment that most households
need at least one suitable charger. The one
presented here can be used to charge
virtually all current Ni-Cd batteries.

T

HE charger is based on the Telefunken
Type U2400B processor, which has been
specially developed for this application. This
device contains most of the logic circuits necessary for automatically controlling the charging of Ni-Cd batteries.
Initially, charging takes place during apredetermined period of time, after which trickle
charging takes over. The trickle charging,
which may continue for long periods of time,
ensures that the battery capacity does not
degrade during the life of the battery.
The charger has anumber of safety features. For instance, if the temperature of the
battery becomes too high or when the e.m.f.
of the battery rises above acertain (predetermined) value, the charging cycle is discontinued immediately. The processor then
assumes its stand-by mode and remains there
until the temperature or the e.m.f. drops
below its limiting value.
A flow diagram of the charging process
is given in Fig. 2. After the battery has been
connected and the start reset operated, the
processor first arranges for the battery to be
discharged. During the discharge cycle, the
temperature of the battery (T<T,„) and its
e.m.f. (U<Um i
n)are monitored continually.
When the e.m.f. drops to the level of Um i
n,
the processor assumes that the battery has
been discharged completely, and sets its discharge register. The circuit then switches to
the charging mode. During charging the
lapsed charging time is compared with the
preset charging time (t >tmax )and the e.m.f.
with the maximum (preset) voltage (U>Uma„).
Furthermore, the content of the discharge register and the battery temperature are monitored constantly. At the end of the preset charging time (t>tmax ), the charging cycle is terminated and the processor actuates the trickle
charging mode.
As already mentioned, if during charging one of the preset parameters is exceeded,
charging is discontinued. At the same time,
the status of the error register is increased
by 1and reread. If no error occurred previ-

quency-determining network.
ously, the status of the counter after the preMonitoring of the battery temperature is
sent error will be smaller than 2(Z<2). If the
accomplished by R6, which has anegative
counter status is smaller than 2, the e.m.f.
temperature coefficient. The potential at
and temperature of the battery are checked
once again; if these are all right, the charg- junction R5-R6 is monitored via input Utemp
ing process is continued. If the content of (pin 5). The charging process is stopped
when the battery temperature reaches 40 °C;
the error register is greater than, or equal to,
the resistance of R6 is then about 440e.
2, charging is continued or stopped, deThe position of switch Sidetermines the
pending on the position of aswitch as exselection made by the processor when two
plained later.
or more errors in the charging process have
As is seen in Fig. 1, the processor needs
been signalled. If the switch is connected to
only afew external components to perform
the reference voltage, charging is continued
the functions discussed so far. During the diseven when two (but no more) errors have
charge cycle, the e.m.f. of the battery is monoccurred; if it is connected to earth, howitored via Un,i n (pin 6). In this, use is made
ever, full charging is discontinued and trickle
of aswitchable voltage divider, R35-R43charging commenced.
R3-P2, which attenuates the battery voltThe charging time is preset via the TIME
age. During the discharge cycle, output
input, pin 13. When the internal 200 Hz osDts(charge) (pin 10) is active and high. The
cillator is used, ahigh level at pin 13 sets
discharging is assumed complete when the
the charging time to 1hour. When the pin is
voltage level at pin 6drops below the level
connected to earth (low level), the charging
(0.53 V) of the internal reference voltage.
time is 30 minutes.
During charging, output LOAD (pin 12)
The timer may also be driven by an exbecomes active and high; the battery voltage is then applied to pin 4
(Um )via potential divider
12 35—R43 -R 2-P 1.If the voltage at pin 4 is higher than
the internal reference potential, the processor switches
to the stand-by mode.
Since it is important for
the user to know in which
state the processor is, two
LEDs are driven via STATUS output pin 9. Table 1
shows the operation of these
diodes in the various modes.
A reference voltage of
3V (nominal) is applied to
pin 7, the PWM input, switch
SI,network R4-C2, voltage
divider R5-R 6 and the two
series-connected LEDs.
Series combination R4—C2
at the input of the internal
Fig. 1. Basic circuit for the U2400B processor.
oscillator, pin 3, is afreWorldRadioHistory
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Table 1
DI

D2

S1

(red)
on

(green)
off

x

flashes
off
off
flashes
on

off
flashes
on
flashes
off

x
x
x
E
D

Function
no battery connected; battery faulty or
battery flat
discharge cycle
charging cycle
trickle charge mode
charging continues after two errors
trickle charging after two errors

x=irrelevant
E =connected to U„f
D =connected to earth

a

ternal clock, connected to pin 16; pin 13
must then be earthed. The internal 200 Hz
oscillator then provides the clock signals
for the remaining functions of the processor. A frequency of 0.5 Hz at pin 16 sets the
charging time to 1hour; halving that frequency
doubles the time. An external clock based
on a4060 IC as shown in Fig. 8can provide
frequencies down to 0.125 Hz, which would
give acharging time of 4hours.

Charging
In apractical charger, the processor does
not drive asimple transistor, but afairly
complex current source, controlled as shown
in Fig. 3. The charging current flows through
R22, resulting in apotential drop across this
resistor that is directly proportional to the
charging current:
UR22 =/loadR22.
This voltage is used for controlling the charging current. Note that the negative battery
voltage, Ubet ,is in reality more positive than
the supply voltage, Uv ,because the positive
terminal of the battery is connected to asecond, higher supply voltage.
Since transistor T5 is connected as adiode,
the emitter of T6 is connected to U's
,, at all
times. Therefore, the potential drop across
the emitter resistor, Re,which is the quivalent of R29-R34-P6 in Fig. 8, is exactly the
same as that across R22:
URe = UR22 =/ReRe•
As an example, assume that R22 =0.1 n,
/
load = 1A, and that acurrent of 1mA is required through the transistor. The drop across
R22 is 100 mV, so that
Re = 100x10-3 /10-3 = 100 II.
Since the emitter current is now known,
the voltage drop across the collector resistor
is:
UR e = 1.2X10 3X10-3 = 1.2 V.
This makes it clear that achange in the
charging current results in achange in the
voltage at FB .That voltage may, therefore,
be used for the control of aregulatory circuit in aswitch-mode power supply.

Fig. 3. Part of the circuit controlling the charging current.

Fig. 2. Flow diagram of the battery charger.
WorldRadioHistory
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POWER SUPPLIES & BATTERY CHARGERS

Switch-mode power supply
A switch-mode power supply is used to enable the charger to cater for the simultaneous charging of, say, up to ten batteries; aconventional mains supply could be used, but the
dissipation in this will be quite large when
only afew batteries are being charged.

The non-inverting input of the comparator
in the collector circuit of T3 is held at 2.7 V
by zener diode D3.
The value of R14 is determined by the
collector current (1 mA) and the reference
voltage:
R14= 2.7/10-3 =2.7 kf2.
The connected batteries are discharged via
R22 and Tg, which, with T7, forms adarlington
at the output of the comparator.

Voltage monitoring

Fig. 4. Concept of aswitch-mode power supply.
The basic operation of such asupply is
shown in Fig. 4. Electronic switch S is
switched on and off by electrical circuits.
When it is closed, acurrent j
1 flows from
the ED supply terminal to earth via inductor
L, resulting in amagnetic field around the
inductor. Diode D is switched off and capacitor C, therefore, has no influence on the
circuit, although it can discharge via load
resistance R (representing the batteries to be
charged).
When Sis opened, the self-inductance of
L causes acurrent i
2 in the opposite direction from ii and this charges C via the diode.
The level of output voltage U2 depends
on the properties of the inductor, the switching logics and the on-off ratio of the switch.
In the present charger, acommercial inductor is used: it is not advisable to wind this
yourself.
The circuit of the supply used is shown
in Fig. 5. It is based on Linear Technology's
Type LT 1070. A 40 kHz oscillator provides
atrain of rectangular pulses that are used to
switch atransistor via adriver stage. The duty
factor is determined primarily by the output
voltage of the (differential) error amp!ifier.
The collector voltage of T6 is 1.2 V when
the regulator is in astable condition. Because
of its internal reference voltage of 1.24 V,
the error amplifier then has no effect on the
switching behaviour of the output transistor. When the charging current increases to
too high alevel, U, rises, and the output of
the error amplifier goes low. This results in
an alteration of the on-off ratio of he transistor, which lowers the charging current.
Zener diode D6 limits the voltage to 18 V.

The processor continually monitors the battery voltage via its pins 4and 6. Since these
inputs measure the voltage with respect to
earth and the negative terminal of the battery is connected to the esupply rail, asimple circuit like that in Fig. 1can not be used.
This means that the battery voltage must be
converted so that it can be measured with
respect to earth.
To this end, anetwork as shown in Fig. 7
is used. The entire battery voltage is dropped
across the emitter resistance, Re,consisting

of resistors R35-R43—see Fig. 8. Since Rehas
avalue of 1k per connected battery, the collector current, 4, through T1 is

4=nxU,InxRe = U,/Re,
where U, is the zener voltage.
When the batteries are charged, the collector current is 1.45/10 3 = 1.45 mA, and
the voltage drop across RI and potential dividers R2-P 1and R3-P2 is 1.74 V. This voltage has the correct polarity with respect to
earth. The correct operating point is set with
the two potentiometers: how many batteries
are connected to the charger is then no longer
of importance.

The complete circuit
Large parts of the diagram in Fig. 8have already been discussed. Note that the switchmode power supply operates only if pin 1of
the LT 1070 is connected to earth via the LOAD
output of the processor and T4.
Since the resistors at like positions of S4a
and 541 have the same value, the discharge
and charging currents of batteries are iden)

R22

15

R29...634
40 kHs •
Oscillator

LT 1070

UR e i
1.24 V

u
e

DRIVER
error
amplifier

18V

HD5

0

+
3
*

* see text

900134 -18

Fig. 5. The switch-mode power supply -see also Fig. 8.

Discharging
The discharge circuit shown in Fig. 6has some
points in common with the circuit in Fig. 3.
Again, use is made of the voltage drop across
emitter resistor R22. The supply voltage and
the battery voltage have, of course, changed
places, since the discharge current flows
into adifferent direction from the charging
current.

Fig. 6. Circuit for controlling the discharge current. The Dis
output of the U2400B provides the reference voltage for IC3.
WorldRadioHistory
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Fig. 7. Circuit for measuring the battery voltage with respect to earth.

UNIVERSAL NI-CD BATTERY CHARGER

Fig. 8. Complete circuit diagram of the Ni-Cd battery charger.
tical. It is, of course, essential that switch S3
is set to the correct number of connected
batteries (maximum 10).
Switch S selects the mode to be used
when one or two errors are detected during
the charging process—see Table 1.
When S, is in its centre position, the processor uses the standard time setting (of
charging) of 1hour. Its pin 13 is then connected to earth. If this meets all your requirements, the external clock generator
consisting of the 4060 (IC,), R11 ,R12, C4,

P3,and S,. may be omitted.
Otherwise, R11 ,R12 ,P3,and C4,set the
frequency of the oscillator in the 4060 at
100-150 Hz. The divider on board the 4060
provides the required signal frequencies at
outputs Q8 and Q. The charging times of 2
and 4 hours respectively associated with
these frequencies enable U7 and Ul Isize batteries to be charged in accordance with manufacturers' specifications.
Preset P3 enables the correct setting of 2hour (position A) and 4-hour (position B)
WorldRadioHistory

charging periods. Should that not be possible, the value of C4 may be increased (longer
periods) or reduced (shorter periods). If astandard time of 30 minutes is wanted instead of
Ihour (S 2 in centre position), disconnect
pin 13 of the U2400B from earth.
If C4 is replaced by a10 nF type, periods
of 30 minutes (S 2 in centre position), 1hour
(S 2 in position A), and 2hours (S 2 in position B), may be selected
For trickle charging the normal charging
circuit is used, but the on-off ratio is arELEKTOR ELECTRONICS USA JUNE 1991
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Fig. 9. Component layout and mirror image of track layout of the printed-circuit board for the Ni-Cd battery charger.
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Fig. 10. A front panel foil for the batter!! charger (196.
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UNIVERSAL NI-CD BATTERY CHARGER
ranged at 1:179, which reduces the average
charging current of 1800 mA to 10 mA.
The level of the discharge and charging
currents is independent of the selected charging period and may be set to six fixed values with S4.If it is required for abattery to
be charged completely in 30 minutes, the
charging current selected must have twice the
value of the battery capacity. The charging
current in mA corresponds to the capacities
shown on the front panel—see Fig. 10. That
is, in position 500 mAh, the charging current is 500 mA. Independent of this, the
charging current may be doubled by shunting R22 with asecond 0.1 n, i
W, resistor.
This may, however, be done only if the total
consumption, -l
oa d
xt/l oad does not exceed
25 W, otherwise the switched-mode power
supply may become overloaded. Furthermore,
the maximum current through the inductor,
the fuse rating (max. 8 A), and the maximum discharge current (max. 10 A) must be
observed.

Construction
The battery charger is best constructed on
the printed-circuit board shown in Fig. 9.
Pay good attention to the polarity of a
number of components and make sure that
firm solder connections are made where
large currents are likely to flow.
The components that need cooling, i.e..
IC 5,D5,and Tg, are located at the edge of
the board to enable them to be fitted direct
to asuitable heat sink (≥3.2 K W -1 at aconsumption of ≤25 W).
Make sure that the rear of the LT1070 is
electrically bonded to the earth connection
specially provided between the supply connections for C7 and IC 5.
All presets are conveniently grouped at
one side of the board.
Resistors R23-R 43 are not located on the
board, but are soldered direct to the rotary
switches. These switches are intended to be
fitted to the front panel. Their sections that
must be connected to the board are marked

Resistors:
R1, R19 = 1.2 ki-2
R2, R3, R13, R18 = 10 42
R4 =390 k.12
R5 =2.2 kQ
R6 = 1kQ NTC
R7 =82 SI
R8, R15 =270 12
R9 = 18 k.12
R10 =200
R11 = 100 1(12
R12 = 1MU
R14 =2.71(12
R16, R25, R31 =56 Q
R17 = 1.5 k.12
R20 =33 kf2
R21 =560 fi
R22 =0.1 0, 1W
R23, R29 =22 12
R24, R30 =39 Q

G/H. K/L. and M/N.
The sockets for connecting the NTC resistor. R6,the supply (K 1)and the batteries
(K/) are located at the right-hand side of the
front panel.

Calibration
There are quite afew calibrations to be carried out, but fortunately they are not very critical. In the first place, do not yet fit IC I.
I. Set S4 to 500 (mA), S3 to 8 (batteries),
S2 to its centre position, and all presets
to the centre of their travel.
2. Connect a 12 V, 2 A supply to K 1 (observe polarity!).
3. Connect an auxiliary supply of 8V to K2
(observe polarity!).
4. Connect amultimeter between the e pin
of K2 and point G on the board, and adjust P4 until the measured voltage is exactly the same as that between the pins
of K2.
5. Set S3 to position 10 and adjust P2 until
with an auxiliary voltage of 8-8.5 V on
K2,avoltage of 0.53 V is measured between junction P2-R 3-C 12 and earth. This
ensures that all batteries are first discharged to an e.m.f. of 0.8-0.85 V.
6. Set S3 to position 10 and adjust P1 until
with an auxiliary voltage of 10x the maximum specified (by manufacturer) cell
voltage on K2,
apotential of 0.53 Vis measured between junction P1-R 2-C 11 and
earth. The maximum cell voltage is normally about 1.65 V, but may vary from
1.55 V to 1.7 V.
7. The external clock is adjusted with the
aid of P3 and this is best done on an oscilloscope. The frequency of the signal
at pin 6of IC 2 must be IHz. If you have
no oscilloscope, use alogic tester with
LED indication: the flashing of the LED
may be compared with the second hand
of awatch.
8. Remove the auxiliary voltage from K2,
switch off the supply voltage, and fit IC I
and R6.In an emergency, anormal 1kS2

19

resistor may be used for R6.
9. Connect apartially discharged 500 mAh
battery to K2,set S4 to 500 and S3 to I.
10. Reconnect the 12 V supply to K1,
whereupon the red LED will come on.
II. Connect adigital multimeter (set to 1-2 A
d.c.) in series with the battery. About 2
seconds after the connection with the battery is made, the red LED goes out and discharging of the battery begins. Adjust P5
till the multimeter reads 500 mA.
12. After alittle while, the baRery will be
discharged and charging will commence,
indicated by the coming on of the green
LED. The current through the multimeter will then change direction: adjust P6
until it has avalue of 500 mA.
13. The battery charger is now ready for use.

Finally
Before charging is begun, always set the
various switches to the correct position. The
charger can then be switched on and the batteries connected to it. When adifferent set
of batteries or battery is connected to the
charger, reset the processor by briefly switching off the supply.

PREVIEW

SPEAKER BUILDER
Issue 3, 1991
•Measuring drivers with
radar
•A deep bass subwoofer
•Calculating low-frequency
response with PSpice
•A speaker made of pipes
and ribbons
•The DELAC SIO
•An infrared remote volume
control

IC5 =LT1070
R26, R32 = 100 LI
R27, R33 = 120 Q
R28, R34 = 150 12
R35-R43 = 1ki-2
P1 = 101c12 preset
P2 =25 kfl preset
P3 =50 k.(.2 preset
P4 =2.5 KO preset
P5, P6 =50 SI preset.

Inductors:
L1 =choke 200 µH, 5A

Capacitors:
C1, C11, C12, C13 = 100 nF
C2 = 15 nF
C3, C9, C10 =470 µF, 25 V
C4 =22 nF
C5, C6 =47 µF, 25 V
C7 =200 µF, 25 V
C8 = 1µF

Semiconductors:
D1 =LED, red
D2 =LED,.green
D3 =zener, 2.7 V, 400 mW
D4 = 1N5408
D5 =BYW 29/100
D6 =zener, 18 V, 400 mW
Ti, T2, T3, T5, T6 =BC560B
T4 =BS170
T7 = BC547B
T8 =TIP147
IC1 =U2400B
IC2 =4060
IC3 =TLC271
IC4 =7808

Miscellaneous:
Si =miniature C/O switch
S2 =miniature C/O switch with
centre position
S3 =rotary switch, 1pole,
12 positions
S4 =rotary switch, 2poles,
6positions
Fl =fuse, 5A, complete with
holder
Kl, K2 =2-way terminal block
Heat sink, 100x38x15 mm
PCB 900134
Front panel foil 900134-F
Estimated cost: £45-£55
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LOGIC ANALYSER -PART 4
by K. Nischalke and H.J. Schulz

In this penultimate instalment of the article (which was delayed
by circumstances beyond our control), the power supply and the
interfaces for the IBM and Atari are discussed, and that
completes the hardware for the logic analyser. In the final
instalment, the necessary software will be introduced.

T

HE DESIGN of the power supply is not
revolutionary and yet it is unconventional, because the analyser, owing to the
number of fast logic circuits, consumes quite
alot of power. The circuit diagram of the
power supply is given in Fig. 16.
So as to keep the supply relatively simple
and compact, five low-power voltage regulators, instead of one heavy-duty type, are
used: one for each board contained in the
analyser. This design has the advantage that
when acertain board is not used, its supply
can also be omitted. Furthermore, the cooling becomes alot easier.
The supply consists of two independent
sections, of which the main one is based on
transformer Tr 2,bridge rectifier D2—D 5,and
voltage regulators IC 65—IC 69 .
The section based
on Tri, bridge rectifier D6—D 9,and regulators IC 70 and IC 71 is is intended for probes that
can cope with input voltages up to ±12 V. If
such aprobe is not envisaged, this section may
simply be omitted.
Mains transformer Tr 2 is rated at 5A to
handle the whole analyser. The rating can
be reduced by 1A for each RAM card that is
omitted.
The five regulators are of the well-known
78xx type, but here rated at 2A (S-type). This
is because the current drain of the RAM cards
is just about 1A and it would be disturbing
if the current limiting of the regulator would
come into action regularly (low voltage).
The PCB for the supply is shown in Fig. 17.
It has the same format as the bus board and
the two may, therefore, if the enclosure allows,
be fastened together with the aid of suitable
spacers (track sides facing, of course). Such
an arrangement would place the 5V and
12V connections of the boards close together.

Atari interface
Communication between an Atari and the
logic analyser is via the hard-disk slot emerging at the rear of the computer via aD-type
connector.
The present interface is not strictly aspecial hard-disk interface, but aDMA interface to which amaximum of eight external
apparatuses may be connected in parallel.
Addressing the apparatuses separately prevents any conflict between them. This means
also that the hard disk may remain connected.
The circuit diagram of the interface is

Fig. 16. Circuit diagram of the power supply; the section based on Tri is for use only if probes that
accommodate input voltages up to ±12 Vare to be used.
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Fig. 17. Photograph of the completed power supply board.

Fig. 18. The printed-circuit board for the power
supply has the same dimensions as the busboard.
It has no provision for Tr2.
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Fig. 19. Circuit diagram of the interface for Atari computers.

Fig. 20. The printed-circuit board for the Atari interface.
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Fig. 21. Circuit diagram of the IBM interface.
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Fig. 22. The printed-circuit board for the IBM interface is designed as aslot-in card.
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Fig 26. The front panel for the logic analyser is available through our Readers Services.

Power supply
Capacitors:
067, C70, C73, C76, C79, 082,
C83 =470 µF, 25 V
C68, C71, C74, C77, 080 =330 nF
069. C72, C75, C78, C81, C84,
C85 = 100 nF
Semiconductors:
D2-D5 =BYW29
D6-D9 = 1N4001
IC65-1069 =78S05
IC70 =7812
IC71 = 7912
Miscellaneous:
K23-K29 =2-way terminal block,
5-cm centre
K22 =3-way terminal block, 5-cm centre
Tri =mains transformer, 12 V, 3.75 VA
Tr2 =mains transformer 8V, 5A
Si = mains on/off switch with
integral fuse holder
F1 =fuseholder and fuse, 63 mA,
la ed action

shown in Fig. 19. The DMA interface can access two addresses in the circuit via line Al.
The control register, 10 59 ,is at one of these
addresses (Al =0). The address of the apparatus must be written in the three most significant bits of this register in order to actuate the analyser.
The logic analyser has address 4; whether
that is stored in the control register is checked
by gates IC 6i
c and IC 62c .
The output signal of 1C 6i, enables or disables the various inputs and outputs of the
interface.
The remaining bits of the control register

PARTS LISTS
F2 =fuse, 1A, delayed action
Five heat sinks for 1065-1069
PCB 900094-7

Miscellanous:
K20 = 19-pole male D connector or
20-way box header (see text)
K21 =25-pole female D connector for
PCB mounting
PCB 900094-6

IBM interface
Atari interface

Capacitors:
C1-C7 = 100 nF

Resistors:
R32-R34 =2.2 IcSI
Capacitors:
C64-066 = 100 nF
Semiconductors:
I059 =74HCT574
1060 =74HCT138
1061 =74HCTOO
1062 =74HC -1
02
IC63 =74H0103
1064 =74HCT245 .

Semiconductors:
1C1, 103, 104 =741-1CT245
1C2 =74HCT377
105 =74HCT138
IC6 = PAL16L8 (Order No 5973)
IC7 =74HCTO4
Miscellaneous:
25-pole female D connector for
PCB mounting
Fixing plate (see Fig. 22)
PCB 900094-1

are used to address the various registers in
bus and the WR> signal.
the analyser proper: QO and Ql provide the
two address lines for the register, while Q2-Q4
control address decoder IC 60,which generAtari interface board
ates the five card-select signals.
When the interface is actuated by the four
The board for the Atari interface has been
highest bits of the control register, data may
designed as asort of adapter plug (see Fig. 20
be sent to and from the logic analyser via bidiand 27) that can be inserted at the rear of the
rectional buffer 10 64 .
The buffer is addressed
computer. The PCB-type 19-way male D conwhen Al is high. The direction of the data
nector for this is, however, not easily availtransport is determined by the read/write>
able in many locations. There is, therefore, the
line.
possibility to use abox header (which is
The single-step signal is produced by IC 63, much more readily available) in the K20 poand 1C 6 from the strobe signal for the data
sition. Starting at pin 1, the wires in the cable
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Fig. 27. Photograph of completed kEri interface board.
are soldered or crimped as follows: 1to 1; 2
to 11; 3to 2; 4to 12; 5to 3; and so on; only
pin 20 of the box header is not used.
No such difficulties are envisaged with
K21. The cable between the interface and the
logic analyser may be astandard computer
accessory: 25-way with male and female connectors. It should, however, not be longer than
one metre.

IBM interface
The interface for IBM XT and AT computers
consists of not much more than anumber of
digital inputs and outputs—see Fig. 21. The
data bus for the computer is buffered by ICi.
This is not necessary for the address lines of
the computer, since most lines are connected
to only one input. There are, nevertheless,
three address lines that, depending on the position of the jumpers near IC 6,
are loaded with
up to two inputs. Circuit IC 6 is the address
decoder of the interface.
The basic address of the card may be arranged in steps of four addresses from 300 hex
to 31C hex with the aid of jumpers and inverters in lines A2-A4.
Four addresses emanate from the address
decoder (a PAL): an enable signal for the

data bus buffer (E>) and three select signals
for controlling the three individual addresses
on the interface card: ADRO-ADR2.
The address register is found at basic address +0. The address with which acard and
aregister are addressed on that card is written in the address register.
The data register is found at basic address
+1, via which data are written to, or read
from, the logic analyser. Simultaneous with
the reading or writing, card select decoder IC 5
is enabled via the ADR1 line to ensure that
the cards of the analyser are connected to
the bus only when this really necessary.
The IRQ signal from the analyser enters
via basic address +2 on the interface card. This
is processed as data, and not as an interrupt.

IBM interface board
The dimensions of the PCB for the IBM interface are determined solely by those of the
two connectors—see Fig. 22 and 28. Since
the electronics do not need much space, it
has been possible to include atable on the
board that indicates what jumpers are required
to place acertain basic address for the card.
To prevent the card being pulled from the
slot by the connecting cable, it is essential

THE R.F. CONNECTION
213 North Frederick Ave. #11
Gaithersburg, MD 20877
ORDERS

301-840-5477
FAX 301-869-3680
THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

"Specialist in RF Connectors and Coax"

UG-21D199•3
U6.215/9913
UG-146A/U
UG-83B1U

DeserlptIon
UHF Male Starlet USA made
UHF Male Sdver Teflon USA
N Male PG-S. 213, 2,4Delta
N Male PG-8 213, VI. amps
N Male Pm tor 9913. 9086, 8214
Fts UG-2* CdU & UG-21 B/UN's
N Male tot RG-13vath 9913 Pm
N Male tor PG-S with 9913 Pin
N Male to 50.239 Teflon USA
N Female to PL-259, Teflon USA

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE
VISA. MASTERCARD. ADD 4%
UPS C C D ADD S3 50 PER ORDER

Overview
An overview of the logic analyser and all
that may go with it is shown in Fig. 23.
The control card is always connected to the
centre connector of the bus board to ensure
that when several RAM cards are used, the
connections between these cards and the
control card remain as short as feasible.
Before the RAM cards are built in, a10 kQ
resistor must be soldered at the track side
between pins 11 and 16 of IC 29 .
This resistor
suppresses any reflections that may occur at
that end of the clock line to the shift registers.
There is not much wiring in the analyser
because most connections are contained on
the bus board. What wiring there is comes
mainly from the power supply.

PrIc•
$ 70
150
325
500
150
395
5 75
600
600

MOUTH

Helps us grow, means a stronger publication
that can do more of the things that need doing
in the pursuit of better electronic systems. If
you have friends, associates, relatives or even
enemies who share your enthusiasm for
ELEKTOR ELECTRONICS tell us their names
and addresses, and we will send the word
along. THANKS
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that the board is provided with afixing plate
with which it can be fastened securely on to
the computer. Such aplate can be made as
shown in Fig. 24.
For the connection between the interface
and the computer the same sort of cable as
for the Atari may be used.

WORD OF

1-800-783-2666

INFO

Paul No.
PL-259/USA
PL-259/ST
UG.21D/U
UG 71B/U
9913/PIN

Fig. 28. Photograph of completed IBM interface board.

VIDEO A-D/D-A CONVERTER
PART 2: A 30-MHz
VIDEO ADC/DAC
DEVELOPMENT
BOARD
Following last month's
introduction into the basic
operation of the two main
integrated circuits in the
design, the TDA8708 and
the TDA8702, this second
and last instalment
focuses on the more
practical side of things.
Are you triggered? Here is
a high-speed video
A-DID-A converter board
aimed at helping you on
the way with your own
video experiments.

P. Godon (Philips Components,
Paris)

Continued from the May 1991 issue

The block diagram

of the development

board, Fig. 8, shows the two converter ICs
surrounded by quite afew sockets, switches
and connectors. The switches, Ki through
Kg, are actually jumpers that allow different
modes of operation to be selected. The BNC
sockets, Kw through

K17,

are the analogue

Fig. 8.
Block diagram of the video processor card. Most of the switches shown here are
wire jumpers to select different modes of operation.

Table 8. Connector overview
Connector

Type

Function

Connector

Type

Function

K1

jumper

Clock 2/delayed Clock 1

K13

BNC socket

ADC input 2

K2

jumper

Video input /direct input

K14

BNC socket

Clock input 1

K3

jumper

ADC output: binary or 2's complement

K15

BNC socket

Clock input 2

K4

jumper

DAC output: true or inverted

K16

BNC socket

Mode gate B

K5

jumper

Clock 1/Clock 2

K17

BNC socket

Mode gate A

K6

jumper

Gate B active /disabled (+5 V)

K18

BNC socket

DAC analogue output

K7

jumper

Gate A active /disabled (+5 V)

K19

PCB pin

Clock delay

K8

jumper

Video input selection: Bit 0=H /Bit 0=L

K2O

PCB header

Supply voltages

K9

jumper

Video input selection: Bit 1=L /Bit 0=H

K21

PCB header

ADC output

K10

BNC socket

ADC direct input

K22

PCB header

DAC input

K11

BNC socket

ADC input 0

K23

32-way DIN

combined ADC output and DAC input

K12

BNC socket

ADC input 1
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video inputs and the digital control inputs.
The analogue output signal of the DAC is
available on socket K18. The board is linked
to acomputer or microprocessor system via
connectors K21 and K22, or K23. All digital inputs and outputs of the board are TTL compatible.
The development board is connected to
analogue and digital 5-V power supplies via
K2o. Two separate power supplies are required to ensure the best possible decoupling of the analogue and digital sections.
The 'adjustable delay' block is formed by
an integrated circuit that has not been discussed last month. This IC, aType 1505-5B
from Data Delay Devices, contains astepped
delay line. The signal applied to the CLK1
input of the board, K14, can be delayed in
steps of 1ns to amaximum of 5ns. The delay
line has ad.c. resistance of 0.7 SI and an impedance of about 100 O.
Finally, the resistors shown in the block
diagram ensure that video sources are terminated in 75 û, and the clock inputs in 50 Q.

The development circuit
The circuit diagram of the video A-D/D-A
card is given in Fig. 10. As discussed last
month, the TDA8708 stores the current analogue value at the first leading edge of the
clock signal, after the 1.5-V threshold is exceeded. You will also recall that the digital
equivalent of the analogue value appears at
the output after adelay, Td, of 8to 20 ns. At
the next trailing edge of the clock signal, the
DAC copies the digital information, and
supplies the corresponding analogue value
after the conversion delay, td, of 3ns. Hence,
the video input signal is subject to a total
delay, Tv,of
=Td

2
/
1

f

td

sample N

;sample N-1

ADC digital outputs
DAC digital inputs

Td

Td

tp,H

td
8ns <Td < 2Ons

-

td < 3ns

td

DAC analog output

sample N

sample N-1

910009 -13

Construction

Fig. 9.

Overview of conversion timing and data setup times for the ADC and the DAC.
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1V5

Analog Input

At relatively high clock frequencies, say,
30 MHz, it may happen that the minimum
required delay time between the A-to-D and
D-to-A conversions is not available. The
DAC requires that the input data remain
stable for at least 0.3 ns. Since the time between the leading and the trailing edge is
only 17 ns for a 30-MHz clock signal, it is
readily seen that the DAC may have trouble
loading stable data when the required delay,
Td, is yet to be subtracted. This potential
problem is eliminated by the previously
mentioned delay line, 10, which delays the
trailing edge of the clock 1to 6ns, depending
on the selected 'tap' (jumper K19). This compensation ensures the correct operation of
the conversion processes when relatively
high clock speeds are used. The diagram in
Fig. 9 shows the combined timing of the
ADC and the DAC, along with the data
setup times and associated delays.

In view of the speed of the signals involved,
the video A-D/D-A circuit is best built on a
printed-circuit board of the design shown in
Fig. 11. The board is double-sided, but not

reference level

Clock Input

VIDEO A-D/D-A CONVERTER -2
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Fig. 10.
Circuit diagram of the ADC/DAC converter card. You have the digitized video signal available at a resolution of 8 bits between
connectors K21 and K22. A separate connector, K23, allows the card to be connected to a computer bus.
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Component mounting plan of the double-sided printed circuit board. Note that the board is designed for PCB-mount BNC sockets.

through-plated. Its design allows BNC
sockets to be fitted without coaxial cables,
which reduces parasitic capacitance to a
minimum.
Most of the PCB headers and jumper
blocks on the board can be made from singlerow and double-row pin headers, which are
available in strips of 36 and 72 pins with a
spacing of 0.1 inch. Headers K21 and K22, for
instance, are 8-pin pieces cut from alarger
strip.
Connector K23 is a32-way angled type to
DIN41612. It allows the digital data inputs of
the DAC, and the digital outputs of the ADC,
to be connected to amicroprocessor system
bus. For astraight link between the ADC and
the DAC, interconnect the corresponding
pins on K21 and K22. Finally, note that although an SMA (surface-mount assembly)
version of the development board is shown
in Fig. 11, all components on the board
shown in Fig. 10 have standard sizes.
•

COMPONENTS LIST
Resistors:

Miscellaneous:

1 1kf.25

R1

9 3-pin PCB header

K1 -K9

2 750S2

R2;R3

9

K10 -K18

2

R4;R9

1 solder pin

R5 -R8

1 5-pin PCB header

K20

2 8-pin PCB header

K21 ;K22

1 32-way angled connector
to DIN41612

K23

021

0.1-inch jumpers as required

100a

4 75S1
Capacitors:
6 68pF 6V3
1 18nF

C2

5 22nF

C3;C7;C10;
C12;C22

1 220nF

C4

1 1pF 10V

05

1 100nF

C8

2

014;C17

10pF

1 56pF

015

1 82pF

C16

3 4j.IF7 10V

018;019:C20

Inductors:
3

12pH

1 15tH

Li ;L24
L3

Miscellaneous:
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1 TDA8708

IC1

1 TDA8702

IC2

1 1505-5b

103
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PCB-mount BNC socket
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Solder side (above) and component side (below) of the PCB for the video ADC DAC card.
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DIGITAL PHASE METER
by R. Lucassen

Phase meters are rare instruments, even in the laboratory or
workshop of audio and hi-fi engineers and enthusiasts. Perhaps
that is because until the advent of reliable digital techniques it
was fairly difficult to design an accurate direct-reading phase
meter. In one commercial catalogue published in the 1970s, a
phase meter is advertised as having "an accuracy of about
3degrees from 10 Hz to 30 kHz". Clearly, for modern audio
equipment, that is no longer acceptable. Another reason may be
that aphase meter is afairly specialized instrument: many
engineers and technicians measure phase shift with the aid of
Lissajous figures (which do not give very accurate results either).
The phase meter presented in this article is accurate to within
0.5° over the frequency range 10 Hz to 20 kHz.

T

HE PHASE shift between two electrical
signals is of great importance in most
branches of electronic engineering, but more
particularly in audio engineering. In all circuits containing capacitors or inductors or
both, frequency-dependent phase shifts will
occur and these will affect the wanted operation of many circuits. There are, of course,
circuits, such as filters, where phase shift is
one of the design parameters.
The basic design of the phase meter may
be gleaned from the block diagram in Fig. 1.
Note, however, that, for the sake of simplicity, an analogue meter has been substituted
for the LED display with which the instrument is actually equipped.
The analogue signals presented to the display section are digitized before they are processed. Since alternating signals are involved,
this is quite simple: the positive part of the signals is converted to alogic low (0) and the negative part to alogic high (1). The timing diagram in Fig. 2shows the analogue input signals (A and B) together with their digitized
variants (A' and B'). The use of the digitized
signals as the clock for abistable (US: flipflop) ensures aperfectly symmetrical (i.e., duty
factor is 50%) digital output signal at afrequency equal to half that of the input signal.
This guarantees that differing lengths of positive and negative half periods, noise and other
spurious signals have no effect on the accuracy of the measurements.
The time difference between the leading
edges of the signals emanating from the bistables is ameasure of the phase shift between
the two input signals. The output of the XOR
gate is high during this time difference. The
ratio of the width of the logic high signal at
the output of the XOR gate to that of the output signal of bistable FF 1 gives the phase
shift, which only has to be converted into
degrees.
The width of the output pulse of the XOR

[5.0

input
stage

zero
crossing
detector

MMV1

LED1

e

MMV2

input
stage

zero
crossing
detector

LED2

FF2
910045 -11

Fig. 1. Block diagram of the digital phase meter.
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FF1

DIGITAL PHASE METER

Fig. 2. Timing diagram of the analogue-to-digital conversion section.

El

have to be used. That would make the measurement very slow and the instrument inconvenient to use.
Adigital meter was therefore chosen, which
can accurately indicate any phase difference
between 0° and 360° with aresolution of 1°.
The diagram in Fig. 3shows how this meter
operates.
A central clock frequency of 6MHz is
used, which is applied continually to one
branch of the circuit, and to the other branch
only when the output of the XOR gate of the
phase comparator is high. In both branches,
the clock pulses are divided by 2n before
they are applied to the respective stage. Factor
nis set manually. Note that since division takes
place after the AND gate, this gate has no effect on the accuracy of the measurement.
As soon as the content of the reference
counter has reached avalue of 3,600, one
output of the counter goes high to indicate
that the measurement is complete and that
3,600 /2n pulses were processed during it.
At the instant the reference counter has
counted 3,600 pulses, the display memory is
prompted to take over the contents of the
reference counter. The display will then show
the number of counted pulses, that is, when
the phase shift is 0°, no pulses were counted;
if the phase shift is 360°, 3,600 pulses were
counted. The last digit of the number of pulses
is omitted to make the display read the number of degrees.
Note that the accuracy of the measurement
depends on the ratio of the measuring time
to the frequency of the reference signal. The
measurand is therefore sampled at a frequency of 6MHz. Even at the highest signal
frequency of 20 kHz, the error introduced
by this is negligible
Furthermore, the design of the instrument arranges that counting always starts at
the beginning of aperiod. Therefore, it is
never known how much of the last period is
measured and steps must consequently be
taken to ensure that the last period has negligible influence on the measurement. This
is done by taking many periods per measurement. For instance, ameasurement over
10 periods has apossible error of 10%, whereas
over 200 periods the error would be only
0.5%. Because of that, the instrument contains
acounter (in the error indicating circuit) that
monitors over how many signal periods a
measurement, was spread.

Fig. 3. Block diagram of the digital measuring section.

Circuit description

gate indicates at all times by how much signal Blags signal A. Therefore, the pulse represents aphase difference of 0-360°. Since it
may also be of interest to measure the lag of
signal A with respect to signal B, there is asecond XOR gate whose output may be inverted.
Monostables MMVi and MMV 2 indicate
by LEDs that usable signals, that is, signals
whose phase difference is to be measured,
exist at the associated inputs. Furthermore,
the output of MMVi is used to actuate the
meter. If only signal A is present, the meter

The instrument is constructed on three printedcircuit boards; the associated circuits are
shown in Fig. 4, 5and 6.
Figure 4 is the circuit diagram for the
motherboard. The power supply is astraightforward, conventional type with abridge
rectifier and two integrated regulators.
The buffered and possibly attenuated (-20 dB)
signal is applied to terminals A and B. Input
A is used as the reference signal and for actuating the metering section.
The incoming analogue signal is converted into adigital signal in IC 12 (channel
A) and IC 14 (channel B). The offset of these

must remain stably in the centre position. If
it does not, the input signal is unstable and,
therefore, not suitable for measurements.
Since the width of the pulse at the output
of the XOR gate is ameasure of the phase shift,
it would seem that asimple analogue interface in the form of an integrator would be
sufficient for driving amoving meter. That
would, however, present certain difficulties,
such as astrong dependence on temperature and the fact that to obtain astable meter
deflection ahigh integration constant would
WorldRadioHistory
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IC13, IC23 = 4027
IC15 = 4528
IC16 = 4070
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R58

Fig. 4. Diagram of the circuit contained on the mother board.
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R48

Fig. 5. Diagram of the circuit containing the displays, input stages, and selector switches.
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opamps is compensated by presets P3 and
P4 respectively. Bistables ICi 3a and (Cob split
the digitized signal into asymmetrical signal (duty factor =50%) that is suitable for measurements.
Monostables IC 15 ,and ICi 5bactuate the
LEDs (D 9 and D10 )on the front panel to indicate that suitable signals are input. At the
same time, IC 15b enables the reference counter
via its Q output.
The outputs of IC 13a and IC I3 bare combined via XOR gate ICi6 a .Another XOR gate,
IC16b, and switch S4 on the front panel make
it possible to invert the phase difference as
discussed before.
Finally, ICr a combines the output of the
phase comparator with the clock frequency
(6 MHz). When the output of XOR gate IC16a
is high, the clock is passed on and the measurement may be carried out.
The clock signal is generated by acrystal
oscillator based on ICi 6c and buffered by
IC I6d before it is applied to the relevant stages.
At the end of the measurement, areset cycle
is started by IC 24 .As soon as this IC has
counted 3,600 pulses, IC23b is set via IC 25a and
OR gate D11 -D 12 and in its turn resets decade
scaler IC 26 .This actuates the latch signal,
whereupon the counter state is transferred
to the display drivers (further discussed later
on). Subsequently, IC 22 receives aclock pulse
and stores data concerning any measurement error, after which IC 2i is reset. All relevant measurement data are then stored and
the remainder of the circuit is reset via bistable
IC 23a .When the reset cycle is over, IC23, is
returned to the relevant output state via AND
gate ICub. At the same time, IC2 4 is reset by
the clock pulse that appears at the Q9 output of IC 26 .The circuit is then ready for the
next measurement.
Fig. 6. Diagram of the logic circuits for the LED displays.

Resistors:
R1, R3, R5, R7, R42, R44 = 1.2 k.1.
2
R2, R4, R6, R8, R43, R45 =471c12
R9, R15, R59 =2.2 Mí2
R10, R16 = 1.8 MS2
R11, R17 = 180 id/
R12, R18, R46, R47, R51, R52 = 10 k.S2
R13, R14, R19, R20 =22 SI
R21-R41 =2.2 KU
R48, R53 =3.3 kS2
R49, R55 =4.7 M12
R50, R54 =4.7 K2
R56, R58 = 1MS2
R57 = 100 Ic12
R60 =22 k12
R61 = 1.8 K2
P1-P4 = 5kil preset
Capacitors:
C4 =560 nF
C2, C3, C5, C6, C20, C21,
C26 =4.7 µF, 63 V, radial
C7-C15, 017, 019, 028-C44 = 100 nF
C16, 018 =820 pF
C22, C23 = 100 pF
C24 =2200 µF, 40 V
025 = 1000 uF, 40 V

1
,
1,1•A 1()1-2

Ett:( .rRostus

s it

NE 1991

PARTS LIST
027 =47 ¡IF, 40 V, radial
Semiconductors:
D1-04, D9, D10, D13 = LED, 3mm
D5-08 = 1N4001
D11, D12 = 1N4148
B1 = B80C1500
T1-T6 = BC550
1C1, IC2 = CA3140+
IC3, 104 =4020
IC5-1C8 =4510
IC9-1C11 =4543
1012, IC14 = LM311DP
IC13, IC23 =4027
IC15 =4528
IC16 =4070
1017 =4081
1018, 1024 =4040
IC19, IC20, 1025 =4082
IC21 =4043
1022 =4042
1026 =4017
IC27 =7815
1028 =7915

WorldRadioHistory

Miscellaneous:
KI, K2 = BNC audio socket
K3 =2-way terminal block,
7.5 mm centre
K4, K5 = 16-way box header
K10 = mains entry plug with integral
fuse holder
Si, S2 =single-pole change-over switch
S3 = rotary switch, 2poles, 6positions,
for PCB mounting
S4 = SPST switch
X1 =crystal, 6 MHz
LD1-LD3 = HD1105, common anode
Tri = mains transformer, 15 V, 18 VA
F1 =fuse, 100 mA, delayed-action
Mains on-off switch
Enclosure (ABS)
Knob for S3
Heat sinks for voltage regulators
PCB 910045-1
PCB 910045-2
PCB 910045-3
Front panel foil 910045-F

DIGI I‘I. l'IL‘SE METER

Fig. 7. Printed circuit mother board.
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Fig. 8. Printed-circuit board for the displays,
input stages, and selector switches.

Elektor
Electronics
110V--

60 Hz

No. 910045
F= 100mAT

Elektor
Electronics
240V

50 Hz

E

No. 910045
F=

C3

100mAT

Fig. 9. Suggested labels for the rear panel of the
digital phase meter.

Fig. 10 Printed-circuit board for the logic circuits for the LED displays.
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DIGITAL PHASE METER

9.0,5 -F

Fig. 11. The front panel foil for the digital phase meter is available through our Readers Services.
As mentioned before, the more periods are
used, the more accurate the measurement.
The counter in error detector IC 10 counts the
number of periods between the onset of the
measurement and the generated latch pulse.
Four AND gates decode the result at 360,
180, 90 and 36 periods in one measurement
cycle; these counts correspond to errors of 0.5°,
1°, 2°, and 5° respectively. Depending on the
number of counted periods, one or more
LEDs light; when they all light, the error is
negligibly small.
Figure 5shows the circuit of the displays,
the indicators, the input stages and the stage
for selecting the measurement duration. The
indicator LEDs are driven by transistors: the
control lines are connected to relevant points
on the mother board via K5.
The input impedance is about 1Ma. Large
input signals may be attenuated by 20 dB
(S 1and S2). All input signals are buffered by
Type CA3140 opamps before they are applied to the comparator on the mother board.
The inputs of these buffers are protected
against overv-voltage by diodes. Presets P1
and P2 serve to minimize the offset at the
outputs of the opamps.
Circuits IC 3 and IC 4 are programmable
2n dividers. IC3counts the clock pulses passed
by AND gate ICra,that is, the pulses that
indicate how long the output of XOR gate
IC I6 bhas been high. The number of these

pulses depends entirely on the phase shift
between the two input signals. IC 4 is the reference counter that receives dock pulses continually.
The scaling factor is set with S3:it enables
the user to select ameasurement time that is
most suitable for the frequency of the input
signal. The error indicators on the display
show whether the correct time has been selected.
Figure 6shows the circuit contained on
the third PCB: the seven ICs form the display counter and interface for the LED displays.
The clock pulses to be counted are applied to cascaded counters IC 5—IC 8 via pin 3
of 1(0.
As soon as the latch signal is active, the
counter state is stored in display drivers
IC 0—ICii. The displays, connected with this
part of the circuit via Kg, light to show the
correct value measured.
The facilities of setting apre-determined
value and choosing up- or down-counting
in the Type 4510 ICs are not used.
At the reset command at pin 2of K8 the
counters are returned to zero and anew measurement cycle can be started. The previous
measurement value is retained on thedisplays
because the display drivers are not reset. The
next measurement is thus carried out while
the displays show the previous result.

Construction

Fig. 12. This photog -aph of the completed digital phase meter
shows how the PCB of Fig. 9is fitted to the PCB in Fig. 8.

The three PCBs are shown in
Fig. 7, 8, and 10. Their population is straightforward, but it is
best to begin with boards 2and
3. Note that the box header on
board 2must be soldered at the
track side. Connectors K8 and
Kg on board 3may be replaced
by right-angle print headers.
As abonus, such headers would
ensure afirm mechanical link
between boards 2and 3. In any
case, the boards are provided
with holes to enable corner braces
to be used for strong mechanical interlinking.
Mount the LED displays on
board 2about 1cm (J8 in) above
the board with the aid of wire-

wrap IC sockets.
Connect switches S1, S2, and S4, to the
board with short lengths of wire; fit S3 directly
to the board.
Cut the terminal wires of D1—D4,and Dg
and D10 to about 2cm (
13 /
16 in): this will ensure that they will be located exactly behind
the windows in the fron tpanel.
Fit soldering pins at A and B and adjacent earth points at the track side of board 2.
The power-on indicator, D13, is best fitted to the front panel with the aid of an LED
clip or superglue.
Fit board 2on suitable spacers directly
behind the front panel. Just prior to tightening the screws, connect the input sockets to
the board via short wires. Next, screw the three
toggle switches to the front panel.
Finally, mount board 3at right angles to
the track side of board 2as shown in the photograph in Fig. 12.
Mount the mother board on the bottom
plate of the enclosure, after which all necessary electrical connections to the other boards,
the power-on LED, and on-off switch to mains
entry plug can be made.
Finally, interlink points A and B, and the
associated earthing points, on the mother
board and board 2by single screened audio
cable.

TECHNICAL DATA
Measuring range

10 Hz —20 kHz

Reading

0-360°

Input sensitivity

6mV peak

Max. input voltage

100 V peak

'

Attenuation

0dB or 20 dB

Measurement time

0.3-10 s

Input impedance

1.1 Mn

Measuring error

Calibration and use
Calibration of the phase meter is confined to
adjusting the four presets.
Short-circuit inputs A and B and adjust
P1 and P2 for zero output of ICi and IC 2.
Remove the short-circuit from the inputs
and apply asinusoidal a.f. signal at alevel
of about 10 mV to the inputs. Adjust P3 until
comparator IC 12 toggles exactly at the zero
crossing point: check this on an oscilloscope.
Finally, adjust P4 until the display shows
aphase difference of 0°.
Start measuring aphase shift by applying the two signals to the inputs and turning
S3 (gate time) fully clockwise. Then turn the
switch anti-clockwise step by step (when the
accuracy increases). When the indicator marking ameasuring error of 0.5° lights, the optimum position for this measurement has been
reached. Since the measurement period increases all the time, it may take afew seconds at low frequencies before the indicator
lights. That is, however, the price to be paid
for accuracy at low signal frequencies.
MI
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THE QTC LOOP ANTENNA
The quest for ever reduced
sizes of efficient HF
transmitting antennas is a
compulsive exercise which
one has great difficulty in
dropping once 'bitten by
the bug'. The antenna
described here is a new
challenge: adirectional,
compact, table-top loop

SPIRAL LOOP
L1

design with proven
excellent performance in
the 80-m band.

Richard

Q. Marris, G2BZQ
RG58 50n
CO-AXIAL

T

HE lower the HF frequency, the more
challenging the idea of being able to use
a small antenna. For instance, in the 80 m
(3.5 MHz) amateur band, adipole antenna
would be around 42 m long. Many do not
have the real estate to accommodate such a
dipole, apart from possible planning permission difficulties, and difficulties with
leases or neighbours.
For apartment
dwellers an outside antenna is invariably
impossible. For non-amateur applications
there are various requirements for discrete
and easily portable antennas. As aresult, a
compact table-top antenna as described here
becomes most attractive for many applications.

FEEDLINE

,
01

Cl

-11-
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Small and efficient
Over the years, anumber of small table-top
HF antennas have been designed, built and
air-tested. By far the best has been the spiral
loop (Ref. 1) to cover the 3.5 to 3.8 MHz amateur band. This was a very simple 23-inch
(approx. 59 cm) diameter octagonal experimental model which Iused over the last
year with a7-watt CW transmitter.
It has been useful and fortunate during
my experiments that there has been aregular
daily 2-way schedule, between 05.00/05.30
a.m. on 3,560 ±5 kHz, with afriend in Stuttgart, Germany. He has entered into the spirit
of these experiments, which have proved to
be essential, though, of course, much longer
distances have been achieved. His transmitter has a power output of about 100 watts
feeding an outdoor dipole. As against this, I
have been using a spiral loop on a table
alongside my low-power transmitter.
Strangely enough, looking back over the
months, there has been little difference in
signal strength reports either way.

11-6

Fig. 1.

910078-11

Electrical circuit of the loop antenna and the associated relative field strength

The tiny amount of textbook information
(Ref. 2) available on spiral loops is concerned
with direction finding (DF) and not transmission. It is stated that the reception advantages of the spiral loop over astandard box
loop, with the turns side-by-side, are mainly
greater sensitivity/gain, and anarrower directional polar diagram. Based on experience with the 23-inch diameter spiral loop,
and seeking greater efficiency and transmission range, further experiments produced the much more sophisticated and
efficient QTC spiral loop. Just in case you do
not remember your Q-codes: QTC means "I
have amessage for you".

The message
is that the new loop antenna has a30-inch
(approx. 76 cm) octagonal configuration,
WorldRadioHistory

which, although giving as much as 50% increase in loop area, still fits into the table top
space available.
The circuit (Fig. 1) shows a 51
2
/
turns
loop, Li, plus impedance matching coil, L2.
The inductors are resonated by variable capacitors C3 and C4. C3 sets the band segment
to be used, and C4 is a small bandspread
tuner.
A 48-inch (approx. 122 cm) length of
RG58 coax cable is fed via Ci and C2, in parallel, to the junction of Li and L2. Capacitor
C2 is apreset variable type providing afine
coupling adjustment.
Maximum radiation is on the outer turns
of Li (111--I ), and minimum radiation on the
inner turns (H1—E ). The radiation pattern
(polar diagram) is shown in Fig. 2. It will be
realized that the large lobe has to be pointed
towards the station to be contacted. In the

•1•111.: QTC LOOP ANTENNA

41

MIN
--

//

PLANE
OF LOOP

MAX

\

t
MIN

910078-12

Fig. 2.
Theoretical polar radiation pattern
of the OTC loop.

author's shack the loop usually stands on a
small turntable for simple manual rotation.
The antenna has abuilt-in tuning meter
seen at the bottom of the circuit. This is basically aRF probe of which the sensitivity is reduced to an absolute minimum, so that a
'sample' of the transmitted signal can be
taken from the outer turn of Li. The sensitivity of the probe is controlled by the value of
resistor R, as well as by the length and position of the mini-antenna.
All components are neatly located in a
plastic control box as shown in Figs. 3and 4.
The RF meter assembly is mounted in a
Terry clip on top of the box, with the diode,
the resistor and capacitor Cs wired behind
the meter. This method was adopted to enable the tuning assembly to be used on other
experimental antenna models.
The complete loop assembly is shown in
Fig. 4. When designing such aloop, it is essential that metal parts be avoided, which
means that you have to use wood and plastic
construction throughout.

Construction
As shown in Figs. 1and 4, the loop frame
consists of eight 'spokes'. These are made of
four lengths of moulded hardwood, each
30 inch long, 5/
8-inch wide and 1
4 -inch thick
/
(approx. 76.2 x1.6 x0.6 cm). A 2BA (5 mm)
clearance hole is drilled in the centre of each
spoke, and after an application of glue, the
spokes are clamped together with a 2BA
bolt, overlapping in the order illustrated.
The whole is given apolyurethane varnish.
A 6-way 2-amp polythene terminal block is
screwed to the end of each spoke. These provide the necessary spacing and insulation of
the wire turns.
A 23 x0.8 x0.8-inch (approx. 58.4 x2x
2-cm) vertical wooden support is glued and
bracketed to a suitable wooden base, the
whole being teak wood stained. The loop
frame is then glued and bolted to the top of
the vertical support.
The loop winding, Li, uses PVC-covered
stranded 7/0.2 mm wire with an outside
diameter of 1.2 mm and an electrical rating
of 1 kV/1.5 A. After loosening all grub
screws in the terminal blocks, the wire is
threaded through, turn by turn, for 51/s turns
starting at the outer left-hand lower frame
spoke, and threading through all blocks in a

Fig. 3.

Mechanical outline of the antenna tuning unit and the field strength indicator.

COMPONENTS LIST
Cl =3750 pF 500V silver-mica capacitor.
C2 =100 pF preset capacitor (Jackson C803).
C3 =75 pF variable capacitor (Jackson C809), plus knob.
C4 =12.7 pF variable capacitor (Jackson C16), plus knob.
C5 =22 nF mica capacitor.
M =250 µA f.s.d. 40 x40 mm moving coil meter (Maplin LB808).
D =HF silicon diode.
R =1kn resistor (see text).
Li =51/
8 turns of PVC covered stranded 7/0.2 mm wire. Outside diameter: 1.2 mm, 1kV/1.5 A
rating (see text).
12 =13 turns 16SWG tinned wire, 1inch internal diameter (see text).
Feedline =48 inch RG58 coaxial cable, plus plug to suit transmitter.
Box =ABS box type MB3, 118 x96 x45 mm. Maplin ref. LH22.
Terminal blocks =qty. 412-way 2amp terminal block. Maplin ref. FE78.
Spacers =qty. 3insulated spacer type M3, 30 mm long, Maplin ref. FS40T.
Spokes =qty. 48-foot lengths of

5/
8

X

1/4

inch moulded hardwood (DIY store).

Vertical support =23 x0.8 x0.8 inch wood (DIY store).
Wood base =12 x8x0.5 inch plywood or similar.
212inch steel support bracket.
WorldRadioHistory
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1.

4lengths moulded hardwood 30" x543" x3
4 ". Varnished. 2BA holes drilled in the centre.
/
Glued and bolted together.
2. 8off 6-way 2-amp polythene terminal blocks used as insulated wire spacers.
3. 51
/ turns of PVC stranded wire (tor specs see components list).
2
4. See Fig. 3.
5. Wood vertical support 23" x0.8" x0.8", wood stained.
6. 2" x2BA bolt.
7. Box front vertical support, 41
/"x1
2
/"x3
2
/", wood stained.
4
8. Wood base 12" x8" x1/2" (or similar), wood stained.
9. 21
/ steel support bracket behind wood vertical support.
2
10. Drilled and secured with glue and cis wood screws.
Note: "=inch =2.54 cm.
Fig. 4. The construction of the antenna is based on commonly available parts and materials. The 'spokes' are bolted and glued together in the centre.
reducing anti-clockwise spiral. The loop is
terminated at the inner of the lower righthand spoke, as shown in Fig. 4. Wire tails are
left at the loop ends for cutting and connecting later. After tightening the loop turns, the
insert screws in the terminal blocks are tightened sufficiently to keep the turns straight.
After fitting the variable capacitors and
insulating pillars in the box (Fig. 3), the box
is bolted to the main vertical support. An
extra, smaller, vertical wood member secures the box front to the wood base with
screws and glue. The meter assembly is secured to the font lid of the box lid with the
aid of alarge plastic-coated Terry clip. The
RG58 coaxial feedline enters the box at the
rear (Fig. 3), and is cleated down to the vertical support and along the wood.
Inductor L2 is soldered to tags on the two
left-hand insulated pillars. It consists of
ELEKTOR ELECTRONICS USA JUNE 1991

13 turns of 16SWG (16AWG, approx. 0.6 mm
dia.) tinned copper wire wound to 1 inch
(2.54 cm) diameter. The turns are then
spaced to about 1.5 times the wire thickness.
The whole loop assembly is now wired as
shown in Figs. 1, 3and 4.

Testing and operation
Initial tests are made with areceiver. On the
prototype with the bandspread, C4, at mid
capacity, it was found that by rotating C3 the
frequency range was 2,500 kHz to
4,500 kHz, which adequately covers the 80m band (3,500 to 3,800 kHz), with some overlap. In the USA and elsewhere, the 80-m
band is extended to 4,000 kHz. Resonance is
indicated by a peak of noise and signal
strength in the receiver. The radiation pattern can be checked on aselected signal by
WorldRadioHistory

rotating the loop for maximum signal
strength. From Fig. 2it will be seen that this
coincides with the large lobe. Further rotation of the loop through 360 degrees gives a
radiation pattern as shown.
In practice, C4 is set to minimum capacitance, and C3 is tuned to start of the selected
band segment. For instance, if the required
operating segment is 3,500 to 3,800 kHz, C3
is set to about 3,600 kHz (with C4 at minimum capacitance). Bandspread control C4 is
then used to tune the loop, giving fine tuning
over 3,500 to 3,600 kHz, and so on.
The transmitter adjustment is as follows:
1. Connect the transmitter to a50-Q dummy
load. Set the transmitter to the selected frequency and adjust the P.A. for optimum
loading.
2. Remove the dummy load and substitute
the loop.
3. Resonate C4 to the transmitter frequency,
and peak the coupling preset adjustment, CI.
4. It should be possible to use the transmitter
at ±20 kHz of the setting up frequency without retuning the loop with C4. Minor adjustments of C4 will easily retune the loop
outside this bandwidth, as required.
Proceed with the adjustment of the tuning meter. The mini-antenna consists of a
few turns of stiff wire wound around apencil. Remove the wire from the pencil, and position the end of it directly under the bottom
turn of Li. The mini antenna is manipulated
up and down so that the meter reads about
Y4 full-scale when the transmitter is correctly
loaded. When retuning the transmitter during operation, the meter should always peak
around this point, provided the transmitter
power is unaltered. Note, however, that the
sensitivity of the meter depends also on the
value of resistor R and the transmitter
power. The value shown, 1ka, is satisfactory for a transmitter power of about 5 to
10 watts. For higher or lower power transmitters, the value of Ris changed experimentally.
When operating the antenna it should be
kept aloop diameter away from walls, pipes
and electrical wiring. It will be noticed that
due to the loop directivity the received level
of interference is well down on anormal antenna. Best results will be obtained when the
large radiation lobe is pointed directly at the
station being contacted.
Finally, note that the loop antenna is intended as alow-power device for indoor use.
In the interest of safety, atransmitter power
of 20 watts should not be exceeded. No
doubt the design could be re-engineered for
higher power and outdoor use.
References:
1. "The Miser's T/R loop antenna" by R.Q.
Marris, Elektor Electronics November 1990.
2. The Admiralty handbook of Wireless Telegraphy, Volume 2, 1938.
For further reading:
-The ARRL Antenna Book, 14th edition.
-Antennas (2nd edition), 1988, by John D.
Kraus (McGraw-Hill).
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INTERMEDIATE PROJECT
A series of projects for the not-so-experienced constructor. Although each article
will describe in detail the operation, use, construction and, where relevant, the
underlying theory of the project, constructors will, none the less, require an
elementary knowledge of electronic engineering. Each project in the series will be
based on inexpensive and commonly available parts.

LIGHT TRANSMITTER/RECEIVER
This month we present an experimental circuit to demonstrate that
visible light can be modulated and used as acarrier to convey
information. Depending on the power of the bulb you use, and the
optics for the transmitter and the receiver, this low-cost
communication system will carry speech signals over distances of
tens to hundreds of metres.

T. Giffard

I N principle, the intensity of alight beam
from an electrical source, such as abulb,
can be used as acarrier to convey an audio
signal from one point to another. This type of
amplitude modulation (AM) can be
achieved by using the audio signal to vary
the voltage applied to the bulb. The light
transceiver described here is intended as an
introduction to wireless communication
using amplitude modulation. The circuits
have been kept simple and can be assembled

and put to use in single evening or arainy
afternoon. When used for an experiment
rather than afixed communication link, the
transceiver can be even simpler than shown
here because existing amplifiers may be
used.
Compared to, say, an infra-red emitter
there are certain restrictions to the use of
common low-voltage bulbs as light sources
for an AM-based communication link, and
the modulation will not be perfect. Still, the

quality of the system will be good enough for
areliable voice link.

On modulation and
filaments
Modulating the light intensity of abulb is not
so difficult. However, the relation between
the intensity and the filament voltage is not
quite as linear as we would like. In practice,
the best results are obtained with low-voltage bulbs that have athin, straight filament.
These bulbs, which are used in bicycle rear
lights, have a relatively rapid response to
filament voltage variations, and are therefore capable of 'following' aspeech or music
signal.
The response of a bulb to sine-wave
modulation can be significantly improved
by applying adirect voltage to the filament,
and superimposing the sine-wave. In practice, the best results are obtained with the
fixed voltage set such that the bulb lights at
half the nominal intensity. This also sets the
maximum value of the applied alternating
voltage, whose peak value may not exceed
the direct voltage. When the voltages are
equal, the modulation depth is 100%. In the
absence of an alternating voltage component, the modulation depth is 0%.

The light transmitter
The circuit of the light transmitter is shown
at the left in Fig. 1. It supplies the light
source, bulb Lai, with adirect voltage as well
WorldRadioHistory

ELEKTOR ELECTRONICS USA JUNE 1991

44

INTERMEDIATE PROJECT

Fig. 1.
Circuit diagram of the light transmitter (left) and the associated receiver (right). The IC-based audio amplifier in the receiver, a
TDA7052, is optional and may be replaced by any other amplifier you may have available.

as with the modulation signal. The bulb is
connected in the collector line of amediumpower transistor, T2, which functions as an
amplifier. When there is no input signal, the
collector of 12 is at about half the supply voltage. An audio input signal applied to the
base of T2 causes the collector voltage to

swing between 0V and the supply voltage.
This ensures that Lai is supplied with the optimum voltage for amplitude modulation.
Transistor Ti raises the audio input signal
and at the same time keeps the quiescent
voltage across Lat at about half the supply
voltage. The transistor monitors the collector

voltage of T2 via resistor Rs, and controls the
base voltage of 12 accordingly. A decoupling
capacitor, C2, prevents Ti acting on the
modulation voltage at the collector of T2. The
voltage control is effective only when the
average collector voltage of T2 is no longer
correct. The operation of this type of feed-

COMPONENTS LIST
Resistors:
1 120k.12

R1

1 15k12

R2

1 47012
2 3k123

R3
R4;R9

1 31(129

R5

2

100k12

1 10012

R6,R7
R8

1 4k127 log potentiometer

P1

Capacitors:
1 47pF 25V radial

Cl

1 1pF5 16V radial

C2

1 100pF 25V radial

03

2

1pF 16V radial

C4;C5

1 100nF

06

1 220pF 25V radial

07

Semiconductors:
BC547

Ti

TIP147

T2

BP103-3

T3

BC517

T4

TDA7052

IC1

Miscellaneous:
1 8i-21W loudspeaker

LS1

1 6.5V 0.3A bulb

Lai

1 Heat-sink for T2
2

Printed-circuit board

UPBS-1

ELEKTOR ELECTRONICS USA JUNE 1991

Fig. 2. Compinent mounting plans of the transmitter (left) and the receiver (right). Both are
built on ready-made prototyping boards (see the components list).
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back is fairly simple. Assuming that the collector voltage of 12 drops, R5 supplies a
lower voltage at the emitter of Ti. Since the
base voltage of Ti is fixed with the aid of a
voltage divider, R1 R2, the transistor starts to
draw more C'ollector current, resulting in
more current fed into the base of Tz. Consequently, the collector current of 12 rises, so
that the collector voltage rises also. In this
way the initial voltage drop is counteracted
and the bulb voltage held constant at about
4.5 V.

The light receiver
The main component in the circuit of the
light receiver (shown at the right in Fig. 1) is
aphoto transistor, 13. The collector current
of this transistor is afunction of the intensity
of the light incident on the device. If the incident light is produced by the light transmitter, the emitter voltage of 13 is acopy of the
modulation signal applied to the transmitter. The demodulated signal is fed to asmall
a.f. amplifier, 10, via coupling capacitor C5
and volume control PI. The a.f. amplifier, a

TDA7052, has avoltage gain of about 100.
Returning to the phototransistor, the
emitter potential is held constant by avolt-

Fig. 4.
The transmitter uses a plastic reflector from apocket torch, while the phototransistor in the receiver is fitted in a reflector of a type normally used for infra-red emitters.
age source based on T4. Assuming that the
emitter voltage of 13 rises, the base current of
Ta rises via resistor R6. Consequently, the
collector current of 14 rises, so that the collector voltage drops. This keeps the emitter
voltage of the photodiode in check. Like C2
in the transmitter, C4 prevents the voltage
stabilizer acting on the modulation signal,
which changes much faster than the average
emitter voltage of the photodiode.

Construction and use

Fig. 4.
Prototypes built on two
boards type UPBS-1

The transmitter and receiver circuits are so
simple that they are easily constructed on
prototyping boards as shown in Fig. 2. If you
want to make aduplex system where each
'station' consists of a transmitter and a receiver, you will require two prototyping
boards (order code UPBS-1). For aone-way
light link, asingle board may be cut in two to
accommodate the transmitter and receiver
circuit. The photographs in Fig. 3show the
transmitter and the receiver built on two
prototyping boards.
There are several options for the construction of the optics. At the transmitter
side, you may use a reflector from atorch
(see Fig. 4). At the receiver side, aconcave reflector is used of the type found on infra-red
remote controls. In most cases, the BP103
phototransistor will fit in the opening for an
infra-red LED. It will be clear that the distance covered by the system will depend on
the size of the optics used. In general, the
larger the diameter of the reflectors, the better (an example of the use of car headlight
and a magnifying glass for a long-range
infra-red communication system is given in
Ref. 1). A few prototypes with different
coverage were built in torches as shown in
the introductory photograph.
You ma y also want to experiment with
the wattage of the bulb used in the transmitter. Note, however, that relatively high bulb
WorldRadioHistory

powers require 12 to be fitted with a heatsink.
The transmitter draws a relatively high
current, and is best powered by aregulated
supply or arechargeable 9-V battery block.
The receiver has avery modest power consumption, and can be supplied from asmall
mains adapter. In some cases, however, such
an adapter may produce an unacceptable
hum level in the receiver. Fortunately, the
hum is simple to suppress by fitting larger
supply decoupling capacitors in positions C3
and C7.
Finally, note that the bulb in the transmitter will emit visible as well as infra-red light.
This allows you to use an infra-red sensitive
phototransistor such as the BPW40 if the
BP103 proves difficult to obtain.
Reference:
1. "Long-range infra-red transceiver". Elektor

Electronics November 1987.
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VARIABLE A.C. POWER SUPPLY
Stabilized and regulated
d.c. power supplies are
readily available in many
shapes and sizes. By
contrast, aregulated and
perhaps even stabilized
a.c. power supply is
difficult to find at a
reasonable price. The
adjustable transformer is
in many cases the only
alternative, but it, too, is
pretty expensive. In this
article we present asimple
25-V 1-A a.c. power supply
that deserves afixed place
on any electronics
workbench.

L. Lemon

A

N alternating voltage is much more difficult to stabilize than adirect voltage.
In fact, there are two quantities that must be
stabilized: the voltage proper (or its amplitude), and the frequency. Since it was intended to keep the present supply as simple
as possible, frequency stabilization is not
provided. The mains frequency is used here
because it is fairly stable and suitable for
most applications.

Block diagram
The operating principle of the present supply is to stabilize an alternating voltage with
the aid of an adjustable potential divider. As
shown in the block diagram in Fig. 1, the
potential divider is controlled electronically,
and forms part of aregulation loop. A power
transistor is used as an adjustable resistor in
a diode bridge. The bridge is required because the transistor can handle direct current
only. Unfortunately, it has two disadvantages: first, it introduces avoltage loss of two
times the forward diode voltage; second, because of their threshold voltage, the diodes
do not conduct around the zero crossing of
the alternating voltage. As shown in the oscilloscope photograph in Fig. 2, the thresholds cause small flattened parts around
the zero crossing of the output voltage. In
amplifier terminology this effect is known as
cross-over distortion. Fortunately, the effect
is of little consequence here, and it can be tolerated bearing in mind that we set out to deELEKTOR ELECTRONICS USA JUNE 1991

Fig. 1.
The alternating voltage is stabilized by comparing the peak value with a preset
voltage. The resulting error signal is used to control a variable resistor in a diode bridge.
WorldRadioHistory
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sign asimple a.c. power supply. Along this
train of thought, the supply is based on
measuring the peak value of the output voltage, rather than the instantaneous voltage,
which is far more difficult. The peak voltage
exists across Ci, which is charged by rectifier
D6. A difference amplifier compares the
measured peak value with the value set by
the output voltage control, potentiometer Pz.
Differences between the two voltages cause
an error signal that serves to adjust the output voltage until the difference is zero, i.e.,
until the set output voltage is achieved.
Fig. 2.
Output waveform of the power supply. The cross-over distortion is caused by
the small forward drop across tne ciodes in
the rectifier bridge.

The alternating voltage circuit is almost
identical with the block diagram. The diode
bridge is formed by abridge rectifier Type
1380C3200 /2200 (80 V p.i.v., 3.2 A peak,
2.2 A continuous), and the adjustable resistor by transistors TI-T2. Resistor R3 completes the potential divider.
The voltage control circuit is alittle more
complex than suggested by the block diagram. The peak voltage rectifier, D6-CI, is followed by a potential divider, R4-R6. This
prevents the voltage across Ci exceeding the
supply voltage of ICia (the peak value of a
25-V alternating voltage is much greater
than 12 V). The output voltage is indicated
by amoving-coil meter, Mi, which is calibrated for 25-V f.s.d. (full-scale deflection) by
preset Pi.

Circuit description
The circuit diagram of the variable a.c.
power supply is fairly simple — see Fig. 3.
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Circu.t diagram cf the a.c. power supply. The optocoupler shown here is a home-made type consisting of two LEDs and an LOA.
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TEST AND MEASUREMENT

COMPONENTS LIST
Resistors:
1 LDR

R1

1 18052

R2

1 10052 10W

R3

1 47k52

R4

1 391(52

R5

2

100k52

1 221(52

R6;R7
R8

1 22052

R9

1 1MS1 preset H

P1

1 2k.522 lin. potentiometer

P2

Capacitors:
1 10µF 63V axial

Cl

1 220µF SOV radial

C2

1 330nF

C3

1 1OnF

C4

Semiconductors:
2

red LED

Dl;D2

3

1N4001

D3;D5;D6

1 33V 0.4W zener diode D4
1 B80C3200/2200

B1

2 BD241

Tl;T4

1 BC141

T2

1 BC550B

T3

1 TLC272

IC1

1 7812

IC2

Miscellaneous:
1 double-pole mains switch

Si

1 mains appliance socket with
integral fuseholder

K1

1 mains transformer
30V @IA, e.g., ILP 11013
(220V mains) or ILP 13013
(240V mains)

Tri

1 100µA moving-coil meter

M1

1 160mA fuse (slow)
1 heat-sink for Ti; 7K/W
2

heat-sink for T4 and IC2; 30K/W

1 printed-circuit board

900104

1 front-panel foil
900104-F
1 enclosure LC850 (manufacturer:
Telet; supplier: C-I Electronics)

Fig. 4.

Fig. 5.

Single-sided printed circuit board for the a.c. power supply.

Opamp ICia buffers the voltage supplied
by R4-R5, and drives ICI b, the difference amplifier proper. Potentiometer P2 forms the
output voltage control. The voltage at its
wiper is compared with the voltage supplied
by I0a. The error voltage supplied by ICib is
buffered by T3, and used to control the intensity of two parallel-connected LEDs in an
optocoupler. The LDR (light-dependent resistor) at the other side of the optocoupler
determines the resistance formed by Ti.
Unfortunately, the power supply has
some shortcomings because of the use of a
power transistor as an adjustable resistor in
the regulating circuit. For one thing, the resistance can not become nought since Ti will
introduce aminimum drop of about 2.5 V.
Add that to the drop across the diodes, and
you will realize that the total voltage loss introduced by the regulator is about 4V. Similarly, Ti can never be turned off completely.

Basic construction of the home-made optocoupler.

ELEKTOR ELECTRONICS USA JUNE 1991
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Fig. 6.
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Layout of the front panel foil (shown here at about 70% of true size). This foil is available ready-made through the Readers Services.

This means that the supply can not be set to
an output voltage of 0V. Fortunately, the actual minimum output voltage is quite low at
avalue smaller than 0.5 V.
The regulation circuit is powered by the
mains transformer via rectifier D3-C2. Components R9, D4 and T4 reduce the rectified
voltage to about 33 V, which can then be
safely applied to the input of a12-V regulator, IC2.

Construction
The construction of the power supply is
straightforward if you use the printed-circuit board shown in Fig. 4. The optocoupler

is ahome-made device. The construction is
shown in Fig. 5. Use alength of PVC tubing,
a(black) spool of aphotographic film, or cut
apiece of thin, black decoration cardboard to
size and roll it into atube.
The printed-circuit board enables the
LDR and the LEDs to be connected in two
ways, allowing you to determine where the
respective component terminals exit from
the optocoupler assembly.
The heat-sinks of T4 and IC2 need not be
large — in most cases, two pieces of aluminium of an area of about 15 mm 2 will do.
Make sure that the heat-sinks do not touch.
Alternatively, IC2 and T4 may be mounted
on acommon heat-sink, provided both com-

6-metre band converter
April 1991, p. 38-43
The components list and the inductor overview in the top left hand corner of the circuit
diagram should be corrected to read:
Li, L2 =301KNO800.
Capacitor C16 (4.7 pF) must not be fitted on
the board.
Finally, afew constructional tips:
Fit a10 nF ceramic decoupling capacitor
at junction L7-R36.
Fit a18 IcO resistor between the base of
T3 and ground. This reduces the Q factor
of L2, and prevents too high signal levels
at the base of T3.
For improved tuning, inductor L9 may
be replaced by a Toko Type
113I<N2K1026HM.

Multifunction measurement
card for PCs
January and February 1991
We understand that the 79L08 (IC17) is no
longer manufactured and, therefore, difficult to obtain. Here, the IC may be replaced
by a7908, which, although physically larger

CORRECTIONS
than the 79L08, is pin-compatible, and
should fit on the PCB.

Dimmer for halogen lights
April 1991, p. 54-58
In the circuit diagram of the transmitter,
Fig. 2, pin 14 of the MV500 should be shown
connected to pin 13, not to junction R1-R2-C2.
The relevant printed-circuit board (Fig. 6) is
all right.

RDS decoder

ponents are fitted with insulating washers.
The power supply is housed in ametal
enclosure Type LC850 from Telet. The
dimensions of the blue-and-grey self-adhesive front-panel foil for the supply (Fig. 6)
are geared to this type of enclosure..
The two toroid transformers stated in the
components list have two 15-V secondary
windings, which must be connected in series
to obtain the required 30 V.
The power supply has only one adjustment. Connect an a.c. voltmeter to the supply and set an output voltage of 25 V. Next,
adjust Pt until the moving-coil meter indicates the same value.

6360 AB Nuth, Holland. For prices and ordering information see C-I's advertisement
on page 6of the May 1991 issue.

S-VHS-to-RGB converter
October 1990, p. 35-40
Relays Rei and Re2 must be types with acoil
voltage of 5V, not 12 V as indicated in the
components list. Constructors who have already used 12-V relays may connect the coils
in parallel rather than in series.
Suitable 5-V relays for this project are the
3573-1231.051 from Günther, and the
V23100-V4305-0000 from Siemens.
The components list should me modified to
read:
6 33nF
C57 C62

February 1991, p. 59
Line AO between the 80C32 control board
and the LC display is not used to reset the
display, but to select between registers and
data.
We understand that the SAF7579T and
the associated 4.332 MHz quartz crystal are
difficult to obtain through Philips Components distributors. These parts are available
from C-I Electronics, P.O. Box 22089,
WorldRadioHistory

ELEKTOR ELECTRONICS USA JUNE 1991

50

LASER
PART 2: CONTROL UNIT LSI7 00 (CIRCUIT DESCRIPTIONS)

Scanning Frequencies
o
Channel I

Following last month's description of the laser exciter and the mirror
galvanometer assembly we now turn to a state-of-the art electronic
control unit for the show laser.

Continued from the May1991 issue.
The laser control unit described here is a
fairly complex design capable of producing
attractive laser patterns. The complete control unit contains some MO resistors, 100 capacitors
and 40
integrated
circuits.
Fortunately, the assembly of the kit is pretty
easy, although it will require several hours of
careful soldering work. More about this next
month, though, as the present instalment
deals mainly with circuit descriptions.

Pretty sine-waves
Many of you will be familiar with Lissajous
patterns on an oscilloscope. Being rather
static, Lissajous patterns would appear to be
less suitable as show effects for alaser as discussed here. Bear in mind, however, that an
oscilloscope produces such patterns when
fed with two fixed signals only. A first step
towards the creation of moving Lissajous
patterns is simply to replace one of the fixed
signals by amusic signal (or, more generally,
an audio signal). The result is apretty erratic
type of pattern on the scope. Some static patterns can be interesting, too, and are simple
to produce by increasing the number of sinewaves. The present laser control unit supplies four sine-waves that allow a wide
variety of patterns to be created.
The block diagram in Fig. 8is fairly cornELEKTOR ELECTRONICS USA JUNE 1991

plex, and indicative of the number of components used to build the laser control unit. The
output of the circuit is formed by two 1-watt
a.f. power stages that drive the coils in the
mirror galvanometers. An electronic doublepole changeover switch fitted ahead of the
power output stages allows you to swap the
drive signals produced by the two audio interface channels, left and right.
Since the right and left channels are virtually identical, the circuit description will
refer to one channel only, in this case, the left
one. The input signals for the power output
stages are supplied by an electronic potentiometer that allows you to control, independently, the signal frequency (i.e., the
shape of the pattern) and the signal amplitude (i.e., the size of the pattern).
There are three sources for the amplitude
control signal, which is selected via electronic switches. When the constant voltage
source is selected, you can control the size of
the pattern via the LEVEL potentiometer. The
level information is obtained from an envelope detector when the LINE, LS (loudspeaker) or microphone signal is selected.
The LEVEL potentiometer then enables you to
set the maximum pattern size reached at a
certain level of the input signal.
The LINE, Ls and microphone signals may
be used to create the laser patterns. In addition to these sources, two sine-wave generators are available of which the output
WorldRadioHistory

frequency can be set manually as well as by
means of atimer circuit. Before these signals
are applied to the electronic potentiometer,
they are taken through afrequency compensation circuit that serves to correct the frequency
response
of
the
mirror
galvanometers. Additionally, the audio signals are taken through a150-Hz low-pass filter that suppresses signal components that
can not be reproduced anyway.
The audio- signal may be supplied by the
microphone contained in the laser control
unit. This microphone is used to drive both
channels via a compressor circuit that ensures afairly constant drive level. The same
goes for the LINE and LS signals, which are
also taken through a compressor. The difference between the LINE and the LS input is
mainly the required signal level. The LINE inputs accept relatively small signals (line
level), while the LS inputs can be driven with
higher voltages as supplied, for instance, by
the loudspeaker output of an a.f. power amplifier.
Two sine-wave generators are available
on each channel of the laser control unit. A
switch, marked CHANNEL 2ON/OFF, is used to
select one sine-wave or the sum signal of two
sine-waves. The frequency of these is determined by applying acontrol voltage to the
generators. The control voltages can be set
manually or by means of agenerator that
supplies a slow triangular voltage. The

Ell
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Fig. 8.

Block diagram of the laser control unit.

period time of the triangle is about 100 s, but
the actual value is slightly different for each
of the four generators in the control unit. The
differences are such that it takes more than
24 hours (theoretically) before the same pattern is repeated.

Circuit diagram
The circuit diagram, Fig. 9, of the laser control unit follows the block diagram quite
closely. For the sake of simplicity a few
blocks are drawn in Fig. 2that contain circuits discussed in detail further on.
The LINE and Ls signals are applied to the
circuit via sockets But to BU4, which are connected via apotential divider for the right
and left channel. This means that the LS
socket and the LINE socket next to it can not
be used simultaneously. Fortunately, the
high impedance of the potential divider prevents damage to equipment when the LS and
LINE inputs are accidentally used at the same
time. The input signals are first fed to acompressor, whose operation is discussed further on.
The microphone is asmall electret type
with abuilt-in FET amplifier. It is connected
to terminals ST1, ST2and ST3. The microphone signal is amplified by ICI before it is

applied to the compressor. The three compressors are followed by the input selection
switches that enable the signals to be routed
in one of two directions: to the frequencydetermining circuits, or to the amplitudedetermining circuits.
In the frequency-determining branch, the
signal is first applied to a150-Hz filter set up
around Ti (T3 for the right channel). Then
follows another switch, this time for the selection between the audio source and the
generator. After the frequency compensation the signal arrives at electronic potentiometer I
C4.
In the amplitude-determining branch the
audio signal is fed to T2and T4, which form
an envelope detector. The switch contact that
follows the detector allows the size of the
patterns to be controlled manually or by the
envelope waveform of the audio signal. The
latter function requires aconstant voltage,
which is obtained from aregulated supply
voltage with the aid of apotential divider.
The amplitude control signal is subsequently
amplified to allow the final size of the laser
pattern to be set by the LEVEL control, R26R40. Next, the level information is applied to
the control inputs of an electronic potentiometer, IC4. The output signal of IC4is buffered by IC2b and IC3b before it arrives at the
WorldRadioHistory

switch contacts that allow you to determine
the channel assignment (left/right; L/R)for
the horizonal and vertical (H /V) deflection
of the laser beam. From the poles of the H/VL/Rswitches the signal is taken to the inputs
of the two power amplifiers that drive the
mirror galvanometers.

The generators
There are two almost identical generators in
the laser control unit. The difference between them is the value of asingle resistor.
Figure 10 shows the circuit diagram of the
generator for the left channel. All components are numbered from 100 onwards. For
the right channel, the corresponding components are identified as 2xx. Note, however,
that resistor R62 in the left channel appears as
R64 in the right channel.
The heart of the generator is formed by
two integrated circuits Type XR2_206, awellknown function generator from Exar. The
frequency of the output sine-wave produced
by the generator is determined by acontrol
voltage obtained either from potentiometer
R141-R147 via an amplifier, or from agenerator.
The circuit for the automatic frequency
control of the sine-wave generator may look
ELEKTOR ELECTRONICS USA JUNE 1991

121

GENERAL INTEREST
unusual at afirst glance. Fortunately, it operates in arather simple way. Opamps ICIo3a
and ICio3b form two Schmitt-triggers set up
as square-wave generators. Concentrating
on I0o3a for the moment, we see that the
opamp is wired to function as aSchmitt-trigger by means of resistors RI37, RI38 and RI39.
The Schmitt-trigger is turned into asquarewave generator by components RI40 and
019. A square wave is, however, not what
we are after if we want the sine-wave generator to produce a continuous frequency
range. Fortunately, the capacitor, CI19, has
on it atriangular waveform that does allow
atrue, linear, VCO (voltage-controlled oscillator) function to be realized. The capacitor
voltage, which is a triangular waveform
with aperiod time of about 100 s, is buffered
by opamps ICiok and ICIo3d. Note that the
period time is chosen slightly differently for
the other generator. This is done to prevent
the laser repeating the same pattern after
100 swhen the 'automatic' mode is used.
The differently set period times ensure that it
takes at least 24 hours before apattern is repeated (this is based on the assumption that
component tolerances have no effect).
The generator circuit is followed by a
summing amplifier, 1007, that serves to add
the two sine-waves. Electronic switch 10 is
allows you to select either the output signal
of Iews only, or the mixed output of the two
sine-wave generators.

The compressor
The circuit diagram of the compressor is
shown in Fig. 11. The component numbers
refer to the left channel — the circuit of the
right channel compressor is identical, with
component numbers in the '200' range. The
component numbers in the microphone
compressor start at 300.
Opamp ICunb supplies astable and adequately decoupled reference voltage to the
circuit. The a.f. input signal is applied to the
compressor via capacitor Cun. Opamp
ICuna forms an amplifier whose gain is
determined by PET Tuil, which functions as
avoltage-controlled resistance. The output
signal level of ICiola is monitored with the
aid of afurther opamp, ICund, whose output
is connected to arectifier, Dun-D102-Cio4. To
close the a.f. level control loop in the compressor, the direct voltage supplied by the
rectifier is fed to the gate of PET Tim. The
gate voltage determines the a.c. resistance of
the drain-source junction, and thus the gain
of ICun a. The compressor has an inverse
level control characteristic, which means
that its gain is reduced as the input signal
level increases. In this manner, the compressor ensures that the mirror driver circuits are provided with a reasonably
constant input signal.

Frequency compensation

Fig. 9. Main circuit diagram of the laser control unit. Some circuit sections are shown as
modules here.
ELEKTOR ELECTRONICS USA JUNE 1991

WorldRadioHistory

As discussed last month, the deflection of the
mirror galvanometers is frequency dependent, i.e., not linear. To linearize the response,
afrequency compensation circuit is used —
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Fig. 10.

Generator circuit for the left channel. The right channel is identical, with part numbers in the 200 range.

Fig. 11. Compressor circuit (left channel). The component numbers for the (identical) right channel are in the 200 range, and those
for the microphone channel in the 300 range.
see Fig. 12. The circuit starts with abuffer,
IC1o2a, and ends with asumming amplifier,
IC102d. The latter adds the signals supplied
by a number of filter sections in the circuit
via resistors R123, R129 and R132. A filter
based on T102 provides a rising filter slope
from 50 Hz onwards. The falling slope of the
filter response is set to start at about 200 Hz
with the aid of R127 and C113. Returning to
the low end of the filter response, components R119-Clu) create a falling slope from
15 Hz onwards, i.e., before the rising part
which starts at 50 Hz. The last filter section,
R128-C114, serves to correct the filter response
for frequencies below 15 Hz.
The result of all this filtering and summ-

Fig. 12. Frequency compensation circuit for the mirror galvanometer driver in the left channel. A number of filters are used to
linearize the frequency response of the mirror over asmall range.

ing is avirtually linear response of the mirror
galvanometers, i.e., their deflection is independent of the signal frequency when the
signal level is held constant.

Next time
The above descriptions cover most of the
operation of the laser and the associated control unit. In next month's final instalment we
will complete the description by discussing
the way in which the electronic switches are
controlled. The article will be closed with a
description of the way in which the laser
control unit is built and operated.
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A complete kit of parts for the laser
control unit (LSI7000) is available
from the designers' exclusive worldwide distributors:
ELV France
B.P. 40
F-57480 Sierck-les-Bains
FRANCE
Telephone: +33 82837213
Facsimile: +33 82838180
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LIGHT SWITCH WITH TV REMOTE
CONTROL
Why not use the infra-red remote control, that magic little box
supplied with every TV set these days, for applications other than
channel hopping and turning the volume up when your favourite pop
group appears on the screen? The simple IR receiver discussed
here responds to most types of TV remote controls, and can be used
to switch lights and other appliances on and off.

J. Ruffell, from an idea by M. Dupessey

P

RACTICALLY all TV sets these days are
supplied with an infra-red remote control. Provided they have not been dropped
too often, or chewed on by our beloved pets
(we mean domestic animals including parrots and budgerigars), these handy little
boxes allow us to remain comfortably seated
in front of the 'tube' and exercise total control over the channel selection and aplethora
of other settings of the TV set.
As shown in this article, it is perfectly
possible to use aremote control box for an
application not foreseen by the manufacturer. The general idea is illustrated in Fig. 1:
here, the IR remote control is used to switch
alight on and off. In some cases, it is even

possible to switch the TV set on and off as
well, although this requires asmall change
in the receiver. Note, however, that many
modern TV sets already have astandby/active function controlled via the IR box.

Single-chip IR receiver
The IR receiver is based on an integrated circuit Type TDE4061 from Siemens. The internal diagram of the chip is given in Fig. 3. The
main technical characteristics are:
• Low stand-by current: 650 µA;
• Supply voltage range: 4V to 6.5 V;
• Frequency range up to 200 kHz

• Available with and without demodulator output (TDE4061 /TDE4060);
• No inductor required in external circuit;
• High ambient light rejection;
• Bipolar technology couples good highfrequency behaviour with alow current
consumption;
• Suitable for battery supply.
The input of the TDE4061 (see Fig. 3) is connected to an infra-red photodiode, which unfortunately not only 'sees' the signal from the
IR remote control box, but also visible light,
100-Hz interference from incandescent
bulbs, and a part of the light spectrum
emitted by fluorescent tubes.
The input stage is followed by abandpass
filter that serves to extract the IR remote control signals from the interference. The demodulator block drawn in Fig. 3 is not
available in the TDE4060.
A current sink circuit is provided to suppress low-frequency currents supplied by
the photodiode, and stabilize the bias at the
input of the IR preamplifier at 1.4 V. The
gain of the preamplifier is automatically controlled to ensure optimum drive of the ba ndpass filter.
The IFR (infra-red) input of the TDE4061
forms ahigh impedance, and is suitable for
input currents in the nano-ampere range.
Hence, the anode of the photodiode is connected direct to the 1FR input.
The output of the TDE4061, Q, supplies a
demodulated digital signal. An example of
an output signal is shown in Fig. 2for the Aristona (Philips) remote control Type RC4520.
Note that the pulse lengths, T1 to T4, shown
in the diagram depend on the IR remote control used.

Circuit description
As shown in Fig. 4, very little is required to
build an IR receiver based on the TDE4061.
In the following description, some points
will be noted that may be of interest to those
of you who want to use the TDE4061 for their
own applications.
ELEKTOR ELECTRONICS USA JUNE 1991
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The IR photodiode, D3, is a Type
BPW41N from Telefunken. It is forward
biased via resistor R5, and supplies aphotocurrent to the IFIZ input of the TDE4061.
Capacitor Ci and resistor Rs form alowpass filter at the IFR input that serves to suppress interference. The capacitor at the CREG
input of the TDE4061, CS, determines the
time constant of the preamplifier. The value
of this capacitor is set to 470 nF to suit the biphase-coded signals emitted by most modern IR remote controls. The capacitor must
be made smaller when an IR system is used
that does not supply run-in signals for the
gain control circuit of the receiver. In these
cases, C5 may be reduced to about 10 nF. Do
not go lower than this value to prevent oscillation.
The capacitor at the Cs input of the
TDE4061, C7, gives the preamplifier ahighpass characteristic, and works in conjunction
with GREG and the double-T network at the
RC1 and RC2 connections of the IC. These
components determine the settling behaviour of the TDE4061 following fast signal
changes. The Cs capacitor tunes the receiver
to the carrier emitted by the IR remote control. Depending on the carrier frequency, C7
is 100 nF (for 30 kHz systems) or 10 nF (for
120 kHz systems).
The bandpass filter that follows the IR
preamplifier improves the signal-to-noise
ratio of the IR signal and reduces the jitter on
the digital output signal. The external
double-T R-C bandpass filter connected to
the RC1 and RC2 pins of the TDE4061 must
provide a d.c. path, and have a band-stop
(notch) characteristic. The notch frequency,
f
c,
is made equal to the IR carrier frequency.
It is given by
=1/(RC)

14 la
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13
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= 100ms
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Fig. 2.

Response of the TDE4061 to atypical datastream produced by aTV remote control.
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The remote control supplied with the TV set is used to control a light.

[Hz]

where R=R6=R2, and C=C9=C2. Note that
R8=R /2, and C8=2C. To keep the voltage
drop across the filter within reason, R must
not be made larger than 100 kQ. The values

E
CREG E
E
E

Fig. 1.
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0 0
CD

D/ND
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Functional diagram and pinning of the TDE4061 infra-red receiver IC from Siemens.
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Fig. 4.

GENERAL INTEREST

Circuit diagram of the remote control receiver. The load to be switched is connected to the contact of relay Rel.

of the external filter components may have
to be changed experimentally to suit the previously mentioned pulse lengths supplied
by the IR remote control.
The output of the TDE4061, Q, is of the
open-collector type. When the output transistor is switched on, the maximum collector
current is 1mA. In designs where the output
signal is fed back to the input, oscillation
may occur if the output current is not kept
smaller than about 200 µA. Note that this
ELEKTOR ELECTRONICS USA JUNE 1991

type of feedback is not applied in the present
circuit.
The digital pulse train supplied by the
TDE4061 is inverted by a Schmitt-trigger
gate, IC2a, and subsequently rectified by D2C4 to obtain an on/off control signal. Every
trailing edge of the switching signal supplied by IC2d causes J-K bistable ICIb to
toggle, so that the relay, Ret, is actuated or
de-actuated. This creates a simple on/off
toggle function.
WorldRadioHistory

The load controlled via the IR system is
connected to the contact of Rei. LED Di
lights in the rhythm of the pulses when an IR
signal is received. When the Q output of ICI b
is logic high, transistor Ti conducts, and the
relay is actuated. The complementary output, Q, of the bistable is then low, and LED
D4 lights to indicate the relay status.
The response of the receiver to IR control
signals is determined by the value of C4. This
capacitor effectively turns the pulse train

LIGHT SWITCH WITH TV REMOTE CONTROL

Fig. 5.

111

Single-sided printed circuit board for the IR remote control receiver.

COMPONENTS LIST
Resistors:

1 470nF

C5

74HCT73

IC1

R1

1 220pF

C6

74HCT132

IC2

1 22012

R2

2

C7;C13

TDE4061 (Siemens)

IC3

1 22kit

R3

1 330pF

C8

78L05

IC4

1 680k0

R4

1 le 16V

C10

1 47ki2

2

1ki2

100nF

R5;R12

1 470µF 16V

C11

Miscellaneous:

2 33kn

R6;R7

1 10µF 10V

C12

R8

1 3-way 5mm pitch
PCB terminal block

Kt

1 18kS2

1 2-way 5mm pitch
PCB terminal block

K2

1 2201(0

R9

Semiconductors:

1 21(02

R10

1 green LED dia. 3mm

D1

1 330S2

R11

1 BAT85

D2

1 BPW41N (Telefunken) D3

Capacitors:
1

le solid

2

150pF

1 yellow LED dia. 3mm

D4

Cl

1 1N4148

D5
D6

C2;C9

1 1N4001

1 1nF

C3

1 red LED dia. 3mm

D7

1 luF 16V (see text)

cA

1 BC547B

Ti

into an on/off pulse with a much longer
period. This is achieved by arelatively small
resistor and adiode, Ra-D2, through which
the capacitor charges, and arelatively large
resistor, R4, through which the capacitor discharges.
The receiver is completed by astandard
5-V regulated supply based on an 78L05, IC4.

Construction
The IR receiver is acompact unit because all
components are fitted on a single printedcircuit board, which is shown in Fig. 5. Start
the construction by fitting the three wire
links on the board. Next, fit the resistors, the
diodes, the capacitors, and the active components. Use sockets for the ICs, which are not

plugged in until the board is completely assembled.
Complete the construction of the board
by mounting the transformer, the relay and
the soldering pins. The three LEDs are fitted
such that their faces protrude from holes in
the plastic enclosure. The infra-red diode,
D3, is fitted on the front panel of the case. It
is secured such that its light-sensitive area
can 'see' the remote control. The light-sensitive area of the BPW41N is located at the
centre of the flat front side of the device.
After finishing the construction of the
PCB, connect the mains cable to Ki, a3-way
PCB mount terminal block of which the
centre pin is cut off. Next, connect the load to
K2.
To enable you to experiment with differ-

1 12V/330S2PCB mount
relay, e.g., Siemens
V23127-82-A101
1 9V/166mA PCB-mount
mains transformer,
e.g., Monarch VTR-1109/IV
1 Printed circuit board

Rel
Trl

910048

ent values, the PCB allows capacitors with
two different lead spacings to be fitted in positions C3, C7 and C13.

Practical use
With most remote control boxes the usable
range of the receiver will be greater than 5
metres. Since the response time of the receiver is relatively short at afew tens of milliseconds, the unit must be installed at some
distance from the TV set to prevent it being
triggered by control commands intended for
the TV set. If you still want to locate the receiver close to the TV set, increase the value
of C4 to, say, 47 µF. This results in amuch
longer response time to remote control commands.
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CLASSIFIEDS
FOR SALE
Mobile Fidelity ultradisc for sale, 24K Gold high quality
audiophile compact discs, good prices on Pink Floyd,
Elton John, etc. Free catalog, please send self addressed
stamped envelope to Stereo Unlimited, John Senchank,
44 Elm St., Seymour, CT 06483-3635. These discs are
for the serious music listeners, must hear!

WANTED
One or two new stylo for microacoustics phono cartridge
model 530-MP Segue Services Inc., HCR-1 Box 286-D,
Merrifield, MN 56465, (218) 765-3333.

Electronic supermarket, great buys! Surplus prices, ICs,
DC motors, vacuum pump, transformers, PS, stepping
motors, builders, engineers, experimenters, LSASE
Fertik's, 5400-A Ella, Philadelphia, PA 19120.

RESISTORS 5% 1/4 WATT
OVER 1000

ME,

1OHM TO 4.7 MEG THE

RESISTORS

COMPLETE SERIES
161 VALUES

5 OF EACH VALUE
IN ITS OWN LABELED
ENVELOPE ALL IN

ONLY
$19.95

A NEAT FILE
BOX

VISA
AND MC

DELTA
DISTRIBUTORS

ACCEPTED

11 MORE
OF THE MORE
POPULAR VALUES.
LARGER ASSORTMENTS

1 (800) 234-4196
AVAILABLE
DELTA DISTRIBUTORS -BOX 87R EAST DERRY. N.H. 03041

TRADE
WE SELL MORE HIGH PERFORMANCE SPEAKER
KITS than anyone in the US. Complete line of raw drivers,
crossover components, etc. Free catalog. AUDIO CONCEPTS, INC. 901 S. 4th St., La Crosse, WI 54601, (800)
346-9183.
17/91
HIGH-VOLTAGE PLANS Create fork lightning 50000V1,200,000V... Catalogue, $1. SCIENTIFIC, Box 1054AF,
Duvall, WA 98019.
16/91

THE BOSTON AUDIO SOCIETY invites you to join and
receive the bi-monthly B.A.S. SPEAKER with reviews,
debates, scientific analyses, and summaries of lectures
by major engineers. Read about Apogee, Nytal, ConradJohnson, dbx digital, Snell, music criticism and other
topics. Rates on request. PO Box 211, Boston, MA 02126.

CLUBS
AUDIOPHILES IN THE DAYTON/SPRINGFIELD,
OHIO AREA: We are forming an audio club. Please contact me if you're interested in construction, modifications,
testing, recording or just plain listening to music. Ken
Beers, 1756 Hilt Rd., Yellow Springs, OH 45387, (513)
767-1457.
THE CATSKILL AND ADIRONDACK AUDIO SOCIETY
invites you to our informal meeting. Join our friendly group
of audio enthusiasts as we discuss life, the universe and
everything! Toobers, Tranzzeestors, vinyl canyons or digital dots. No matter what your level of interest, experience,
or preferences, you are welcome. Contact CAAS at (518)
756-9894 (leave message), or write CAAS, PO Box 144,
Hannacroix, NY 12087. See you soon!
CHICAGO AREA ENTHUSIASTS WANTED for audio
construction club. Call Tom, (312) 558-3377 or (708)
516-0170 evenings for details.
CONNECTICUT AUDIO SOCIETY is an active and growing club with activities covering many facets of audio —
including construction, subjective testing, and tours of
local manufacturers. New members are always welcome.
For acopy of our current newsletter and an invitation to
our next meeting, write to: Richard Thompson, 129
Newgate Rd., E. Granby, CT 06026, (203) 653-7873.
THE COLORADO AUDIO SOCIETY is agroup of audio
enthusiasts dedicated to the pursuit of music and audiophile arts in the Rocky Mountain region. We offer acomprehensive annual journal, five bi-monthly newsletters,
plus participation in meetings and lectures. For more information, send SASE to: CAS, 4506 Osceola St., Denver,
CO 80212, or call Art Tedeschi, (303) 477-5223.

IF YOU ARE an "Organ Music Lover" and like to test your
audio system, SFORZANDO has room for a few more
members. We have about three thousand "Live': on-thespot, cassette tapes that are not available in the stores.
We are happy to lend them to you via the mail. Just ask
EA Rawlings, 5411 Bocage St., Montreal, Canada, H4J
1A2.
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Private
For Sale

— Private
— Wanted

7 Trade
LI If Trade, please indicate # of insertions

Private ads are on a one time insertion basis. Must be resubmitted for renewal. Ads cannot be taken over the phone.
Definition of a word: A series of letters with a space before and after. Count words, not letters. Any words over 50, me per word.
Trade ads are 75(e per word and indicate number of insertions. Deduct 10% for a 6x contract; deduct 15% for a 11 x (year) contract
in Elektor Electronics USA. Payment MUST accompany first ad.
Please remember to include your name, address and telephone
number when making calculations. In order for Private For Sale
and Want ads to be free, you must be a current subscriber. Ten
dollar minimum charge for charge card orders and Trade ads.

NAME

COMPANY

E Check/Money Order Enclosed
STREET & NO

Please charge to my MasterCardNisa:
CARD NUMBER

EXP DATE

CITY
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VACUUM TUBE DEALER PRICE LIST (APRIL 1991)
SOVTEK, USSR
EL84 '
6B05
$2.60 each
12 at $2.25 each
25 at $1.75 each
6V6GT
3.90
3.35
2.95
6L6GC
4.50
3.95
3.65
50 CALL FOR SPOT QUOTE
5881/6L6WGC
6.75
6.20
5.75
100 CALL FOR SPOT QUOTE
The 5881 is Russia's selected military 6L6WGC and regarded as the very best 6L6 type in the world. Eric Clapton recently replaced the Philips/
Sylvania 6L6 STR's in his custom Soldano amp which he uses live, with SOVTEK 5881's because of their milky smooth sound. Discriminating
musicians thruout the world are retubing with the SOVTEK 5881/6L6WGC.

5U4G
EL34
6L6GC
12AX7a
12AT7
6146B
6550
KT88

$4.60 each
5.70
4.70
3.85
3.90
12.50
10.50
13.50

SINO, CHINA
10 at $4.15 each
4.80
4.20
3.35
3.40
11.50
9.40
12.25

25 at $3.75 each
4.25
3.95
3.15
3.30
10.50
8.95
10.95

100 CALL FOR SPOT QUOTE

EL34/6CA7
6DJ8
12AU7'ECC82
12AX7/ ECC83

$5.10 each
3.25
3.15
2.60

El, YUGOSLAVIA
10 at $4.65 each
2.95
2.80
2.30

25 at $4.10 each
2.65.
2.35
2.05

100 CALL FOR SPOT QUOTE

EL34
12AT7

$7.25 each
3.95

SIEMENS, GERMANY
10 at $6.75 each
25 at $6.20 each
3.45
3.35

100 CALL FOR SPOT QUOTE

GE
5U4GB
6CA7
6L6GC
12BH7
12AT7
12AX7a

SOLID STATE RECTIFIER
Built into tube socket. Direct plug-in replacement for all 5Y3, 5U4 and 5AR4 types.

5AR4
5BC3/9
5V4GT
5Y3GT
6AN8
6AL5
6AQ5a
6AT6
6AU6
6AV6
6AX5

$7.95 each
1.95
6.95
4.95
4.95
2.75
4.25
3.25
2.50
2.50
4.90

6BA6
6BK11
6C4
6C56T
6C10
6CA4
6CG7
6EU7
6FH8
66GT5
6GW8

ODD BALL TUBES
$2.50 each
6J5
6J7
7.90
6K11
2.50
6SC7
2.75
6SG7
4.50
6SJ7
3.50
6SK7
6.90
6SL7
11.80
6SN7
10.90
6U10
14.75
6X4
6.90

10 at $16.50 each
13.25
16.25
13.50
16.25
14.25

$17.95 each
14.75
16.95
14.75
16.95
15.75

6550a
7025
7027a
7591a
7868
8417

10 at $11.25 each
13.50
13.50
9.50
6.40
4.40

$11.85 each
14.95
14.95
9.95
6.85
4.95

$6.25 each

(MOSTLY USA STOCK)
6X5
$3.90 each
$4.50 each
6X8
2.25
5.50
12AY7
5.95
6.90
12AZ7
3.90
6.90
12DT8
4.95
3.50
12DW7
11.95
4.45
12FQ8
4.75
3.15
57
1.95
4.35
5749
4.75
5.45
(6BA6W industrial)
4.90
3.75

10 at $5.90

5879
6189W

$6.50 each
3.80

(12All7W industrial)

6973
7189
7199
7247
0A2
0A3
OB2
0C3

11.90
7.90
17.80
11.95
2.75
2.75
1.90
4.75

GIVE US A CALL ON ANY TOUGH-TO-GET TUBE. WE'LL FIND IT FOR YOU!
ALL TUBES GUARANTEED!

QUANTITY DISCOUNTS AVAILABLE!

MINIMUM ORDER $40.00
ADD $5.00 SHIPPING ($10.00 OUTSIDE UNITED STATES)
SEND CHECK OR MONEY ORDER TO:

NEW SENSOR CORPORATION
245 EAST 63RD STREET, SUITE 526, NEW YORK, NY 10021
CONTACT MIKE MATTHEWS

TELEPHONE: (212) 980-6748

TOLL FREE: 1-800-633-5477

FAX: (212) 753-7340
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REAL-TIME CLOCK FOR ATARI ST
The Atari ST is a user-friendly computer supported by a massive
amount of excellent software. Unfortunately, early models of the ST
lack aclock circuit that keeps ticking when the computer is switched
off. The circuit presented here overcomes this problem.

F. Dossche

A

LTHOUGH the design of the Atari ST
computer is modern by any standard, a
real-time clock (RTC) is provided only on the
latest models. This is surprising because the
main rival of the ST, the IBM PC or compatible, has had an RTC as an option or a
standard feature longer than many of you
will care to remember. Owing to the absence
of an RTC, many Atari ST users are forced to
set the date and time, every time the computer is switched on. To help out the thousands of faithful owners of older ST models,
we have developed areal-time clock that is
inexpensive and simple to build.
One of the most attractive features of the
Atari ST is the number of interfaces. One of
these interfaces, the printer port, is used here
to connect the real-time clock to the computer. We hasten to add that you will be able
to use the printer as before, since the RTC is
inserted between it and the Centronics port,
for which only avery small modification is
required.

two bistables, the circuit contains ahandful
of discrete parts used mainly to implement a
battery back-up function for the RTC. The
two bistables and one I/O line on the computer's main board serve to direct the data
on the Centronics bus either to the printer or
the real-time clock. In addition, one of the bistables indicates whether the 8-bit word sent
to the clock circuit is intended to select an address location, or to be stored as data in the
RTC.
The real-time clock sits between the Centronics port on the computer and the Centronics input of the printer. Hence, it has an
input an output connector.
At the left in the circuit diagram we find
connector Kt which links the circuit to the
computer. Two new signals appear on this
connector on pins 16 and 17. Pin 16, normally the RESET line, is not used by the Atari

Up-to-date with the RTC
Of the real-time clock ICs currently available, the MSM5832 from OKI and the
MC146818 from Motorola are probably the
best known and widest used. The Motorola
IC has an advantage over the MSM5832 in
offering an 8-bit wide databus, and a50-byte
non-volatile RAM (random access memory).
The data retention is achieved with an external rechargeable battery.
Here, the Motorola IC is used, although
no use is made of its internal RAM. The 8-bit
databus of the RTC chip allows the control
software to be kept fairly simple, and in addition affords the possibility to implement
further extensions circuits on the Centronics
port. The control software for the present
project is supplied on disk in the form of a
source listing written in C. This program
may be used as the basis for further hardware or software functions that you may
wish to add. The hardware presented here,
and the object code compiled with the aid of
the C program, can be used to develop a
'desk accessory' to support the new clock
function.
Returning to the hardware, the circuit diagram of the clock extension is shown in
Fig. 1. The heart of the circuit is the RTC chip
from Motorola. Besides four logic gates and
WorldRadioHistory
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ST, and now carries the computer's 5-V supply voltage. Since the RESET signal is active
low according to the Centronics standard,
placing +5 V on pin 16 has no effect on the
printer (anyway, the ST is not capable of issuing areset via this line).
Pin 17 of Kt is connected to an unused
I/O line in the computer, and serves to direct
data either to the RTC or to the printer. The
I/O line is found on pin 14 of the sound generator IC in the ST, the Yamaha YM-2149. Although not used in the hardware of the ST,
this I/O line is supported by the BIOS (basic
input/output system), which makes it perfect for the present application. Pin 17 on the
Centronics connector is chosen because it is
not used on the ST or the printer. Do, however, check that the cable between the computer and the RTC has awire for the signal
on pin 17. In general, most serial cables for

REAL-TIME CLOCK FOR ATARI ST
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Circuit diagram of the real-time clock.

PCs have awire for each of the 25 pins, and
will, therefore, meet our requirement. You
may also decide to make your own 25-way
cable.. which has the advantage that it can be
made shorter than most ready-made cables.
These are usually 1m or 2m long, and quite
bulky for our application. A home-made
cable may be produced by ashort length of
25-way ribbon cable terminated in an IDCstyle male 25-way D-connector at one end,
and afemale D-connector at the other end.
Returning to the circuit diagram, the signal at pin 17 of Ki enables bistable IC3a by
making the Sline logic high. This results in
any changes at the set and the reset inputs of
IC3a being ignored, so that the bistable remains in the 'set' state because the SET line
was active last. Also, the strobe signal for the
printer (connected to K2) is blocked by gates
IC2c and IC2d, and the enable input of the
RTC is actuated via transistor Ti. Next, an
RTC address is passed to the circuit via the
Centronics datalines. The most-significant
bit, D7, indicates aread or awrite operation
to or from the RTC registers.
A pulse on the strobe line (pin 1of KO is
fed to the AS input of the RTC chip via bistable IC3a and gate IC2b. This pulse is used
to transfer an 8-bit word on the Centronics
datalines to the RTC, or vice versa, as indicated by the level of databit D7. After the

strobe pulse, the inverted level of D7 is applied to the R/W input of ICI. When the next
strobe pulse occurs, IC3a toggles because the
output of this bistable is connected to its D
(data-) input. The pulse is subsequently fed
to the DS (data strobe) input of ICi via IC2a.
Data may be read before the end of the second strobe pulse. When this is finished, the
computer will de-actuate the 'select' line
(pin 17 on Ki). The printer can then be used
again, and the clock operates. The above sequence is used to store the time and date in
the RTC, and also to read these back into the
computer, allowing the system clock in the
ST to copy the RTC information. Gone are
the days when you had to set the system
clock every time the ST was switched on.
The rest of the circuit is fairly simple. The
PCB has two options for charging the battery. The simplest is by means of diode Di.
When the ST is switched on, the battery is
charged via Di and R7. The RTC is also
powered via the diode. This must be a
Schottky type to ensure alow voltage drop.
Remember, the charge current can become
too small when the computer supply voltage
is on the low side, when the battery voltage
is on the high side. This is prevented by a
diode with alow voltage drop.
If you can not secure the BAT85 or an
equivalent Schottky diode, add the circuit
WorldRadioHistory

based on T2 and T3. When the computer is
switched on, T3 starts to conduct and switches on T2. By virtue of the relatively low collector-emitter voltage of T2, the charge
current for the battery is sufficiently high.
When the computer is switched off, T3 blocks
and turns off T2, so that the battery takes
over the supply of ICi. Note that the transistor-based supply is an alternative to the
single Schottky diode — components T2, T3,
Rs and R9 are not fitted if you use aBAT85.
The RESET and PS inputs of ICi are taken
logic high briefly after the supply is switched
on. This ends the low-power standby state of
the RTC, and causes it to switch to normal
operation.
A quartz crystal, Xi, together with CI, C2,
Ri, R2 and two gates in IC2 form an oscillator
that supplies a clock of 32.768 kHz to the
RTC. This frequency is used in most batterypowered clocks and electronic wristwatches.

Construction
The construction of the real-time clock unit
will present little difficulty if the printed-circuit board shown in Fig. 2is used. Start the
construction by fitting the wire links and the
connectors. Note that Ki is amale type, and
K2 afemale type. If you swap them accidenELEKTOR ELECTRONICS USA JUNE 1991
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COMPONENTS LIST
Resistors:
1 330k.S1

R1

1 1OMS2

R2

6

101(12

1 22S1

R3-R6:R8;R9
R7

Capacitors:
2 22pF

C1,C2

2

10nF

C3;04

2

100nF

C5;C6

Semiconductors:
1 BAT85

01

2

Ti :13

BC547B

1 BC557B

12

1 MC146818

ICi

1 74HCTO2

IC2

1 74HCT74

IC3

Miscellaneous:
1 25-way male sub-D
connector with angled
pins, for PCB mounting

K1

1 25-way female sub-D
connector with angled
pins, for PCB mounting

K2

1 32.768 kHz quartz crystal

X1

1 3.6V NiCd battery

Batt.1

1 ABS enclosure; size
approx. 120x70x3Omm
1 Printed circuit board

910006

1 Diskette with control software ESS1621

Fig. 2.

Single-sided printed circuit board for the real-time clock.

tally, you will be unable to connect the circuit
properly to the input and output cables.
Proceed with fitting the remaining parts
on the board. IC sockets are not strictly required. If you do decide to use them, be sure
to buy good quality types.
The completed printed circuit board fits
into an ABS enclosure of dimensions
120x70x30 mm. The side panels of the enclosure are cut to allow the connectors to protrude.

A small modification is required in the
computer before the RTC can be connected.
Although the 'operation' is really no more
than soldering two wires, it may still take
you an hour or so to complete because the
computer has to be disassembled. After removing the floppy disk drive and the switching power supply module, you should be
able to see the printer connector and the
Yamaha chip. Take the main board out of the
enclosure, and remove the metal screen at

Fig. 3.

Completed circuit board fitted into

an ABS enclosure.
WorldRadioHistory
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both sides. This means that you have to bend
acouple of small metal brackets with the aid
of tweezers. After turning the main PCB, you
should have access to the sound generator
connections. Run awire from pin 14 of the
Yamaha chip to pin 16 of the printer connector, and another wire from pin 40 of the
Yamaha chip (+5 V) to pin 17 of the printer
connector. This completes the modification.
Re-assemble the computer.

Software
As usual, hardware is never complete without the appropriate software. The clock unit
described here is supported by acontrol program on disk, which may be ordered
through our Readers Services. The disk contains the ready-to-go desk accessory for the
clock, as well as the source listing used to
compile the machine code. As already mentioned, this listing is intended for those of
you who want extra features for the clock,
such as a programmable alarm. You may
also want to use the 50-byte non-volatile
RAM area in the RTC chip.
The source code can be converted into a
control program with the aid of, for example,
the Mark-Williams C compiler. This is not
strictly required, though, since you can simply copy the control program on the floppy
disk (supplied by us) to your system disk.
Every time the computer is switched on, the
program will automatically copy the RTC
data to the system clock. Now, is that up-todate or not?
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STEPPER MOTOR BOARD
PART 1: PC INSERTION CARD AND CONTROL SOFTWARE
Getting astepper motor to work properly invariably seems to require
either alot of discrete electronics, or an expensive dedicated
integrated circuit. However, since the actual commands for stepper
motors are almost always supplied by acomputer, it is achallenging
idea to economize on the hardware, and have the software do the
work.

H. Kolter

S

TEPPER motor controls are available in
many shapes and sizes, ranging from
complex to ultra-simple, and based on avariety of integrated circuits, including the
MC3479, the L297/298 and the TDA1024, all
of which have been used in projects described in this magazine. By contrast, the
control described here is not based on any of
these ICs. None the less, it is versatile, simple
to build and relatively cheap.

The circuit described has evolved as part
of aPC-controlled professional milling machine that accepts CNC-format data to the
Gerber standard. CNC stands for computer
numerical control.

The concept
The above application was aimed at developing acomplete milling machine for very ac-
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curate processing of aluminium, steel and
plastic workpieces. When the project was initiated, there was the choice between (1) 'intelligent' motor control with relatively
simple control software, and (2) a simpler
controller with powerful, complex, software.
To ensure the best possible results in regard
of speed and accuracy of the system, the first
option requires the motor control to be
geared accurately to the specific features of
the milling machine.
The second option has the advantage that
changes to the machine, or extensions, are
easier to support with appropriate software
extensions. Since the electronics and the milling machine were developed roughly at the
same time, the choice of the stepper motor
control was clearly in favour of the second
option: simple hardware and complex software.
In practice, the computing power required for the system can only be provided
by aPC-AT or acompatible machine with a
clock speed of at least 16 MHz. The computer program consists of an interpreter that
reads drill and fraise data produced to the
Gerber standard, and converts these into
stepper motor commands.
The interpreter uses aconfiguration file
that contains various system parameters
such as the type of stepper motor (bipolar or
unipolar, rotation per step, maximum step
rate, etc.), and the main properties of the
milling machine (spindle pitch, number of
idle steps on spindle reversal, etc.). These
parameters can be changed easily and allow
the control system to be rapidly 'customized'
for aparticular application.
In line with the different functions, the
electronics are divided into two parts. One
part is an insertion card for IBM PCs, the
other alarger board, which is fitted external
to the PC, and contains the power drivers.
The PC insertion card described here is
basically adigital I/O card based on the familiar 8255 PPI (programmable peripheral interface) from Intel. The 'half-size' insertion
ELEKTOR ELECTRONICS USA JUNE 1991
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card offers 24 input/output lines, and has an
additional timer/counter IC Type 8253, a
quartz oscillator and two relays. The quartz
oscillator makes the timing of the I/O card
independent of the computer speed. The two
relays have changeover contacts and are
suitable for switching mains loads.
The power driver board (to be described
in part 2 of this article) has a fairly large
power supply and 16 optocouplers that afford electrical isolation between the computer and the stepper motors. TTL buffers
are provided between the optocouplers and
the 16 power drivers. These buffers are also
used to drive aLED-based readout that signals the active status of all stepper motor
windings. The readout will be found particularly useful when amachine is first connected, or during program debugging.

Circuit description
The PC interface shown in Fig. lisa more or
less standard design based on the 8255 PPI.
Apart from the data and address signals, the
extension card uses afew control signals on
the IBM slot, IOWR which indicates write activity in the I/O memory area, IORD which
has the same function form read operations,
and, of course, RESET. The extension card is
powered by the computer via the extension
bus.
The datalines are buffered with a74LS245
octal bidirectional driver. The buffered datalines are connected to the PPI (the 8255)
and the PIT (programmable Interface
Timer/counter; the 8253). A single PAL
(programmable array logic), IC3, handles all
address decoding. It uses address line A3
through A9 and the IORD and IOWR signals
to generate chip select signals CSO, CSI, CS2
and CS3, and in addition the enable signal
and the direction control signal for the databus buffer, IC2.
The I/O lines of ports A and Bof ICI are
available on adouble row PCB pin header,
l<2. Port C is connected to the outputs of the
programmable timer, ICs. Connections PC4
and PC5 switch the two relays via darlington
transistors T1 T2. In most cases, a value of
1kL1 will be adequate for R5 and R6. These
resistors may need to be made smaller, however, when the relays do not come on reliably. The minimum value of R5 and R6 is
330 Q.
PPI line PC3 has aspecial use here as it is
connected to an external emergency switch
that stops the entire system. Normally, PC3
is held at +5 V by apull-up resistor, R4. The
two remaining port lines, PC6 and PC7, are
not used here.
The internal block diagram of the 8253
counter/timer is shown in Fig. 2. The three
16-bit counters, numbered 0, 1 and 2, are
identical and can be preset to count down.
The counters operate independently and can
be programmed separately. The counter
values can be read from the 8253 without
blocking the clock signal. The preset values
are loaded with the aid of four control words
stored in the control word register. Since this
has only one address, two bits, SCO and SCI,
ELEKTOR ELECTRONICS USA JUNE 1991

Fig.

1.

Fig. 2.

Circuit diagram of the PC insertion card.

Block diagram of the 8255 Programmable Peripheral Interface (PPI).
WorldRadioHistory
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Track layouts of the component side and the solder side of the PC insertion card.
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Fig. 3a.

Component mounting plan of the PC insertion card.

Resistors:
4 4k127

R1 -R4

2

R5;R6

lk.çà (see text)

2 2k122

R7;R8

1 8x4ki27 array

AR1

indicate the counter for which the control
word is intended.
Returning to the circuit diagram in Fig. 1,
the CLKO through CLK3 inputs of the 8253
are supplied with a 4-MHz clock signal
generated by oscillator block OSCI. All three
gate (Gx) inputs of the counter/timer are

Capacitors:
3

100nF

Cl ;C2;C3

Semiconductors:
1 8255

Cl

2 74LS245

IC2;1C4

1 16L8 (ESS 6011)

IC3

1 8253

IC5

2 BC517

Ti :T2

Miscellaneous:
1 4-MHz oscillator block

Oscl

2

PCB-mount 5V
changeover relay

Rel ;Re2

1

16-way 2-row PCB pin
header

K1

1 26-way 2-row PCB pin
header

K2

2 3-way PCB terminal block

K3;K4

1 printed-circuit board

910054-1
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tied to +5 V via pull-up resistors.
The 8253 is programmed to operate as a
frequency divider. Depending on the preset
value, a counter divides the oscillator frequency down to a particular value, for instance, 100 Hz, which is then passed to PPI
port C. By loading different counter preset

STEPPER MOTOR BOARD -I
values, the step duration of the stepper motors is made independent of the computer's
speed.
IC4, a74LS245, forms an 8-bit input port
which is used to signal the status of aset of
end switches fitted on the milling machine.
The eight input lines of the port are held at
+5 V with the aid of pull-up resistors. The
end switches wired to Ki should, therefore,
connect to ground when active.
The address assignment of the ports on
the insertion card, and their functions, are
summarized in Tables 1and 2.

G routines supported by CNC-DIN
All dimensions in mm, DIN 66025.
Example of Syntax:
10 GOO x17.34 y200.0
20 GO1 x10.90 y20.90
start of program
remark
GOO

Target point direction characteristic (x, y, z).
Move to target point.
Fraise carrier speed.

GO1

Straight interpolation of target point (x, y, z).
Fraise from current point to indicated target point.
Fraise speed.

GO2

Circle interpolation, clockwise.
(xakt, yakt, x, y, i, j) current point (xakt, yakt),
target point (x, y), centre of circle (i, j).
Fraise an arc based circle information, from current point to target point.

GO3

Circle interpolation, anti-clockwise.
See G02.

GO4

Spindle idle time.
(f) idle time in seconds.

M58

Switch of spindle motor relay.

M59

Switch on spindle motor relay.

MOB

Switch on pump for drill coolant.

MO9

Switch off pump for drilling coolant.

G90

All absolute data.

G91

All incremental data.

G94

Spindle shift speed in mm/min.
(x, y, z) speed indication for single spindle.

M30

end of program.

Construction
Populating the double-sided through-plated
board (Fig. 3) should not cause difficulty. To
make sure the card remains secure in the PC
slot, you will need to secure it to a metal
bracket as found on other insertion cards.
Here, it is best to use (or make) abracket with
a relatively large vertical clearance that
allows the two flatcables and the relay wires
to pass.
Switch the computer off, fit the I/O card
into a free slot, and secure the card to the
metal frame at the rear of the PC. Switch on
the PC, and check that afrequency of 4MHz
is present at pins 9, 15 and 18 of ICs. In case
the PC will not boot up with the I/O card inserted, you are probably faced with ashortcircuit on the board, or afaulty IC.
The data in Tables 1and 2, and afew lines
of BASIC or Pascal, allow the card to be
checked for correct operation. For instance,
reading address [base+8] (IC4) should return
1111 1111 2,which equals FF H,or 256 decimal. Next, connect two or three jumpers to
Ki to pull the input datalines logic low. Run
the read test again, when the result should
match the set bit pattern (a jumper produces
alogic low).
Next, test the PPI by writing to the control
register at address [base+3] (ODE3H). Set all
ports to output, then make all port lines logic
high. The relays should come on.
The scope of this article does not allow a
more detailed description of the way in
which the 8255 and the 8253 are programmed. Fortunately, plenty of literature is
available that covers the practical use of
these ICs in great detail.

Software
A number of different, fairly complex computer programs are required before the fraising machine can be made to work. The first
step in making afraised product is to draw it
with the aid of a CAD program, such as
AutoCAD or AutoSketch, and save the
drawing file in the DXF format. Next, aprogram called AutoPack-II is used to convert
the DXF file into aformat suitable for further
processing. AutoPack-II is a21
/ -dimension
2
version of the 3-dimension program AutoPack. None the less, AutoPack-II allows you
to view the workpiece in 3-D to the ISO
standard. Also, all side views of the workpiece can be displayed at the same time, and
the program is capable of calculating the
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Fig. 4.

Overview of Gerber commands supported by the CNC-DIN converter program.

curve described by the fraise. This curve is
called fraise equidistant because the radius
of the fraise itself is taken into account.
The fraise file generated by AutoPack-II
consists of a set of so-called Gerber commands. The actual control software for the
milling machine is aconverter called CNCDIN. Written in C, it reads the Gerber data
and converts these into commands for the
stepper motor board described here. CNCDIN is available from the author, and allows
you set anumber of parameters related to
the hardware. These parameters include the
type of stepper motor used (2-phase or 4phase), the number of steps per revolution,
etc. The parameters and their settings are
stored in a configuration file that can be
modified as required for your own hardware. Figure 4lists the G (Gerber-) functions
to DIN-66025 that are supported by CNCDIN.

Note:
The program CNC-DIN mentioned in this
article is available from
Kolter Elektronik •Steinstrasse 22 •W-5042
Erfstadt •Germany. •Telephone: +49 (2235)
76707, Fax: +49 (2235) 72048.

Part 2of this article will describe the motor
driver board. Tables 1and 2mentioned here
will be included in Part 2.
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ELEKTOR ELECTRONICS USA JUNE 1991

68
• L-

t

ir

u

Subscriber
Services
•

Complete the applicable
section(s) below and
mail to:
Elektor Electronics USA
PO Box 876
Peterborough, NH
03458-0876

WOULD YOU LIKE TO..
SUBSCRIBE?

•

YES! Just check the appropriate boxes in the
"renew" section and fill in name and address.

1J RENEW?

SUBSCRIBER NUMBER

Fill in the appropriate sections below. For
faster service use your mailing label and
subscriber number.
•

1J Iyear at $28
Li 2 years at $50

11:1

NAME

STREET 8 NO

Check/MO enclosed
Charge MC/VISA

CITY

mCNISA

Canada add $8 per year postage
Remd In US $ only

fj CHANGE YOUR ADDRESS?
•

Fill in your new address to the
right and old address and subscriber
number above.

MY NEW ADDRESS:

NAME

STREET 8, NO

CITY

ST

ZIP

CITY

ST

zn ,

LiGIVE A GIFT?
What a thoughful idea! Fill out your name and
address above, the recipient's name and address
to the right. We'll even send a gift card
announcing your gift.

• ti TELL YOUR FRIENDS ABOUT US?
Print their names and addresses below or photocopy this form for them.
We'll take care of the rest.
NAME

NAMI

STREET 8 NO

STIll IT P. No

CITY

ST

71P

F__J COMPLAIN ABOUT YOUR SUBSCRIPTION?
Yes, it sometimes happens. We try to avoid it at
all costs, but it you have a problem, we want to
know. Call or write with all pertinent information.

YOU CAN CALL US
(603) 924-9464
Subscription Department
94 Business Days
Answering Machine
All Other Hours

FAX: (603) 924 9467
24 Hours

01=:11

=1M1
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READERS SERVICES
All orders, except for subscriptions, should be
sent to Old Colony Sound Lab: by mail to PO
Box 243, Peterborough NH 03458-0243; Visa/
MasterCard charge orders by FAX to (603)
924-9467 (24 hours) or by voice 8-4 weekdays
to (603) 924-6526 or 6371. Please use the form
opposite for all orders. All prices are postpaid
to customers in the fifty states except for books.
Please add $2.00 for the first book and 75e
for each additional book ordered. Canadians, please add $4.50 US for the first
book, and 75e for each additional one. Outside North America, please add 20%. Canadians may expect Canadian duty charges on
shipments of any items except books and
subscriptions
SUBSCRIPTIONS
Subscriptions can be provided anywhere in the
United States and its territories as well as
Canada by sending mail subscriptions to Elektor
Electronics USA, PO Box 876, Peterborough NH
03458-0876. Visa/MasterCard orders may be
telephoned directly to (603) 924-9464 between
8 and 4 on business days and to our machine
recorders at other hours and on weekends.
Orders may be FAXed at any time to (603) 9249467. Subscription rates: $28 per year (11 issues);
$50, 2years (2-year rate not available in Canada). Student Rate to full-time, registered students, $15 per year (photocopy of student ID
required).

ORDER FORM

OLD COLONY SOUND LAB
PO BOX 243
PETERBOROUGH, NH 03458

TELEPHONE CHARGE ORDERS
(6031 924-6371, 924-6526
Answering machine before 9 am.,
FAX: (803) 924-9487, 24 Yours

CUSTOMER ADDRESS

SHIPPING ADDRESS IF DIFFERENT

NAME

NAME

STREET & NO

COMPANY

CITY

STATE

ZIP

STREET 6 NO

MAGIC NUMBER (FROM SUBSCRIPTION LABEL)

PAYMENT METHOD

CITY

STATE

FOR CHARGE CARD ORDERS UNDER $10, PLEASE ADD

E MONEY ORDER

0 CHECK

E MASTERCARD

E VISA

CARD NUMBER

EXPIRES

AUTHORIZED SIGNATURE

DAYTIME PHONE

I

Price

Part Number and Description

Qty,

Dr,

$2

Total

LETTERS
Letters commenting on articles appearing in
Elektor Electronics USA or concerning a matter
of general interest in any field of electronics
should be addressed to the Editor. Publication
is at the discretion of the Editor and all letters
will be subject to prior editing and/or shortening for publication
PAST ISSUES
Previous issues of editions published elsewhere
are not available from Old Colony. Back issues
of the British Elektor from July/August 1987 onward are available from Worldwide Subscription
Service Ltd., Unit 4, Gibbs Reed Farm, Pashley
Road. Ticehurst TN5 7HE, England, United
Kingdom. Single copies are $4.50 surface mail,
$7 50 airmail

CALL OR WRITE FOR YOUR FREE OLD COLONY CATALOG!
Please supply the following: For PCBs, front panel foils, EPROMs, and cassettes, state the part number and description; for books, state the full title; for
photocopies of articles, state full name of the article and month and year of
publication. Please use block capitals.

SUBTOTAL
SHIPPING
TOTAL

PAST ARTICLES
Photocopies of articles from the British Elektor
from January 1979 onward are available from Old
Colony Sound Lab for $5 each (multi-part articles:
$5 per part); $6 in Canada. Indexes are available.
Send astamped (506), self-addressed businesssize envelope to Old Colony, at the address
above, for EACH YEAR desired. Acomplete set
of indexes for 1979-90 is available for $7.50
postpaid. Also available postpaid:
Digital model train (13 parts)
$15.00
TECHNICAL QUERIES
Although we are always prepared to assist
readers in solving difficulties they may experience with projects that have appeared in
Elektor Electronics USA, we regret that these
cannot, under any circumstances, be dealt with
by telephone or FAX
COMPONENTS
Components for projects appearing in Elektor
Electronics USA are usually available from appropriate advertisers in this magazine. If you
have difficulty finding parts, please send aselfaddressed postcard listing the parts you desire
and we will attempt to locate a source. If difficulties in the supply of components are envisaged, asource will normally be advised in the
article.
BOOKS
The following Elektor books are currently available from Old Colony Sound:
301 Circuits
$12.50
302 Circuits
$12.50
303 Circuits
$15.95
Data Sheet Book 2
$16.50
Databook 3
$17.95
Databook 4
$17.95
Microprocessor Data Book
$17.90
SHELF BOXES
Blue heavy-duty Elektor vinyl shelf box
(holds 6 issues)

$6 00

FRONT PANEL FOILS
PROJECT
Video mixer
The complete
preamplifier
All solid-state
preamplifier
LF/HF signal
tracer
O meter

No.

Price Issue

87304-F
890169-F

33.00 1-4/90
15.00
3/91

890170-F1
890170-F2
890183-F

33.50
18.50
18.50

12/89
1/90
12/89

900031-F

23.00

4/90

Budget sweep/
function
generator
High current
hFE tester
400W lab
power supply
Variable AC PSU
Universal battery
charger
Milliohmmeter
Wattmeter
Digital phase
meter

5/90

900040-F 20.00

900078-F 28.00

2/91

900082-F 35.00

10-11/90

900104-F 28.00
900134-F 11.00

6/91
6/91

910004-F 28.00
910011-F 16.50
910045-F 20.00

12/90
4/91
6/91

EPROMS/PALS/MICROCONTROLLERS
PROJECT

No. Price

561
Multifunction
measurement
card for PCs
MIDI control unit
570
(1 s 27C64)
Digital model train
572
(1 x 2764)
Darkroom clock
583
(1 a27128)
Slave indication
700
unit for I.T.S.
(1 x 8748H)
701
EPROM emulator
(1 x 8748H)
Microcontroller702
driven power supply
(1 x8751)
Autonomous I/O
704
controller
(1 x 8751)
Video mixer
5861
(1 x2764)
Four-sensor
5921
sunshine recorder
(1 x 27128)
5941
FP-controlled
telephone exchange
(1 x 27128)
MIDI program
5961
changer (1 x 2764)
5981
MIDI-to-CV interface

SUPER

Issue

17.50

2/91

20.00

6-7/90

33.50

2-5,7/894/90
2/90

18.50
30.00

3/88

30.00

12/89

95.00

5,6,9/88

95.00

12/88

20.00

1-4/90

Stepper motor board
(1) (1 x 16L8)
8751 programmer
(1 x8751)

6011
7061

26.00

DISKETTES
No. Price

Issue

Digital model train

109 11.50

Logic analyzer for
Atari ST (b/w only)
Computer-controlled
Teletext decoder
Plotter driver
FAX interface, IBM
PCs
RAM extension for
BBC-B
EPROM simulator
RS-232 splitter
Centronics
ADC/DAC
Transistor
characteristic plotting (Atari ST b/w)
ROM-copy for BASIC
Multifunction
measurement card
for PCs
8751 programmer
PT100 thermometer

111

20.00

2-5,7/894/90
10/89

113 20.00

10/89

117 11.50
119 14.00

5-6/88
6/90

123 10.00

7/89

129 11.50
1411 11.50
1421 11.50

12/89
4/90
5/90

PROJECT

PC-controlled
weather station (1)
I/O interface for Atari
Tek/Intel file converter
RTC for Atari ST

1431

13.005/90

1441
1461

13.00
13.00

9/90
2/91

1471
1481

13.00
13.00

1551

13.00

11/90
11/90
3/91

1571
1581
1621

13.00
13.00
13.00

4/91
4/91
6/91

PRINTED CIRCUIT BOARDS
No. Price

6/90

10/90

26.00

4/91

26.00

2/91

"SAVE

11/90

70.50

PROJECT
20.00

6/91

14.00

JANUARY 1991
Logic analyzer (1)
bus board
SWR meter
FEBRUARY 1991
Logic analyzer (2)
RAM board
probe board

YOUR
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900094-4 18.00
900013

600

900094-2 31.50
900094-3
8.50

INVOICE"

Multifunction measurement card for PCs
High current hFE tester
MARCH 1991
The complete preamplifier
input board
main board
Electronic exposure
timer
PC-controlled
weather station (1)
2m band converter
APRIL 1991
Logic analyser (3)
control board
MIDI program
changer
8-bit I/O for Atari
6m band transverter
Wattmeter
meter board
display board
MC preamplifier
Dimmer for halogen lights
transmitter
receiver

900124-1

48 00

900078

11 00

890169-1 44.40
890169-2 67.00
900041 18.50
900124-3

750

900006-1

8.50

900094-5 31.50
900138 11.50
910005 21.00
910010 19.50
910011-1 11.00
910011-2
7.00
910016 18.00
910032-1
910032-2

MAY 1991
8032/8052 computer
Battery tester
Moving-magnet (MM)
preamplifier
Universal I/O interface
for IBM PCs

7.00
7.50

910042 20.50
906056
7.00
900111 11.50
910046 18.50

JUNE 1991
900134 16.00
Universal battery
charger
Logic analyser (4)
900094-7 15.00
power supply board
900094-6 21.50
Atari interlace
IBM interface
9000941 24.50
910045-1/2/3 44.50
Digital phase meter
(set of 3 PCBs)
3.90
Light transceiver
UPBS-1
Variable AC PSU
900104 10.50
9.50
Light switch w. TV IR tic
910048
RTC for Atari ST
910006 10.50
910054 49.50
Stepper motor board (1)
PC insertion card
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TERMS
PRICING
Prices, except as noted, include shipping in the continental USA. The minimum order is $10. A $2 service charge will be added to orders of less than $10.
Prices are subject to change as our costs change. WE
RESERVE THE RIGHT TO MAKE PRICE CHANGES
WITHOUT NOTICE.
TELEPHONE ORDERS
Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EDT, Monday-Friday. Orders
for parts are to be made on the ORDER FORM provided. Payment for telephone orders is by MC/VISA
only. Our TELEPHONE ORDER NUMBER IS (603)
924-6371 or 924-6526. Our answering machine for
MC/VISA orders during non-business hours is (603)
924-6371. FAX: 1603) 924-9467 (24 hours).
PAYMENT
All remittances MUST BE IN US FUNDS DRAWN
ON A US BANK. Payment for telephone orders must
be made by MasterCard or VISA. Mail order payment
may be made by MC/VISA, money order, cashier's
check or personal check. If payment is made by personal check, allow up to 2weeks for clearance before
order is shipped. Should check be returned for any
reason, there will be a $10 charge.
SHIPPING
Unless noted, freight is prepaid by Old Colony.
All orders shipped USPS first class mail or by UPS.

OF

BUSINESS

Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling (UPS
next day or second day). UPS requires a street address. If you cannot receive UPS delivery, please include an extra $2 for insured service via Parcel Post.
We cannot accept responsibility for safety or delivery
of uninsured Parcel Post shipments. Absolutely no
COD shipments.
BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge for the US is $2.00, plus
75e each additional item. In Canada, please add $4.50
for the first item, 75e each additional. No returns.
According to the Connecticut Dept. of Revenue Services, Regulation #27, Section 12-426-27, in order to
sell software to residents of Connecticut, we must
register with the department as well as collect taxes
for the state from the purchaser. We regret to inform
our customers that we will not sell software to anyone
from Connecticut, as it will prove to be too costly and
burdensome.
OVERSEAS ORDERS
For orders to be shipped outside North America, add
20% to the total order to cover shipping.
RETURNS
If you wish to return all or part of an order for any
reason, please call or write first. If we are in error,
correction will be made promptly, without charge.
WARRANTY
We warrant that all items sold conform to the qual-

ity and specifications set forth. We make no representations. We accept no responsibility whatever for further use by the customer. We accept no monetary
liability in excess of the original cost or replacement
of the material if originally defective or damaged in
transit.
COPYRIGHT
All drawings, photographs, articles, printed circuit
boards, EPROMs, software, and cassettes published
in our books or magazines (other than in third-party
advertisements) are copyright and may not be reproduced or transmitted in any form or by any means,
including photocopying and recording, in whole or
in part, without the prior permission of Elektor Electronics USA in writing. Such written permission must
also be obtained before any part of these publications
is stored in a retrieval system of any nature.
Notwithstanding the above, printed circuit boards
may be produced for private and personal use without
prior permission.
LIMITATION OF LIABILITY
Elektor Electronics USA shall not be liable in contract,
tort, or otherwise, for any loss or damage suffered
by the purchaser whatsoever or howsoever arising
out of, or in connection with, the supply of goods or
services by Elektor Electronics USA other than to supply goods as described, or at the option of Elektor Electronics USA, to refund the purchaser any money paid
in respect of the goods.

BOOKS FROM ELEKTOR ELECTRONICS USA
301 CIRCUITS
This book follows the theme of the first in this series, 300 Circuits (now out of print). It contains over 300 assorted circuits first published in the 1979, 1980, 1981 summer issues of
Elektor Electronics.
The circuits range from the simple to the more complex and are described and explained
in straightforward language. The book is acomprehensive source of ideas and construction
projects for anyone interested in electronics.

ISBN 0-905705-12-2
BKAA11
Price $12.50

302 CIRCUITS
The popularity of this book is shown by its having been reprinted no fewer than three times.
It offers aselection of the most interesting articles from the 1982, 1983, 1984 summer issues
of Elektor Electronics.
In it you will find circuits for audio and video; car, cycle, and motorcycle; home and garden;
receivers and aerials; hobbies and games; measuring and testing; oscillators and generators;
current sources and power supplies; moxiiiputers and music electronics; and amiscellany
of other interesting subjects.

ISBN 0-905705-25-4
BKAA12
Pric. $12.50

plication. Far from it, as witness the familiar type MC146818A real-time clock and the type
MC6845 cathode-ray tube controller. It deserves a place on the bookshelf of anyone concerned with the design, maintenance and servicing of microprocessor-controlled electronic
equipment.

ISBN 0-905705-30-0
BKAA15
Price $17.95

MICROPROCESSOR DATA BOOK
This book has come about because of aneed by Elektor Electronics engineers, technicians,
and editorial staff of a ready reference work on the most important microprocessors. This
implies that it does not only contain information on the latest devices, such as the transputer,
but also on older, well-established types, such as the Z80 and the 6800.
A general description, hardware block schematic, software structure, DC characteristics,
and instruction sets are given for over 70 microprocessors. To prevent the book from becoming unwieldy (and to keep costs down), timing diagrams and AC characteristics have, however,
been omitted. The detailed information on all manufacturers mentioned will, however, enable
any additional information to be obtained quite readily.
Included in the book are, among others, the 68000 series; the 6502 family; the Z80, 8080,
and 8085; Intel's 8086, 80186, 80188, 80286, and 80386; the NS32)CO( series, and the INMOS transputers.

ISBN 0-905705-28-9
BKAA18
Price 817.90

303 CIRCUITS
Like its predecessors, 303 CIRCUITS otters a comprehensive collection of practical ideas,
concepts, and developments in the gamut of electronics. Unlike its predecessors, the book
e arranged in 11 subject sections to make it easier for the reader to find that long-sought circuit.
In well over 300 pages, the book otters 32 Audio and Hi-Fi projects; 14 circuits for Car
and Bicycles; 43 Computer & Microprocessor circuits; 11 Electrophonic projects; 24 HF and
VHF circuits; 16 circuits for a number of hobbies and pastimes; 54 projects for Home and
Garden; 29 Power Supply circuits; 29 circuits for Test and Measurement equipment; nine
TV and Video projects; as well as 42 Design Ideas.

ISBN 0-905705-82-2
BKAA13
Price $15.90

DATA SHEET BOOK 2
Like its predecessor (now out of print), this book offers concise, relevant, and rapidly accessible information, which is both practical (e.g., the pin-out of a device) and informative.
The book contains data on integrated circuits as well as on discrete transistors and diodes.
Moreover, it gives an introduction to fast (HCMOS) devices and a review of the new symbolic logic as laid down in British Standard BS3939:Section 21 (IEC Standard 617-12).
The final part of the book deals with anumber of computer chips, such as memory devices
(including programming information for these) and I/O circuits. This section also includes data
on a number of non-digital discrete and integrated devices, such as op amps, as well as
on some microprocessor peripherals (e.g., the fe.09 VIA, the 6580 ACA, and the fres.5A PPI).

DATABOOK 4: PERIPHERAL CHIPS II
This final volume in Elektor E .....tronics' Microprocessor Data Book series deals with general
peripheral chips that, at leilut as far as their type-coding is concerned, do not belong to a
specific family of microprocessors. There are so many of these, however, that only aportion
of them can be dealt with in ne book. Those contained in this collection have been chosen
carefully on the basis of thei , practical application and frequency of use. Complete data are
given for coprocessors from :he 80 series (AMD, Cyrix, ITT, Intel, Weitek); real-time clocks
from MEM, OKI, Statek, Naional Semiconductor, and Dallas Semiconductor; transmitters
and receivers of serial interfauas RS232, 422, 423, 485 from Motorola, Newport Components,
Maxim, Texas Instruments, National Semiconductor, Dallas Semiconductor, and Linear
Technology; UARTS, DUARTS, and QUARTS (i.e., programmable ICs intended for data
transfer); and the CS8221 set of ICs from Chips & Technuluuy that are used in agreat number
of PC mother boards (also included is the data sheet of associated software LIM 4.0 for the
management of the Extended Memory System).
Apart from the actual data, the book contains much other useful information, such as comparisons between and second sources for all important IC families; addresses of manufacturers and their representatives; and overviews of all peripheral chips (including many that
could not be included in this book) that are available from various manufacturers.

ISBN 0-905705-32-7
BKAA17
Price $17.95

ISBN 0-905705-27-0
BKAA14
Price $18.50

SPECIALS!

DATABOOK 3: PERIPHERAL CHIPS
This book lists the most important design data of peripheral chips whose type numbers and
functions relate them unambiguously to a microprocessor in the saine family. All Feted devices
form part of families based on widely used microprocessors or microcontrollers. Their most
evident application will therefore be in conjunction with the associated microprocessor. This
should, however, not be taken to mean that a peripheral cannot be used in another ap-

BKAA7J1

BKAA11, 12, 13: all 3for $35 (Save $5.95!)

BKAAZ/2

BKAA14, 15, 16, or 17: ANY THREE for $45 (Save $7.35!)

BKAAVS

Complete Elektor library: all 7for $85 (Save $26201)

(ME SUM TO SPECIFY!)

These books are all available direct from Elektor Electronics USA through the Readers Services, from a number of bookshops and electronics retailers in the US and
Canada, and from selected bookshops throughout the world. Special prices are those of EEUSA only.
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KELVI

13

D ISCOUNT
C ENTER

Electronics

BREADBOARDS

CALL

WITH YOUR VALUE

1W

$2 /200 Pcs
$3 /200 Pcs
$1.30 / Pcs

2W

$1.70 /10 Pcs

1/2 W

680098

with Transistor Hie Test

KELVIN 200 Advanced '39."
w Transistor Hie, Capacitor Test

KELVIN

PRO 40

w Transistor, Capacitor, AC DC Test.
Logic. 20 MHz Freq Counter, Durable

Kelvin Meters backed by a
2Yr Warranty -Parts 8, Labor
Protective Case
For Model 100, 150, 200
Protective Case

Post

680093

Contacts

S9 .95

For Model Pro 400

FLUKE

YOUR COST

500

o
o

680097

840

680098

KELviN150 Basic+

LUBES/CLEANERS

680100

Stock No

KEL V/N1 00 Basic

TYPE - T 1 34, 5mm
STOCK NO
YOUR COST

RESISTORS

1/4 W

s

4."
5."

1380

680100

4

2390

° 22. "

WIRE JUMPER KIT

WD-40
LUBRICANT
'2.95 ea

ea

S 7 .75

350 Piece Set

COMPONENTS
TYPE

YOUR COST

$8.25

600021

555 TIMER

°

MINUS

600029

556 DUAL TIMER

S

62 INSTANT

600039

LM566 PLL
FUNCTION GENERATOR

600018

741C

600026

1458 OP-AMP... $
DUAL 701C OP.AMP DIP

.30

EA

.35

EA

OP-AMP
INTERNALLY COMPENSATED

630041

2N2222

.18 EA

630383

PN2222

°

600023

7805

'

VOLTAGE REG

.08
.36

EA
EA

SILICON CONTROLLED RECTIFIER
(Similar to GE C106C1) 4.0 AMP, 100 my

.89

600014

.79 EA 50.

EA

Project

Yellow

'.08 roo.

'.07

forT 1 34 SIZE, BLACK
Stock No.

250019

$ .10 ea

100+ Oty

ea

-

'1.59 ea
$

1000. Oty

10+ Oty

HORN
Loud Penetrating Sound
Stock No. 640001
'.75 ea

STOCK NO

TYPE

COST

260022

Anode

5

260090

Cathode

.95 ea
1.25

8

ea

.75 ea

$.99

en

$.69

ea

e

10+ City

DC MOTOR
for SOLAR ROBOTIC
Stock No. 852211
'.50 ea

$.45

COST

Jumbo

ea

1.39

ALARM

0.37"
7SEGMENT
LED READOUT

1.15

a

20. Oly

ea

20+ Qty

SOLAR CELL
5
,
1;

2,. 1wirede5nVcDas%d

Stock No.

260056

6. 95 ea
:

XENON STROBE
stock
050No TUBE

••••

260

'2.95 ea

STOCK NO YOUR COST

260066

0 9.75

$2.50

ea

RED LED DISPLAY

CHILLER
SPRAY
15 OZ. SPRAY CAN
Stock No. 510004
'5.95 ea

ea! 3+ Oty

STOCK NO Color

YOUR COST

260058

Red

'1.99

260088

Green

$ 1.99.

260089

Yellow

$ 1.99.

«

10. Oty
5

.79 en
.79 ea

N

.79

lor Falancatong Your Own Moving Soon Drsplay

SILICON
GREASE

50 mm

1 OZ. TUBE
Stock No. 510002
'5.50 ea

for XenonStrobe Tube
Stock No. 320037
'1.25 ea

$.89

ea '20+ Qty

INFRARED LED
IR Pair. LED infrared
transmitter and
receiver

STOCK NO.

Stock No.

rearl '
Ç

$2.79 ea
NEON LAMP

ea

260061

NE2 2 Lead
Stock No 260003

,

ea i3+ Oty

ea '20+ Oty

TRIGGER COIL

MOVING SIGN DISPLAY

TRANSISTOR

$4.95

BUZZER

3 -9 Volt DC, 80 db
Stock No. 680089

TIL 311 4X7ea
.99
HEXIDECIMAL DISPLAY

ea, 3+ Oty

$5.25

.06

LED HOLDER

ea

Stock No

.20 EA
.40 eek
° .60 E.

59 0

.07

260026

24 OZ. SPRAY CAN
Stock No. 510007
58.95

.05

$.08 roc.

260027

260021

BLUE SHOWER
CLEANER &
DEGREASER

•4."

140 Piece Set

1000, Oty

Green

Red

s.06

Project

2", 8 Ohm, .1 Watt
Stock No. 350009

roo.

260020

STOCK NO

3+ Qty

MINUS

Pre-cut Pre-Stripped

1000. Oty

0.6"
7SEGMENT
LED READOUT

12 OZ. CAN
Stock No. 870001

$2.80

.05 en

L E De) Speaker

JUMBO

5% Tolerance
Carbon Film

680093

KELVIN DIGITAL MULTIMETERS

LED CENTER
SPECIAL -RED LED -

.15 ea

FLUKE 87
BEST BUY

FLUKE
FLUKE
FLUKE
FLUKE
FLUKE

70
73
75
77
79

NEW Series II

series II .D
63
series t.
89
&En.
$127
&en«. ... 0 '149
Series II .. U 169

FLUKE 83
FLUKE 85
FLUKE 87

N

E
D

'199
229
269

FLUKE 86
FLUKE 88

$367
'423

FLUKE 8062A
FLUKE 8060A

$329
$395

FLUKE 8010A
FLUKE 8012A
FLUKE 8050A

5359

FLUKE 37
FLUKE 45

$329
E
S

'439
$249
$579

SCOPES
20 MHz SCOPE

'375

with Built-In Component Tester
2 Yr Warranty - Parts 8. Labor

HITACHI V523 50 MHz ..'995
50 MHz, Analog 2 Ch, 1 mV, Delay
Sweep. OC Offset, Vert Mode Trigger
3 Yr Warranty - Parts & Labor

IC CLIPS
990104

BLACK

990105

RED

60 MHz. 01 8 X10

25+ Oty

.65 ea .S .50 ea
$ .65 ea .S .50 ea

STOCK NO ',PE .Female

IC TEST
LEAD SET
5 COLOR CODED
18" LEADS WITH
MINIATURE HOOK•ON
PROD AT BOTH ENDS
Stock No.
YOUR COST
990108

9V DC 500 mA

$3.95 ea

220068

12V DC'500 mA

$4.25 ea

8.25

ea

370048

.39

to

BATTERIES

YOUR COST

Duracell

3+ Oty

es

'2.07 «

Eveready

ea

1.75

Stock No

YOUR COST
s2.95

3+

ea

city

'2.75 ea

DUAL
BANANA
BINDING
POST TO
MALE BNC PLUG

.15

ea

.10 eeif do+

Holder

.20

ea

.10 ea/100+

RECHARGEABLE BATTERIES

Stock No

YOUR COST

3+ Oty

'5.95 ea

04.95

ea

BNC TEST
CABLES

TYPE

YOUR COST

220039

AAA

$3.30

ea

220025

AA

$2.85

ea

$6.00

ea

220027
220037

D

$6.00

ea

220038

9V

$8.90

ea

NI-CAD

3 FT.

BATTTERY

MALE TO MALE

CHARGER
4 Cell Charger fo
STOCK NO

Stock No.

YOUR COST

990101

'3.45 ea

3+ Oty
2.95 ea

220035

.55 ea

s.49

AAA, AA, C, D o-r9r.
YOUR COST

SPECIAL

Stock No.

Kain

N

990002

ea /100+ Qty

MINIATURE TOGGLE SWITCH
, Stock No. 270034

ea /6+ Oty

.90 ea

$.79

Type -SPST

ea I50. Qty

CIRCLE RESPONSE CARD OR
WRI
FOR OUR CATALOG FUL
OF WHOLESALE PRICED ITEMS.

KELVIN
ELECTRONICS

ea I6+ Qty

DELUXE
WIRE
STRIPPER
& CRIMPING
TOOL

1991 CATALOG
120 PAGES
FULL OF DISCOUNTS

CRIMPS REGULAR
INSULATED TERMINALS
CUTS 8. STRIPS WIRE
go5.
1.,, NI:ia. 520065

OVER 10,000 ITEMS
IN STOCK
ELECTRONIC COMPONENTS
TECHNOLOGY ACTIVITIES
VISA 8 MASTERCARD ACCEPTED

3.42 ea I6+ Qty

Electronics

7 Fairchild Ave. Plainview, NY 11803

MOMENTARY

.35 ea

$.28

'2.95 ea

$9.95 ea

%Ird

SWITCH

MODEL 100
ADJUSTABLE
GRIPPING HANDLES
INSULATED
Stock No. 520010

$2.66

e
b

ea /100+ Qty

SUB-MINIATURE

WIRE CUTTER
& STRIPPER

STOCK NO

ea

PUSH-ON, PUSH-OFF
Stock No 270021

ea /6+ Oty

MILLER

Snap

SELENIDE
260017

PUSH-BUTTON SW ITCH

'3.95 ea

HEAVY DUTY NI-CAD

600058

$.99

DIAGONAL
CUTTER

$3.45

ea/10+

9V Battery
SNAP &HOLDER

990103

SULPHIDE
Stock No. 260018

CADMIUM

$.99 ea
PHOTO CELL

4 1,2" LONG,
CUSHIONED
HANDLES,
DROP FORGED
STEEL
Stock No. 520023

9V Battery
°1.95

'2.30

Stock No.

MINIATURE

.49 ea

Stock No

LONG NOSE
PLIERS

$3.50

2.1 mm Male

ea I100+ Qty

4 1,2" LONG,
INSULATING
HANDLES.
DROP FORGED
STEEL,
FULLY MILLED JAWS
Stock No. 520021
'3.95 ea

MALE JACK

'8.95 ea

FEMALE
BNC TO
DUAL
BANANA
PLUG

220069

STOCK NO TYPE

3+ Oty

DOUBLE
BANANA
JACK
600056

WALL
TRANSFORMER

.12

PHOTO CELL

MINIATURE

SOLDER TYPE
v.-SPRING LOADED
Stock No COLOR
COST

BIRD
RCM
DMZ

SCOPE PROBES
150 MHz. 010

$

$20

MINIMUM ORDER

Call: 1(800) 645-9212
1 (516) 349-7620
FAX: 1(516) 349-7830

539 .95
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RED LASERS - Hew Diode lasers and Pulled Helium-Neon lasers. DANCER: All
lasers are retinal damage hazards.
He-Ne lasers are high-voltage hazards.
User's finished prcduct must comply with DHEW Radiological Health
requirements.
Purchaser agrees to asstre all responsibility for damages.

In 1988, Madisound Speaker Components processed
20,000 orders
VIFA
FOCAL
PHILIPS
EUROPA
MOREL
KEF

DYNAUDIO
MB QUART
AUDAX
PEERLESS
SOLEN
ETON

PERFECT LAY
SIDEWINDER
ELECTRO VOICE
SLEDGEHAMMER

NEW 670n 3.5mw SUIHUNIATURE LASER DIODE POINTERS WITH COATED CLASS
OFTICS.
MODULE only without case $229.
BRASS 7/16d x 5 3/16 w/2 AAAs
$279. ITTANILM 3/8d x 5 9/16 w/2 AAAAs $329. STATE-OF-THE-ART!
PULLED 11Eq4E LASERS WITH EKCAPSUIATED POWER SEEMS.
Imw 24vdc, 5vdc
enable, cylindrical $60; with 115vac to 24vdc kit $80.
mw 12vdc or
115vac, always enabled, cylindrical $100.
2.5mw 115vac, always enabled,
5vdc enabled, or open circuit enabled, exposed tube $150.

Doesn't your hobby deserve these fine product lines?

LUustrated catalog $2.
First Class Insured Postage free.
10-day
satisfaction guaranteed.
1-year guarantee on new, 30-day on pilled items.
California residents add 7%. VISA and MASTER CARD accepted.

MADISOUND SPEAKER COMPONENTS
8608 University Green
Box 4283, Madison, WI 53711
Phone (608) 831-3433
FAX: (608) 831-3771

PALEOSYSTEMS, 11152 Lucerne Avenue, Culver City, CA 90230.
Voice (be prepared to leave message) or FAX (213)-559-6661.

THE R.F. CONNECTION
213 North Frederick Ave. #11
Gaithersburg, MD 20877

BATTERIES
BATTERIES FOR ALL YOUR POWER REQUIREMENTS

ORDERS

NICKEL CADMIUM
SEALED LEAD ACID
GEL CELLS
MERCURY
ALKALINE
LITHIUM

1-800-783-2666

INFO

301-840-5477
FAX 301-869-3680
"THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

"Specialist in RF Connectors and Coax"
Part No.
PL-259/USA
PL-259/ST
UG-21D/U
UG-216/U
9913/PIN
UG-21D/9913
UG-21B/9913
UG-1469/U
UG-83B/U

E.H. YOST 8« COMPANY
7344 TETIVA ROAD
SAUK CITY, WISCONSIN 53583
TELEPHONE (608) 643-3194
FAX # (608) 643-4439

Dew'IplIon
UHF Male Phenolic, USA made
UHF Male Silver Teflon USA
N Male HG-A, 213,214 Delta
N Male RG-8, 213, 210, Kings
N Male Pin for 9913, 9086, 8214
Fits UG-21 D/U & UG-21 BfUN's
N Male for RG-8 with 9913 Pin
N Male for RG-8 with 9913 Pin
N Male to 50-239, Teflon USA
N Female to PL-259, Teflon USA

Price
$ .70
1.50
3.25
5.00

PRICES DO NOT INCLUDE SHIPPINCi
PRICES SUBJECT TO CHANGE
VISA, MASTERCARD. ADD 4%
UPS C.O.D. ADD $3 50 PER ORDER

1.50
395
5.75
6.00
600

MARK V -YOUR AMPLIFIER SOURCE!
Indicates the level of difficult

in the assemblin•

of our Products.

A

Be.inner AA Intermediate AAA Advanced

*

Full

300 W HI-FI POWER AMPLIFIER (MONO)

100W +100W NEW CLASS ADC STEREO PRE AND MAIN AMP

VIDEO/AUDIO SURROUND SOUND PROCESSOR

TA -3600 AAA

TA-1500 AAA.

SM-333 AAA*

11

Complete Art 185 00
Assembled & Tested 5110.00

Power output. 300 watts RMS
into 8 ohms, 540 watts music
power into 8ohms •Frequency
response: 10Hz to 20 KHz *Total
harmonic distortion: Less than
0.05% •lntermodulation distortion: Less than 0.05% •Sensitivity: 1 V rms at 47K • Power
requirements: 60 to 75 VDC at 8
amp •Dimensions: e x71/.," x2V;

120W MOSFET POWER AMPLIFIER (MONO)
TA-477 AA

T. H. D.: Less Than 0.007% •
Power output: 120 watts into 8
ohms RMS • Frequency response: 8Hz to 20KHz, +0-0.4
dB • Sensitivity: 1V • Power
requirements: 55 VDC 03 amps.
May use Mark V Model 003
Transformer.

Complete Ki7 568.00
Assembled A Tested 885.00

Assembled I Tested: $59.72

Total harmonic distortion Over all (horn

AUX) less than 001°.• Frequency response (at rated output) Overall (AUX to
PRE OUTPUT) 1010 100.000 Hz 1dB •
Input sensitivity and impedance: (1.000
Hz for rated output) •Phono 47 ohms
2mV• Output level .Rated Output (0 01°.
Total harmonic dislortion)• Preamplifier
output: 13V (20 VMAX. 01% THO )•
Recording output. 130 mV •Power requirements .Power voltage AC 36V 2
02A •Dimensions 9 x588 v1

LO 1925.

80'N +80W ROE DC SIDED MAIN POWER AMPUFER
TA-802 AA

Complete MI: $45.94

DC FET SUPER cuss "e PRE-AMP
TA-2200 AAA

Complete Kil: 547.70
Assembled & Tested: $58.24

Complete Kit $73.70
Assembled IS Tested: $95.81

Power output: 80 wags per channel into 8ohms 100
watts per channel into 4ohms •Total harmonic distortion: Less than 0.03 0., Frequency response: Aux
input. 5 to 50.000 Hz.0.2dB. -2 dB •Frequency
response: Power amplifier section. OC lo 200 KHz
•Sensitivity .Phono: 2.5 MV a 47 KAux 150 mV a
47 KMK: 6mV 4' 10 KOutput. Tape. 150 mV a 47 K
Preamp: 1V 600 ohms. Power transformer 26V to
32 VAC .25 6A(Mark VModel 0011 •PC Board
Dimensions: 10.5 x6.13 x2.25 •Heat Sink 513 A
263 s3 (EachlUse rack mount cabinet LO 1924 or

Power output:: 80 watts per channel into 8
ohms Total harmonic distortion: Less than
0.05% at rated power lntermodulation
distortion: Less than 0.05% at rated power
Frequency response: DC to 200 KHz. -0
dB. -3dB. 0 1watt Power requirements:
30 VAC x2 6 amp. May use Mark V
model 001 transformer P.C. Board: 8-1/2"
x5" x1-1/8 -Heat sink: 5-1/8 .x2-5/8 -x3'
(Each)

Complete Kit: 565.00
Assembled 8 Tested: 675.00

60W +60W Stereo Power Amplifier (with Mic. input)
SM-302 AA*
Frequency response: 20Hz to 20
KHz •Total harmonic distortion: <
01% •Power output: 60W per
channel into 4ohm load •33W per
channel into 8ohm load •Input
:sensitivity: Mic 10mv •Hi 380mv
•Lo 640 mv• Signal to noise ratio:
Better than 70 dbi •Power conComplete Kit: $67.00
Assembled 8 Tested $78.00

SuMption: 100W. Dimension: 360
mm x75 mm x200 mm.

Rack Mount Metal Cabinets

TA-1000A

with aluminium panel are

.4

f,
;

Complete Kil 559.69
Assembled 8 Tested 080 58

Power output. 100 watts into 8ohms. 125
watts into 4ohms •Frequency response:
10Hz 10100 KHz •Total Harmonic distortion: Less than 0.008% •Signal to noise
ratio: Better than 80 dB •Sensitivity :1V
•Power requirements: 35 to 45 VDC
3
amp. •May use Mark V Moel 001 transformer •PCB Dimensions :
5.38 x3.38"
x1.2' •Heal sink: 5.13's 2.63x3 (Each).

MARK V ELECTRONICS, INC.
8019 E. Slauson Ave. Montebello, CA 90640

ORDER
BY PHONE

suitable for many projects
and most of our kits.
We provide transformers
for most of our Mark V

9

amplifier kits.

OUTSIDE CA 1-800-423-FIVE (orders only)
IN CA 1-800-521-MARK
ORDER BY FAX (213) 888-6868

FREE CATALOG 84 INFORMATION (213) 888-8988

We accept motor Credit Cards Money Orders Checks and COD Orders COD tee is $5 00 Minimum order is $20 CS3 •We ship by UPS ground inside US t
min $4 001 and ship by US
mail outside US Please call our sales department for orders over 2lbs or foreign orders •All assembled units have a30 days warranty •(Duality or Volume discount available upon request
•Residents ot CA please add sales tae 65^., •All merchandise are sutoect to prior sale Prices are subject to change without prior nonce We are not responsible for typograhical errors

ELEKTOR ELECTRONICS USA JUNE 1991

Frequency response: 20 Hz to
20KHz •Total harmonic distortion.
Front channel: 0.05%. Rear channel .Less than 0.259,
.• Input signal
voltage 01 to 3.5V• Output: Front
channel 0.1 to 3.5V •Rear channel 6.6V • Delay time: 5to 50
milliseconds • Input impedance:
47 K•Power requirments: 100120VAC.60 Hz•Dimensions:14.2 wide. 4.82" deep. 2.1 -high.

100 W DYNAMIC CLASS A MAIN POWER AMPLIFIER
AA

Assembled

WorldRadioHistory

Business &Showroom hours. (Pacific Time
Mon. thru Fri.
9:30 am to 5:00 p
Sat. 10:00 am to 5:00 co

SESCOM INC.

THE "FIRST CHOICE" FOR
CONSTRUCTORS HARDWARE

PARTS DIVISION
2100 WARD DR.
HENDERSON, NV 89015 -9998
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Rub-ON LETTERS

RACk ChASSiS

MODEL #.

MODEL #.
DESCRIPTION
1RU5
19 x5x1.75 in.
1RU7
19 x7x1.75 in
1RU10
19 x10 x1.75 in.
2RU5
19 x5x3.50 in.
2RU7
19 x7x3.50 in.
2RU10
19 x10 x3.50 in.
3RU5
19 x5x5.25 in.
3RU7
19 x7x5.25 in.
3RU10
19 x10 x5.25 in

(Width xDepth xHeight)
(482.6 x127 x44.45mm)
(482.6 x177 x44.45mm)
(482.6 x254 x44.45mm)
(482.6 x127 x88.9mm)
(482.6 x177.8 x88.9mm)
(482.6 x254 x88.9mm)
(482.6 x127 x133.35mm)
(482.6 x177.8 x133.35mm)
(482.6 x254 x133.35mm)

PRICE $
28.00
30.00
32.00
30.00
32.00
34.00
38.00
40.00
42.00

The above rack chassis are made of .063 aluminum.
The front and rear panels are clear brushed anodized.
All hardware is included. Assembly Required.

METAL. CAbiNETS

MODEL #.
MC-1A
MC-2A
MC-3A
MC-4A
MC-5A
MC-6A
MC-7A
MC-8A
MC-9A

DESCRIPTION
4x3x2in.
6x3x2in.
8x3x2in.
4x5x3in.
6x5x3in.
8x5x3in.
4x7x4 in.
6x 7x4in.
8x7x4in.

(Width xDepth xHeight)
(101.6 x76.2 x50.8mm)
(152.4 x76.2 x50.8mm)
(203.2 x76.2 x50.8mm)
(101.6 x127 x76.2mm)
(152.4 x127 x76.2mm)
(203.2 x127 x76.2mm)
(101.6 x177.8 x101.6mm)
(152.4 x177.8 x101.6mm)
(203.2 x177.8 x101.6mm)

PRICE $
15.00
17.00
19.00
17.00
19.00
21.00
19.00
21.00
23.00

The above cabinets are made of .063 aluminum.
The front and rear panels are clear brushed anodized.
All hardware and rubber feet are included. Assembly Required.

PUNCh

Kirs ANd PuNcliEs

11. 1•111

Model h.
Description
HP-1
5JR TOOL KIT
HP-3

BENCH MOUNT

PD-1

ROUND 1/16"

PD-2

ROUND 5/64"

PD-3

ROUND 3/32'

PD-4

ROUND 7/64'

PD-5

ROUND 1/8'

PD-6

ROUND 9/64"

PD-7

ROUND 5/32'

PD-8

ROUND 11/64'

PD-9

ROUND 3/16'

PD-10

ROUND 13/64"
ROUND 7/32'

PD-11
PD-12
PD-13

ROUND 15/64"

PD-14

ROUND 17/64"
ROUND 9/32

ROUND 1/4'

P0-15
PD-16

SQUARE 1/8'

PD-17

SQUARE 5/32'

PD-18
PD-19

SQUARE 3/16"
REC. 1/8 x3/16'

PD-20
P0-21

REC. 1/8 x7/32'
REC. 1/8 x15/64"

Model k.
HP-2
HP-4
PD-30
PD-31
PD-32
PD-33
PD-34
PD-35
PD-36
PD-37
PD-38
Price $ PD-39
49 00
PD-40
PD-41
15.00
PD-42
6.00
PD-43
6.00
PD-44
PD-45
6.00
PD-46
6.00
PD-47
6.00
PD-48
6.00
PD-49
PD-50
6.00
PD-51
6.00
PD-52
6.00
PD-53
PD-54
6.00
PD-55
6.00
PD-56
6.00
PD-57
6.00
PD-58
PD-59
6.00
PD-60
6.00
PD-61
66.90
PD-62
66.90
PD-63
PD-64
66.90
PD-65
66.90
PD-66
66.90
PD-67
66 90
PD-68

Price
Description
XX TOOL KIT
129.75
BENCH MOUNT 15.00
ROUND 1/16'
9.50
9.50
ROUND 5/64'
9.50
ROUND 3/32'
ROUND 7/64"
9.50
ROUND 1/8"
9.50
ROUND 9/64'
9.50
ROUND 5/32"
9.50
ROUND 11/64'
9.50
ROUND 3/16'
9.50
ROUND 13/64'
9.50
9.50
ROUND 7/32"
ROUND 15/64'
9.50
ROUND 1/4'
9.50
RONND 17/64'
9.50
ROUND 9/32
9.50
ROUND 19/64'
9.50
ROUND 5/16'
9.50
ROUND 21/64"
9.50
ROUND 11/32'
9.50
ROUND 23/64"
9.50
ROUND 3/8'
9.50
ROUND 25/64'
9.50
ROUND 13/32"
9.50
ROUND 27/64"
9.50
ROUND 7/16'
9.50
ROUND 29/64'
9.50
ROUND 15/32"
9.50
ROUND 31/64"
9.50
6.00
ROUND VT
6.00
ROUND 33/64'
ROUND 17/32'
6.00
SQUARE 1/8"
66.90
66.90
SQUARE 5/32'
SQUARE 3/16'
66.90
REC. 1/8 x3/16' 83.10
REC. 1/8 x1/4'
83.10
REC. 1/8 x5/16' 83.10
83.10
REC. 1/8 x3/8'
REC. 1/8 x11/32 75.10

LT-1
LT-2
LT-3
LT-4
LT-5
LT-6
LT-7
LT-8
LT-9
LT-10
LT-11
LT-12
LT-12
LT-12

COMPONENT PARTS

DESCRIPTION

PRICE $

CAPITAL LETTERS HELVETICA 14 pt.
LOWER CASE LETTERS HELVETICA 14 pt
NUMBERS HELVETICA 14 pt.
CAPITAL LETTERS HELVETICA 10 pt.
LOWER CASE LETTERS HELVETICA 10 pt
NUMBERS HELVETICA 10 pt.
CAPITAL LETTERS HELVETICA 6pt.
LOWER CASE LETTERS HELVETICA 6pt.
NUMBERS HELVETICA 6pt.
DIAL MARKING (DOTS)
DIAL MARKING (LINES)
WORDS (AUDIO) HELVETICA 10 pt.
WORDS (AUDIO) HELVETICA CAPS 6pt.
WORDS (AUDIO) HELVETICA UPPER
AND LOWER CASE 6pt.

3.95
3.95
3.95
3.95
3.95
3.95
3.95
3.0.5
4.95
4.95
3.95
3.95
3.95
3.95

TERMS AND CONDITIONS
MINIMUM ORDER: The minimum order is $10.00.
TERMS: Terms of payment on open accounts are NET 30 days
from date of invoice.
C.O.D. ORDERS: Payment must be made in cash, money order
or certified check. Acompany check will be accepted only if previously approved by the factory.
OPEN ACCOUNTS: SESCOM, INC. extends credit to government
agencies and industrial accounts with agood published rating: Firms
may apply for an open account by requesting acredit application from
the Accounts Receivable department. All orders are shipped C.O.D.
until credit is approved. (Please allow 4to 6weeks to open anew
account.) We accept Mastercard and Visa.
PRICES: Catalog prices are NET, FOB destination shipped UPS
ground. UPS BLUE and RED LABEL service available at an additional
charge: UPS BLUE is $10.00 and UPS RED is $20.00. PRICES ARE
SUBJECT TO CHANGE WITHOUT NOTICE. Orders are invoiced at
prices in effect at the time of shipment unless specifically quoted otherwise. SESCOM. INC. shall add any existing or future Federal. State,
or Local taxes that may apply. We reserve the right to apply the above
if your Tax Exemption Certificate is not on file with our office.
SHORTAGE OR DAMAGE: All claims for shortage or shipment
error must be made within 10 days after receipt of the shipment. Our
liability is limited to the material value on the invoice.
MERCHANDISE RETURN: Aprior written authorization from
SESCOM. INC. must be issued before return of any material. Instructions for returning the material will accompany the authorization.
Material that is returned without authorization or is over 90 days will
carry arestocking fee of aminimum of 25% to amaximum 100%.
Special order items will not be accepted for return.
SUBSTITUTIONS: We reserve the right to substitute higher
quality (but identical part) at our option, unless you specify no substitution at the time of the order.

ShEET .METAL PUNCLIES
MODEL #.
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH
PUNCH

HOLE SIZE

PILOT HOLE

PRICE $

1
3/8"
ROUND
3/16"
2
7/16"
ROUND
7/16'
3
1/2'
ROUND
7/32'
4
9/16'
ROUND
7/32"
5
5/8'
ROUND
7/32"
6
11/16"
ROUND
7/32"
7
3/4"
ROUND
7/3Z
8
13/16'
ROUND
7/32*
9
7/8'
ROUND
7/32'
10
1'
ROUND
5/16*
11
1-1/16' ROUND
5/16'
12
1-1/8'
ROUND
5/16'
13
1-3/16" ROUND
5/16"
14
1-1/4'
ROUND
5/16
15
1-3/8"
ROUND
5/16'
16
1-1/2'
ROUND
5/16'
17
1-5/8'
ROUND
5/16'
18
1-3/4'
ROUND
5/16"
19
2-5/8'
ROUND
1/2'
20
11/16'
SQUARE
1/2"
21
3/4'
SQUARE
1/2'
22
1'
SQUARE
1/2"
23 21/32 x5/16' REC.
1/2"
24
"THURST RACES FOR PUNCHES
(FOR EASIER PUNCHING) 1" thru 1-3/4"

8.95
8.95
8.95
11.95
11.95
11.95
11.95
11.95
11.95
12.95
12.95
12.95
12.95
13.95
13.95
15.95
20.95
23.95
59.95
31.95
35.95
45.95
45.95
9.95

TRANSISTORS:
PART NO.
2N3904
2N3906
2N2102
2N4037
PN2219A
PN2905A

DESCRIPTION
NPN 7092
PNP 1092
PNP 1039
PNP TO39
NPN 10237
PNP 10237

1-9
12
12
80
90
40
.40

10-99
10
.10
.67
.75
.34
.34

100 +
08
.08
.54
.60
.28
.28

DIODES:
PART NO.
1N34A
1N4001
1N4148

DESCRIPTION
GE DIODE
SI DIODE
SI DIODE

1-9
17
13
09

10-99
15
11
07

100 +
13
.10
.06

1-9
.60
1.05
1.28
1.80

10-99
.54
.95
115
162

100 +
.48
.84
1.02
1.44

1.85

167

1-9
11
.12
.13
.15
.19

10-99
10
11
.12
.14
.16

100 +
09
.10
.11
.13
.15

CARBON FILM RESISTORS:
1-9 10-99
PART NO.
DESCRIPTION
05
02
CF +VALUE
5% 1/4W
ALL STANDARD VALUES 1.0 OHM I
IIRU 1OM OHM

100 +
01

LINEAR INTEGRATED CIRCUITS:
PART NO.
DESCRIPTION
LF351N
SINGLE OP-AMP
LF353N
DUAL OP-AMP
NE5534N
SINGLE OP-AMP
NE5534AN
LOW NOISE
SINGLE OP-AMP
NE5532N
DUAL OP-AMP

ICSOCKETS:
PART NO.
SOC -8
SOC-14
SOC-16
SOC-18
SOC-20

DESCRIPTION
8PIN TIN
14 PIN TIN
16 PIN TIN
18 PIN TIN
20 PIN TIN

148

POTENTIOMETERS:
PART NO.
DESCRIPTION
10 KA
10K AUDIO TAPER

1-9
2.00

10-99
180

100 +
11,1)

CONNECTORS:
PART NO.
DESCRIPTION
XLR FCA
3PIN CABLE FEMALE
XLR M CA
3PIN CABLE MALE
XLR FCH
3PIN CHASSIS FEMALE
XLR M CH
3PIN CHASSIS MALE
1/4 ST
1/4" STERIO JACK
3.5 ST
3.5mm STERIO JACK
RCA
RCA PHONO JACK CHASSIS

1-9
3.20
2.75
3.60
2.60
.97
.97
.65

10-99
2.88
2.48
3.24
2.40
.87
.87
.59

100 +
2.56
2.20
2.88
2.08
.78
.78
.52

CAPACITORS: Axial Lead Electrolytic
PART NO.
DESCRIPTION
AC 1/50
1uf -50V
AC 4.7/25
4.7uf -25V
AC 10/25
10uf -25V
AC 47/25
47uf -25V
AC 100/25
100uf -25V
AC 220/35
220uf -35V
AC 470/35
470uf -35V
AC 1000/35
1000uf -35V

1-9
.38
.39
.39
.46
.69
.97
1.34
2.22

10-99
.35
.35
.35
.42
.62
.87
1.21
2.00

100 +
.30
.30
.30
.37
.55
.78
1.07
1.78

CAPACITORS: Radial Lead Electrolytic
PART NO.
DESCRIPTION
1-9
RC 1/50
1uf -50V
.26
RC 4.7/25
4.7uf -25V
.28
RC 10/25
10uf -25V
.31
RC 47/25
47uf -25V
.39
RC 100/25
100uf -25V
.41
RC 220/35
220uf -35V
.61
RC 470/35
470uf -35V
.99
127
RC 1000/35
1000uf -35V

10-99
.24
.26
.28
.35
.36
.55
.90
1.15

100 +
.21
.23
.25
.28
.33
.49
.80
1.02

•UPS GROUND SHIPPING IS FREE WITHIN THE CONTINENTAL LIMITS OF THE USA •
MasterCard

TOLL FREE ORDERING IN ALL 50 STATES AND CANADA
FOR ADDITIONAL INFORMATION CONTACT:

=SA

SESCOM INC.-

PARTS DIVISION, 2100 WARD DR., HENDERSON, NY 89015-9998

FOR ORDERS: 1-800-634-3457 •FAX: 1-702-565-4828 •REGULAR BUSINESS: 1-702-565-3400
BUSINESS HOURS: 8:00 A.M. TO 4:00 P.M. PACIFIC TIME, MONDAY THRU FRIDAY
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EUROPE'S
HOTTEST KITS
NOW AVAILABLE
IN
NORTH AMERICA!

IBM PC SERVICE CARD
This card was developed for assistance in the field of service,
development and test. The card is
used as abus-extension to reach the
measurement points very easy. nis
also possible to change cards without
having a"hanging computer".
Ready Assembled Module

PLOTTER MARK-II
completely reworked version: see Elektor Electronics March 1990.
• Max. width 50 cm.
" All mechanical parts supplied ready-drilled, filed and tapped, so get
going at once.
• Complete kit, including 2stepper motors, 3pen lift solenoids, HPGL software
on disk (IBM). Cepper motor control board

$145

IC TESTER FOR IBM-PCXT/AT
With the ELV IC tester logic function tests can be carried out on
nearly all CMOS and TTL standard components, accommodated in DIL packages up to 20
pin. The tester is designed as an
insertion card for IBM-PC-XT/AT
and compatibles. A small ZIF test
socket PCB is connected via a
flat band cable. Over 500 standerd components con be tested using the accompanying
comprehensive test software.
Complete Kit including Textool
sokket, connectors, sockets, Flat
band cable. PCB, Software.

100 100 $275

COLOUR TEST PATTERN GENERATOR
A PAL-compatible colour video source that
supplies a number of test patterns for
aligning television sets.
A test pattern generator is virtually indispensable for troubleshooting in television sets
because it supplies a video signal that is
known to be stable, and thus easily
displayed and synchronized on an
oscilloscope.
Inc. case and front

100.111$175

Ready Assembled Module

ELEKTOR P.C. i/o card

$200
ELEKTOR ELECTRONICS USA JUNE 1991

•
220 007 $175
WorldRadioHistory

MICROPROCESSOR-CONTROLLED
FREQUENCY METER
A professional grade multi-purpose frequency meter, designed by Elektor Electronics, that can be build by many at
affordable cost. Described in Elektor Electronics December 1984, January & February
1985. U665B-based prescaler.
• Frequency meter:
0.01 Hz to 1.2 Ghz.
• Pulse duration meter:
0.1 to 100 s.
• Pulse counter:
0to 10 9 pulses
• Period meter:
10 ns to 100 ns
• Sensitivity:
Input A: 10 mV r,„ (Z =2MS 2);
• Input B: TTL or CMOS compatible
(Z = 25 kW;
• Input C: prescaler input:
10 mV rms (Z =50 S2).
• Auto-ranging and completely menudriven.
• 6or 7digit accuracy.

Kit ihcludes power supply,
prescaler and enclosure

100.112

$300

BASIC COMPUTER

S-VHS/CVBS-TO-RGB CONVERTER

With Intel 8052AH-BASIC

ANALOG MODULE

eps 880162

DIGITAL MODULE

eps 880163

ADRESSDECODER
eps 880159

100.113

$80

100.114

$55

100.115

$45

Following last month's introduction into the
main characteristics of the Super-VHS system,
we close off the article with details of a
practical converter circuit that allows an SVHS-VRC or camcorder to be connected to
the RGB inputs of a colour TV or monitor. The
circuit presented here forms a state-of-the-art
approach to all-analogue picture standard
conversion, and is based on the latest in IC
technology available for this purpose.
220 039$150

AVAILABLE FROM:

OLD COLONY
SOUND LAB
PO Box 243, Dept E91
Peterborough, NH 03458 USA
24-Hour Lines:
Tel (603) 924-6371 FAX (603) 924-9467
Check, money order, MCNISA
accepted.
• Please allow 6-8 weeks for delivery.
• SHIPPING: Airmail shipping to USA
included in price. Others: Please
inquire.
• CUSTOMS: USA residents may be

required to pay 5-10% customs
duty. Others may vary.

MULTIFUNCTION MEASUREMENT
CARDS FOR PCs
The high-performance insertion card described in this article allows your IBM PC-XT,
PC-AT or 100 % compatible to measure direct
voltage at 12-bit accuracy, as well as frequency and a host of other parameters
related to pulse-shaped signals. The accuracy and versatility afforded by the card are
of a level associated with much more expensive, industrially rated products. The
menu-driven control software developed for
this exciting project allows you to keep tabs
on up to eight voltages quasi-simultaneously,
while up to eight remaining inputs can be
used for time-related measurements including frequency, duty factor and pulse duration, not forgetting the event counter.
Connected to the sensors and timing devices of your choice, this card turns a PC
into a powerful central controller in a complex measurement and control system.

MICROPROCESSOR-CONTROLLED
TELEPHONE EXCHANGE
The telephone exchange presented here
allows up to eight pulse-dialling telephone
sets to be connected, and has an option for
connecting calls to or from an external
(trunk) telephone line. The unit is controlled
by the popular 8052-based BASIC computer
we introduced a few years ago.
220.057

$190

MAIN FEATURES
•8 Internal lines
• Iexternal line
•memory for 10 numbers
. internal through connections
•versatile computer control
•automatic hold for external line
•simple-to-extend
•can be interlaced to a PC
•selective external call

acceptance

•shortcut dial codes for external
number
•works with pulse-dialling telephone sets
•one optinol relay for extra
switching function

MAIN SPECIFICATIONS
•Mode: Single
one adjustable power supply
with current on voltage
Controls
-Output
0-40Vat 0-5A

220.040$225

•Mode: independent

-two identical, electrically
separated, power supplies.
-Outputs:

2x0- 40Vat 2)(0 -5A

•Mode: Tracking

SPECIAL PARTS SERVICE
We are the no. 1suppliers of hard-to-find
components for Elektor Electronics projects.Always contact us first if you see an
unfamiliar component. Items include
analogue & digital ICs (HCT, SMD), precision resistors (1%, 0,1%), capacitors
(MKT/styroflex), inductors (Neosid, Toko),
transducers, enclosures (Telet, OKW) and
quartz crystals.
FOR FURTHER INFORMATION,
PLEASE SEND A BUSINESS-SIZE

400-WATT LABORATORY POWER
SUPPLY
Here is an all-purpose d.c. power supply for
symmetrical as well as asymmetrical use,
and capable of supplying high output currents and voltages. An all-analogue design
based on discrete parts only, this 400-watt
PSU deserves a prominent place on your
work bench.

SASE TO OLD COLONY SOUND LAB
(ADDRESS ABOVE), ATTN: MEEK IT.

ex. case 220.036

$525

-two indentical. series connected, power supplies.
- Outputs: ± -± 40 V at 0-5A
0-80 Vat0 -5A
-Voltage and current of slave
follow master

•Mode: parallel

-two identical, parallel connected, power supplies.
-Outputs. 0.6 -39.4 V at 0-10 A

•Maximum output voltage:
O -40 V (at full Iced)
48 V (no load)
•Maximum output current::
• Rippie:

5A

10 mV (no load)

50 mV (at full load)

•Voltage difference in
tracking mode:

50 mV
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Announcing Old Colony Sound Lab's

SUPER "SAVE YOUR INVOICE" SALE!
That's right! When you order from Old Colony from now through June, be sure to save the invoice
which comes with your shipment! It's worth cash! In July or August, you may subtract 10% of the
invoice's bottom line from any order of double or greater value—in addition to any other discount
which may apply!
For example, if you placed an order for $50 worth of products now, in July or August you would be
eligible for a $5 credit (10% of your earlier order) on any order of $10 or more (double or greater
the amount of your credit)! Plus any other discount!
BUT PLEASE REMEMBER:

YOU MUST SUBMIT YOUR ACTUAL PREVIOUS INVOICE WITH YOUR
NEW JULY OR AUGUST ORDER, SO BE SURE TO SAVE IT!
SEE OUR ADS ELSEWHERE IN THIS ISSUE
AND ORDER TODAY!
START YOUR SUMMER SAVINGS NOW!

MARK V ELECTRONICS, INC
Competitive Pricing *Fast Shipping

Since

A indicates the level of difficulty in the assembling of our Products

•
e.

I Amplifier

TA-3600

TA-477

TA-802

rMetal Cabinet
..

LG-1925

LG-1925

LG-1924

LG-1924

#007
$155.61
$179.36

#003
$125.21
$141.36

#001
$100.45
$113.54

#001

#001

$113.52
$133.36

$130.00
$150.00

Transformer
Kit Set
Assmb. Set

ORDER IN CALIFORNIA 800-521-MARK
ORDER OUTSIDE CA 800-423-FIVE
FREE CATALOG & INFORMATION (213) 888-898
1985
FAX (213) 888-6868
Beginner AA Intermediate AAA Advanced * Fully Assembled

TA-1000A TA-1500
LG-1925

•

MODEL

DESCRIPTION

A 78M1(7
A 50A

FI

I inst miner

30 00
17 84

li 70

Muth Purim, Melody (Happy Rulhday Werldroll March dr ifouler:dot • 13 65

18 il

A 170MK7
A 300

Purpo.,.. Melody Generator A
Cla, A MAUI POWel Moon Amp ••

31 SO

42 RO

30W Ma. Purpre,r Senile Channel Amp •

70 00

79 00

307
A 3730

60W •60W Stereo Power Anglia'', rwah Mii InguIDA•

6/ 00

/800

:um x2Shur° Pre maul Amp •

31 50

4700

A 3(10

59 9S

/500

A 400

Slalr ol 1hr AO 1ully Crunplemenlary Synurrelrecal I1IPre Amp AAA
.10W Soh,' Slate Mono Amp •

78 00

34 9:1

A .1./

120W Mo.:6.115mm Mono Amp ••

68 GO

85 00

A 80011.462

170W .120W low lun Pre Maw Slew° Power Amp ••

63 97

A 807
A 10000

80W .80W Pure DC Stereo Maur Power Amp AA

4S 94

59 17

100IN Dynartm CD, A Main Power Morro Amp AA
100W X2

59 69
/3 /0

80 58

A 1500
A 7700
A 7400A

DC Iel Super Cla.a. -A DC Pre Amp •••
I11., loom 1111110 Reyrtheralmo Amp •

A 11C Metro Pm Maul Amp •••

41 /0

95 81
1.8 74

48 90

A 3000

Stereo Sunnlalor

71 00

:18 50

A 3600

300W 110 H. I. Power Moon Amp •••

85 00

110 00

M 777

iRand

76 80

M 378

4Channel Prolemannal Color 1'QM Controller •

M 333

Arnim/Vale° Surround Sound Processor ••• •

M 666

or Mono IV or Any Morro Sourrel AA

11 foaplur F1111.111/14 • • •

76 00
•

DIGITAL METERS AND COUNTER
SM 43
SM 48
SM 480
SM 49
SM 100
IC 10000

•Mud, 1unrhonal led ii PM (w/AfIS
r.brl••
4. •III Precruon 11 PM •••
4. •III Prerraor, ii PM (WAGS Pla , • '• • • A •
3. •Mull. Iunrhonal 1CD D M P
••
• ' A•
I
SOMC Duplal I...quern-,Counter •A•
IGP/ Iterplrflry Counter •
-

10:

,

38 80
145 00

65 00

Dynanur Name Reduchon •
llowreulAudroNulro KARAM« MUM 1'11' Amp

63 Si

/5 00

$34 50
3800
41 70
36 00
00

Sope,,,,, Ilerlroror Rodieor A •
80 V Caned°, ISlomesledi ,,,

7F'P

KIT ASSEMB
S
14 85
11 25
19 00
1200
2200
74 15
79 00
38 45
19 46
IODA & IA-8021

Ill 3556
IR 3558
114 503

0 15V 56 lima:Fled DC Plu, ,
30V 30 Gegulaled DC P•Wer
oSOV 30 Requlaled DC Power Sum.

Sb., 00
20 85
26 20
35 00
33 81
38 00
46 14
2174
23 00

KIT ASSEMB.

REGULATORS
rrrr'rI •
A •

S1565
15 65
16 75

S21 :6
11 i6
23 65

METAL CABINETS WITH ALUMINUM PANEL
MODEL
if, 17/3
1f. 1684
1f. 1974
16 1975
16 1983

W
3 17
4 16
4 19
5 19
2., 19

xD
1
8
il'.
IP
8

MATCHING
IA 7800 10-3//A IA 2200
IA 323A IA 37/A IA 7200
IA 807 IA 1500 IAI70FAK 7 IA 800 MIQ IA 1000A
IA 4/1 IA 800 MK? IA 1500 IA 1000A IA 3600
IA 311A IA 2800 IA 2200 IA 120MK 2

34 00

$43 00
48 00
57 00
.1150
00 00
ti9 00

4

DESCRIPTION
3Channel Color 1phi Controller •
Memo 1ondspeaker Prolechp
IM Warless Mprophone •
AC/DC Dan/ Modal Cinch •
Sound /touch Control Smith •
Inhared Remote Control Und 4.7/Case) AAA
Rat /(MI Iowl Meier ••
3. •(Nodal Panel Meter •
70 Steps 13:11 ,Dol Audro level
AA

PRICE
$22 85
27 50
32 80
35 80
29 25

POWER TRANSFORMERS

775 00

KIT MOAB.

,•

MISCELLANEOUS
MODEL
IY 238
1Y 75
1Y 35
PI 36
IV 38
IY 4IMK V
Pe 47
IV 43
IY 45
IY 4/
10.0000/1

68 80

RI III IC Pre Amp w'3 way tom. control AA

f•
• •

•

F
e

/

96 00

II() l'or Amp w•10 hand praplur equalver •

A 2800

SM 888

à,

•

Metal (:abinei

KIT ASSEMIL

AMPLIFIERS

Duplal 00,16 Menlo ••

A 50C

7500

,

500

IA 3600

TA 477

• Dun ro rho, ,peraal oller R low puce we can only exchange or repa rany el these unds IIA 3600 IA 477 IA 802
IA 1000A) yell. 15 day, el your rorampl
• The above puce, .110 lor Ihe complete cut, For ,eparah. turd puce please see below

A 1000A

Mil OM .
4
108 !ire, IA 802
i->

MODEL
Vol
007
003
004

Vos

006
on;

DESCRIPIION
780. 76010 30V ri 760
360
3A
400
6A
7401760
760 I. 73A
85. 20

MATCHING
tA 800 Mil? IA 807 IA 8200 IA 1000A TA 1500
IR 503 IA 373A IA 400 IA 300 TA 377A
A- 4/1
IA 120 MK 2
18 -3558
U:7 oSSA

PRICE
52i 00
22 00
28 00
22 00
16 00

D Ouaras C 0 D rue :s 55 00 Men.nurr
00 •W.•
Sy UPS 9,o,c, usor US cnun 53 00rano eh() by US ma , BUSIrleSS & Showroom hours: (Pacific Time)
/,9,We, •Au assempfeaumts nave a30days vrau ty •0,Ary Of Ve, ... 11SCOunt avadiele•pon 'eones) •1:1•,•1,1,
4
1
Mon. thru Fn. 9:30 am to 5:00 pm
lo m.or sate Pr.ces are subleci lor11.1Mt. 0,15001P

^01'<e We .
1,

,,, P1,,,Ye

to ,1Y1,1
1,17,
1
1, c.,,

Sat.

00:00 am to 5:00 pm

MARK V ELECTRONICS, INC. -8019 E. Slauson Ave, Montebello, CA 90640 W.1(-1W1il
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,Courteous Service

MINIATURE GEAR MOTOR

can supply all the "HARD-TO-FIND" European
components for your ELEKTOR projects. We have
good access to all major manufacturers of semiconductors, resistors, capacitors and mechanical components. We also stock alarge number of semiconductors and other components from Japan.
Write or FAX your specific requirements to us.
or if you don't have any specific project in mind,
just ask for our general price list. Please send two
IPCs (available from your post office) for the
postage.

AUDIO
• Germany

• 8031 Gilching

Tel. INT + 49/8105/5291
(From US: 011/49/8105/5291)
FAX INT + 49/8105/24605
(From US: 011/49/8105/24605) 24 Hours

Maxon DC motor a
2130 910 61.112 050
Rating with no load:
24 Vdc @ 5ma-168 RPM
12 Vdc @ 5ma -84 RPM
Precion gear motor.
Designed for 24 Vdc.
Operates on 12-24 Vdc. 30:1 gear reduction head.
2.07 long X 1.18" square mounting bracket has mounting holes on 0.9T centers. Motor has good torque
when used at 24 Vdc. CAI's, MOTG-15 $12.00 each

INSTRUMENT

HEAVY-DUTY NICKEL
CADMIUM "C" BATTERY

*HERC, CGA, EGA, VGA, SUPER-VGA
*HELP SCREENS
*ADVANCED FEATURES
*EXTREMELY USER FRIENDLY
*AUTO GROUND PLANES
*DOT- MATRIX, LASER and PLOTTER ART
*CREATE YOUR OWN FILMS with 1X ART
*LIBRARIES
*DOWNLOAD DEMOS from 24 hr. BBS!

HALL EFFECT SENSOR

PCBoards - layout program
(PCBoards HP or HI PEN PLOTTER DRIVER

99.00

0.7 diameter
X 0.65" long
mercury tin switch. S.P.S.T.Closes circuit
when switch is tilted approx. 5degrees.
CAT* MS-3 $1.00 each
10 for $9.50 •100 for $85.00

Rotary BCD Switch
EECO ir 2310-02G
¡BCD 10 position rotary switch. DIP configuration fits in standard 8pin l£. socket.
Right angle style. Screwdriver actuation.
0.47 cube. CAT., RDIP-2 $1.75 each
10 for $16.00 •100 for $145.00

TELEPHONE KEYPAD
r

I
1
v2
orb
yu
f
h
in
ois
nhteAlh3rxe
2ke
z yp
xad.

•

F F

.

E Ec
E &I
E e‘

**

JAPAN STORAGE
BATTERY CO.
Ponalac* PE6V1
6Volt 1Ah rechargeable
sealed lead-acid (gell cell).
...2" X 1.635" X 2" high.
Batteries are prepped with 5" black and
red leads terminated with 2pin connector.
Ideal for rechargeable reserve power.
CATS GC-61 $4.75 each •10 for $42.50

New **FLASH UNITS

This NEW compact
flash unit comes
from a U.S.
manufacturer
of cameras.
Operates on 3Vdc.
Measures 21/7)(11re
» 1 1 Jill')
Ideal for use as astrobe, warning light or attention
getter. Complete with instruction on how to wire.
CAT* FSH-1 $3.75 each •10 for $35.00

1-800-826-5432
CHARGE ORDERS to Visa, MasterCard or Discover
TERMS. Minimum order StO 00.Shipping and handling for the 48 continental USA $.3 50
per order All others including AK, H1 PR or Canada must pay lull shipping. All orders
delivered in CALIFORNIA must include state sales tax (6 %, 6 1/2%, 7%).
Quantities Limited. NO C.00. Prices et:eject to change without notice.

49.00)

Call Toll Free, or clip this coupon

PCRoute -auto-router
99.00
SuperCAD -schematic pgm. 99.00
Demo Pkg. -(includes

oie dia. X 1.r high.
These are new capacitors
that have been prepped with 1.4"
blackand red wire leads soldered
to the terminals.
CATO PPC-210 $1.25 each
10 for $11.00 • 100 for $100.00

TOLL FREE ORDER LINES

REQUIREMENTS: IBM PC or Compatible, 384K RAM
DOS 3.0 or later. IBM compatible printers.

210 Mfd 330 Volt
photoflash capacitor.

6 Volt 1Amp/Hour
RECHARGEABLE Battery

( ‘
•\

Microswitch I SS41 Tiny, solid state switch
reacts instantly to proximity
of magnetic field. Operates
at extremely high speeds,
up to 100 kHz. Case size:
0.12 X 0.17" X 0.06 thick.
4.5 Vdc to 24 Vdc supply voltage,
10 ma. sink type digital output.
Operating gauss -15 to 40.
P.C. leads. CAT # HESW-2
750 each •10 for $6.50
100 for $60.00 •1000 for $50100

PHOTOFLASH CAP.
Rubicon CE

0.58" thick. Matrix encoded.
Ideal for telephone or
security keypad.
CAT I KPT-1 $1.00 each
10 for $9.00

Yuasa 180CC Special purchase
of new, rechargeable
,I'
nickel-cad batteries.
1.2 volts, 1800 rnAH.
PRICE REDUCED ON 10 OR MORE.
CATS HDNCB-C
10 pieces for $42.50 ($4.25 each)
100 pieces for $375.00 ($3.75 each)

f

Special Reduced Price

Mercury Tilt Switch

High quality molded
ABS instrument
enclosures. Integrated
PC board standoffs
and two sets of vertical
mounting slots for
front and rear sub panels. All enclosures are
e wide X 6 ye deep. Choice of three hts.
Includes non-skid rubber feet and hardware.
Available in ivory, black, and blue.
Panel ht.
CATI
2 ve CATI MB-A
$7.50 ea 10 /$65.00
2 5/8" CATS MB-B
$7.75 ea 10 /$67.50
3"
CAT* MB-C
$8.00 ea 10 /$70.00
Please specify color.

TRW/Optron S OPB5447-2
IR emitter/sensor pair in
Rectangular package with
28" color coded leads.
CATS OSR-4 2for $1.00

Create and Revise PCB's in a Flash

Fast Shipping

SWITCHES

ENCLOSURES

OPTO SENSOR

P-C-B ARTWORK MADE EASY

•

P.O. Box 567 •Van Nuys, CA 91408

of Germany

Melchior Fanger Strasse 34A

Discount Prices

ELECTROIlICS CORP.

BORBELY AUDIO

BORBELY

•

FREE 60 Page Catalog containing over 4,000 ITEMS

ALL ELECTRONICS CORPORATION
P.O. Box 567 •Van Nuys, CA •91408

all 3programs) 10.00

Call or write for more information

PCBoards
2110 14th Ave. South, Birmingham, AL 35205

1-800-473-PCBS/ (205)933-1122
BBS/ FAX (205)933-2954

Adel's»
City

WorldRadioHistory
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KIT SPECIALS FOR SUMMER!
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MITEY MIKE SPECIFICATIONS
02

-

PREAMP POWER SUPPLY
Gary Galo/Linear Technology

Response
(rel. 1kHz)
KG-5
S195

This low-impedance, dual-polarity power supply uses the excellent
Linear Technology LT1033CT and LT1085CT 3-Amp IC regulators. The
regulators feature low dropout voltage, which helps maintain regulation
even in situations where line voltage is low. Although the parts supplied
provide ± 15 volts, the output can be varied from ±12 to ± 18 volts by
changing two resistors. An oversized Avel-Lindberg 120VA toroidal transformer will operate many KG-5 regulator boards, allowing separate regulation of the left and right channel circuitry, or separate regulation of aphono
preamp and line level stages. The printed circuit board has heavy traces
on the input and output lines to minimize resistance. Case not included.
The KG-5 is ideal for many low-level applications, including preamplifiers and electronic crossovers. Gary Galo also uses the KG-5 to power
the analog circuitry of his CD player. From TAA 4/90.
Purchasing options available:
PCBG-5 Printed Circuit Board Only
PCB and Parts Only (less Transformer)
Transformer Only
Complete Kit

$ 15.00
$134.95
S 64.95
S195.00

ADCOM POWER SUPPLY REGULATOR
KY-2
Kit Ryan
$99 per chan.
This popular mod was designed for taming Adcom's GFA-555, but it
adds sweetness and definition to just about any amp in the 80V-in, 60Vout, 10A-regulated family. Mounts in existing case; complete with PCB,
custom heatsink, and Japanese transistors. Two usually needed. From
TAA 4/89.

Sensitivity
Max Undistorted
SPL
Wideband Noise
Level
Power
Consumption

±1dB, 20Hz-10kHz
j2dB, 10kHz-20kHz
-3dB @ 3Hz and 25kHz
39mV/Pa, ±2dB
< 120dBA
>42dBA
5mW typ. /7mW max.

MITEY MIKE TEST MICROPHONE
Joseph D'Appolito

KO-2
S149

At long last, atop-quality test mike at agreat price! Mitey Mike is the
answer to many an audiophile's loudspeaker testing dreams, providing
flat free-field frequency response; high, undistorted SPL capability; good
measurement repeatability ;and guaranteed long-term stability. Plus, it's
asnap to build! Complete with PCB, mike cartridge, custom brass wand,
all components, and (undrilled) blue case. Typical specs are shown in the
inset. For greater accuracy, amike calibration service is available. Tripod,
9V battery not included. From SB 6/90.

THE WARBLER OSCILLATOR
Richard Crawford
The Warbler produces aswept signal covering any 1
/ octave between
2
16Hz and 20kHz. With amike, it's
a pink noise source to evaluate
speaker system performance and
the effects of reflection and absorption. Comes with PCB, transformer, all parts. Case not included.
From TAA 1/79.

KK-3
$69

MITEY MIKE/WARBLER SET
D'Appolito/Crawford
Both of the above, at aspecial savings of $19!

KM W-1
S199

Yes! Please mind me
(4,$

=

NAME

MAGLC NO

@ $
STREET

@
SHIPPING
TOTAL

CITY

$

SHIPPING: Postpaid in U.S. In Canada, please add
10% for surface; others, 20% for surface. Airmail:
Please inquire.

OLD COLONY SOUND LAB
PO Box 243, Dept. E91
Peterborough, NH 03458 USA
24-hour telephone: (603) 924-9464
24-hour FAX:
(603) 924-9467
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STATE

MCNISA

ZIP

EXP DATE

CALL OR WRITE FOR YOUR FREE CATALOG!
DEALER INQUIRIES INVITED.
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GUESSWORK \

(UNCERTAINTIES\

Capacitors

)

Design

The formula for the best design begins with the best components. And for critical applications in advanced circuits,
you can't find better components than MIT's MultiCap Series capacitors.
*Each individual MultiCap gives you up to 10 precision paralleled capacitors in one compact optimized unit that
extends the usable bandwidth. You will not have to compromise the quality of your final design by adding additional
bypass capacitors to extend the range of conventional capactiors.
*Each hand-made MultiCap, with hand-soldered, large-gauge leads necessary for high-current conditions, provides
the highest resolution yet attained.
The combination of care and innovation in every MultiCap gives you extraordinarily high quality, reliability, and
performance.
MIT offers two series of capacitors: the original film-and-foil MultiCap and now the NEW METALLIZED- FILM
MultiCap which will be available Spring 1991. Both at new low prices.
The Film -and- Foil MultiCap":
"Especially designed for high-performance filters, DC blocking, and high ripple-current capacity.
*Consistent, reliable for high-performance under demanding high -curent applications, with exceptional phase
stability and superior pulse-handling capability.
The New Metallized MultiCari':
*Same patented parallel design.,
*Smaller in size and less costly to make. Lower prices for the consumer.
*Recommended for application wherever metallized capacitors are used. As engineers know, metallized caps are not
usually recommended for high-current applications: MIT recommends its film & foil caps for these uses.

Transient
Response

Phase
Response
MIT

MIT

90"

Typical

Typical

-90"
100 Hz

50 kHz

MIT now distributes the MultiCap capacitors directly, and provides OEMs with full technical
support and custom values when desired.
For our new prices and all current literature, including white papers and an introduction to the
metallized MultiCap, please write MultiCap, Music Interface Technologies, 3037 Grass Valley Highway, Auburn, CA 95603. Or call 916.823.1186. Fax: 916.823.0810.

MultiCap.

"The most advanced capacitor design in the world."
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3000
Top of the Line Universal
HandiCounterTM,
11•t,

$375.

OFF
THE BENCH
AND
RUNNING
When OPTOELECTRONICS took frequency counters off the bench we
created a whole new dimension Frequency Finding.

2600 '
Super Sensitive RF
Frequency Finder.
$325.

Our Handi-Counters" make
Frequency Finding a reality by
allowing you to pick-up radio
transmitters at the maximum
possible distance.
Monitoring Enthusiast, Security
Specialists, Broadcast and Design
Engineers, Two Way and Amateur
Radio Operators and Service Technicians have all made the move.
Shouldn't you?

2210A
Full Range
Pocket
Size LED.
$239.

1300H/A
,Low Cost Ultra
Sensitive (HF,
UHF, VHF),
$179.

8030
Bench Portable (Pits in an attache
case) with ALL the Handi-CounterTm
Features plus More $579.

POR

Model

Range
Low
High

Display
8Digit LED

Display
10 Digit LCD

Signal
Strength
Bargraph

Universal
Counter

-CX0
°orlon

•

•

± 1ppm
add $125.

8030

10Hz
2.4GHz

3000

10Hz
2.4GHz

± 2ppm
add S80.

2600

1MHz
2.4GHz

± 2ppm
add S80

2210A

10Hz
2.4GHz

±.5ppm
add S75.

1300H/A

1MHz
13GHz

t 5pc-n
add S75

Sensitivity .<1 to <10mV typical NiCads & AC Charger/Adapter Included Carry
Case, Antennas and Probes extra One year parts & labor warranty on at proaucts.
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Toll Free Order Line:
1-800-327-5912

In Florida call (305)771-2050
FAX (305)771-2052

5821 NE 14th Avenue •Ft. Lauderdale, FL 33334
Visa, MC, COD, Cash, M.O. accepted. Personal
Check allow 3weeks. 5% Shipping, Handling,
(Maximum $10) U.S. 8( canada. 15% outside
continental U.S.A.

