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RADIO SHACK PARTS PLACE
WHERE SANTA STOCKS HIS WORKSHOP!
PARTS HOTLINE
Radio Shack has a huge selection of popular
electronic components. Plus, we can specialorder 10,000 items from our warehouse—ICs,
tubes, semiconductors, phono cartridges and
styli, even SAMS® manuals. Service is fast and
there's no minimum order or postage charge.

BATTERY HOTLINE
In addition to our large in-store stock, we can
now supply almost any currently manufactured
consumer-type battery—for cordless phones,
computer memory, camcorders, transceivers,
pagers and more. Service is fast and there are
no postage or handling charges.
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Studfinder. Ends guessing, easy
to use! Senses changes in wall
density to find wooden studs fast—
also wires, conduit, pipes. Battery
extra. #64-2825
19.95

5

Super Calculator! The EC-4035
makes electronics math a snap.
Displays and computes with electrical units—V, A, mA, mW. 110
functions. #65-983
39.95

16-Piece Precision Tool Kit. Topquality jeweler's-type philips,
blade and nutdrivers plus hex keys
and a torque bar. Fitted molded
case #64-1961
10.95

100-Watt Soldering Gun. Pull the
trigger for full temperature in seconds. Built-in light. The comfortmolded handle stays cool. UL
listed AC. #64-2193
10.95

ELECTRONICS STOCKING STUFFERS!
..10.4.01CAY/1.

,Engineer's
Mini-Notebook

Engineer's Mini-Notebook Series, By Forrest Mims M. Great gifts! Project ideas and
useful data in Mims' famous, friendly style—
big diagrams, handlettered text. With tips and
suggestions for further experiments.
NEW! Science Projects. #276-5018 .. 1.49
Timer ICs. 555/556 ICs. #276-5010 ... 99C

NEW! Semiconductor "Sub" Book.
Our 1991 edition lists over 95,000
types and the Radio Shack replacements. #276-4014
3 99

Op Amp ICs. #276-5011

149

Optoelectronics. #276-5012

149

Basic Circuits. #276-5013

149

Digital Logic Circuits. #276-5014 .... 1.49

Getting Started in Electronics. By
Forrest Mims III. The perfect introduction to project building. 128 pages.
#276-5003
2 49

Communications Projects. #276-5015, 1.49
Formulas and Tables. #276-5016 .... 1.49
Schematic Symbols. #276-5017

149

(1)

(2)

(1) Mini Audio Amp/Speaker. Ideal
testbench amp, also great for computer voice/music synthesis. Battery
extra. #277-1008
11.95
(2) Long-Life Xenon Strobe Tube.
With data. #272-1145
3 29
(3) Halogen Flashlight and Lantern
Bulbs. HPR50. 6-volt. #272-1189.
HPR52. 3V. #272-1190 .. Each 3.95

(1) =MIR
(2)

(4)

Pocket-Size Digital Multitester With
Autoranging. Super gift for anyone
working with electronics. This tester
folds, with its probes, to fit a shirt
pocket. Features easy-to-read LCD
display, continuity sounder. Measures
to 400 volts AC/DC, 2 megohms resistance. 41/
4 x21/
8x
#22-171
39.95

(1) Universal AC Adapter. 3, 4.5,
6, 7.5 or 9VDC output. With 6piece Adaptaplug® set.
#273-1650
12.95
(2) 11/
2-3VDC Motor. About 1
1/
2"
long. #273-223
99C
(3) DC Pulsing
loud! #273-066

Buzzer.

Extra
4 29

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. Over 7000 locations to serve you—NOBODY COMPARES
Prices apply at participating Radio Shack stores and dealers. Radio Shack is adivision of Tandy Corporation

(1) NEW! Reusable Cable Ties.
#278-1622
Pkg. of 10/4.99
(2) "Universal" Cable Clips.
#278-1647
Pkg. 10/2.79

(1) NEW! AC Sensor. Indicates presence of 70 to 440VAC without direct
electrical connection. Safety first!
#22-103
9 95

(3) NEW! In/Outdoor Wire Ties.
#278-1652
Pkg. of 30/2.99

(2) NEW! Circuit Tester. 90-300V
AC/DC. #22-102
199

(4) Markers. 630 stick-on letters.
#278-1650
Set/1.79

(3) AC Outlet Fault-Finder. 3-prong
for grounded outlets. #22-101 ..5.95

ARadio /hack

ibultelERICA'S TECHNOLOGY STORE
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8031 single-board computer
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Front cover
Semiconductor devices,
built from organic material
rather than silicon, are
being tested on this ferntosecond laser system at
Cambridge University's
Cavendish Laboratory, a
new facility for studying
the behaviour of materials
on very short time scales.
Although the devices are
quite large in area, they
are composed of polymer
no more than 200 A. or
about 100 molecules,
thick. The Femtosecond
Laser Group is aworld
leader in molecular electronics, in particular in
making semiconductor devices from organic
materials.
A sample is excited by a
laser beam, while asecond
laser beam is used to measure the change in colour
of the sample. Such nonlinear optical processes
could be exploited in optical computers which
might be up to amillion
times faster than current
supercomputers. Future
work will include studies
of biological material, in
particular the genetic material DNA in the form of a
virus, and the visual pigment rhodopsin.
Femtosecond Laser
Group
Cavendish Laboratory
Madingley Road
CAMBRIDGE CB3 OHE
England
Copyright

1990 Elektuur BV
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WE THANK ALL OUR
SUBSCRIBERS AND ADVERTISERS FOR
THEIR SUPPORT, AND WISH ALL A
PROSPEROUS AND PEACEFUL NEW YEAR!
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If you had to invent anew
language, where would you begin?
Back when high quality sound reproduction was
anew idea and J. Gordon Holt was astaffer at
High Fidelity magazine, manufacturers and journalists alike depended on the simple technical
quality tests which everyone accepted as the yardsticks for performance. As the industry grew,
equipment got better, corhpetition fiercer, and
technical reviewing became more crucial to sales
managers. Before long. J. Gordon began to realize
that reviewing was becoming more and more accommodating, and where the reviewers continued to rely on the standard tests, the measurement data began to look more and more alike.
Finally, in frustration. Holt left Great Barrington
and headed for home in Pennsylvania where he
founded Stereophile magazine in the spare room
of his mother's house. He became convinced that
although equipment tests and measurements
were important, they no longer accounted for the
differences he could hear. Two devices could
easily measure the same and yet sound quite
different.
Holt abhorred the tendency of the larger magazines to depend almost entirely on measurements,
which he saw as asafe way to review without
disturbing the manufacturer with any bad news.
Not only that, he realized that not one of the US
audio publications was publishing reviews that
were critical of equipment. In fact, in some cases
they were ignoring some flaws.

what has become known as "subjective reviewing" but also the language with which to do it.
Today, the magazine he founded has become a
major force in audio quality judgments around the
world. And almost all the vocabulary definitions
are his work.
Seldom will you have the opportunity to purchase
a reference work backed by so much primary
research and experience. Few reviewers have
spent more time and energy in an honest search
for adefined, factual account of what matters in
good sound reproduction techniques. In audio
equipment reviewing. J. Gordon Holt is not only
apioneer but amaster.
THE AUDIO GLOSSARY is the first publication
of not only avocabulary for sound description,
but also acomprehensive overview of over 1,900
audio terms: technical and subjective. Your copy
is waiting—at your favorite dealer—or order direct
using the coupon below.
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However, if the reviewer wishes to review how
equipment sounds, he faces asevere problem.
Our sense of hearing has the smallest vocabulary
of any of our five senses. Thus. Gordon faced the
difficulty of describing sound differences with all
too few words with which to do it. He not only
had to invent the techniques and disciplines of

IIYES! Please send me The Audio Glossary!
TOTAL

0 CKIMO enclosed

MC

Pi VISA

_Softbound BKAA-7/S @ $9.95
Hardbound wl dust jacket BKAA-7/H @ $17.95 $.__

NAME

_Autographed Limited Edition BKAA-7IL @ $30 $_____

STREET & NO.

Please add $1.75 shipping for first book.

CITY

501

each add'l

TOTAL ORDER $

STATE

MCNISA

OLD COLONY SOUND LAB
PO Box 243, Dept. E90
Peterborough, NH 03458-0243 USA
(603) 924-6371 /924-6526 /FAX: (603) 924-9467
Answering machine for credit card orders only: (603) 924-6371 before 9:00 a.m., after 4:00 p.m., and weekends.
Have information plus MCNISA available.

•also available at your favorite audio dealer •
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ZIP
EXP

No other training in school, on the job,
anywhere—shows you how to troubleshoot and
service computers like NRI
DIGITAL MULTIMETER
Professional test Instrument for
quick and easy measurements.

HARD DISK

NEWIAT-COMPATIBLE

20 megabyte hard disk drive you Install
Internally for greater data storage
capactty and data access speed.

density floppy disk drive

COMPUTER
High-speed 80286 CPU 112 Mee clock, 0wart
states), 1meg RAM, 1.2 meg, 5% - highMONITOR
High-resolution, non-glare, 12 - Tn.
monochrome monitor with tilt and
swivel base

LESSONS
Ciearcut, Illustrated texts build
your understanding of computers
step by step.

TECHNICAL MANUALS
With professional programs
and complete specs on
your computer.

•

geoljo.
'
DIGITAL LOGIC
PROBE
Simplifies analyzing digital circuit
operation

—

DISCOVERY LAB

SOFTWARE

Complete breadboarding
system to let you design and
modify circuits, diagnose and
repair faults.

Including MS-DOS, GW BASIC, word
processing, database and spreadsheet
programs.

Only NRI walks you through the
step-by-step assembly of apowerful
AT-compatible computer system you
keep—giving you the hands-on experience you need to work with,
troubleshoot, and service all of today's
most widely used computer systems. You get
all it takes to start amoney-making career, even
abusiness of your owl in computer service.

moving from the fundamentals to
sophisticated computer servicing
techniques. Step by easy step, you
get the kind of practical hands-on
experience that makes you uniquely prepared to take advantage of
every opportunity in today's topgrowth field of computer service.
What's more—you learn at
your own pace in your own home.
No classroom pressures, no night
school, no need to quit your present job until you're ready to make your move. And all throughout your training,
you have the full support of your personal NRI instructor and the NRI technical staff
always ready to answer your questions and give you help whenever you need it.

No doubt about it: The best way to learn to service computers is to actually
build astate-of-the-art computer from the keyboard on up. As you put the
machine together, performing key tests and demonstrations at each stage of
assembly, you see for yourself how each part of it works, what can go wrong,
and how you can fix it.
Only NRI—the leader in career-building, at-home electronics training for more
than 75 years—gives you such practical, real-world computer servicing experience.
Indeed, no other training—in school, on the job, anywhere— shows you how to
troubleshoot and service computers like NRI.

You get in-demand computer servicing skills as you
train with your own AT-compatible system—now
with 20 meg hard drive

Your FREE NRI catalog tells more
Send today for your free full-color catalog describing every aspect of NRI's innovative
computer training, as well as hands-on training in robotics, video/ audice servicing,
electronic music technology, security electronics, telecommunications, and other
growing high-tech career fields.
If the coupon is missing, write to NRI School of Electronics, McGraw-Hill
Continuing Education Center, 4401 Connecticut Avenue, Vihshington, DC 20008.

With NRI's exclusive hands-on training, you actually build and keep the powerful
new AT-compatible West Coast 1010 ES computer, complete with 1meg RAM and
20 meg hard disk drive.
You start by assembling and testing the 101-key "intelligent" keyboard, move
on to test the circuitry on the main logic board, install the power supply and 1.2 meg
5i/4" floppy disk drive, then interface your high-resolution monitor. But that's not all.

Only NRI gives you atop-rated micro with complete
training built into the assembly process

AT is aregistered trademark of International Business Machines Corporation

of
/YAW School
Electronics
wag
lc( ,raw-I lill Continuing Education Centcr

+MI Connecticut Avenue, Washington, DC 20008

Your NRI hands-on training continues as you install the powerful 20 megabyte hard
disk drive—today's most wanted computer peripheral—included in your course to
dramatically increase your computer's storage capacity while giving you lightningquick data access.
Having fully assembled your West Coast 1010ES, you take it through acomplete
series of diagnostic tests, mastering professional computer servicing techniques as you
take command of the full power of your computer's high-speed 80286 microprocessor.
In no time at all, you have the confidence and the know-how to work with,
troubleshoot, and service every computer on the market today. Indeed you have
what it takes to step into afull-time, money-making career as an industry technician,
even start acomputer service business of your own

No experience needed, NRI builds it in
You need no previous experience in computers or electronics to succeed with NRI.
You start with the basics, following easy-to-read instructions and diagrams, quickly

For career COUPeli
approved under GI hill

D

check tiff details

M eCheck one FREE catalog only

D Computers and Microprocessors
D Rob(nic›
D TVNideo/Audio Servicing
El Computer Programming
New:

D Security Electronics
D Electronic Music Technology
II] Basic Electronics

D Telecommunications

(pk-.re print)

Age
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OLD COLONY'S
USER-FRIENDLY SOFTWARE
BULLOCK & WHITE

Speaker Designer TM

Release 1.2 by Stuart E. Bonney
Aloudspeaker system design aid and modeling tool for use with
both closed and vented systems over the frequency range from
10 to 300Hz. Computes and displays system frequency response,
power handling capabilities, and relative sound pressure level
(SPL) outputs for each of 26 discrete frequencies over this range.
Includes one year support by the author when the user registers
this Shareware product.
Each $19.50
IBM 51
/ "360K DS/DO
4
SPD-1B5

Loudspeaker Modeling Program
by Ralph Gonzalez (
SB 1, 2, 3187)
LMP produces afulkange frequency response prediction for
multi-way loudspeakers, including the effect of the crossover,
driver rolloffs, interdriver time delay, "diffraction loss," etc. (Includes author support.)
Each S1 7-50
Specify:
Apple II 51
/ "SSIDD
4
LMP-1A5
Apple Macintosh 31
/ "SSIDD
2
..LMP-2M3G
IBM PCIXTIAT 51
/ "DS/DD
4
..LMP-2B5G
Commodore 64 51
/ "DS/DD
4
LMP-1C5
"Souped-Up" LMP provides professional-quality graphics and
afast, friendly, user interface. Remains compatible with LMP data
files and is available for IBM PC (CGA, EGA, VGA, or Hercules
graphics) and Macintosh computers. The Macintosh version also provides square wave analysis with audible output.
Each $49.50 (upgrade price: $39.50')
Specify:
IBM PC/XT/AT 51
/ "OS/DO
4
LMP-3B5G
Apple Macintosh 31
/ "SS/DD
2
LMP-3M3G
Original LMP disk or sales receipt must be included w/ order

Driver Evaluation
and Crossover Design

by G. R. Koonce (SB 5188)
Disk Ievaluates the suitability of drivers for closed, vented and
passive radiator enclosures, and allows detailed designs of vented
boxes.
Disk 2, in addition to driver evaluations, allows the design of
first-, second-, and third-order crossovers. 5%"IBM: 360K, DSIDD.
Each $12.50
Specify:
Driver Evaluations
DRI-1 B5
Crossover Design
CRS-105

Active Filter Design
by Fernando Garcia Vlesca (
SB 4/88)
Calculates component values for Butterworth filters in four configurations: High- and low-pass nsecond- and third-order . (Includes author support.)
Each $17.50
IBM 51
/ "360K DS/DD
4
ACT-1 B5

BOXRESPONSE
Model-based performance data for either closed-box or
vented-box loudspeakers with or without afirst- or second-order electrical high pass filter as an active equalizer
[SB 1/841. The program disk also contains seven additional
programs as follows:
Air Core: This program was written as aquick way of evaluating the resistance effects of different gauge wire on agiven
value inductor. The basis for the program is an article in
SpeakerBuilder (1183, pp. 13-14) by Max Knittel. The program asks for the inductor value in millihenries (mH) and
the gauge wire to be used. (NOTE: only gauges 16-38.)
Series Notch: Developed to study the effects of notch filters
in the schematics of some manufacturers. Enter the components of the network in whole numbers (i.e., 10 for 10µF
and 1.5 for 1.5mH) and indicate whether you want one or
two octaves on either side of resonance. Output is frequency,
phase angle and dB loss.
Stabilizer 1: Calculates the resistor-capacitor values needed
to compensate for aknown voice coil inductance and driver
DC resistance.
Optimum Box: Aquick program based on Thiele/Small to
predict the proper vented box size, tuning and —3dB down
point. It is based only on small signal parameters, therefore,
it is only an estimate of the response at low power (i.e., limited
excursion).
Response Function: Calculates the small signal response
curve of agiven box/driver combination after inputting the
free-air resonance of the driver (fs ), the overall "Q" of the
driver (Qrs ), the equivalent volume of air equal to the
suspension (VAS ), the box tuning frequency (f8 ), and the
box volume (V8 ). Output is the frequency and relative output at that frequency.

CALSOD
Computer-Aided Loudspeaker
System Optimization and Design
by Witold Waldman

Two-Way Active Crossover Design

by Gary Galo (
SB 5188)
Performs the calculations for the eight two-way active crossover
designs described by Bob Bullock using formulas exactly as given
in the articles; plus aprogram to calculate VTH .(Includes one
year user support.)
Each $20
Specify:
IBM 51
/ "360K DS/DD
4
TWO-1B5
IBM 31
/ 720K DS/DD
4
TWO-183

Stepped Volume Controls

by Joseph O'Connell ¡TAA 4188)
These ready-to-run Mac programs come on a31
2 -inch SSIDD disk
/
initialized as a400K disk for compatibility with all machines.
Also included are the Pascal source codes, should you wish to
customize them for your own use. Program A. Precisely matches
the resistor values to the measured or estimated source and load
impedances, yielding great accuracy. Your volume control can
have 3to 99 positions. The program will ask you how many dB
each step should be attenuated and has provisions for astandard
audio taper or any other taper you devise. Program B. Calculates
the taper that will result with your actual resistor values, because
you are limited to standard values or with series and parallel combinations. It can also show the effects of different source and load
impedances on the taper. Both programs (contained on the same
disk) allow you to save their output to atext file and include
author support via mail.
Each $25
Apple Macintosh 31
2 "SS/DD
/

SVC-1M3

CALSOD is anew entry into the field of crossover network optimizing software available for the IBM PC
desktop computer. It combines the transfer function
of an LC network with the acoustic transfer function
of the loudspeaker, by using some form of iterative
analysis. CALSOD creates, through the process of
trial-and-error curve fitting, asuitable transfer function model which it can then optimize. The program
is the subject of CALSOD author Witold Waldman's
research paper "Simulation and Optimization of
Multiway Loudspeaker Systems Using aPersonal
Computer" which appeared in the Audio Engineering Societypuma/ for September 1988, pp. 651-663.
CALSOD differs considerably from other software
since it models the entire loudspeaker output of a
multiway system, including the low-end response,
and the summed responses of each system driver.
The program performs alot of tricks. One of the
more spectacular of these allows the designer to specify the location of the driver acoustic centers using
an XYZ coordinate system. Thus, if the designer ex-

Vent Computation by Glenn Phillips: Calculates the
needed vent length for 1, 2or 4ports of the same diameter.
Input box volume in cubic feet and required tuning frequency (f8), output is vent length and vent area for each
case.
Medium: 51
4 "SSIDD Disk. Price, $25.
/
Specify:
BOXRESPONSE
Apple
Commodore 64 (Disk)
Commodore 64 (Cassette)
IBM
IBM Plus Graphics
BOXRESPONSE

BOX-1A5
BOX-105
BOX-3CC
BOX-1B5
BOX-2B5G $50

PASSIVE CROSSOVER
This disk is aresult of Mr. Bullock's extensive research
concerning first-, second-, third-, and fourth-order passive
crossovers in Speaker Builder 1, 2&3185; $25
Specify:
PASSIVE CROSSOVER CAD
Apple
Commodore 64 (Disk)
IBM
IBM Plus Graphics
CROSSOVER CAD

PAS-1A5
PAS-105
PAS-1B5
PAS-2B5G $50

pects to mount adriver combination on aflat baffle,
the summed response can be optimized to compensate for rearward displacement of awoofer's acoustic
center with respect to atweeter. CALSOD can model
up to seven drivers at atime in afour-way system giving the summed response and acoustic phase response
of the entire system.
The CALSOD program comes on asingle 360K
floppy, and requires one directory and two subdirectories in installation, plus access to the DOS GRAFTABL file, which it uses for acouple of special symbols. The 133-page User Manual, provided on asecond disk, is well written, adequately describes the
various program functions, and contains an excellent
tutorial example, which demonstrates the use of the
program. The files for the worked example contained
in the manual also come on the program disk, so users
can follow the design process and use and modify the
files as they learn the procedures.
Specify:
IBM 2x51/
4 360K DS/DD ...
CAL•2136

$65.00

IBM

$67.50

31/2

720K DS/DD

CAL-2134

NOTE: OLD COLONY SOFTWARE SHOWN ON
THIS PAGE IS NOT RETURNABLE FOR REFUND
OR CREDIT. ALSO, BECAUSE OF UNREASONABLE TAXATION REQUIREMENTS BY THEIR
STATE, WE REGRETFULLY ARE UNABLE TO
SELL SOFTWARE TO RESIDENTS OF CONNECTICUT.

OLD COLONY SOUND LAB

POSTAGE & HANDLING: In US, please add $1.75 for first disk and 50e
each additional disk. In Canada, please add s4.50. Overseas, please include
20% of total order for shipping.

PO Box 243, Dept. E90, Peterborough, New Hampshire 03458 USA
(603) 924-6371 /FAX: (603) 924-9467
Answering machine for credit card orders only: (603) 924-6371
before 9:00 a.m., after 4:00 p.m. and weekends.
Have information plus MCN1SA available.

DEALER INQUIRIES INVITED
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L-Pad Program by Glenn Phillips: Appeared in Speaker
Builder (2/83, pp. 20-22). It is useful for padding down a
tweeter or midrange while still retaining the same load as
the driver itself.
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The MDM 85 is a mid range 75mm
soft dome unit of extremely high
standard, both from a design and
technical viewpoint.
It iricorporates the renowned Morel
double magnet and Hexatech voice
coi techniques, and results in a unit
of above average sensi .:ivity with
extremely low distortion and high
power handling capability.
With an output level of 96dB
distortion in the area of 400-800Hz is
slig'itly over 1% falling to 0.015%
iron 1Khz.
There are two different types
available, one with a rear enclosure
and one without (MDM 85NE).
The type with the rear enclosure can
be ftted into a cabinet as an integral
unit.

morel (U.K.) ltd.
11 Foxtail Road,
Nacton ad. (Ransomes)
irdustrial Estate,
Ipswich, IP3 9RT
England
Tel: (0473) 719212
— elex:987601

Morel G.

morel
acoustics

USA

414 Harvard Street
Brookline. MA 02 ,46

TeJ: (617t 277-6663
FAX: (617) 277-2415

The MDM 85NE without the rear
enclosure can only be fitted into a
system having a separate housing to
enclose the unit. A volume of 0.7
litre is recommended fer this housing,
which is essential to prevent interreaction with the bass unit
compressions and expansions. This
housing must be filled full with
damping material, such as fibreglass
or rock wool.
The Thiele small parameters are given
for bpth types under specifications.
The contribution of this unit to a
suitably designed system will be
evident in the clarity and detail given
in the 500-5000Hz region.

MDM 85

Variations to specification for MDM 85NE

with enclosure)

(without enclosure)
Overall Dimensions
0 -160mm x 113mm
Nominal Power Handling Din
300W
Transient Power 10ms
1500W
Voice Coil Diameter
Voice Coil Former
Frequency Response
Resonant Frequency
Sensitivity

75mm 13")
Hexatech Aluminium
Aluminium
300-5000 Hz
250 Hz
92 dB 11Wi 1MI

Nominal Impedance
Harmonic Distortion
for 96 dB SPL

8 ohms

Overall Dimensions

0

Frequency Response

180mm 60mm
250-5000 Hz
170 Hz

Resonant Frequency
Rmec
Qms
Qes
Cl/T
Vas
Nett Weight

39.33
0.19
1.81
0.17
0.7 litre
1.05 kg

<1%

Intermodulation Distortion
for 96 dB SPL

<0.25%

Voice Coil Inductance @ 1 Khz
Air Gap Width

0.2mh
1.05mm

Air Gap Height
Voice Coil Height

0

.•
5.0

160mm
_ _

3.0mm
6.0mm

Flux Density

1.0T

Force Factor IBXL)
Rdc

4.6 WB/M
5.2 ohms
37 .
90 108 mm

Rmec
Qms
Qes
Q/T

0.29
2.66

0.20
0.33 litre
Moving Mass including Air Load 7.0 grams
Effective Dome Area
63.50 cm'
Dome Material
Chemically Treated Fabric
Vas

Nett Weight

0

88mm

1.25 kg
Specifications given are as after 24 hours of running.
bore en.,

8,9411 Komor

20Hz
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CNN.
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10
1124
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0
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Morel operate a policy of continuous product design improvement, consequently specifications are sublect to alteration without prior notice

WorldRadioHistory

ELEKTOR ELECTRONICS USA DECEMBER 1990

8

EVERYTHING YOU EVER WANTED TO ASK ABOUT YOUR CD PLAYER
BUT WERE AFRAID TO KNOW!

After 18 months of painstaking research and several trial pressings, here is the most complete and functional
test package ever available on the market. Created in the studios of Pierre Verany, with the collaboration of
French audiophile magazine Compact, the final product was submitted to the creators of the CD concept
and its standard -the Philips laboratories in Eindhoven, Holland. Their verdict: `a beautiful piece of work!'
The compact discs in this copiously documented set are unique. For the first time, they offer the consumer
atool for verifying the qualities and defects of agiven CD player, with no required measuring equipment or
in-depth technical knowledge. However, they have been shown to yield startling performance demonstrations
even under the strictest of laboratory conditions.
CHANNEL SEPARATION •FREQUENCY RESPONSE •HARMONIC DISTORTION • SIGNAL-TO-NOISE
RATIO •TRANSIENT SIGNAL RESPONSE • INTERMODULATION DISTORTION •CONVERTER
OVERLOAD EFFECT •CD CUTTING VELOCITY •TRACK PITCH *DROP-OUTS

PIERRE VERANY
DIGITAL TEST.

PV 788031/32 (2 Compact Discs)

106 Demonstration tracks and equipment tests, accompanied by adetailed 68-page instruction booklet.

COMPACT DISC ORDER FORM
Note: Discs and recordings not returnable for credit or exchange

Please send me

PV "88031/32 (2 CDs)

at S3-1 per set plus S2.25 handling. Outside USA.
please add S— for Air shipment.

MAGIC NUMBER

NAME

STREET AND NO
STATE

ZIP

Postage
MASTERC.AROOR VISA NUMBER

Enclose check or money order payable to:

EXPIRATION DATE

OLD COLONY SOUND LAB
PO BOX 243, Dept. E90
Peterborough, NH 03458-0243, USA

b, Check/MO

OCSL has added an answering machine for
the convenience of our customers. For after
4:00 p.m. EST weekdays, and weekends,
please call (603) 924 -6371 to place your
MasterCard or VISA order. Please remember
this is an ordering line only.

WorldRadioHistory
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MasterCard /Visa

TOTAL

CHARGE CARD
PHONE ORDER SERVICE
Mon.—Fri. 9am-4pm
16031924-6371
FAX: (603) 924-9467
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Discover Your Career Potential In The
Fast Growing Field Of High-Tech Electronics!
CIE Gives You The Training You Need to Succeed...
At Your Own Pace...& In Your Own riome!

I

Practical Training...
At Your Own Pace.

fyou're anxious to get ahead ...and
build areal career.. you owe it to
yourself to find out about the Cleveland
Institute of Electronics!
CIE can help you discover your
career potential in the fast growing
field of high-tech electronics. Acareer
that will challenge and excite you
every day...reward you with apowerful
feeling of personal accomplishment...
and deliver alevel of financial security
you may have only dreamed of before!
As the leading school in home-study
electronics, CIE has helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To find out how CIE
could be helping you.. read on.. then
send for aCIE catalog TODAY!

Through CIE, you can train for your
new career while you keep your present job. Each course allows agenerous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several courses which start at the
intermediate level.

"State-Of-The-Art"
Facilities & Equipment.
In 1969, CIE pioneered the first electronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIEs state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge—it's yours to use while
you study at home and on the job after
you complete your course!

A Growing Need For
Trained Professionals!
The career opportunities shown here
are only afew of the challenging, highpaying careers you could enjoy as an
electronics technician.
You could be the "brains" behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equipment.. design exotic new aeronautics
systems...CIE's job-oriented programs
offer you the quickest possible path to
the career of your dreams! And CIE also features
military and union re-training, to build on what
you already know.

Dozens Of Fascinating
Careers To Choose From!
Even if you aren't sure which career is best for
you, CIE can get you started with core lessons
applicable to all areas of electronics. As you
advance, CIE makes job opportunities available
to you through the bimonthly school paper,
The Electron.

Earn Your Degree To
Become A Professional
In Electronics!

Personal Training From A
Renowned Faculty.
Unlike the impersonal approach of large classroom study, CIE offers you one-on-one instictional
help 6days aweek, toll-free. Each CIE lesson is
authored by an independent speciarist. backed by
CIE instructors who work directly with you to
answer your questions and provide technical assistance when you need it.
s •so

Every CIE course you take earns you
credit towards the completion of your
Associate in Applied Science Degree, so
you can work towards your degree in
stages. And CIE is the only school that awards you
for fast study, which can save you thousands of
dollars in obtaining the same electronics education
found in four-year Bachelors Degree programs!

Send For Your
Catalog Today!

c

CIE World Headquarters
Cleveland Institute of Electronics. Inc.
1776 East 17th St., Cleveland, Ohio 44114
LI YES! Please send me your independent study catalog (For your convenience,
CIE will have arepresentative contact you—there is no obligation.)
Print Name
Address
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FHKELVI

SUPER

BREADBOARDS

FOR

INDUSTRIAL Q UALITY
AT DISCOUNT PRICES

Electronics

LESS!

DURABLE - MADE OF THE HIGHEST QUALITY
PLASTIC -DESIGNED TO WITHSTAND THOUSANDS
OF INSERTION CYCLES

PRO 400

The Professionals' Choice

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

YOU CAN'T
GO WRONG!
GUARANTEE!

810002

• DIODE CHECK

Fig.

Stock No.

Points

A

500

B

680093
680097

C

680098

840
1380

680099

1580

CONTINUITY TESTER
• 5FREQUENCY RANGES
CI TRANSISTOR hFE TEST
• 5CAPACITANCE RANGES

WIRE JUMPER KIT
Use with Quick test sockets and bus strips

Stock No.

Description

330290

350 Piece Set

Points

YOUR

COST

$ 7.75 ea

•20MHz FREOcoupffER
▪ AC/DC VOLTAGE RANGES
111 AC/DC CURRENT RANGES

Durable,
Back Stand

PROTECTIVE CARRY CASE
Stock No. 990094 $9.95 ea

30 DAY MONEY BACK GUARANTEE!

KELVIN 100
990087

$

23

95

INDUSTRIAL
QUALITY

r
istrm

AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE TEST
BATTERY TEST
LOW BATTERY Warning
ACCURACY .1. 0.5%

29
$

THE

KELVIN
L DTTM

Laptop
Digital
Trainer
ONLY
$ 99
Stock No

.

95

840460

Stock No. 600021

(in100+

80 dB

$1.39/10+ ea.

260017

9V Battery Snap & Holder
Snap
.15 ea. .10ea/loo,
Holder .20 ea .10eailoo+

$9.95 ea
$8.95 ea

580011

$11.75 ea

3/32

.093

13

YOUR COST
$11.95 ea

60/50

WE STOCK
A COMPLETE LINE OF FUSES

200

.45 ea

Dual fuse block 21/4 - or long. Black
bakelite base. Fortwo1 ve fuses.
Mounting centers 5/8" (15.8mm).
Stock No.
YOUR COST

YOU CAN'T
GO WRONG!
9

$

380010

30 DAY
MONEY BACK
GUARANTEE!
CARRYING CASE
Stock No. 990093
$4.95 ea

.62 ea

$

FUSE POST
TYPE HKP
Bayonet type.

23/161. for 1/4" x 11/4'
fuses. IS Ampere 250V. Panel hole
size 1/2" (12.7mm).
Complete with
mounting nut.
Stock No.
YOUR COST

380001

$

.90 ea

KELVIN BRAND

HI-SPEED, HI-QUALITY
PRINTED CIRCUIT ETCHANT
Ready-to-use solution of ferric chloride
printed circuit etchant in plastic container.
Stock No.
SPECIAL BUY
440017

6.25

$

per gall "

KELVIN BRAND

HI-SPEED DRY
PRINTED CIRCUIT ETCHANT

YOUR COST $.99 ea

Clean, safe, economical, indefinite theft life.
4 lbs will make 2 gallons of recommended
20% etching solution.
Stock No.
YOUR COST NEW PRICE
440026

$8.40 ea

$7.00/ 4Ib

bag

No. 260018 YOUR COST $.99 ea

KELVIN BRAND COPPER CLAD BOARD

SUB-MINIATURE
MOMENTARY
PUSH SWITCH

440002

4 1/2" x 6"

440003

5" x 7"

440015

8

NEMA grade FR-2 1/16' thick, unpunched clad on one side.
Stock No.
Size
YOUR COST

Silent action red push button molded housing.
Requires lie panel hole. Overall length including solder lugs
Rated 115 VAC. 1AMP.
Stock No.
Color
YOUR COST
100,

990002

Red

$ .35

ea

DC MOTOR
1.5 to 6VDC
Stock No.

YOUR COST

852211

$ .50

KELVI

ea

20.

$.45 ea

Electronics

7 Fairchild Ave. Plainview, NY 11803
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RESIN CORE SOLDERS 1LB. ROLL
Non Corrosive Flux Resin Core
Stock No. Inch Dia. GA. Type
580010
1/64" .025 23
63/37
580005
1/32" .031 21
60/40
580001
1/16" .062 16
60/40

FUSE MOUNTING
BLOCK

@I® @
e ft3
47"

1.5K ohms @ 2 It.. C minimum dark resistance 75 ohms.
Max voltage 170V peak. Peaks at 5500 angstroms.

ruIn

$ 1.80 ea

ale

SULPHIDE
PHOTO CELL

Oty)

Stock No. 680089

$1.59 ea

.1-11-1".

KELVIN

AC/DC VOLTAGE
AC/DC CURRENT
RESISTANCE
DIODE TEST
LOW BATTERY Warning
ACCURACY ./- 0.5%
CONTINUITY TEST/BUZZER
TRANSISTOR CHECKER
CAPACITANCE CHECKER

No.

$ 1.89 ea

$13.09 ea

3AG FUSE BLOCK

450 ohms @ 2 It.. C minimum dark -esistance 225 ohms.
Max voltage 170V peak. Peaks at 1/900 angstroms.

ea.

Transistors
2N2222 18 ¢' ea.
PN2222 .08 9
.ea.
Project BUZZER
6 -9V DC,

9

CONTINUITY TEST
TRANSISTOR CHECK

39

ea

Black laminated phenolic.
1/2" wide
I7/8" long. For 1/4 - o 1 1/4'
long fuses. Solder lug connections.
Stock No.
YOUR COST

CADMIUM SELENIDE
PHOTO CELL

(in 100+ OM

L.E.D. RED (in 100+ Oty)
Stock No. 260020

6

AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE 8 BATTERY TEST
LOW BATTERY Warning
ACCURACY
0.5%

$13.78

FAST ACTING -SLO-BLO TYPE -PIGTAIL

LAPEL MICROPHONE
Stock No. 850306
YOUR COST $2.95 ea

TIMER -LM555

20 e ea.

990090

Stock No. $
990091

Replacement

380030

Stock No.
FEATURES
ZONE DIGIT TRUE HEXADECIMAL
DISPLAY WITH BUILT IN LOGIC
(MEMORY. DECODER. DR -VERS)
FULL ALPHA CHARACTERS
MITWO INDEPENDENT CLOCKS
USER ADJUSTABLE FREQUENCY
8 DUTY CYCLES
MBREADBOARD -500 PT PROTOTYPE AREA W TWO PDWER
DISTRIBUTION BUSSES GND VCC
W4 DATA BIT SWITCHES
MOMENTARY PUSH BUTTON
SWITCH (SPOT)
Z4 LED DISPLAYS w IC DR'VERS
@POWER SUPPLY. WALL PLUG-IN
TYPE. U.L LISTED
MVOLTAGE
REG.•5
ViOLTS.
SHORT CIA. OVERLOAD PROTECT
31-100K-UP WIRES
BCOMPACT CARRYING CASE
MINSTRUCTION MANUAL FOR
BEGINNER TO ADVANCED USERS
MADE WITH PRIDE IN THE USA

PH60 Stand

81 0042

KESTER SOLDER

Stock No. 990092

Stock No.

810041

Sponge

$69 95

CASE Yellow.

$7.95 ea

$8.55 ea

Soldering stand with base, sponge.
For W6OP, WP25P, WP4OP. and irons with barrel diameters
up to 15/32".
Stock No. Description
YOUR COST 6+

• LED TEST VERIFY

$4.25 ea
$5.95 ea
$11.75 ea
$15.75 ea

1.1n11111

Model SP23

SOLDERING
IRON HOLDER
Model PH60

CI LOGIC TEST

YOUR
COST

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+

MONEY BACK

Contact

SOLDERING
WELLER
MARKSMAN
SOLDERING GUN

WorldRadioHistory

$

.28

is

ea

l"

$1.55 ea
$2.40 ea

1/2 x 12 1/2"

$4.90 ea

ETCH RESIST INK PENS

/!!b

Black felt tip pen for making resist circuits directly on PC boards
Dries instantly for neat, easy application.
Can be removed with PC Board Stripping Solution.
Stock No. Model
Description
YOUR COST
440115
22-220
Draws 1/32' wide
$1.48 ea
440116

22-222

Draws 1/64" wide

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

$1.85 ea

GETTING EVOLVED
Our cover's banner contains two words which are rather more
than alittle unusual for an electronics magazine. The first is
"recreational." Since Ihave been publishing magazines about
constructional electronics for over 20 years, Ihave heard alot
from readers about their paranoia over the supposed complexity and daunting character of assembling electronic gear. Ithink
the "scientific" image of electronics has been exploited by the
hucksters to the point that the smallest electronic gadget is being hawked as some kind of dazzling space-age breakthrough.
Those of us who know alittle something about electronics are
well-aware that although our achievements in electronics are
impressive, they are still mostly well-coordinated series of interdependent events which are, taken one by one, rather simple physical functions. Electronics as step by step functions is
intriguing and, for those with acurious frame of mind, awonderful adventure.
Electronics in its many guises is challenging, especially at the
personal, one-on-one level. Our purpose in publishing this periodical in North America is primarily recreational in outlook. We
trust our readers will plunge into projects for the pleasures such
activity provides. We hope it will open up avenues of new
thought, and provide new equations in your minds where what
you already know is linked or paired with some new techniques,
ideas, and capabilities so that something entirely new may pop
out of your own personal experience and add something delightful to your sense of achievement.
We hope to be aplace where hard-working engineers who toil
all day in digital, may plunge into analog again just for the difference and variety of it. Other colleagues, staring at six big piles
of paperwork ringing the edge of the desk, may remember what
brought them into the world of electrons and rekindle the
pleasure of building aproject, and having it work the first time
it's powered up.
The second unusual word is "international." Iam already
reading letters from readers concerned about the success of the
publication and at the same time worried about its "European"
flavor. In each case, they see the style differences in measurements, nomenclature and symbols as real hazards to Elektor Electronics USA being fully accepted here.
Isuggest that much of what is different may just possibly be
better.
The temptation Ibelieve we Americans face in seeing the different ways others communicate electronic ideas is alot more provincial than we may be aware. Already, readers are questioning

the "little box" symbol for the resistor and suggesting that the
"wiggly line" is somehow better. And the troubles of converting
the nanofarads to microfarads is just anuisance. Then there's
the matter of the funny 4k20 business, or worse the 402 bit. The
reaction is: if it's different, it must be inferior. But is it? Unfamiliar,
yes. But is it better or worse for delivering the message?
All this reminds me of Americans who travel abroad and yet
insist on staying in US style accommodations. Isuppose if comfort were the only thing, then nothing in Elektor should be allowed
to be different. Iconfess that having thought for some 30 years
about European symbols and terminology , Ifind their choices
more persuasive, more of the time. The little box can just as clearly
represent the resistor, perhaps better than the crude image of
acoil of wire we are still using long, long after the time when
most resistors were wire-wound. And the little box saves space—
providing as it does aplace for the value.
Then again, what is so everlastingly wonderful about the
decimal point as place-holder for part values? It is too small, it
gets lost, and if the copy is acopy of acopy, the decimal point
can disappear. But put the "k" there instead and you are unlikely
to be confused. If the resistor is avery low value, then the omega
(0) is far less ambiguous as aplace holder than the tiny dot we
conventionally use on this side of the water. Then again, the
whole morass of the overly large unit of capacitance, the farad,
is at least ameliorated by using micro, nano and pico, all of which
are standard quantifiers in most forms of scientific measure. I
don't hear anyone complaining about the picofarad. Isuspect
we colonials are just alittle too rustic, or perhaps lazy, to use
the perfectly good intermediate term.
There are differences which are difficult to bridge, the differences in those European designations, especially for transistors,
and areal need for some kind of US equivalent. We will, with
the first 1991 issue, include US equivalents for most of the European part numbers and indicate asource for them. Ihope many
of you will continue to provide valuable feedback about our
venture.
So Elektor Electronics USA, for better or worse, will use some
terms with which you may not be immediately familiar. Thus,
you have an opportunity to broaden your understanding of how
the rest of the world communicates, whether you are reading
about electronics in Bangkok, Delhi, Tokyo or Amsterdam.
How fortunate we are to have asign language, with only minor
differences, to define the devices we love to understand, design,
and most of all, to build. —E.T.D.
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ELECTRONICS SCENE

I

THE MORSE TUTOR
ADVANCED EDITION

GGTE has introduced asoftware program
which

helps

amateur radio

operators

("hams") obtain their license by teaching
them the international Morse Code, and also
increase code speed.
The Morse Tutor—Advanced Edition, is

I

YOU CAN'T BOTCH IT
WITH BODGE PLUGS

Bodge Plugs facilitate gaining access to a

wide variety of connectors in asafe, fast, and
easy manner.

comprised of four parts: 1. An enhanced copy
of the Morse Tutor program; 2. An automatic
random QS0 (conversation) generator which
may be used by students, instructors, and

I

LAPTOP-PC INTERFACE

Genovation, Inc. has introduced an inter-

volunteer examiners; 3. A section allowing

face

users to create QS0s, exams, or practice copy

keyboards and laptop computers. The Serial

between

conventional

computer

Each plug has either two or three color-

for characters difficult to master; and 4.

coded, spring-loaded, quick-connect terminals. Pushing the end of the terminal opens

BoxTM was created for the user who wishes

Capacity to import atext file created with the

to continue use of a PC with his laptop or

a slot to receive and hold securely a bare
wire or test probe. The plug's other end is
one of a variety of connectors, including:
• XLR 3pin male
• XLR 3 pin female
•/
4 "tip-ring-sleeve "A" gauge male
1

program, or with any word processor, and

notebook computer. The Serial Box accepts

save work as text in an unformatted ASCII
file.

the connector of any standard keyboard and

The program requires 235K bytes of free
memory, and is compatible with the IBM PC

port, the user's choices for upgraded key-

LCD laptops. Modules which include print-

pads or standard 101/102 class keyboards

ing analyses and QS0s support laser and dot

• Vs" tip-ring-sleeve "A" gauge male

matrix printers.

• Tip-ring sleeve "B" gauge male
sleeve male
• BNC
• RCA phono male
• RCA phono female

Because most laptops lack a keyboard

Jr, PC, XT, AT or PS/2, including plasma and

•/
2 "tip-ring-sleeve "A" gauge female
1

• Tiny telephone (TT/Bantam) tip-ring-

interfaces to the computer through the serial
port.

The Morse Tutor—Advanced Edition is
$29.95, which includes free updates for a

have been limited to specially designed units
which attach via the parallel or serial ports.
The Serial Box, which measures 5 x 4 x
11
2 ", provides aconventional keyboard port
/

year from date of purchase. For information,

on one end, and aserial cable and connec-

see your amateur radio dealer or contact a

tor out of the other. It is compatible with all

GGTE representative at (714) 968-1571.

MS-DOS computers and keyboards. The

Ordering directly, send $29.95 plus $2 ship-

Serial Box is priced at $99.95.

It is auseful item in any electronics tool

ping and handling (California residents add

box for field work, outside broadcast test, ex-

Contact Genovation, Inc. 17741 Mitchell,

$1.87 sales tax) to: GGTE, PO Box 3405,

North, Irvine, CA 92714, or call (714) 833-

Dept. LW, Newport Beach, CA 92659.

3355, FAX (714) 833-0322.

perimental, or maintenance work.
For further information contact Connectronics, 652 Glenbrook Rd., Stamford, CT
06906, or call (800) 322-2537, FAX (203)
324-7027.

of frequency and time waveforms. Users can
average from two to 1,024 acquired spectrums on two simultaneous channels. Data
buffers of 32K per channel, full digital/analog

I

NASA AWARDS CONTRACT
FOR VIDEO SYSTEMS

triggering and programmable gains combine
in a powerful PC-based instrument.

NASA Headquarters Television Develop-

Applications are for measurement pro-

ment Division, Washington, DC, has given

blems in a variety of disciplines such as

Florida Atlantic University's imaging sys-

shock, ballistics, ultrasound, seismic,

tems laboratory the contract for research and

biomedical, transducers, and vibration in

development in advanced video systems for

situations where the high cost and complex-

space and terrestrial applications.

ity of FFT analyzers have prevented users

Researchers will emphasize digital meth-

from analysis in the frequency domain.

ods for processing, storing and transporting

Features include utilizing DSP engine for

television signals, based on their findings

FFT calculation; mouse driven EGA/VGA

concerning the human visual system's performance. Their objective is fabrication of

2-CHANNEL, 250kHz,

a breadboard digital television system.

FFT ANALYZER

Work will be performed on the campus in

Rapid Systems has announced the R310

Boca Raton, FL, under the management of

two-channel real time FFT spectrum ana-

color software with free demo disk; 10mV to
50V per division gain ranges; sample rates
from 1Hz-500kHz; log or linear frequency
and amplitude scaling; and auto save spectrums to hard disk.

William E. Glenn, PhD, laboratory director.

lyzer. This easy-to-use PC-based instrument

Dr. Glenn is a former vice president and

offers two simultaneous channels of 250kHz

34th St., Seattle, WA 98103, or call (206)

analysis with real time split screen display

547-8311.

director of research for CBS Laboratories.
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Contact Rapid Systems, Inc., 433 North

MICROMATH UPGRADES EQUIL
MicroMath Scientific Software has an

ELECTRONICS SCENE

nounced release of EQUIL 2.0, aprogram
designed to eliminate the extensive algebra
inherent in aqueous solution, chemical equilibrium calculations. Changes were made in
response to requests from aquatic chemists,

I

AUTO-RANGING DMM HAS
800-HOUR BATTERY LIFE

A 31
2 digit auto-ranging DMM designed to
/

biochemists, and geologists for capabilities

store its test leads when not in use, and hold

which would further enhance the program.

probes when in use, is available from B&K

The latest version contains many improve-

Precision. Model 2701 is a full-featured
multimeter, operating for 800 hours on a9V

ments.
Like EQUIL 1.0, version 2.0 is based on

battery. Basic DCV accuracy is 0.5%.

a. laboratory benchtop metaphor which al-

The 2701 is designed for bench or field use

lows the user to select reagents to be added

and features seven functions. It measures

to asolution, and determine other problem

voltage to 1000V DC and 750V AC, DC and

specifications. EQUIL provides pH and spe-

AC current and resistance, and features a

cies concentrations, activity coefficients and

diode check, as well as an audible continui-

degree of saturation. EQUIL can also simu-

ty check. A data hold function is also

late titrations and formation curve experi-

featured to freeze displayed readings.
The 2701's case design is well-suited for

ments.

field service. The case can hold one or both
Calcium Phosphate Speciation

test probes in position for single-handed
operations, facilitating measurements in
hard-to-reach locations.
It features a high-contrast LCD readout,

storage

matic diagram and parts list, is $69.

high- and low-power ohms and single rotary

For information, contact B&K Precision.,

switch operation. It measures 6.9 x 2.3 x

6470 W. Cortland St., Chicago, IL 60635,

1", and is drop resistant to five feet.

(312) 889-9087.

I

IN-CIRCUIT EMULATOR,
DEMO BOARDS

PH
Four major changes have been implemented with this version:

Designed to ease the development and

debugging of digital signal processor (DSP)

Expanded Database. EQUIL now features

systems, two products for Analog Devices'

acapabilities database nearly double the first

ADSP-2101 DSP microprocessor provide

version's, 300 reactions, more than 100

emulation facility and application demon-

chemcial reagents, and 400 chemcial species

stration. They were designed to provide

are now available.

hardware and software design engineers

Temperature Functions. The new en-

with practical midrange tools for evaluating

thalpy of reaction feature allows for equi-

potential capabilities of DSP-based solutions,

librium calculation for solutions at different

develop their designs, and debug the resul-

temperatures.

tant system and software.

Comprehensive Activity

Model 2701, with test leads,

pouch, detailed instruction manual, sche-

Coefficients.

EZ-ICE is acompact, stand-alone in-circuit

Methods to calculate the activity coefficient

emulator (ICE) with supplied in-circuit probe

affecting equilibrium constant have been

and RS-232 cable which connects to ahost

President Maurice French, of the Society of

system running a terminal emulation pro-

Motion Picture and Television Engineers

expanded.
Individualized Database

Capabilities.

Users can now save calculation results. A

gram.

SMPTE FORMS
SOVIET SECTION

(SMPTE) recently announced formation of

The EZ-LAB application demonstration

the SMPTE Soviet Section. The Board of

specialized database can be created to sup-

board allows code development, execution,

Governors approved the petition, signed by

plement EQUIL's.

and debug, incorporating analog/digital (AID)

59 members in the Soviet Union. The in-

and digital/analog (DIA) converters for audio

augural meeting was held earlier this fall in
Moscow.

EQUIL is used in teaching, research, and
industrial applications. Version 2.0 requires

bandwidth signal inputs and outputs, along

640K of memory, two floppy disk drives (a

with access to serial ports and internal

hard drive is recommended), a graphics

busses.

The Soviet Section is the third SMPTE section formed in the past year. There are now

adaptor and MS-DOS 3.1 or greater. Single

The EZ-ICE in-circuit emulator is $2,101

25 local sections: 17 in the US, three in

user copies are $249, upgrades are $49.

and the EZ-LAB demonstration board is $225

Canada, and one each in Australia, Italy,

Quantity discounts and site licenses are also

(single quantities).

available.

For more information contact DSP Market-

Germany, Scandinavia, and the Soviet Union.

Contact MicroMath Scientific Software,

ing, Analog Devices, Inc., One Technology

For information contact SMPTE, 595 West

PO Box 21550, Salt Lake City, UT 84121, or

Way, PO Box 9106, Norwood, MA 02062-

Hartsdale Ave., White Plains, NY 10607,

call (801) 943-0290, FAX (801) 943-0299.

9106, (617) 461-3881.

(914) 761-1100.
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ACTIVE MINI SUBWOOFER -PART 2
by T. Giffard

T

HIS second part of the article describes
an output amplifier designed for the
subwoofer; the fitting of the electronics in the
enclosure; and how the subwoofer can be
connected to an existing audio system.

Output amplifier
Although in principle any output amplifier
that can deliver about 50 watts into 8S2 may
be used with the subwoofer, we felt that
many readers would want acomplete system
and so we designed an output amplifier especially for them.
The amplifier is ahybrid circuit consisting
of acontrol section based on an opamp, and
apower section that uses discrete transistors.
Its circuit diagram is shown in Fig. 8.
The opamp, aType OP16 from PMI, is a
precision type with JFET inputs and a
slew rate of 25 Mts. It has its own
power supply of ±15 V, which is derived from the 30-V main supply via
R15/ Da and Ri6/ D5.
The input signal is taken to the
non-inverting input of the opamp via
Ci. The input impedance is determined almost entirely by Ri (since
the opamp has JFET inputs).
The bandwidth of the OP16 is restricted to some extent by a2.2 nF capacitor between the output and inverting input, and a100 resistor between the inverting input and
ground. This arrangement may be
compared to the compensation capacitor between the outputs of the
first differential amplifier in a conventional output stage.
The output of the opamp drives
the power section via a current
source based on Ti. This source ensures astable setting of the quiescent
current through the output transistors. The voltage reference in the
source is provided by a high-efficiency LED (Di).
The power section consists of a
complementary compound configuration, T3—T6. Normally, a kind of
super emitter follower is used in the
output to ensure adequate current
amplification. In the present design,
current amplification alone (a typical
characteristic of an emitter follower)
is not sufficient, because the signal
excursion at the output of the opamp
is limited to about ±12 V. Some additional amplification is therefore
needed. A compound circuit provides current as well as voltage amplification.
The voltage amplification in the
present circuit is determined by the
Fig. 8.
amplification factor of the output

transistors and the potential divider, R9-Rio,
between the output transistors and the
drivers. To make sure that the opamp does
not provide too high an output voltage,

Circuit diagram of the output amplifier specially designed for use with the subwoofer.
WorldRadioHistory
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which would limit the output current, the
amplification of the compound output circuit
has been made x4 (12 dB).
Notable in this output stage configuration
is the location of the emitter resistors of the
output transistors, which are connected to
the power rails.
Setting of the quiescent current level is accomplished with variable 'zener diode'
T2-131-R4. Transistor T2 is clamped to the heat
sink between the output transistors to ensure
good thermal coupling. Capacitors C7 and
C13 provide a.c. decoupling of the 'zener'.
The feedback loop of the overall amplifier
consists of resistors R2 and R3, which set the
overall amplificatiopn to x23 (27 dB).
The circuit around T7 and Ret provides a
delay of afew seconds between power on and
connection between the loudspeaker and the

ACTIVE MINI SUBWOOFER PART 2

output stage being made. It derives power
from the main power supply via D2: this ensures that the relay is deenergized as soon as
the power is switched off.

The circuit of the power supply is
straightforward—see Fig. 9. Apart from the
four 10 000 µF.capacitors shown here, two
more 1000 µF capacitors on the board provide
additional decoupling of the power
lines.

Construction

Fig. 9. Power supply for the output amplifier.

The amplifier is best built on the PCB
shown in Fig. 10. Apart from the mounting of transistors T2-16, the construction
should not present any problems.
Transistors 12-T6 may be fitted in
various ways, depending on the mechanical construction. If use is made of
an aluminium L-section, they can be fitted above the board and fastened to the
L-section, which in turn is screwed to the
heat sink.
It is, however, also feasible to screw

IMI

the amplifier and filter boards on to an aluminium sheet of suitable size, which then
serves as the heat sink. In that case, fit T2-16
to the sheet first, bend their terminal wires
upwards acouple of millimetres above their
body and pass these through the relevant
holes in the PCB. Make sure that sufficient
space is left between the board and sheet to
allow solder connections to be made. Also,
bear in mind that the transistors must be insulated from the sheet.
For clarity's sake, the latter construction,
on a3mm thick aluminium sheet, is shown
in Fig. 11. The dimensions of the sheet allow
it to be fitted in the space in the back of the
subwoofer enclosure. For that purpose, glue
four triangular wooden supports in the corners of that space to which the built-up sheet
is screwed later on.
Fit the boards to the sheet with the aid of
10 mm spacers.

COMPONENTS LIST
Resistors:
R1 = 100 ki-2
R2 = 100 S2
R3 =2k2
R4 = 1k5
R5 = 15 IcS2
R6 =220 Q
R7, R8 =470 Q
R9 = 180 SI; 2.5 \Ai
R10 =27 1
.
2; 2.5 W
R11, R12 =0.22 S2; 5W
R13 =330 SI; 1W
R14 =560 Q
R15, R16 = 1k2; 0.5 W
P1 =2kl2; multi-turn preset; top adjust
Capacitors:
Cl = 1µF
C2 =2n2
03, 04 = 100 nF
C5, 06 = 10 µF; 25 V
C7 =220 nF
08 =47 µF; 10 V
C9, C10 = 1000 µF; 40 V
011 = 100 µF; 40 V
012 =22 µF; 25 V
013 =220 p.F; 10 V; radial
Semiconductors:
D1 =3mm LED; red; high efficiency
D2 = 1N4002
D3 = 1N4148
D4, D5 =zener diode 15 V; 1.4 W
Ti =BC556
T2, T3 =BD139
T4 =BD140
T5 =BDT86 or BD912
T6 =BDT 85 or BD911
T7 =BC879
IC1 =OP16
Miscellaneous:
Rel =relay; 24 V; 1change-over
Mains transformer,
secondary 2x22 V, 2.7 A
4electrolytic capacitors 10 000 µF; 40 V
Bridge rectifier B8005000/3300
PCB Type 900122-2
Fig. 10. Printed circuit board for the output amplifier.
WorldRadioHistory
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AUDIO & HI-FI

The power supply is fitted as far away
from the boards as possible to avoid any possibility of hum.
Note the separate earth connection for the
delay circuit (indicated on the PCB by an earth
symbol and asterisk) to the central earthing
point. Do not make adirect connection between the two earthing points on the amplifier board.
Do not yet connect the loudspeaker to the
amplifier.
When everything is ready, first set Pl for
minimum resistance and then switch on the
mains. Next, adjust Pi for aquiescent current
through the output amplifier of 100 mA: this
is measured with amillivoltmeter across Rn
or R12 where the reading should be 22 mV.
Finally, switch off the mains, connect the
loudspeaker to the amplifier and close the
loudspeaker box.

The sound level may be set with the potentiometer at the back of the sub woofers.
Finally, the input signals may be inverted

with the aid of the phase switch if needed.
Some experimentation here may well prove
to be interesting.

Connecting the subwoofer
There are two ways in which to connect the
subwoofer to an existing audio system. If the
system has discrete pre- and output-amplifiers, or an external connection between
these units when integrated, the best way is
to feed the output of the pre-amplifier to the
subwoofer via ascreened audio cable. If that
is not possible, connect the (second pair of)
loudspeaker terminals of the system to the
banana sockets on the subwoofer.
When the connections between the audio
system and its loudspeaker boxes are long, it
is possible to extend them from these boxes
to the subwoofers, since the latter should in
any case be near the loudspeakers for optimum performance.
The low cut-off point of the existing system and the subwoofers may be matched in
several ways. When separate pre- and output-amplifiers are used, asimple first-order
high-pass filter may be provided by adapting
the input capacitor of the power amplifier. If
the input impedance, Z, of the power amplifier is known, the value of the capacitor for a
cut-off frequency, f, is given by:
C= 1/27cfZ
Another way is adapting the cross-over
network in the loudspeaker boxes. This is not
so simple, however, because in the low frequency range the resonance peak of the subwoofer will have an effect, so that the filter
cannot be terminated into apure resistance.
A third possibility is to leave everything
as it is. Particularly with small loudspeaker
boxes where the low cut-off frequency is in
any case fairly high—normally 75-100 a— it
is perfectly all right to just connect the subwoofers into the system.
A fourth solution would be to precede the
present output stage by across-over network
of atype of which we have published several
during the past few years. This is arather exaggerated solution, but it is there if you want.
The location of the subwoofers is not very
important, but they should preferably be not
too far from the loudspeakers. Critical listeners may like them between the loudspeakers.
ELEKTOR ELECTRONICS USA DECEMBER 1990

Fig. 11. Wiring diagram of the output amplifier complete with its power supply.
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LINE PULSE FUNDAMENTALS:
SOME PROBLEMS UNKNOTTED
By Bryan Hart

Introduction

waveforms that support the theoretical background.

Line modelling

Throw astone the size of agolf-ball into a
A section of t.p.I. is shown diagrammatically
can of water the size of atea-cup and see
in Fig. I. In reel form, this can be purchased
what happens: virtually all points on the surcommercially (e.g. from RS Components),
face of the water are disturbed simultanebut for line lengths of afew metres, at.p.I.
ously. This is arough mechanical analogy to
may be made up by twisting together, unithe case of a'lumped' electrical circuit, e.g.,
formly, two pieces of PVC insulated wire (26
asimple resistive potentiometer, comprising
gauge, say) with apitch of about 5cm.
two resistors, subjected to atransient input.
If we imagine the t.p.I. as laid along an
Fig. 1. Atwisted pair line (41).
Throw the same stone into the middle of
x—axis perpendicular to the plane of this
avillage pond and observe adifferent effect:
page, the field patterns that exist when equalall points on the surface of the pond are not
magnitude direct currents flow into the page
affected simultaneously; they are disturbed
at 'a' and 'b' respectively are shown in Fig. 2,
only as ripples move outward from the point
where the solid lines indicate the nature of
where the stone falls. This is acrude mechanthe magnetic field and the dashed lines the
ical analogy to the case of a 'distributed'
configuration of the electric field. These field
electrical circuit, notably atransmission line,
patterns correspond also to those of the basic
with atransient input.
propagation mode for line transients disThe difference between the two cases
cussed throughout this article.
arises through the finite time taken for disThe magnetic flux linking the wires is
turbances to be transmitted. A variation of
proportional to the current. The flux per unit
the pond analogy, which has long been used
current is represented by aseries-inductance
in the study of wave transmission, is the
Lper unit length. Lis aparameter dependent
'canal' analogy. In this, we consider what
on conductor geometry and can be estimated
happens when a straight plank is dropped
by analytical principles well known in field
into acanal in adirection perpendicular to
theory but a knowledge of L, by itself, is
Fig. 2. Field patterns at apoint on at.p.I. under d.c.
its length. Straight ripples, parallel to the
rarely required by t.p.I. users and, if needed,
conditions. Solid lines magnetic field; dashed
length of the plank, move outward from the
is best inferred from other readily measurlines =electric field.
place where it falls. This analogy is more apable parameters. The electric field and flux
propriate in the discussion
associated with the conducthat follows, because propators and the line charge on
1(x•Sx)
gation is characterized by
them are proportional to the
x
Làx
P'
movement principally in one
p.d. between them, so the t.p.I.
dimension.
has also aper-unit-length caTransmission lines are
pacitance, C. As with L, this
very important in digital
can be estimated theoretielectronics because of their
cally, if required, but is readuse in the distribution of fast
ily determined practically.
logic signals, but their operSeries losses may be repation is sometimes apuzzle
resented by aper-unit-length
to budding engineers (some
resistance R and shunt losses
with a predominantly meresulting
from
leakage,
chanical engineering backthrough wire insulation, by a
()bx
(l )Sx
ground), who have been
per-unit-length conductance,
CSx
Gàx
taught the basic principles of
G. The t.p.I., although dislumped-circuit electronics
tributed in nature, can neverbut who have not studied estheless be considered as
tablished
Electromagnetic
made up from as large anumTheory (or been convinced
ber as we wish of tiny
by it, even if they had!)
lumped sections, each of
i
t
(1.à1)
P
This introductory article
length av, connected in se().
sets out to clarify the underries. The idea of using alarge
MOM
(u.àu) 0
Càx
standing of some fundamennumber of small discrete
tal aspects of the pulse operlumps to simulate acontinuation of transmission lines,
ous variable is not unfamiliar
i2
particularly
the
popular
in electronics. Thus, adigital
90013C-13
twisted pair line (t.p.I.). The
time base for an oscilloscope
aim is to concentrate on the
based on acounter and D-A
basic circuit theory aspects Fig. 3. (a) a4.1. made up from lumped L-shaped' sections; (b) equivalent form for (a); converter produces a horiand practically observable (c) reduced form for (b) for lossless line [R =G 0].
zontal pattern of dots on the
FliSI
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GENERAL INTEREST

u. However, this is in the tradition of differto write the p.d. at (x +ay) as (u +au), with
screen. However, for a10-bit converter, the
ential
calculus. The physics of the problem
a
plus
sign
for
the
increment,
when
physical
number of dots exceeds 1000 and on a10-cm
gives the negative sign in [1].
considerations tell us that it must be less than
screen the trace appears continuous.
Kirchhoff's Current Law for
The specific configuration of
Fig.
3(c) gives
series and shunt components
adopted to model an elemental seci= (1+ ai) +(caola(u +au)/ad.
tion of line is amatter of sensible
choice. All choices must, by defiFor au<<u, acondition always
nition, be equivalent in electrical
achievable if ax is small enough,
characterization. We could use a
this reduces to
'T-section', but the `L-section'
shown in Fig. 3(a) is analytically
—(ai/ax) =C(aulat)
[2]
more convenient.
Figure 3(a) is often used for
In the limit case ax—>0,
coaxial cable lines in which the
the approximation sign becomes an
outer conductor is 'earthed' but
Fig. 4. View of line looking right between pand gat tz: 0;
equality symbol. We have not prothis can be misleading, particularly
(a) intitally charged line; (b) initially uncharged line.
ceeded to this limit yet, because the
for at.p.l., because it may give the
aim is to avoid the distraction of
false impression that one of the
partial
differential relationships
conductors behaves in adifferent
that
arise
when afunction is depenway, electrically, from the other.
dent on two or more variables.
The alternative model shown in
Indeed, combining [I] and [2] to
Fig. 3(b) shows R and Las equally
eliminate
ai or au leads to the (parshared between the two conductors
tial differential) 'wave equation'
of the t.p.l. and in that respect is
for an ideal line, but such aproceconceptually more attractive.
dure requires us to solve the equaFor at.p.l. afew metres long,
tion or, at least, quote solutions for
series and shunt losses can usually
It.
be neglected and the section reAn alternative approach is to
duces to the 'ideal' or lossless'
show
that avoltage step at the input
form (R =G =0); it is tempting to
Fig. 5. Sliding source description of step
to the line travels along it with consay that this is 'fortunate' for were
progress.
stant amplitude and uniform velocit not so, the t.p.l. would be of very
ity. To do this, we must first establish
restricted use.
arelationship between uand iand
For this case, the relevant equathen derive an expression for step
tions lend themselves simply to
velocity that is independent of x.
pictorial interpretation and the essential features of line operation
are not obscured by second-order
u/i relationship:
effects.

characteristic
resistance, Rc,

Line equations
Consider the section shown in
Fig. 3(c). The currents, i, i
2,
shown flowing in the upper and
lower inductance elements must be
equal in magnitude to i, say.
The reason for this is as follows.
If we imagine the line to the right
of the points pand qto be contained
within the 'black box', the Law of
Conservation of charge requires
that
—i
2)dt =0This is true only,
irrespective of the timescale t, if

Dividing each side of [1] by the
corresponding side of [2] gives:
(aulai) =(LIC)(ailau),
or
(aulai) 2 =(LIC).
Taking the square root and proceeding to the limit,
Fig. 6. Applying astep input to aline: (a) voltage-step drive
(Sw closes at t 0); (b) current step drive.

= i2 =i•
Applying Kirchhoffs Voltage
Law for loop voltage drops,
u= (uip) + (u +au) + (u L/2),
where uL,the inductive voltage
drop, is given by

4— IR.
0

1*

,
(
t
)
= (
oI)

o

t
4—
--> t

0,

uL =(Lax)(ailat).
Substituting for uL and rearranging:

IR,

0

Irj

u(x.1')
--> x
t--

Vt.

900130.17

—(au/ax) =L(ailat)

[1]

In passing, it may seem contrary

Fig. 7. Voltage sketches for Fig. 6(b).

ELEKTOR ELECTRONICS USA DECEMBER 1990

WorldRadioHistory

(du/di) =NI(LIC) =Ro,say.

[3]

We are entitled to express [3] in
total differential form because it is
valid irrespective of t. Equation [3]
gives the limit case for small
changes. The ratio is given the
symbol Ro,because Ni(LIC) has the
dimensions of resistance. R, is
known as the 'characteristic resistance'. It is characteristic of the line
alone and not dependent on the nature of uor i, and is the incremental
resistance looking to the right (or
left) between terminals pand q, or
p' and q'.
The expression 'characteristic
impedance' is often used but is un-

LINE PULSE FUNDAMENTALS
necessary for alossless line. It conjures up
thoughts of the frequency variable w (or jw)
and we are operating here strictly in the time
domain.
R. is unlike anormal resistor in
that it dissipates no power: it is a
parameter, dependent on line geometry, that fixes arelationship between the instantaneous changes in
iand ueither of which can be regarded as a stimulus while the
other is regarded as aresponse. In
particular, astep change in uproduces astep change in iand vice
versa.
Integrating [3], the instantaneous value of uis:
u= iR. +

Propagation velocity
The propagation velocity, r, is
found as follows. Multiplying each
side of [I] by the corresponding
side of [2]:

Models for step waveform progress

OR, 4/

IIR

0 /4

I

IIR0/4/

o
110 0 /41

t
2

Fig. 9. (a) input voltage contributions for Fig. 8for n 4; (b) resultant
staircase voltage input.

v(l' t
0-4t,)

•

vIt to-lata
qt . t0-2t,)
.(t"
v(1-t 0 )

x

900130-20

Fig. 10. v(x;t ') derived from Fig. 9(b).

[5]

[6]

Let us check [5] another way.
We assume that ris constant and
apply the principle of charge conservation. If a step wavefront U
travels from .v =0to .v =x in atime
t' = (x7v), the charge supplied to
theline by the source is i(x.
/r) =

Progress of astep waveform is so
basic that it merits further study.
We consider amechanical analogy
and an electric circuit model.
In amechanical analogy, we may
consider astationary hopper containing sand over aconveyor belt
that is moving to the right. At achosen moment, the exit pipe from the
hopper is opened suddenly. The result is a constantly lenghtening,
uniform-thickness, trace of sand on
the belt. Sand here is, of course,
analogous to electric charge.
A model for step progress attractive to the engineer more at home
with lumped circuit theory involves the concept of a 'sliding
source'. Consider the progress of a
step voltage wavefront of magnitude U along an initially uncharged
line in the direction of increasing.v.
Looking to the right at any pointy',
the remainder of the line appears as
a resistor Ro as shown in Fig. 5.
Looking backwards, towards x=0,
the line appears as avoltage source
Us accessible via asource resistor
R. (inside dashed rectangle), both
of which appear to slide along the
line with velocity v. To produce a
step of magnitude U at .v =x', it is
obviously necessary that U, =2U.
This sliding source approach is
helpful in calculating what happens at the end of aline of finite
length I.

Line voltage u(x,t ):
step and pulse drive

Since ris independent of.v, the velocity is constant along the line.
The time, t„, is
=NI(LC)

[7]

Substituting forR o(from [3]) in [7]
gives the same value for ras in [5].
Note that R. and t„ are two basic
parameters required to be known of
aline. From these can be found C
and L, if needed, with the aid of
equations [3] and [6].

Thus, in the limit,

t„=

and
= 1/CRo.

1(au)(ai)/ (a-0 2 =
=LC{ (au)(ai)/ (at) 2 I.

v= (clx /dt) = 1/LC

(Ux' /Roy) =Cx'U

Fig. 8. T.p.I. with multiple step current drive.

[4]

Equation [4] is illustrated in Fig. 4.
in which U. is any initial line voltage, shown here arbitrarily as positive, and for changes in uand iis
accessible only via the series resistor R.. This accessibility to aline
voltage source only via aseries resistor R. is true also looking to the
left at apoint on the line, because
the line has no built-in directional
properties for pulse propagation.
For an initially uncharged line,
treated from now on, U. = 0 and
the circuit looking to the right between pand qreduces to the simpler form of Fig. 4(b).
A step voltage of magnitude U
appearing at one moment between
pand qappears at alater time between p' and q', charging up the line
as it progresses with velocity y.
There is no loss in amplitude as
there are assumed to be no line
losses.

=(U// Ro)(x' /y). This must equal the charge
accumulated by the line capacitance from
x=0to x=x' and this is Cx'U. Thus,

19

Fig. 11. (a) digital input signal to t.p.I.; (b) u(x, t) derived
from (a).
WorldRadioHistory

To investigate, experimentally, a
t.p.I. subjected to astep input, the
line can be 'voltage-driven' or
*current-driven' as shown in Fig. 6.
In both cases, the condition of
switch S is assumed to change at
t= O.
Simple experimental predictions of terminal voltage behaviour
based on Fig. 6(a) require aknowledge of R. and the certainty of its
constancy over the range of the output voltage swing. It is not possible
to guarantee constancy using stan-
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GENERAL INTEREST

dard saturated transistor logic circuits (e.g.
profile of the dashed line in Fig. 9(b) and
Tn.) to voltage-drive the line.
Fig. 10. We have thus deduced u(x, t') for a
In the current-drive scheme of Fig. 6(b),
ramp input. The general case for an input of
the output resistance, Rg,is generally much greater than R, and can be
ignored by comparison with it. This
is the case, in practice, with a
switched long-tail pair driver stage.
u(x, t) denotes line voltage as afunction of vartiables xand t. Of special
interest are: u(0, t), the variation with
tat x= 0, i.e., the input waveform,
Lie); u(x', t) the waveform at an arbitrary point x=x'; u(x, t'), aplot of
line voltage as afunction of x at a
specific time t=t'.
Fig. 12. Current-driven terminated line.
In Fig. 7(a), u1(t) is astep of magnitude IR, because the line appears initially,
at its input terminals, as apure resistance Ro.
u(x', t) in Fig. 7(b) is u(0,t) delayed by a
time interval (x7v): the line is uncharged at
x' till the step reaches that point. If the switching action occurs at t=t
o,
the line is charged
up to the point v(t'—to).
Unlike u1(t) and u(x',t), which can be
monitored, u(x,t') is not a waveform.
However, if we choose an appropriate scale
Fig. 13. Calculation of terminal voltage at t t
d.
on the paper as in Fig. 7(c), we can make
the graph appear complementary to that of
Fig. 7(b). This means that the sum of ordi2U
nates of the two graphs, at agiven point on
ur- (
1' ri9
the horizontal axis, gives aconstant value.
This scale changing 'trick' is useful in deriving u(x,f) from uf(x',t) for the general case
of aline signal that is not astep, as we will
show now.
In Fig. 8, n current sources each of
strength !In are connected to a t.p.l. via
Ur
switces SI—Sn.
Si changes state at t= (to + Ltd, where
At, = [
(4,— to) In} ,and pumps acurrent
2U
into the line. This is followed at successive
UT a l
time intervals At, by S2—Sn, respectively,
2U
I RT /
causing additional current steps 1ln to be applied in sequence to the line input.
Equation [4] specifies alinear relationship between u and i, so the Principle of
Superposition is applicable and we can add
algebraically the effects of each input taken
separately to obtain the overall response.
U,
The resulting waveform for u1(t) is avoltage 'staircase', which, for n=4, is shown in
Fig. 9(b). The dashed line joining the edges
900130-34
of the treads intersects the t-axis at t= t
o.
Suppose now that instead of n = 4 we let
Fig. 14. Generation of v
rfor R
T
Ro:(a) Rt>Ro;
n—y co. The staircase edge then assumes the
(b) RT <Ro.
,

o

L_

L-

arbitrary shape is worked out similarly by
considering steps of unequal magnitude
and—if necessary—opposite polarity when
the switches in Fig. 8change state.
Thus, the digital input signal of
Fig. 11(a), with transition times t,
and t
f purposely chosen unequal,
produces u(x, t') in Fig. 11(b). Figure
11(c) may be regarded as a scaled
mirror image of Fig. 11(a) displaced
along the horizontal axis. An alternative graphical method for obtaining u(x, t') from u(0, t) is given in the
reference at the end of this article.

Reflections
It

is convenient to imagine asemi-infinite
line, stretching from v=øtox=oo, in an initial discussion of lines because it simplifies
the presentation. However, once the progress
of a step wavefront is understood we can
consider what happens at the end of aline of
finite length /when apulse edge or apulse
of arbitrary shape reaches it.
Consider the scheme shown in Fig. 12,
where RT is aterminating resistor. A voltage
wavefront uf of amplitude U = IR,, which
we call the forward wavefront, starts down
the line at t=0when Sopens. It reaches the
end of the line in the one-way delay time
t
d =/
/ =It,,.
The terminal voltage terat t=t
d is calculated from the sliding source equivalent circuit of Fig. 13: ier(t) = 2UR T /(
RT + R„).
Now, u-r = uf (the terminal voltage step is
equal to the amplitude of the forward voltage
wavefront on the line) if RT =R0.
This is the case of aline 'matched' or 'correctly terminated' at the receiving end. Then
RT dissipates energy at the same rate as it is
supplied to the line from the source. No energy is reflected, that is, sent back to the
source. As far as any effect on the sending
end is concerned, the line may just as well
be considered semi-infinite despite its actual
finite length. There is an analogy here in
radar. If the energy in aradar beam is completely absorbed by atarget, there is no reflection, that is, the target is 'invisible'. As
far as the radar receiving equipment is concerned, the target may be regarded as located
at apoint an infinite distance away. Suppose,
however, that RT R„. Then, uT ci f,all the
energy associated with ufcannot be absorbed
by RT,and areflected wavefront u,. is pro-

Fig. 15. (a) line voltage for 2td≥t >td;(b) sliding circuit equivalent circuit form for (a); (c) circuit for calculating vi(2fd).
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LINE PULSE FUNDAMENTALS
duced. The amplitude and polarity
of Urmust be such that the Principle
of Superposition is applicable at the
termination.Thus,

Wm =L/(/') 2 /2

[14]

Equating Wm and W, yields:
t„ = (td //) =(L

RO)

[15]

Uf

However, R0 =Ni(L IC ), so that
or

Ur=UT —Uf.

t„ =*LC)

[9]

Substituting for ter from (8) and
= U, gives

Fig. 16. Current-driven line, matched at the sending end.

u,.=[{2URT /(RT +Ro))--U]=pv T U

as previously shown in [6].
With reference to Fig. 16, the case
RT =00 gives the waveforms for ul(t)
and i(t )in Fig. 19.

Conclusion

[10]
Ro

where pvf is the voltage reflection coefficient at the termination and is defined by
PVT e (
RT—R„) /(
RT +Ro)

[16]

[11]

Ro

This article has dealt in detail with some aspects of line pulse operation that are either
ignored or skimpily covered in the literature.

am 21J
21.1T

Reference:

Figure 14 shows ageometrical construction giving id, for the cases:
Fig. 17. Equivalent circuit for calculating
vi(21d)for RT O.

(a) RT >R„, and hence pvf >0, and

Digital Signal Transmission: Line Circuit
Technology by B.L. Hart, Van Nostrand
Reinhold (UK), 1988 (Chapter 3).
al

(b) RT<R0,and hence PVT <0.
For either condition, the reflected voltage
wavefront travels back to the source.
A plot of line voltage for 2td≥ t> t
d is
shown in Fig. 15(a) for pvr =0. This results
from adding Ur to the existing line voltage
giving atotal line voltage (1 +pvT )U at the
position of the wavefront.
The total line voltage is also obtained
from the sliding source equivalent circuit
which, in this case, comprises agenerator
2p vT U in series with an output resistance R,
as shown in Fig. I
5(b):
u(2td)= IR,+ 2p vT U = U(1 + 2p vT ).

MIMI CONTROLLER IC

[12]

Since there is already aline voltage U and
Ur=pv fU, this means afurther forward, reflected wavefront of amplitude pvT U. This
also follows from [11] since the voltage reflection coefficient is unity for an ideal current source.
The current-driven line of Fig. 12 with
RT *R, is of restricted use. Two cases of reflection of practical interest for acurrentdriven line with an intentional mismatch at
the receiving end are considered next.
With reference to Fig. 16, in which ashunt
matching resistor is incorporated at the sending end, the two cases correspond to RT =
and RT =ce.
Consider first the case RT =0. Writing U
for TR, I2, it follows that u1(0+) =U. From
[11 ]. PVT =—I .
The equivalent circuit for calculating u1(20, and KA) for t>2td is shown
in Fig. 17.
In Fig. 18, u(t) is apulse of amplitude U
and duration 2td.The line input current,
and the energy supplied by the source, 1
1
/
9,
are shown in Fig. 18(b) and Fig. 18(c) respectively.
An argument based on the Principle of
Conservation of Energy leads to an algebraic
expression for t„. Thus,

Fig. 18. For RT 0, the energy, Ws,
supplied to the
line by the source (c) is obtained by multiplying
graphs (a) and (b).

u
i
t

1 Ro
1

o

4-1 Ro /2

21 d

I

14-11'21
_

900130-29

Fig. 19. vi(t), i
l
() for the case RT
Ws = (IV /2)2td =/'U = (/') 2/i'd 2

[13]

At t= 2td,the line stores no energy in its
electric field since at that time if =0. All the
energy. Wn,, is stored in the magnetic field:
WorldRadioHistory

The Si9120 pulse-width modulation
(Pwm) controller lc from Siliconix offers alow-cost solution to the provision of awide input-voltage range for
universal-input power supplies.
The unique wide-input range of
50-450 V enables the S19120 to operate directly from rectified 110 V or
220 V AC power lines.
All essential controller functions are
integrated in the the Si9120, including high-voltage start-up circuitry,
oscillator, error amplifier, voltage reference. and anon-inverted cmos output driver for the external mosFsr. The
low supply current of 1 mA allows
highly efficient, very reliable operation at high temperatures, and thehigh frequency (500 kHz) meets the
high-performance demands of modern power supplies.
Siliconix has manufacturing and
sales operations in the USA, United
Kingdom, Hong Kong and Taiwan.
Other sales offices are located in
Germany, France, Italy and Sweden.
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PC-CONTROLLED VIDEOTEXT
DECODER PC-VT7000
PART 1: INTRODUCTION AND DESCRIPTION OF THE DECODER

itninitinti

This Videotext decoder, designed and marketed as a kit by ELV,
allows the decoding and storage of Videotext (or Teletext) pages on
an IBM PC or compatible. Among the special features of the
PC-VT7000 are fast access to subpages, the possibility of using a
video recorder for separate processing of subtitles (particularly
useful for the deaf and hard of hearing), and the use of a
SCART-compatible TV set for displaying the decoded pages.

Videotext, Teletext, CEEFAX and Oracle are
but afew names given by broadcasters to a
special information service transmitted during the blanking period of TV signals. The information is brought to the viewer via pages
of text and graphics, which can be called up
by entering the appropriate number on the
remote control of the TV set. Among the subjects in the Videotext service are news items,
sports, weather information and TV programme overviews. In most cases, the pages
are updated by the broadcaster's editorial
staff for the Videotext service.
In the PAL TV system, 625 TV lines are
transmitted as two interlaced fields of
312.5 lines each. About 50 of these lines fall
inside the vertical retrace (or blanking) pe-

riod, which is not normally visible on the TV
screen. These 50 lines are used to convey test
signals and digital information (see also
Ref. 1).
Teletext is usually conveyed via lines 11
to 14, and 20 and 21, in the first field, and 324
to 327, and 333 and 334, in the second field.
At afield frequency of 50 Hz, the maximum
text line rate is about 300 per second, corresponding to about 12 pages per second.
To be able to receive Videotext pages, you
need a special decoder. Most modern TV
sets, and even some of the latest video recorders, have such a decoder as abuilt-in
unit. Where adecoder is not part of the TV,
it may often be purchased and installed as an
upgrade.
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After entering the requested Videotext
page number on the remote control, the decoder starts to search for it. The search process is indicated by the three-digit page
counter in the upper left-hand corner of the
TV screen. When the page is found, the
search process stops, and the relevant information is shown on the screen. Unfortunately, finding aparticular page may take
quite some time — depending on the reception conditions and the number of pages in
the service, wait times of up to 10 sare not
uncommon. Particularly when frequent use
is made of Videotext pages, the long wait
time before they are available is areal disadvantage of an otherwise extremely useful information service.

PC-CONTROLLED VIDEOTEXT DECODER PC-VT7000

The PC-VT7000 has anumber of advantages over aconventional Videotext decoder
built into aTV set. To use the unit, you require either a video recorder with aCVBS
(chrominance-video-blanking-synchronization, also called composite video) output, or
aTV set (with or without aTeletext decoder)
with aSCART socket. The CVBS signal taken
from this socket is fed to the PC-VT7000.
After decoding and processing,
the
Videotext pages may be displayed either on
the TV set (which takes in the video signal
via the SCART socket), or on the monitor of
the PC. A video recorder may be connected
to the second SCART socket on the PCVT7000 to enable Videotext pages as well as
TV pictures with subtitles to be recorded.
The latter option is of particular interest to
the deaf and the hard of hearing.
A further special feature of the decoder is
its ability to produce hard copy of Videotext
pages on aprinter. By using this option you
are in aposition to print out, say, the day's
programme overview, or the current
weather situation (which consists of charts
and tables). The final advantage of the PCVT7000 over aconventional Teletext decoder
is that it enables you to have immediate access to subpages. Most conventional Teletext
decoders allow you to enter the main page
only. To view the subpages that belong with
this main page, you have to sit and wait for
the decoder to show them one after the other.
Normally, asubpage is shown 10 seconds or
so before the next appears. There is, however, no way to skip subpages to get at the
one you do want to read. Many Videotext
users find this irritating and awaste of time.
The PC-VT7000 has aspecial page memory
that solves this problem by offering you immediate access to any subpage.

Connecting the decoder
The PC-VT7000 consists of two units: (1) an
insertion card for PCs that provides an IC
bus interface, and (2) the decoder proper.
The inputs and outputs of the decoder are
found on the rear panel of the ELV 7000-series enclosure. These inputs and outputs are
used to connect the PC insertion card and the
video equipment.
The minimum equipment to run the system is aTV set with aSCART socket, which
must be connected to the PC-VT7000 via a
SCART cable. One of the pins on the SCART
socket of the TV supplies the composite
video signal, which is used by the decoder to
extract the Videotext information. This information is processed and turned into avideo
signal that is fed back into the TV set, again
via the SCART connection, which thus functions as abidirectional link.
The second SCART socket on the rear
panel of the PC-VT7000 allows avideo recorder to be connected. The special use of the
VCR for recording TV programmes with a
subtitling service has already been mentioned.
The toggle switch on the rear panel is
used to select either the TV set or the video
recorder as the source of the CVBS input sig-
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Block diagram of the Videotext decoder, and its connections to external equipment.

nal for the decoder. When this switch is set to
TV, the TV set must be switched on — otherwise, the tuner can not supply aCVBS signal
to the decoder. For the same reason, when
the switch is set to the other position, the
VCR must be on or in stand-by mode, i.e., its
tuner must supply avideo signal that contains Videotext information. To enable the
PC-VT7000 to store Videotext pages on the
PC, or programmes with subtitling on the
VCR, the input source switch must be set to
TV.
There is one special equipment configuration in which a TV set is not required:
when a VCR is used as the CVBS signal
source, and acomputer screen only to display the Videotext pages.
The IC insertion card is powered by the
PC. The cable between this interface card
and the decoder also carries the required
supply voltage, so that a separate power
supply is not required to use the system.

The hardware: an overview
The block diagram in Fig. 1shows the way in
which the previously discussed units are interconnected. The heart of the circuit is
formed by the Videotext decoder, which
communicates with the other units via atwoway multiplexer that forms part of the main
decoder. The CVBS signal that contains the
Videotext information of the relevant broadcaster is supplied by the tuner in the TV set.
As already mentioned, the decoder may also
accept the CVBS signal of avideo recorder,
provided this is not used to play atape. Unfortunately,
owing
to
their
limited
bandwidth and recording method, very few
videorecorders are capable of reproducing a
usable Videotext signal from tape. However,
the VCR is perfect for recording and reproducing decoded Videotext pages and programmes with superimposed subtitles.
The CVBS signal applied to the decoder is
analysed to extract and store the TV lines
that contain Videotext information (see also
WorldRadioHistory

Ref. 1). Next, the information is either sent to
the PC via the IC bus (see Ref. 2), or fed to the
display controller which uses it to build a
complete picture that can be displayed on
the TV screen.
The system also allows decoded
Videotext pages as well as subtitles with the
current programme to be recorded (on the
VCR) or stored (on the PC). It should be
noted that the stored Videotext pages and
the subtitles are displayed in black and
white, while the VCR recordings are, of
course, in colour.

Control program
The functions of the PC-VT7000 are controlled from aPC running aspecial program,
loaded from floppy disk or hard disk. This
program is called up by typing VT followed
by acarriage return. The program automatically prompts the Videotext decoder to
search and display page 100 on the PC monitor or the TV screen. The command to do so
is issued by the PC insertion card and sent to
the decoder via the I
2
C bus. Page 100 is provided as adefault value: by simple programming, the software can be changed to load
any other page on starting the system.
Although the control program supplied
with the PC-VT7000 is largely self-explanatory, ahelp function giving details of all essential actions may be called up at any time
by pressing function key Fl.
The three-digit number of the requested
page is entered on the PC keyboard. A page
selection window appears on the PC screen
when the first digit is typed. Since the page
number invariably consists of three digits,
the CR key need not be pressed when the
number is complete. The requested page is
displayed as soon as it is found in the
Videotext datastream. If the page is not active, or can not be found, amessage appears
after ashort while.
As already mentioned, the PC-VT7000 offers afast way of calling up subpages. After
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Example of a Teletext screen (BBC TV Europe programme via satellite).

loading the main page, simply press the Ior
the Lkey to leaf through the subpages. The
action on part of the Videotext decoder is virtually immediate. The other two arrow keys,
4— and —>, are used to leaf through the main
pages. Since the main pages are not stored
sequentially, this may take more time than
with subpages.
The current Videotext page may be sent
to aprinter by pressing F2.
Function key F3 allows the currently displayed page to be converted into adata file.
After pressing F3 you are prompted to enter
comment which helps you identify the page
when it is retrieved later. The program automatically assigns the page number to the file
as an identifier.
Videotext data files may be retrieved by
pressing F4. You are prompted to enter the
number of the requested page, which is subsequently loaded from disk and displayed
on the PC screen. Note that this function is
available even when neither the IC insertion
card, the main decoder, nor the TV set are
connected.
The list of Videotext datafiles stored on
the computer, along with the associated
comment, may be called up by pressing the
F5 key.
Finally, the control program may be terminated by pressing the ESC key.

The Videotext decoder
The circuit diagram of the decoder is given
in Fig. 4. As already mentioned, this circuit is
fitted into aseries-7000 type enclosure. The
CVBS signal is applied to the decoder either
via pin 20 of SCART socket BLit (TV set), or
via pin 20 of BU2 (video recorder). The CVBS
signal supplied by the TV set is terminated
with resistor Ri, and applied to pins 4and 11
of analogue multiplexer IC5. When the CVBS
signal from the VCR is used, this is allied to

pins 2and 15 of the same IC. The required
terminating resistance is then formed by the
TV set, whose CVBS input is connected to
pin 19 of socket BUi. In case aTV set is not
connected, switch Si must be set to the upper
position to allow R2 to function as aterminating resistance.
The SCART sockets, BUi and BU2, are
wired in amanner that allows the video recorder and the TV set to be used for recording programmes and playing back tapes just
as if the PC-VT7000 were not connected, and
without having to change any cable or connection.
The CVBS signal with the Videotext information in its vertical blanking period is
applied to electronic switch (multiplexer)
IC5. Depending on the source selection
(Rec/ TV) set with S2, either the CVBS signal
from the TV set, or that from the tuner inside
the VCR, is routed to the parallel-connected
IC outputs, pins 3and 13. This is achieved by
S2 determining the logic level at address selection input A of the 4052.
SAA5231 VIP2
The composite video signal arrives at the
input of the video processor, ICi (SAA5231)
via coupling capacitor C6. The SAA5231 VIP
(Video Interface Processor) extracts the
Videotext information from the data carried
in the previously mentioned TV lines in the
vertical blanking interval. The block diagram of the SAA5231, which is manufactured by Philips Components, is given in
Fig. 3. Its tasks include:
• separating and regenerating the
Videotext information;
• generating aclock signal that is synchronous to the current picture;
• supplying data to the display controller
that follows it;
• extracting the synchronization components from the CVBS signal;
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• supplying the synchronization components to the display controller that follows it;
• switching to internally generated synchronization when the external synchronization fails;
• supplying the synchronization components at positive and negative polarity;
• locking the internal 13.5-MHz quartzcontrolled oscillator to the applied CVBS
signal;
• adjusting itself to the level of the applied
CVBS signal.
The CVBS signal applied to pin 27 of ICi is
fed to an internal adaptive data separation
stage with aslicing level of 50% of the CVBS
signal amplitude. The slicing level is set to
50% to achieve the highest possible noise immunity. The 8-bit data supplied by the VIP2
consists of 7databits and 1parity bit.
As shown in Fig. 3, the CVBS signal is
also fed to the input of an adaptive sync separation circuit. The slicing level of this circuit
is adjusted automatically as afunction of the
input amplitude. This is done to compensate
low-frequency level variations.
The VIP2 supplies the Videotext data and
the associated clock pulses at output pins 15
and 14 respectively, for use by the display
controller that follows it.
The output frequency of the 6-MHz VCO
(voltage-controlled oscillator) on board the
VIP2 is controlled via aphase detector, with
the aid of a line-frequency clock signal at
pin 28. This is done to ensure that the generated Videotext characters are synchronized
to the current picture as required for the subtitling service. The synchronization pulses
obtained from the input video signal are also
applied to the phase detector. The 6-MHz
clock, which is phase-locked to the sync
pulses, is coupled out via pin 17 and applied
to the relevant input, pin 9, of the display
controller, aSAA5243.
Pin 28 of ICi accepts the composite synchronization signal generated in the
SAA5243. When the synchronization signal
at the CVBS (TV programme) input of the
VIP2 fails, this chip automatically switches
to the replacement sync signal furnished by
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Circuit diagram of the VideoText decoder. Note that this ciruit is controlled via an I
2C interface connected to PCB header STL1.
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the ECCT. The ECCT also generates the
sandcastle pulse, which is fed to the VIP2 for
use in the Videotext data slicer.
Capacitor C15 and inductor Li form the
external components required to make the
6.938 MHz data clock filter operate. Similarly, quartz crystal Q2 and capacitor C25 enable the 13.875 MHz oscillator to operate.
Pin 1of the VIP2 supplies the compositesync signal for the TV set. Resistor R12 sets
the polarity of this signal to positive by pulling it to the +12-V supply rail. The synclocked 6-MHz oscillator operates with
external components QI, C13, C14 and R25.
Trimmer C14 allows the synchronization to
be adjusted.
SAA5234 (ECCT) and page memory
The full identification of the SAA5243, another Philips Components IC, is Enhanced
Computer-Controlled Teletext Chip, which
is mercifully abbreviated to ECCT. Together
with a RAM Type 6264 and the VIP2, the
ECCT forms the heart of the present decoder.
It should be noted that the VIP2 and the
ECCT are also available under the respective
type numbers SDA5231 and SDA5243 from
'second source' Siemens.
As shown in the block diagram in Fig. 5,
the ECCT contains acharacter generator, a
data acquisition circuit, an I
2
C interface, a
clock driver and amemory interface. These
standard functions are boosted by the following extras:
• an integrated character generator with
160 alphanumeric and 2x64 graphical
characters, each built in a12 (H) by 10 (V)
matrix;
• user-controlled double-height characters
for the upper or lower half of the
Videotext page;
• insertion of all characters and colours via
commands on the IC control bus;
• the current character position may be
identified with acursor;
• status information above or below the
main text (line 25);
• automatic switching of the character set
to one of six languages by special control
bits in the page header;
• simultaneous searching process for up to
four pages;
• data capture in all lines of the frame (fullchannel mode), offering fast page access.
The clock driver in the ECCT communicates
with the VIP2 video processor via pins 9to
12. After checking their validity, the ECCT
accepts the data and clock signals received
from the VIP2. These data are written to the
external page memory RAM, a6264, via the
memory interface. The data acquisition is organized such that four Videotext pages can
be searched for, and stored in RAM, simultaneously. Thus, these four pages are updated
at the same time. The page memory is accessed with the aid of signals OE (output enable) and R/W (read/write). Data is carried
via pins 22 to 29, and addresses via pins 2, 3
and 30 to 40.
The ECCT supplies the picture information via its three colour output pins, R, G and
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(.5)i)

ODD/EVEN

AA5243
(ECCT)
„,,
9
data

F6
VCS
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Fig. 5.

Block diagram of the SAA5243 En-

hanced Computer-Controlled Teletext chip
(ECCT).

B. The character generator has 256 characters, aselection of which is available in each
of the six national character sets that can be
called up by an appropriate software command.
The blanking signal for use with the RGB
components is available at pin 17 of the
ECCT. This signal is used during mixed picture operation as, for instance, Videotext
subtitling. The system has two modes of operation, which are selected by software:
- character insertion (superimpose)
- background suppression
The Y-signal (luminance or brightness) is
provided independently of the selected colour at pin 2of the ECCT, and is thus only
valid for the Teletext characters. A flash
function is not provided as standard.
Output circuits
The R, G, B, blanking and Y outputs are of
the open-drain type, and require external
pull-up resistors. Resistors Ril-R12 are fitted
at the Routput, R13-R14 at the G output, and
R1 5-R16 at the Boutput. The ratios of these resistors determine the signal level at the base
of the associated RGB transistor driver stage.
Preset R27 enables the output level of the
RGB drivers and that of the Youtput to be set
to avalue that produces optimum contrast of
the Videotext characters in relation to the TV
picture.
The four outputs are decoupled by diodes Di to D4. The drivers for the RGB and
blanking signals are built around four transistors in common-collector circuits, Ti to T4.
Resistors R3 ICI R6 determine the output impedance and ensure optimum signal matching to the loads formed by the TV inputs. The
signals are fed out of the circuit via the
SCART socket for the TV set.
VCR output
As already mentioned, the PC-VT7000 offers
the user the possibility of recording
Videotext subtitles on aVCR. This works as
follows. The Ysignal at pin 18 of the ECCT is
fed to the base of emitter follower T6 via R30.
The composite-sync signal is added to the
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video via R32. Capacitor C32 provides the
necessary d.c. decoupling. The combination
of R30 and R31 forms the pull-up resistor at
the open-drain Y output, pin 18, of the
ECCT.
The buffered VBS (monochrome) signal
at the emitter of T6 is fed to the inputs, pins 1
and 3, of electronic switches IC4B and IC4c.
Each second input of these switches, pins 2
and 5, has on it the CVBS signal (the original
TV picture). This means that the system can
switch between these signals. To make sure
that the CVBS signal is at the right level, it is
fed, via C30, to aclamping circuit composed
of IC4A, R33, R35, R36 and C31. Since the positive sync pulses supplied by the VIP2 control
the electronic switches, the CVBS input signal is clamped at apotential fixed by R35-R36.
This ensures the correct d.c. levels at the second inputs, pins 2 and 5, of the electronic
switches.
The control of electronic switches IC4B
and IC4c is determined by the blanking signal. The relevant output, pin 15, allows one
of three signal configuration to be selected:
- the original composite video signal;
- the Videotext image;
- amixture of these (superimpose).
When the third configuration is used, the
output supplies a signal composed of the
CVBS TV signal and the VBS Videotext signal. This mixed signal is fed to abuffer, T5,
via coupling capacitor Cs. The buffered signal is taken from the emitter of T5, and fed to
the video recorder input via pin 19 of the relevant SCART socket.

Interface to I
2C card
The connection marked STD links the
Videotext decoder to the PC. This connection
carries the supply voltages for the decoder
board, and the data.
All functions of the Videotext decoder are
controlled via the IC bus interface, pins 19
and 20, of the ECCT. The relevant control
signals are conveyed via the IC interface
card in the PC. As already mentioned, this
card forms part of the project.
Finally, connector ST12 carries anumber
of control and data signals that may be used
for future extensions.
Next month's second and final instalment of
this article will deal with the operation of the
I
2
C card, and the construction.

A complete kit of parts for the
Videotext decoder 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

MILLIOHMMETER

As you are probably aware, measuring small resistance values is
difficult, if not impossible, with conventional digital and analogue
multimeters. While only afew of these instruments have a 1-Q range
with limited practical use, the meter presented here allows very
small resistances in the range from 10 mS2 to 552 to be measured
reliably.

A. Rigby

That most multimeters have alowest resistance range of 100 û or 1kû is not surprising. The measurement of small resistances
poses anumber of special problems that do
not occur in the kû ranges. Take, for instance, the measurement system, which in
many cases has to be changed just for the
sake of the lowest range. There is, however,
a more serious problem in the range up to
10 0: the contact resistance of the test lead
plugs and the sockets on the instrument,
and, of course, the resistance of the test leads

I+

+R x
-F

1-

Rx
910004-14

Fig. 1. Four-point
ment principle.

resistance

measure

themselves. A connection formed by abanana plug and amating socket, both in new
condition, represents a typical resistance
smaller than 1mû. This resistance rises to
several milliohms as the contact surfaces
start to oxidize. Although afew mil may not
seem much to start worrying about, such
values are significant since the instrument
discussed here has aresolution of 2mû. The
resistance of the test leads is also afactor of
some importance. A test lead with alength of
1m and across-sectional area of 1mm 2has a
typical resistance of 17 mû. For a similar
lead with across-sectional area of 2.5 mm 2,
this value becomes 7mû. Relating these values to 1s
2, the error factors are 1.7% and
0.7% respectively. In other words, our measurement starts to become unreliable when
these parasitic resistances are not taken into
account. Fortunately, there exists ameasurement principle that eliminates the effects of
these unwanted resistances. This principle is
called four-point resistance measurement.

Two terminals, four wires?
Using four wires to connect aresistor with
only two terminals to ameter system may
seem strange at first. However, since these
wires may be divided into two pairs with the
WorldRadioHistory

MAIN FEATURES
• Ranges:

100 mg 200 mg 500 mg
1g 2 g 5 Çà

• Resolution:
• Principle:

2% of f.s.d. value
4-point measurement
with pulsed constant
current

• Measurement current:

I = 1A
i
nns = 10 mA

puse length approx. 1ms
repeat rate approx. 10 Hz.
• error detection: too low test current
• current consumption:

max. 70 mA

same functions, this method allows us to
eliminate the effects of parasitic resistances.
The principle is illustrated in Fig. 1. The unknown resistor, R, is connected with four
wires. The outer two cause a current flow
through R. The present meter sends aconstant current through Rvia terminals I+ and
I—. The advantage of using aconstant-current source is that it is not affected by the parasitic resistance. Hence, we know exactly
how much current flows through R. To determine the value of R, all we have to do is
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measure the voltage across it as aresult of
the constant current. This voltage is fed to
the instrument via wires +Rx and -Rx. These
wires are connected as close as possible to
the resistor body, or to the terminals to
which aresistor is to be connected later. In
this way, only the voltage drop across the resistor is measured, without the additional
voltage across all kinds of parasitic resistances. The system also eliminates the resistance of the test leads, and the contact
rèsistance at the plugs and sockets.
Since the current flow into the voltage
meter is negligible with respect to the constant current sent through the resistor under
test, it may be concluded at this point that the
four-point resistance measurement offers a
reliable method of determining the value of
small resistors at an accuracy that is not normally achievable with amultimeter.

1A, and no heat?
Good as the four-point measurement system
may be as a basis for the design of a
milliohmmeter, there are more aspects to
such an instrument that need to be given
thought. Among these factors is the heat dissipated by the resistor. To make sure that a
low-value resistor produces avoltage drop
that is readily measured, it must pass arelatively high current. We can not make the current as high as we wish, however, since the
maximum permissible dissipation of the resistor must be taken into account. A 1-Q resistor with a power rating of 0.25 W, for
instance, will not survive the constant current of 1A supplied by the instrument. The
solution to this problem is found in the use

of apulsed constant-current source (see the
block diagram in Fig. 2). The resistor under
test is fed with an effective current of only
10 mA since the 1-A current source is pulsed
at aduty factor of 0.01 (1 ms on, 100 ms off).
Even a0.25-watt resistor will not mind such
a low effective current. Unfortunately, the
use of apulsed test current has one disadvantage in that resistors with a relatively
high reactive component (stray inductance
or capacitance) can not be measured reliably.
The test current through the resistor is
pulse-shaped because the constant-current
source is switched on and off by apulse generator. The same generator controls asample-and-hold
circuit
that
stores
the
measured voltage during the 'off' period of
the current. This means that the output of the
sample-and-hold supplies aconstant voltage
whose value is in direct proportion to the
measured resistance. Depending on the selected range, this voltage is amplified or attenuated before it is fed to a moving-coil
meter provided with an ohm scale.
The circuit helps you avoid measurement
errors by signalling over-range conditions.
This is achieved by monitoring the output
current of the current source. When a too
large resistor is connected, or when the current wires, I+ and I-, are broken, the current
source will no longer be able to supply 1A,
so that the voltage measured across the resistor is no longer adirect measure for the resistance value. However, the meter will still
indicate 'something' because the measurement circuit and the resistor supply are separate circuits. The fault condition is simple to
recognize because the current source then
pulls terminal I- to ground. A detector cir-

pulse
generator

sample &
hold
o

1A
current source

range
selector
------measurement
amplifier

HI

error
detector

910004 -12

Fig. 2. Block diagram of the milliohmmeter. The resistor to be measured, Rx, is connected
into a four-point network that supplies constant current pulses, and feeds the voltage
developed across Rx to asample-and-hold meter circuit.
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cuit that measures the voltage between the Iterminal and ground is all that is required to
signal over-range conditions. When these
occur, the detector causes the ERROR LED to
light

Circuit description
Having explained the principle of operation
of the milliohmmeter, we can start to look at
the way the circuit is realized in practice. Figure 3shows the circuit diagram of the instrument. The pulse generator is built around
opamp IC2a. Resistors RI, R2 and R3 cause
the opamp to function as aSchmitt-trigger
inverter, while components R4, R5, Di and C
provide the function of an oscillating pulse
generator. The operation of the generator is
as follows: when the output of IC2a is high,
capacitor C2 is charged via diode Di and resistor R4, until the voltage across it reaches
the upper switching threshold of the
Schmitt-trigger. This takes about 1ms. Next,
the output of IC2a goes low, so that C2 is discharged to the lower switching threshold.
This takes about 100 ms. The output of the
opamp goes high again, and the cycle is repeated. Transistor Ti inverts the output signal of the pulse generator.
The current source in the instrument is
built around opamp IC4. This provides a
drive signal to transistor T2 that results in a
voltage across emitter resistor R25 equal to
the voltage at the +input of the opamp.
When this voltage is constant, the emitter
current is constant too. Since there is afixed
relation between the emitter current and the
collector current of T2, it follows that the collector current is also constant. The magnitude of the collector current (which is the test
current through the unknown resistor) depends on the value of R25 and the voltage at
the +input of IC4. That voltage is supplied by
preset P4, and is stabilized by a precision
zener diode, Dz. The zener diode is powered
by the pulse generator. As aresult, the voltage set by P4 at the +input of IC4 will vary
between nought and the set peak value.
Hence, the test current will also vary between nought and the set peak value of 1A.
The current sent through the resistor
under test can not be drawn direct from voltage regulator IC.5 because the peak value
(1 A) is about equal to the maximum current
the 7810 is capable of supplying. However,
since the peak current has arelatively short
'on' time, the necessary energy may be obtained from alarge electrolytic capacitor, in
this case, C5. It will be clear that the voltage
across this capacitor is far from constant.
This is of little consequence, however, since
these variations are compensated by the current source. Resistor R30 between C5 and the
voltage regulator keeps the charge current
within limits. The relatively long 'off' time of
the current pulses ensures sufficient time for
the capacitor to be charged via this resistor.
The test current sent through the unknown resistor via terminal I- gives rise to a
voltage which is fed to the sample-and-hold
circuit via the Rx terminals. The sample-andhold stores the measured voltage during the
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Circuit diagram of the milliohmmeter. The instrument is powered by an external mains adapter with a 15 VDC, 100 mA output.

'off' time of the test current. In addition, it
converts this voltage from floating into one
that can be measured with respect to ground.
Four CMOS bilateral switches are used to
achieve this. When the current source is on,
switches ICia and ICIc are closed, while ICib
and ICid are open. Capacitor C3 is connected
in parallel with Rx via resistors Rs and R9,
and will be charged until the voltage across
it equals that across Rx. The resistors and C3
form alow-pass filter to suppress interference. The moment the current source is
switched off, switches ICIa and I0c are
opened, while I0b and ICId are closed. This
results in C3 being connected to ground via
I0d. The switching can be done without the
risk of ashort-circuit occurring, because the
connection with the floating voltage across

Rx is broken. Next, the voltage across C3 is
fed to C4. This capacitor ensures that the
measurement amplifier, IC3, is provided
with an input voltage during the time C3 is
connected to Rx.
Switch Sm selects between an amplification of one, and an amplification of 10, for
opamp IC3. These amplification factors are
used for the ranges 1Q, 212 and 512 (x1), and
100 mQ, 200 m12 and 500 mQ (x10). The offset of IC3 is compensated by adjusting P2.
The attenuator circuit that follows IC3 consists of anumber of switchable potential dividers that drive moving-coil meter Mi. The
use of 1% resistors in the attenuator obviates
any adjustments. The attenuator is followed
by the moving-coil meter with its series resistors R21-P3.
WorldRadioHistory

The over-range detector is formed by
comparator IC2b. Resistors R27 and R28 define the switching threshold of this comparator at about 3.3 V. The comparator compares
this reference level to the voltage across capacitor Ci, which is charged via R26 and can
only be discharged when the current source
is off. Then, the minimum voltage across CI
is about 0.6 V higher than the collector voltage of T2. When this voltage drops below
2.7 V as aresult of atoo high resistance between the I+ and the I— terminals, the voltage
across 0 drops below the switching threshold of the comparator. Consequently, this
toggles, so that LED Da lights. Calculating
the resistance value at which this happens,
we find avalue of about 7Q between the I
terminals.
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COMPONENTS LIST
Resistors:
2 39e2

Rl;R2

1 27kû

R3

5

101d2

R4;R6;R7;
R15;R16

3

1MO

R5;R10;R26

3

1kíz

R8;R9;R12

1 8k,fI2

R11

2

12k.(1

R13;R14

4

10kû1%

R17 — R20

2 6k,(28

R21 ;R27

2 31<123

R22;R28

1 150k,(2

R23

1 100i1

R24

1 00,56

R25

1 4700

R29

1 60.8

R30

1 22M12

R31

2 21(Q5 preset H

Pl;P3

1 11d2 preset H

P2

1 1001<11 preset H

P4

Capacitors:
3

100nF

Cl;C2;C7

1 220nF

C3

1 27nF

C4

1 220011F 35V radial

C5

1 100µF 35V radial

C6

1 470µF 35 V radial

C8

Semiconductors:
2

1N4148

1 LM336-2.5V
Fig. 4.
Single-sided printed-circuit board for the milliohmmeter. Note that the range
switches are fitted direct onto the PCB.

Construction
When the PCB shown in Fig. 4is to be fitted
into the enclosure mentioned in the parts list,
the corner near ICI will have to be cut off.
Next, fit the parts on to the PCB, starting
with the three wire links. Zener diode D2
comes in two different enclosures: a metal
type and aplastic type. If you have ametal
version, pay attention to the correct polarization (see Fig. 6). The plastic version presents
no problems since its orientation is printed
on the component overlay.
As with previous test instruments in this

series (see the list at the end of this article),
the milliohmmeter is powered by a mains
adapter. In this case, an adapter with arating
of 15 VDC at about 100 mA is recommended.
The prototype of the milliohmmeter is
shown in Fig. 7. The completed PCB is fitted
vertically at a suitable distance behind the
front panel. Use short pieces of solid wire to
connect the banana sockets to the relevant
points on the PCB. The range selection
switch is atype for PCB-mounting that obviates any wiring. The front panel is not fitted
as yet.

Fig. 5.
Completed circuit board, ready for fitting into the enclosure. Note that the left-hand
bottom corner of the PCB is cut off diagonally.
ELEKTOR ELECTRONICS USA DECEMBER 1990

WorldRadioHistory

Dl;D3
D2

1 LED

D4

1 BC547B

Ti

1 BD139

T2

1 4066

IC1

1 TLC272

IC2

2 TLC271

IC3;1C4

1 7810

IC5

Miscellaneous:
100µA moving-coil meter

M1

2-pore 6-way rotary switch
for PCB mounting

Si

metal enclosure, e.g., Telet LC850
(supplier: C-I Electronics). Approx.
dimensions: 8Dx200x180 mm
printed-circuit board 910004
front-panel foil 910004-F

Fig. 6.
The 1M336-2V5 precision zener
diode comes in two different enclosures.

MILLIOHMMETER

Fig. 7.

that C4 is charged by the input off-set current. This effect disappears as soon as aresistor is connected to the Rx terminals.
Next, P4 must be adjusted. If you do not
have access to an oscilloscope, set the preset
to the centre of its travel (this does not affect
the accuracy of the instrument). If you do
have an oscilloscope, connect the 1-Q resistor
between the Iterminals of the instrument.
Do not connect the resistor to the Rx terminals as yet. Connect the oscilloscope as close
as possible to the resistor body, or, when you
use resistance wire, at the distance you have
previously calculated to produce aresistance
of 1û. Adjust P4 until the peak value of the
measured voltage is 1V. This sets apeak current of 1A. Remove the scope connections,
and connect the 142 resistor to the Rx terminals. Switch to the 1-Q range, and adjust P3
for full-scale deflection of the meter.
Finally, connect the 0.542 resistor, and
switch the instrument to the 0.5-1/ range. Adjust Pi until the meter indicates 0.5 Q.
This concludes the adjustment of the
milliohmmeter. At this point, you may fit the
front panel, and apply the ready-made twocolour self-adhesive foil that gives the instrument aprofessional look.

Internal view of the instrument.

Adjustment
To adjust the instrument you require two 1%
resistors: one of 1Û and one of 0.5 Û (preferred value) or smaller. Where these resistors are not available, two pieces of 0.542/m
resistance wire may also be used with good
results. The 142 resistor then has alength of
2m, and the 0.5-a resistor alength of 1m. In
the first case, an error of 1cm corresponds to
a resistance error of 0.5% — in the second
case, to aresistance error of 1%. Resistance
wire with adifferent specification may also
be used, although the required values of 1
and 0.5 12 will be alittle more difficult to calculate.
The indicated length of the resistance
wire applies to where it is connected to the

111

+Rx and -Rx terminals. This means that the
wires must be made slightly longer than 2m
or 1m to allow the ends to be connected to
terminals I+ and I-. Having prepared the
calibration resistors, put them aside for the
moment.
First, null the moving-coil meter mechanically by adjusting the screw on the front.
Switch on the instrument, and turn the range
switch to select the 100-mû range. Connect
the +Rx and -Rx terminals, and adjust P2 for
maximum meter deflection. Next, re-adjust
P2 until the meter just indicates zero. Do not
turn P2 any further, since this may cause an
unwanted, negative, off-set. Remove the
connection between the test terminals. The
meter may start to deflect slowly. This is no
cause for alarm, however, since it indicates

Other test instruments in this series are:
- RF inductance meter. Elektor Electronics
October 1989.
- LF/HF signal tracer. Elektor Electronics
December 1989.
Simple AC millivoltmeter. Elektor Electronics January 1990.
- Q meter. Elektor Electronics April 1990.
- Budget sweep/function generator. Elektor Electronics May 1990.
High-current hFE tester. Elektor Electronics September 1990.
400-W laboratory power supply. Elektor
Electronics October 1990 and November
1990.

MILLI — OHM — METER

Fig. 8.

Front-panel designed for the milliohmmeter. For technical reasons, the meter scale is reproduced in black here, although it is really

white. The scale can be cut out of the self-adhesive foil, to replace the one that comes with the moving-coil meter.
WorldRadioHistory
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MEASUREMENT TECHNIQUES (2)
by F.P. Zantis

After the brief discussion on measuring, errors and tolerances
in Part 1, we now turn our attention to practical measurements,
more particularly the measurement of voltages.

Measurement of
direct voltages
Even measuring adirect voltage is not the
straightforward job it is often assumed to be.
This may be because of the level of the voltage: very low voltages lie under the noise
level and their measurement requires special
equipment and techniques, whereas very
high voltages require the use of an external
prescaler, such as acapacitive voltage divider. But even well away from these extremes there exists the danger that the result
will be distorted by the internal resistance of
the measuring instrument.
An ideal voltmeter has an infinite internal
resistance, but in practice that is, of course,
unattainable. Perhaps that is just as well, because avery large resistance produces ahigh
noise voltage and this will affect the measurement. In practice, the internal resistance
of the instrument should be appreciably
higher than the resistance across which the
voltage is being measured, but it should not
approach infinity.
Depending on the nature of the measurement, there are two types of voltmeter on the
market: those whose internal resistance depends on the selected meter range and those
whose internal resistance is constant (normally between 1MS2 and 10 Me).
The first kind includes most low-priced
multimeters, atypical example of which is
shown in Fig. 8. One of the quality criteria
of these instruments is their characteristic resistance. which is expressed in ohms per volt.
The internal resistance. Rin, is calculated by
dividing the characteristic resistance (f2) by
the full-scale deflection (V) of the relevant

Fig. 8. Typical analogue multimeter.

meter range.
The inverse value of the characteristic resistance gives the current that flows through
the network at full-scale deflection.
For instance, if the characteristic resistance of the instrument is 100 ke/V, its internal resistance over the I
-V range is
100 ke, over the 3-V range, 300 ke, and
over the 5-V range, 500 ka
The input amplifier stage of atypical multimeter shown in Fig. 9is agrounded-emitter
circuit with current feedback. Were the volt-

sistance.
It is interesting to calculate how much
greater the measurement error is when a
20 ke/V instrument is used instead of, say,
a50 keN one. Once you know the problem,
it is quite possible to use alow-priced multimeter for most voltage measurements and
guestimate the error. However, in the long
run, that is not asatisfactory solution to the
problem. Fortunately, manufacturers are
aware of this and modern instruments have
amuch higher internal resistance than their
predecessors. This is achieved on the one
hand by far more sensitive meters and on the
other hand by the use of, for instance, impedance converters (simulating the valve
voltmeters of yesteryear).

Instruments with
input amplifiers

Fig. 9. Voltage measurements at
predriver stages may cause problems
since the switching resistances are
fairly high.

Instruments with input amplifiers generally
have ahigh input resistance, at least 1MS2,
and this value is constant, i.e., independent
of the metering range. Such instruments are
much better suited for use in high-resistance
circuits. None the less, even they have their
limitations. For instance, in circuits using
FETs or electronic valves, an internal resistance of even 1MS2 can cause errors.
To understand the function of an instrument with input amplifier, consider the circuit in Fig. 10. This shows the layout of an
electronic voltmeter, which may actually be

age measured across R2, there
would be a problem because, if,
correctly, the 3-V range is selected.
the internal resistance of the instrument is 300 ke. Unfortunately, this
resistance is in parallel with R2, so
that the ratio of divider RI
—R2
changes according to the selected
range and this will, of course, give
rise to incorrect measurements. In
such acase, it may. therefore, be
better to select ahigher range. True.
the error will then be larger, but so
will the internal resistance and this
makes the effect on the divide ratio
smaller. None the less, even then
precise measurements are not possible.
From the above, it is clear that
measurements in high-resistance
circuits, such as opamp inputs and
base and gate inputs of transistors
and FETS respectively, require instruments with ahigh internal re- Fig. 10. Circuit of asimple meter amplifier.
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constructed by any electronics enthusiast.
Because of the transistor amplifier, the
branches of the input divider have a very
high resistance. For instance, that for the 1-V
range is 500 ka which is equal to the characteristic resistance of the instrument.
A disadvantage of this type of circuit is
the temperature dependence of the quiescent
collector current. To counter this current, an
equal current of opposite polarity, derived
from an auxiliary battery, is passed through
the instrument. This current is limited by the
series network consisting of a 10 ka resistance and apotentiometer. Prior to each measurement, the potentiometer must be set to
ensure zero reading of the meter.
Figure 11 shows the circuit of acommercial impedance converter for multimeters,
which may be used in virtually any kind of
multimeter. In use, the instrument must be

Z

input resistance is I
omn and is independent
of the selected metering range.
Digital multimeters generally also have a
high input resistance (up to 10 me), but the
measurand* must additionally be translated
by an analogue/digital converter. Their accuracy is, therefore, dependent on the accuracy of the converter.
As mentioned before, the last digit of the
read-out of a digital multimeter is errorprone and should, therefore, not be taken into
account where great precision is required.

Measurement of
alternating voltages

What has been said about the internal resistance of measuring instruments for direct
voltage is equally applicable to those for
measuring alternating voltages. There are
some additional difficulties
as well. For instance, in most
instruments, the internal resistance for alternating voltages is lower than that for direct voltages, and is typically
20 klI/V= and 5ki.
"2/V~. This
is because for alternating
voltages to be measured by
moving coil meters, it is necessary for them to be rectified. Now, every rectifier
diode has afairly significant
threshold voltage and for that
reason the full-scale deflection on the lowest metering
range cannot be very small.
Fig. 11. Typical commercial impedance converter for multimeters.
To reduce the effect of the
threshold voltage, it is normal to use diodes in only one section of the
set to the most sensitive current range.
bridge rectifier and resistors in the other secCalibration is effected with R6. Zero setting
tion—see Fig. 13. This arrengements leads
is accomplished with R8.
Multimeters for industrial use have rather to an additional current through the resistors
and this lowers the internal resistance and
more complex circuits than that in Fig. 11,
also the sensitivity. When the instrument has
but they are not necessarily any more exact.
an input amplifier these aspects are of no
Here, as almost everywhere, you get what
consequence, because the impedance conyou pay for: if you want good accuracy, you
verter at the input isolates the measurand*
have to pay agood price.
from the meter section.
Figure 12 shows apopular analogue mulThere are two other problems in measurtimeter with integral input amplifier. Its

Fig. 13. Many multimeters do not use afull rectifier
bridge in order to reduce the effect of the threshold
voltage of the diodes.
ing alternating voltages: (1) the r.m.s. value
is shown only if the measurand* is sinusoidal
and (2) the instrument does not function
properly at fairly high frequencies.
The first problem is not so bad when a
moving coil meter is used, since in that case
the arithmetic mean value of the rectified
voltage will be calculated and indicated. In
digital instruments, the reading is not reliable if the measurand* is not sinusoidal.
The second problem is again not too serious in analogue instruments, since the frequency range of them is generally considerably higher than that of digital instruments.
Many digital instruments have an upper frequency range as low as 400 Hz so that even
measuring audio signals with these becomes
problematic. To add to the problems, there
is no indication of the frequency range on
many low-priced digital multimeters: that
information is normally hidden in the small
print in the specification contained in the operating manual. Figure 14 shows the, dramatically different, frequency ranges of two
digital multimeters. One may be used up to
100 kHz, whereas the other becomes unreliable above 1kHz.
(to be continued)

*measurand =electrical quantity to be, or
being, measured.
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Fig. 12. Analogue electronic multimeter.
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Fig. 14. Frequency range of two different digital multimeters: one is usable up to 100 kHz, whereas the
other becomes unreliable above 1kHz.
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PHASE CHECK FOR AUDIO
SYSTEMS

While setting up and connecting audio equipment it is important to
have all the units — microphone, loudspeakers and everything in
between — 'in phase', that is, interconnected with the right polarity.
The low-cost instrument described here is particularly handy for
checking out the phase of almost any audio system, whether
installed in a living room, in acar, in astudio, or on astage.

K. Orlowski
phase connections in an
REVERSED
audio equipment system give strange

and unpredictable effects such as the unwanted attenuation or boosting of aparticular frequency range, jet-plane effects,
whistling noises, or amplifier output power
which does not seem to produce any usable
sound level. To avoid these problems, use
the simple instrument described here. Based
on atransmitter and areceiver with asimple
good/fault indication, the instrument will
check out the system from the input (microphone or line input) right through to the output (loudspeaker or line output).
The transmitter supplies positive or negative needle pulses, which are fed either electrically to an equipment input, via the
line-cinch output socket, or acoustically to a
microphone, via the built-in loudspeaker.
Accordingly, the receiver has an electrical
(line) input and an acoustic (microphone)
input.
The drawings in Fig. 1 illustrate two
ways of using the transmitter and the receiver for phase tests on audio equipment.
ELEKTOR ELECTRONCS USA DECEMBER 1990

Figure la shows the set-up used to check the

the right way around. The LEDs on the re-

polarity of a microphone, and Fig. lb that
used to ensure a loudspeaker is connected

ceiver provide aquick indication whether or
not the received pulses have the same polar-

Fig.

1.

Application examples of the phase-check system.
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A Shocking Offer!
Now for the first time in CIE's 56 year history you do
not have to be enrolled at CIE to receive our introductory Electronic and Electricity Lesson Modules.
Available for a limited time to non-students for the
shockingly low price of only $99.50.
With CIE's patented AUTO-PROGRAMMED
method of learning you'll quickly learn and then
master the basics of electronics and electricity and
then move on to... DC/AC circuit
theories, fundamentals of bi-polar
junction transistors (BJT), field
effect transistors (FET),
wiring, diagram and schematic readings, component
identification, soldering
techniques... and much,
much, more.
Your commitment to CIE
ends with your payment, but
CIE's commitment to your
success just begins when you
receive your
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39 lessons, exams, binders and equipment. This
special introductory price includes all the benefits and
assistance CIE normally extends to its students and
graduates. You'll be entitled to unlimited access to
CIE's faculty and staff to assist you in your studies via
atoll free 800 number six days aweek, 24-hour
turnaround on grading your submitted exams, CIE
Bookstore privileges, apatented learning method,
reference library, astudent, faculty
and alumni electronic
bulletin board and afree
issue of CIE's school
newspaper The Electron.
All this knowledge and
support will put you on the
road to understanding
digital electronics,
microprocessing principles,
computer systems, telecommunications, and
much, much,
more.
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All This and Much More
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•Free Issue of The Electron
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•Instructors available 6days a week
•20 lesson books containing 39
theory and hands-on training
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Phone (

BOOKSTORE
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Cleveland. Ohio 44114
(216) 781-9400
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•Bookstore Privileges
•Patented Learning Method
•Electronic Bulletin Board
•24-Hour Grading
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Ohio Residents add 7% Sales Tax:
California Residents add 6-1/2% Sales Tax:
Total this order:
Method of Payment: Amount Enclosed
1 Personal Check or Money Order
1 Master Card 1 Visa
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$
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This highly sensitive movement detector is
designed from bipolar transistors and
draws acurrent of only 0.3 mA during quiescent operation. It is intended primarily
for use as aprotection device, but may also
be used in certain games.
Mechanical movement detectors react
only to large changes in velocity or vibrations that set ametal leaf provided with a
suitable counter weight into motion. The
present detector is much more sensitive:
moving an object that is protected by it is a
real challenge as even the most careful attempt at doing so is punished by the
sounding of abuzzer.
Yet, the principle is simple: amagnet is
suspended by athin thread 20-30 mm long
afew millimeteres above the coil of arelay
(whose contacts are not used). Even a
minute movement of the protected object
will disturb the magnet. The resulting
changes in the magnetic field above the

emitter follower, T2, which provides the

and this will make T6 conduct. This in turn

relay coil will induce atiny varying volt-

coupling between Ti and T3. Resistor R5
allows a partial discharge of C2 if T2 is

will actuate aload, for instance, abuzzer,

age across the coil.

in the collector circuit of T6.

Although an opamp could be used for

switched off by areduction in the output

The sensitivity of the detector depends

the amplification of this tiny voltage, types
that combine low consumption with single

of Tl. Since this resistor, because of the

to alarge extent on the distance between

low- consumption requirement, has ahigh

the magnet and the relay and the length of

supply voltages are rare and expensive.

the 'pendulum'.

The present design therefore uses discrete

value, the circuit will attain its maximum
sensitivity some ten seconds after the last

bipolar transistors that are easily available,

movement detection. This is the time re-

draw little current and are not expensive.
The first stage consists of a common

quired for the charge on capacitor C2 to
stabilize.

there is alittle problem: batteries have a
large internal resistance. This means that

emitter design with automatic regulation.

The detection proper is carried out by

The collector resistors and the resistors in
the regulation bridge have unusually high

T4, which switches on when the voltage
variations in the amplifier, passed on by

drawn. If the buzzer has stopped after a

values.

C4, reach alevel of 0.6 V. Saturation of T4

triggering of the circuit and this may cause
undesired oscillations. To prevent this hap-

Feedback from the bridge ensures sta-

leads to the instant charging of C5. This ca-

If the circuit is powered by abattery,

the supply voltage may vary by some
tenths of avolt if asudden, large current is
detection, such asituation can lead to are-

bility of operation of Ti. Each increase in

pacitor will discharge partly via R10 and

collector voltage will be opposed by an in-

R11 to the base of T5 when T4 switches off

pening, the supply of the amplifier stage is
decoupled by R3 and C6.

crease in base-emitter current. Conversely,

again. When C5 discharges, T5 is thus on

(O. Bailleux)

each reduction in collector voltage will be
opposed by adecrease in base-emitter current. Consequently, the collector voltage
will stabilize at avalue that corresponds to
abase voltage of about 0.6 V. Capacitor Cl
delays the immediate effect of the feedback
when the collector voltage changes rapidly.
The small varying voltage induced in
the relay coil is magnified appreciably by
T1 because C 1prevents automatic regulation. The output impedance of the first
stage is very high, which is, of course, the
price to be paid for low consumption. It
would not make sense to follow this stage
by one with alow output impedance, because this would adversely affect the overall amplification,
Because of that, Tl is followed by an

ELEKTOR ELECTRONICS USA DECEMBER 1990
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The all-solid-state preamplifier we pub-

of the basic PCB and the switching inputs to the

lished some months ago (Ref. 1) is con-

multiplexer. This buffer retains the data of the cur-

not used in the original circuit

trolled entirely electronically, including

rently selected channel until adefinite code is pre-

and these are therefore available

the switching of the inputs. When several

sent for the newly selected channel.

to provide asymmetrical supply

inpinput sources are active, and switching

The circuit presented here acts as that buffer

takes place between two of them, the sig-

and is inserted between connectors K14 and K17.

Three pins of those connectors are

voltage and the necessary clock
signal to the present circuit. The
±7.5 V supply is taken from pins 8

nals of the sources between them may be
heard, admittedly for a very short time.

and 16 of IC37 and fed to pins 9

Nevertheless, this may be inadmissable in

and 10 of K17 while the clock signal is taken from pin 11 of IC35

certain circumstances.
The remedy for this is fairly simple:

and applied to pin 11 of this con-

connect abuffer between the control lines

nector. The connections are simply made with short lengths of insulated circuit wire.
Reference: "All-solid-state preamplifier", Elektor Electronics, December 1989.

PARTS LIST
Resistors
R1 =1M
R2 =10 M
R3 =220 k
P1 =1M preset
Capacitors
Cl =100 n
C2= 47 n
03 =820 n
Semiconductors
D1, D2 =1N4148
IC1, IC2 =40174
103 =4538
Miscellaneous
Ki, K2 =header FC14VB
14-way flat cable, 10 cm
2xfemale header, 14-way for cable
mounting

11,11
4
/
1
e
-l

JJ

Running abath can end in aminor domestic disaster if you forget to turn off the taps
in time. The indicator presented here actuates an active buzzer to provide an audible
warning when a given water level is
reached.
Since the water sensor and the driver
circuit for the buzzer are contained on one
PCB, the indicator, together with the 9-V
battery and the buzzer, may be built into a
compact case. Obviously, the sensor, which
is etched on the PCB, must not be fitted in
WorldRadioHistory
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cast-iron or steel bath, the indicator is se-

ply line. As a result, T1 and T2 are

cured to it with the aid of amagnet glued

switched on so that buzzer Bzl, aself-os-

on to the case. To prevent scratching the

cillating type, is actuated. The current

bath, the magnet may be covered in plastic

drawn by the circuit in that condition is

or rubber. If you have a polypropylene

about 25 mA.

bath, the indicator may be stuck on to it

In case the circuit is actuated by steam,

with blue tack or double-sided adhesive

its sensitivity may be reduced by increas-

tape.

ing the value of R2. It is recommended to

When the water reaches the sensor, the

tin the PCB tracks to prevent corrosion.

base of T1 is connected to the positive sup-

(D. Lorenz)

CAW,
10)0rA

PARTS LIST
Resistors;
R1 =470 k
R2 =100 k
R3 =2k2
Semiconductors:
Ti, T2 =BC548C
Miscellaneous
Bzl =active piezo-ceramic resonator

commie?

Simple function generators normally provide sinusoidal, rectangular and triangular
waveforms, but seldom a sawtooth. The
circuit in Fig. 1derives aasawtooth signal
from arectangular and atriangular signal.
Its quality depends on the linearity of the
triangular signal, the slope of the edges of
the rectangular signal and the phase relation between the rectangular and triangular signals.
The conversion is carried out in ICI.
Whether the triangular signal at input A is
converted or not by ICI depends on the
state of TI. This FET is controlled by the

Fig. 1. Circuit diagram of the basic sawtooth convertor.

rectangular signal at input B.
The signal at the output of the opamp is

The convertor provides sawtooth sig-

a sawtooth—see Fig. 2—whose trailing

nals over the frequency range of 15 Hz to

edge is inverted. The frequency of this sig-

15 kHz. If the auxiliary circuits are used,

nal is double that of the input signals.

capacitor Cl must be compatible with the

If in this state the d.c. level of each inverted edge is raised sufficiently to make
the lower level of that edge coincide with

frequency of the sawtooth signal (its value
lies between 2nF and 100 pF).

the higher level of the preceding edge, a

The supply for all circuits may be between ±10 V and ±15 V. Each opamp draws

sawtooth signal of the same frequency but

acurrent of 4-6 mA.

double the peak value of the input signals

(A. Ferndown)

is obtained. The d.c. level is raised by
adding input B to the output of ICI via R7

Fig. 2. Signals at various points in Fig. 1.

and Pl. The preset should preferably be a
multi-turn type.
Resistors R2 and R4 are 1% types.
If arectangular signal is not available,
or its peak value is too small, the auxiliary
circuits shown in Figures 3and 4will be be
found useful. That in Fig. 3amplifies the
triangular input at A by 10. Differentiating
network Cl -R10 derives rectangular pulses
from the amplified triangular signal and
these are available at E
The pulses at Fare shaped by the circuit in Fig. 4 to rectangular signals that
have the same peak value as the supply
voltage. Capacitor C2 increases the slope
of the edge and may be omitted for low-

Fig. 3. Circuit for amplifying the input at Ain Fig. 1.

frequency signals.
ELEKTOR ELECTRONICS USA DECEMBER 1990

Fig. 4. Circuit for shaping the rectangular
pulses at output Fin Fig. 3.
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The electronic ignition circuit presented
here is intended to be inserted into acar's

ensure that the points remain clean.
Transistor T1

is followed by

output remains logic high. The mono time
two

of this stage is about Is and is determined

conventional ignition system. In effect, it

monostables, IC1 a and IC1b, which are

replaces the original 12 V switching circuit

both triggered by the output pulses of Tl.

by R5-C3.
Darlington T3 is switched on via T2

in the primary winding of the coil by one

However, whereas ICla is triggered by the

and IC2a-IC2d as long as IC1 adoes not

generating more than 100 V. It thereby

trailing edge, IC1b is by the leading edge.

pass an ignition pulse.

converts acurrent circuit, which is upset

Monostable ICla passes a pulse of

When the engine is not running, the Q

by lead and stray resistance, into avoltage

about 1.5 ms—determined by R4-C2—to

output of IC2b goes low after 1sand this

circuit that is much more efficient.

NAND gate IC2a. This gate switches off

causes T2 and T3 to be switched off.

The pulses emanting from the contact

high-voltage darlington T3 via gates IC2b,

The two series-connected 180-V zener

breaker, shown at the extreme lower left-

IC2c and IC2d, and driver T2, for the du-

diodes protect the collector of the BU932R

hand side of the diagram, are applied to

ration of the pulse. Gate IC2 ensures that

against too high avoltage.

transistor T1 and subsequently differenti-

T3 is switched on only when the engine is

ated by R3-Cl. This causes anegligible ig-

running to prevent acurrent of some am-

nition delay. The current through the con-

peres flowing through the ignition coil.

tact-breaker points is determined by the
value of RI. This value has been chosen to

The darlington must be fitted on asuitable heat sink.
(H. Defer)

As long as pulses emanate from the
contact breaker, IC1b is triggered and its Q

ViDnii\ A'D

AUDIgna

The construction of aUHF amplifier fright-

nently suitable for situations where the

vered for optimum performance and long

ens most people, unless they are experi-

television signal is on the weak side. More-

life.

enced radio/TV enthusiasts. They should,

over, the filters may be adapted to the indi-

therefore, appreciate the circuit presented

vidual needs of users.

here, which is as straightforward as can be.
It offers 10-15 dB gain over the frequency
range 400-850 MHz and is therefore emi-

The opening at the centre of the board
is intended to accommodate the transistor.

Construction is simplicity itself if the
ready-made PCB shown on the next page
is used. The tracks should be tinned or sil-

This device has two emitter pins, both of
which should be connected to ground.
The drawings show that the board is divided into two by asmall piece of tin plate,
which should have asmall cut-out for the
transistor.
The input and output terminals are
made from

small cable clamps and M3

nuts and bolts.
One side of disc capacitors C4, C5, C8
and C9 is soldered direct on to the board
WorldRadioHistory
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PARTS LIST
Resistors:
R1, R2 =1k
R3 =2k2
R4 =470 1
2
P1 =5kpreset pot meter
Capacitors:
Cl, C2, C6, C7 =10 psurfacemount
C3= 10p.; 35 V
C4, C8 =1
0ndisc type
C5, C9 =1ndisc type
Inductors:
Li, L2 =air cored, 2turns of 3mm
dia enamlled copper wire
L3, L4 =10 µH choke or 10 turns of
0.2 mm dia enamelled copper wire
on aferrite bead.
Semiconductors:
Ti =2SC3358

be powered via the coaxial feeder cable,
for which purpose a 10-100 µH choke is
inserted in the supply line.
The television receiver is connected to

for which a fairly large soldering iron

lowered to 3.9 pF to obtain the correct fre-

the amplifier via asmall coupling capaci-

quency range.

tor as shown on the previous page.

The overall frequency characteristic is

should be used.
All remaining components should be

shown in the second photograph.
The amplifier may be housed in awa-

then adjust it for optimum picture quality.

tertight case and then mounted near the

In practice, the collector current of the

fitted with their terminals cut as short is
feasible.
Input and output capacitors, Cl and 2,

Calibrating the amplifier is straighforward: set P1 to the centre of its travel and

antenna at the top of the mast (if used).

and C6 and C7 respectively are surface-

The power is obtained from asimple

mount types. Cl -C2-L1 form an input fil-

stabilized 12 V supply: a mains adaptor

ter and C6-C7-L2 an output filter. The

with a78L12 will do nicely. This may be

value of the capacitors may have to be

kept indoors, of course. The amplifier may

transistor is then 5-15 mA. This may be
checked by temporarily replacing jump
lead A by amilliammeter.
(K. Kraus)

1/C1-1Y CV,A1?.,APrIT.ÊtrD

The circuit presented here guarantees that

will take over its task, so that there is al-

if bulb Lai gives up the ghost, bulb La2

ways light.

ELEKTOR ELECTRONICS USA DECEMBER 1990

In series with Lai is triac Tri2. Resistor
R3 and C2 form adelay network. As soon

WorldRadioHistory
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The control circuit of La2

switched on.

is parallel to that of Lai, but

Because the time constant for La2 is

because R2-C1 has twice the

somewhat longer than that for Lai, La2

delay of R3-C2, Tril will not

will always be slightly less bright than

be triggered when Tri2 con-

Lai. It is, of course, possible to give La2 a

ducts. When Tri2 conducts,

slightly higher wattage than Lai to ensure

Cl discharges, so that Tril

equal brightness.

can not be triggered.

Without heat sinks, the triacs can han-

When, however, Lai is

dle up to 100 W each; with heat sinks

open-circuited, there is a

powers of up to 1000 W may be accommo-

voltage across both RC net-

dated. It is not recommended to use bulbs

works

via La2 and Rl.

Again, Tri2 will be triggered

with a wattage below 25 W since these
may flicker.

first, but since the current

The triacs may be any type that can
handle at least 400 V at not less than 5A.

as the voltage across C2 rises above about

through it is smaller than than its holding

The M types used in the prototype can

30 V, diac

gateless triac) D2 is switched

current, it will cease to conduct almost im-

handle 600 V at 5A.

on, which causes Tri2 to conduct, so that

mediately. Capacitor Cl will then continue

Lai lights.

to charge and after a little while Tril is

C_-3241J

;
À.-1'\«/Y) D-"A

(0. Bailleux)

,±"\ P"r)

For processing analogue signals, virtually
all computers need add-on units. The one
presented here was designed for use with
C64 machines, but it may be used with
other computers with little or no change.
The card is intended for sampling and
reproducing of sound or for measurements
and production of test signals. It is an 8-bit
design. This may sound simplistic in these
days of 'more than 16 bits' CD players, but
in practice an 8-bit design gives perfectly
acceptable sound reproduction. As far as
testing and measuring is concerned, accuracy is better than 0.5%.
The circuit is based on address decoder
IC4. Fed with signals 1/01, AO, Al, R/W
and 4)2, this IC ensures that read and write
instructions to addresses DE00 and DE01
of the C64 fulfil the functions indicated in
the table.
DE00

write

start A-D conversion

DE00

read

read result of A-D conversion

DE01

write

write data for A-D conversion

DE01

read

read status of A-D conversion (bit 7)

The analogue signal may be d.c. (for
test and measurements) or a.c. (for audio
signals) coupled to the input of the A-D
convertor. The reference voltage of the converter is set with Pl. This voltage must not
be greater than 2.5 V: this level gives a
range of 0-5 V for d.c. coupled signals and
±2.5 V for a.c. coupled ones. The reference
voltage may be reduced proportionally for
small input signals: this ensures that for
WorldRadioHistory
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C6

C5—/
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IM II
NMI
INK
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o

0 eR2
C10

Cal

Cil

01

R3

0Cr

4:414)4)

C2

E
000
ac

dc

A

C

PARTS LIST
Resistors:
R1 = 1M

Semiconductors:
Cl = LM124

R2, R6, R7 = 10 k
R3 = 1k
R4, R5 =47 k

IC2 = 74LS125
IC3 =ADC0804
IC4 =74LS138
105 =74LS273

P1, P2 = 10 kpreset

106 =ZN4226
Capacitors:
Cl, C2, 03, C6, C7 = 1g
04 =4µ7, 16 V, radial
C5, 012 = 1n
C8 = 100 g, 16 V, axial
C9, C10, C11 = 100 n

those smaller signals the full 8-bit resolution is retained.

The D-A convertor may also be d.c. or
a.c. coupled.

The reference voltage in the D-A convertor should also not be greater than

Analog-to-digital conversion is started

With jumper B in position AC, the ana-

by writing to address DE00. When that is

log output signal is passed through alow-

To enable the PCB to be 'through-

finished, output INTR will go low: this

pass filter with a cut-off frequency of

plated', additional pads have been pro-

2.5 V: the level is set with P2.

state may be checked by reading address

15 kHz. This ensures that the sample

vided. Before any components are fitted,

DE01 and ascertaining that bit 7is 0. The

frequency and its harmonics are sup-

short lengths of bare circuit wire should be

result may be read by the computer at ad-

pressed during the reproduction of audio

soldered to both sides of these pads. Once

dress DE00.

signals.

that is done, the components need solder-

Digital-to-analog conversion is even

When test signals are produced, it is

simpler: the data are written to address

better not to use filtering: jumper B must

DE01 and that's all.

then be set to position DC.

9

c7)/Jen

ing only at the track side of the board.

•

(C. Kuppens)

7()
01.7,±\

Teledyne Semiconductor's Type TSC9402 is

quencies with amultimeter. Only afew ad-

aversatile IC. Not only can it convert volt-

ditional components are required for this.

quently).
The frequency-proportional direct volt-

age into frequency, but also frequency into

There is just one calibration point to set

voltage. It is thus eminently suitable for

the centre of the measuring range (or of

tains interference pulses at levels up to

use in an add-on unit for measuring fre-

that part of the range that is used most fre-

0.7 V. If these prove to have an adverse

ELEKTOR ELECTRONICS USA DECEMBER 1990
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age at the output (pin 12 —AMP OUT) con-

Cal

P

130n

100k

®

pressed with the aid of asimple RC net0
5V

work. The output voltage, Uo,is calculated
by:

VREY
OUT

ICI
TSC
9402

U0 =Uref(C 1+12 pF) R2 fi n

1 COMP
4
61 1
7
5
2

OFFSET

.,

R1

fect on the multimeter, they may be sup-

[V]

li

50k R3

o

0

14 5

sil

R4

Since the internal capacitance often has a
greater value than the 12 pF taken here,

'
.1

the formula does not yield an absolute
value.
The circuit has a frequency range of
d.c. to 10 kHz. At 10 kHz, the formula
gives avalue of 3.4 V.
The circuit draws acurrent of not more

SV
o

100n

than 1mA.

3
(T. Giffard)

904049 -11

VellYneal Me Ampagnee

A line amplifier is always auseful unit to
have around, be it for matching aline sig-

control system. The volume control at the

The supply voltage is 24 V; at that volt-

input is conspicuous by having its 'cold'

age the amplifier draws acurrent of about

nal or raising its level somewhat. This may

side connected not to ground but to the

4mA. If several amplifiers are used in con-

be needed during arecording session or
with a public-address system. Further-

output of the first amplifier. Because the

junction (as, for instance, in amixer panel),

signal there is out of phase with the input

more, a line mixer may be constructed

signal, the amplifier obtains negative feed-

the various supplies (+ and ++ in the diagram) may be interlinked. Capacitors C17,

from anumber of these amplifiers.
The input of the amplifier is proof

back via Pl. The amplification is therefore

C18 and resistor R7 need not be duplicated

inversely proportional to the magnitude of

in that case.

against high voltages. The output imped-

the input signal. This makes it possible for

ance is low.

the amplifier to accept a wide range of

The circuit is a conventional design:
two d.c. coupled stages of amplification
separated by athree-fold Baxandall* tone

III
(A. Ferndown)

input levels. It is quite possible to input a

*P.J. Baxandall, "Negative feedback tone

signal taken direct from the loudspeaker

control", Wireless World, 43, 402, October,

terminals of apower amplifier.

1952; 43, 444, November, 1952.

WorldRadioHistory
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Keyboards may be slotted
into two categories, at least as
far as the manner in which
the switches are connected is
concerned: those with acommon connection and those
with the switches arranged in
amatrix.
The matrix type has the
important advantage that the
number of connections is an
absolute minimum. Such an
arrangement is ideal for ICs
and many of these are therefore designed for use with a
matrix keyboard.
However, there are many
keyboards available in job
lots, for instance, that apart
from a common connection
also have a connection for
each key. Such keyboards
may be connected to ICs that
require amatrix type with the
aid of anumber of electronic
switches.
The principle is straightforward: each key of the keyboard controls an electronic
switch included in amatrix. As an exam-

If akey on the keyboard is pressed, the as-

the number of keys being pressed. The

ple, the diagram shows ahexadecimal key-

sociated electronic switch closes.

CMOS switches draw virtually no current.

board that is arranged in a 4x4 matrix.
Each of the electronic switches is held in

The current drawn by the circuit is
very small and is determined mainly by

the open position by apull-down resistor.

the value of the pull-down resistors and

(T. Giffard)

CIPPAY VOleee Yecm v you.

The special characteristic of this regulator

by an integrated regulator Type LM317. As

is that the output voltage may be adjusted

is normal in supplies that can be adjusted

ence voltage that is equal but of opposite

down to 0volt. The regulation is provided

to 0V, this IC is used in conjunction with a

sign to the reference voltage Ur of the reg-

Fig. 1.
ELEKTOR ELECTRONICS USA DECEMBER 1990

zener diode. This diode provides arefer-

Fig. 2.
WorldRadioHistory
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Fig. 3.

an opamp as shown in Fig. 2. The opamp
is connected as adifferential amplifier that
measures the voltage across R1 and inverts
this voltage to

1 r

An additional advan-

tage of this method is that at low output
voltages achange in the reference voltage
has less effect on the output voltage than
the circuit in Fig. 1. The prototype, constructed as shown in Fig. 3, gave very satisfactory results.
The opamp need not meet any special
requirements: aType p.A741 works fine, although an LF356 gives a slightly better
performance.
The negative supply for the opamp
ulator, as shown in Fig. 1. Potential divider

In the present circuit, the negative ref-

R1-R2 enables adjustment of the output

erence voltage is derived in a different

voltage.

manner: from the regulator with the aid of

may be obtained with the aid of acentretapped mains transformer.
(L. Nunnink)

Tt'..,CO:tt?

Cxl

IS

The indicator is intended to display the
CC

clock frequency of a personal computer

HO 1133
HON 1133

cc

(PC) in megehartz. It consists of two com-

gfecob

mon-cathode displays (Type HD1107 for
fl

lb

g

10 mm high figures; Type HD1133 for

1

flo, 'OP
‘

13.5 mm high figures), a two-position

K.common cathode

switch and a number of Type 1N4148

abcd0
1 2 34 5

Dinennefons on own

ti K e
'OP
'

diodes to control the lighting of the displays. Furthermore, to limit the current
through the displays, a 270 12 resistor is
connected in series with each diode.
With the switch in position '8', the dis-

CI
5V

plays show the normal speed of the PC
and in the lower position the'turbo' speed.
With some dexterity, it is possible to use

Dl..D15= 1N4148

the turbo switch on the computer instead

R1..R15 = 27011

of the switch shown in the diagram.
HO

HON 1107

.15

9- f
f- 2

•

(A. Ferndown)

107

9

e-K

1-I
6-dp
K

cathode

Dorneonsons on men

904031-11

Ce22aff YE)

mcwaley comeen

21

Teledyne Semiconductor's Type TSC9402

age range is 10 mV to 10 V), while the out-

maximum input current of 10 µA is not ex-

IC is eminently suitable for use as an inex-

put frequency range extends from 10 Hz to

ceeded.

pensive current-to-frequency converter.

10 kHz. The conversion factor is exactly

The circuit has two outputs. That at pin

The maximum input current of the design

1kHz /p.A. The factor may be altered by

8is ashort-duration pulse whose rate is di-

shown in the diagram is 10 µA (input volt-

changing the value of R1, as long as the

rectly proportional to the input current,

WorldRadioHistory
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while that at pin 10 is a square wave of
half the frequency of the pulse at pin 8.
Calibrating the circuit is fairly simple.
Connect afrequency meter to pin 8(preferably one that can read tenths of ahertz)
and connect avoltage of exactly 10 mV to
the input (check with an accurate millivoltmeter). Adjust P1 to obtain an output of
exactly 10 Hz. Next, connect asignal of exactly 10 V to the input and check that the
output signal has afrequency of 10 kHz. If
this frequency can not be attained, shunt
Cl with asmall trimmer or replace R1 by a
resistor of 820 kû and apreset of 250 kû.
The circuit may be adapted to individual requirements with the aid of:
f
out =/i n Ur(Ci +12 pF)

[Hz]

The reference voltage, Ur,here is -5 V.

a

(T. Giffard)

.mrfeci-mc . A. )
viplimrrp .0-Pn nrcmc

It often happens that an electric guitar has

CV.T.M.Pt

It would be possible to connect the gui-

The circuit can handle input levels of

to be connected to amixing panel, atape

tar to the (high-impedance) microphone

up to 3V. Above that level distortion in-

deck or aportable studio. As far as cabling

input, but that is normally far too sensitive

creases, but that is, of course, agood thing

is concerned, that is no problem, but

for that purpose, so that clipping of the

with guitar music. Real clipping of the

matching the high impedance of the guitar

guitar signal occurs all too readily.

input signal does not occur until much

element to the low impedance of the line

The matching amplifier presented here

higher levels than obtainable from aguitar

input of the mixing panel or tape deck is.

solves those problems: it has a high-

Even the so-called high impedance inputs

impedance (1 M(2) input that can with-

are applied.
Power is supplied by a9-V (PP3) bat-

of those units are not suitable for the guitar

stand voltages of over 200 V. The output

tery from which the circuit draws acur-

such an input, there is hardly asignal left

impedance is reasonably low. Amplication
is x2 (6 dB). Dual tone control, presence

rent not exceeding 3mA.

for the panel or deck to process.

control and volume control are provided.

output. When the guitar is connected to

ELEKTOR ELECTRONICS USA DECEMBER 1990
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The mute circuit presented here is spe-

space.

ICI. When DO is high, the circuit is inoper-

cially designed for use with the Roland

Muting proper is effected by two field-

ative and the output of the opamp is about
+5 V.

MT32 module, although with some small

effect transistors (FETs) Type BF244 or

alterations it should be suitable for use

BF245. These devices short the analogue

The FETs obtain their gate voltage from

with other makes of expander or synthesizer. It is intended to eliminate the noise

output of the expander to ground when

the junction R6-C4-D2 via R7 and R8.

there is no signal.

Since that voltage is also around +5 V, the

that the expander produces after anote-

The circuit is triggered by the data on

off. This noise, which remains audible, be-

the databus immediately preceding the

expander to ground.

comes pretty irritating after awhile when

digital-to-analogue (D-A) converter. The
data are active low.

comparator will also go low (negative).

the expander is used at home. For studio
use anoise gate is, of course, used.

FETs conduct and short the output of the
When DO goes low, the output of the

Data is taken from dataline DO and

How low depends on the setting of Pl. At

The circuit is intended to be fitted in-

compared with a 5-V reference voltage,

that instant, C4 is discharged at once via

side the MT32, for which there is ample

provided by potential divider R2-R3, in

D2 and the gate voltage of the FETs becomes negative. The FETs then switch off
and the output signal of the expander is
present. If this is ashort, percussive signal,
C3 will discharge only partially via DI.
When DO goes high again, the FETs will
gradually begin to conduct. The rate of
change of the gate voltages is determined
by R6 and C4.
When the output signal of the expander is of longer duration or has considerable reverberation, the output of the
opamp remains low long enough for C3 to
discharge almost completely. This means
that when DO finally remains high, the
rate of change of the gate voltages is much
lower, because C3 must charge first via R5.
This results in agradual attenuation of the
expander signal, so that areverberation is
not just cut off. In practice, the prototype
performed very satisfactorily.
The circuit is powered by the ±12 V
supply of the MT32, and draws acurrent
of about 6mA.
Preset Pl must be adjusted empirically
to individual taste.
(A. Ferndown)

yyto-win oelyncom

With today's mains and FM duplex intercoms, the traditional circuit presented here

ditional change-over switch.

ply suffices. The amplification has been set

The power amplifier is aType LM384,

internally to x50 (34 dB). The IC's supply

creates an almost old-fashioned image.

which can provide almost 2watts output

line is decoupled by C9.

Nevertheless, it works very well, is easy to

at asupply voltage of 15 V. Pins 3, 4, 5, 10,

build and uses only standard parts and

11, and 12 are connected to ground and at

To ensure adequate input sensitivity, a
preamplifier, ICI, is provided and this has

components.

the same time afford some cooling of the

The design consists of an amplifier, a

device. Because of that, the IC should not

an amplification of x11 (21 dB). Because
this stage is intended for speech only, its

double-pole change-over switch and two

be fitted in asocket, but be soldered direct

bandwidth is limited to 160 Hz to 10 kHz.

loudspeakers: one for the master station

to the circuit board.

Divider R2-R3 at the input of the opamp is

and one for the slave. More than one slave

The LM384 processes signals with re-

unit may be used, but each requires an ad-

spect to earth so that an asymmetric supWorldRadioHistory

decoupled by C3.
Special loudspeakers that can also serve
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the remainder of the circuit. In that case,

as microphones are readily available: in

astandard mains transformer instead of a

the prototype MS-55 units from Monacor

special microphone transformer. For this

the

were used, but there are anumber of other

purpose, the secondary (6 V) winding is

screened.

makes that will do just as well. The band-

connected to the 'microphone'. The micro-

In the prototype, the speech bandwidth

width of the MS-55 used as loudspeaker

phone impedance is thereby magnified

was limited to 400 Hz to 4 kHz and this

extends from 150 Hz to 20 kHz and used

from about 8

proved

to around 10 1(12. The

preamplifier

stage

must

also

be

perfectly acceptable for good

speech transfer.

as a microphone from 20 Hz to 20 kHz.

power handling of the transformer has

The MS-55 can handle up to 5W output.

been chosen quite high to ensure that sig-

Most of the current drawn by the cir-

To ensure satisfactory operation, partic-

nal losses in the primary winding are kept

cuit flows through the power amplifier. At

ularly as a microphone, the loudspeaker

to a minimum. Capacitor Cl suppresses

worst this amounts to 210 mA (680 mA

must be fitted in aclosed box.

HF interference.

peak), when the amplifier delivers 1.8 W
output.

Although it is advantageous that the

If the mains transformer and the 'mi-

'microphone' has alow internal resistance,

crophone transformer' are housed in the

The LM384 can deliver apower of up

it makes it necessary for atransformer to

same enclosure, some trial and error and

to 5W. The supply voltage should then be

be used at the input of the circuit. This

screening are necessary to eliminate hum.

has, however, the advantage that long ca-

It may also happen that the 'micro-

bles may be used. The present circuit uses

phone transformer' itself causes hum in

raised to 22 V and aheat sink for the device will be necessary.
(T.Giffard)

,MDIC IMPUY ,CALÈCICe?
•S,wçvn`..,e

The design described here enables the se-

contained in the signal bus and may be

lection of up to eight inputs of apreampli-

switched by relay Re10.

fier without any switch clicks or other

Relay Re9 enables either the signal bus

noises. It may be used with virtually any

or the tape IN(put) to be connected to the

preamplifier, provides individual switch-

preamplifier.

ing of tape and line outputs, and enables

Relay Re8 switches the line OUT(put)

monitoring of atape recording. Morever, it

on or off. To ensure that no switching

needs relatively few components and is so

clicks will be audible from the loud-

compact that together with ahigh quality

speaker(s), each switching action at the

preamplifier it takes no more space than a

input causes Re8 to switch off the line

typical car radio/cassette player.

OUT(put). As soon as the switching action

Typical inputs and outputs of apreamplifier are shown in Fig. 1. There are seven

is completed, Re8 switches the line OUT
into circuit again.
It must, of course, be possible, when a

line inputs that are switched into asignal
bus by relays Rel—Re7. Tape OUT is also

tape recording is being monitored, to

ELEKTOR ELECTRONICS USA DECEMBER 1990
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PARTS LIST
Resistors:
R1, R6, R7, R9 = 10 k
R2, R3 = 100 k
R4 =27 k
R5 =56 k
R8 =2k2
R1O—R19 = 180 12
Capacitors:
Cl ,C2, C3 = 100 n
C4 = 1011, 25 V
Semiconductors:
Dl—D10, D19 = 1N4148
IN N

STROBE

CLEAR

0
1
X
X
X
X

1
1
X
X
0
0

0
0
1
X
0
0

OUTPUT
ENABLE
0
0
X
1
0
0

D11—D18, D20, D21 = 3 mm LED

OUT N
t-1

t

X
X
X
X
ON
OFF

OFF
ON
OFF
OFF
ON
OFF

(in press-button switches)
TI, T2 = BC517
T3 = BC547
ICi = UCN5801A (Sprague)
IC2 =4027
Miscellaneous:
S1—S10 = press-button switch
(with LED)
K1 = 11-way right-angled PCB
edge connector
PCB 904039

Fig. 2. Internal circuit, truth table and pinout of UCN5801A.

Fig. 3. Circuit diagram of the audio input selector.

WorldRadioHistory
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Fig. 4. Printed circuit board for the audio input selector.
switch between the recorded and record-

driver transistors are switched off and all

ing signals without any delay.

connected relays, including the

The line output may be switched off
manually. When the equipment is next
switched on, the line output is also
switched on but with ashort delay.
The whole selection process is made

LINE OUT,

are deenergized. At the same time, the
state of the input of the latch associated
with the key being pressed changes; that
input then waits for a '1' at the STROBE
which will enable the input information to

arbitrary.
Diode D1 at the

STROBE

input obviates a

negative potential when the key is released
and is therefore an essential component.
Diodes D11—D18 are integrated in the
selector switches to show which input has
been selected.

possible by ICI, which is aspecial driver
IC from Sprague, Type UCN5801A. This

be written into the internal bistable.

device contains eight identical latches with

OUTPUT ENABLE, it

one individual (IN1—IN8) and three common inputs (CLEAR, STROBE and OUTPUT EN-

layed pulse to be produced with the aid of

tained in IC2, which provide a conven-

network R1-C1.

tional on-off switch function under the

ABLE).

Because

The latches are connected to darling-

ton power drivers with open-collector outputs that can handle acontinuous current

STROBE

The UCN5801A does not arrange the

always goes high after
suffices for a short, de-

When the key is released, the

NAND

gate at the output of the latch passes the
logic state of the latch to the power driver:

of up to 400 mA. All inputs are provided

the relay of the associated signal source

internally with pull-down resistors and all

will then be energized.

power drivers with protection diodes. The
internal circuit, truth table and pinout of
the IC are shown in Fig. 2.

When the selector key is pressed, the
STAND BY

key must be pressed at the same

time, otherwise, although the input relay

actuation of relays Re9 and Re10: that is
done by two identical J-type bistables con-

control of switches S9 and S10. These circuits serve to switch the

TAPE

our(put) and

the TAPE EN(put) terminals.
The pulses caused by the closing of the
switches are applied to the CLOCK input of
the relevant bistable via networks R3-C3
and R2-C2 respectively.

SET

(earthed),

RESET

When no signals are being selected, all

would be energized, the output relay

(also to ground via T3), Jand K (both at
Ub) are switched in such a manner that

inputs of ICI, as well as OUTPUT ENABLE and
STROBE are connected to ground via the

would not. This is a protective arrange-

each leading edge at the CLOCK input re-

ment that may be omitted by replacing D3

sults in achange of state at the Q output.
Darlingtons T1 and T2 are power drivers

pull-down resistors.

is permanently

by ajump lead. If there is arequirement
for independent on/off switching of the

When one of the switches SI —S8 is

output relay, capacitor C4, NOT D3,

CLEAR

linked to earth.
pressed,

goes high via the

for the relevant relay; LEDs D20 and D21
indicate whether the associate relay is energized.

relevant diode and internal pull-down re-

should be replaced by ajump lead. Note,
however, that in that case the default mode

sistor. This level deactuates the

gate

is lost, that is, when the supply is switched

be switched to logic 0when the LINE our

at the output of all latches, so that the

on, the logic state of the circuit will then be

relay has been switched off by the STAND BY

OUTPUT ENABLE

NAND
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Inverter 13 arranges for both outputs to

S 19
selector switch.
The printed-circuit board has been designed for fitting immediately behind the

ICs in appropriate sockets. The bias resis-

penetrating into signal lines and thus

tors for the LEDs should be fitted on ap-

causing unwanted noise in the speaker(s).
If eight inputs are not enough, the cir-

propriate solder pins at the track side.

front panel of the relevant preamplifier.

The power supply is 6volt to ensure

cuit may be doubled. Apart from the sup-

The hole next to ICI is intended for the

smooth operation of the 5-V relays. Both

spindle of Pl —take care that if this is a

ICs can stand up to 15 V, but if the supply

ply voltage lines, the STROBE and OUTPUT
ENABLE lines on the two boards should be

metal one it cannot make contact with the

voltage is altered, the value of the LED

interlinked. Except for ICI, only SI -S8,

track surrounding the hole. Note that the

bias resistors should also be changed. The

terminals of the three transistors should be

circuit should not be powered by the sup-

D3-D18 and RIO-R17 need to be used on
the second board: all other components

bent at right angles before these devices

ply of the preamplifier to prevent current

may be omitted.

are fitted to the board. It is best to fit the

pulses caused by switching operations

(P. Coster)

L3Afeer YnYe

There are many times that a designer
needs to know the value of the internal resistance of abattery. There are quite afew
testers that give arelative indication of the

The battery is loaded constantly by R8,
which has avalue of 1.5 12 for 1.5 V batteries, shunted by the a.c. voltmeter. The indicated voltage times ten is the value of the

ti

under test is flat may be ascertained by
measuring the direct voltage across its terminals. The load must be left connected, of
course, otherwise the e.m.f. is measured
and this may well be 1.5 V even if the bat-

value, but this is seldom in ohms. The present tester can, in principle, provide that

tery is flat.
The tester is calibrated with the aid of

information.
The basic idea behind it is to load the

the auxiliary circuit shown at the extreme
right in the circuit diagram. The 1.5 V sup-

battery with a varying current so as to

ply and electrolytic capacitor form avirtu-

cause an alternating-voltage drop across
the internal resistance that can be measured at the battery terminals. Provided
the current variations are regular and con-

ally ideal voltage source, of which the

stant, the voltage drop is directly propor-

put terminals of the tester, asuitable value

3.9 12 resistor forms the internal resistance.
With this source connected across the outshould be ascertained for R7. That value is

tional to the internal resistance.

found when the a.c. voltmeter shows

By choosing the variation of the current

0.39 V. Note that this procedure is not the

carefully, it becomes possible to read the

same for all measuring instruments: the al-

value of the internal resistance directly on

ternate use of adigital and amoving coil

the scale of an a.c. voltmeter.

meter, for instance, is not feasible.

The load current is varied with the aid

internal resistance of the battery. When the

of a current source, T1 in the diagram,
which is switched on and off by square-

battery under test is flat, or if the supply

The tester is intended for 1.5 V batter-

battery is flat, no current flows and the

ies. The load current is fairly high: about

meter will read zero. It would then appear

100 mA through R8 and around 170 mA

wave generator ICI. The chosen switching
frequency of 50 Hz ensures that the a.c.

as if the battery under test is an ideal type

through Tl. For 9-V batteries that is rather

component at the battery terminals can be
measured by a standard a.c. voltmeter

without internal resistance.
A flat supply battery is indicated by the

too much: the current should then be re-

(universal meter).

not lighting of Dl. Whether the battery

WorldRadioHistory

duced by taking greater values for R6-R8.
(K. Walters)
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Dee-rcymni Demmrp

A heat-sensitive sensor may be used to
construct adirection detector. Such asensor reacts to all animal heat. The one used
in the present design has asensitive surface that has been divided into two, and it
makes adifference therefore whether the
heat approaches from the left or the right.
The indication for cold objects is, of course,
exactly the opposite.
Circuit IC1b forms asymmetric supply.
Terminal 's' of the sensor is its output. The
signal at 's' is amplified in ICla by afactor
of about 70 before it is available at the output of the detector.
To obtain good directivity, it is best to
place the sensor behind asingle narrow slit
rather than behind the usual raster or
multi-facetted mirror.
The circuit draws a current of only a
few milliamperes from a5V supply
(K. Walters)

ceeem UJI

MOkilllY02

On hard disks with an ST506 compatible interface, there is a 'seek
complete' (SC) signal available. This
signal is inactive high when the
hard disk seeks new data. The duration of the high interval is thus directly proportional to the wasted
search time. The length of that
search time is determined primarily
by the time required to shift the
heads to the desired cylinder. Hard
disks with an access time of 68 ms
use search times of between 5 ms
and 200 ms. By measuring the
search time at each access and make
this visible with the aid of an LED
bar, an impression is gained of the
performance of the hard disk. The
length of the bar increases appreciably with fragmenting of the disk. If
the bar is 'in the red' often, it's getting time to run adisk optimalization program!
Signal SC is connected to pin 8of
the ST506 interface. Each odd-numbered pin is connected to earth.
When the heads begin asearch,
that is, after SC has gone high, the
clock input of buffer/register IC1
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goes low. At the same time, because of the

lator frequency and the time during which

Sc, the buffer/register appropriates the

rapid discharge of C2 (via D1) and the

SC is high, IC2 will be clocked acouple of

data from the shift register. Another gatedelay later the shift register is cleared. It is

going low of pin 1of IC4c, the clear state of

times. At each clock pulse, a'1' is shifted

IC4 is removed. Because of the delay in the

into this IC, so that at the end of the cycle

then ready to measure the duration of the

gates, the clear input of shift register IC2

the number of actuated outputs is amea-

next search cycle. Only when each search

will still be inactive when oscillator IC4a

sure of the search time.

cycle has been completed is the measured
time indicated on the LED bar. This

One gate-delay after the trailing edge of

begins to operate. Dependent on the oscil-

method obviates any irritating flickering of

: NAME: SEC.ASM
USE :

SEEK-TIME MONITOR
PI ADJUST AND TESTDEMO

: ID
: ELEKTOR/JR
; DATE: 8-2.'90
PROGSEG GROUP
ASSUME

CODE_SEG. DATA_SEG
CS:PROGSEG. DS:PROGSEG
SEGMENT
1008

MAIN
LEA
CALL
NOV
CALL
NOV
NOV
NOV
DEC
CALL
WHILE:
CM?
JZ
LEA
DO:
CALL
DEC
CALL
JMP
EWHILE: LEA
CALL
NOV
PUSH
NEXT:
NOV
NOV
INT
JAZ
NOV
CALL
POP
CALL
LOOP

PROC NEAR
SI .STRP1SG
MESSAGE
DX.00H
READSEC
10(.111.1
DL.SECIBX)
DH.SEC[11)(.11
DX
READSEC
131.0014
EWHILE
SI.ERRMSG
MESSAGE
DX
READSEC
WHILE
SI.ADJMSG
MESSAGE
CX.200.
DX
744,068
DL.OFFH
21H
END
DX.0
READSEC
DX
READSEC
NEXT

MAIN

SI,ENDMSG
MESSAGE
20H
ENDP

READSEC

PROC NEAR

END:

IF1:
THEM:
ELSE1:
EIF1:

LEA
CALL
INT

PUSH
PUSH
PUSH
NOV
LEA
NOV
INT
JRC
NOV
JMP
NOV
POPE
POP
POP
POP
NET

AX
8%
CX
AX.2
BX.SEC
CX.1
25H
ELSE1
oros
EIFI
DI .00

;WRITE START MESSAGE

When SC has gone low, C2 is charged
slowly via P2 and R3. If no new search
cycle is started, the output of IC4c toggles
from high to low after ashort delay and
this resets ICI. The setting of P2 thus determines the period during which the last

:DX:.TOTAL NUMBER OF DISK SECTORS

:DX,LAST SECTOR NUMBER
:CHECK LAST SECTOR
:WHILE ERROR FLAG.SET DO
:WRITE ERROR MESSAGE
LAST SECTOR NUMBER-1;

;WRITE ADJUST MESSAGE
:LOOP COUNTER,200 (TIME-OUT VALUE)
;SAVE LAST SECTOR NUMBER
:IF ANY KEY PRESSED THEN END

:READ SECTOR 0
;READ LAST SECTOR
;LOOP COUNTER,LOOP COUNTER-1
;IF NOT LOOP COUNTER<)0 THEN NEXT
;WRITE END MESSAGE
;RETURN TO DOS

play (max. 1.5 s).
Resistor R13 and capacitor C6 provide a
power-up reset for ICI.
The oscillator frequency may be set between 15 Hz and 400 Hz with Pl. This preset should be adjusted in such a manner

Semiconductors:
D1, D2= 1N4148
LD1 =LED bar, e.g.
super red red
DC-10EWA from
Kingbright
IC1 =74HCT273
102 =74HCT164
103 =74HCTO4
104 =74HCT132

that during the maximum search time all
LEDs just light. This is done with the aid of
the assembler program shown. This program reads the first and last sector of
disk C one after the other. A counter has
been provided to limit the shifting around
of the heads to 200 times. That gives ample
time to adjust P1 as required.
(J. Ruffell)

;INPUT :DX
;OUTPUT:DI

• SECTOR TO READ
• ERROR FLAG

;SELECT DRIVE C (LOAD "3" TO SELECT
;GET SECTOR DUMP ADDRESS (DS:BX)
:ONLY ONE SECTOR
;READ SECTOR ,DX)
:IF READ ERROR
;SET ERROR FLAG

"D")

LIM
ST50

IC3b

IC3a

IC3c

2

IC3d

2

184148

if

4

2

;CLEAR ERROR FLAG
:RESTORE FLAGS

IC4a
Cl

CX
BX
AX

132n

ENDP

READSEC

measured search time is shown on the dis-

Capacitors:
Cl =82 n
02 =2112, 10 V, radial
C3=100J, 10 V, radial
C4, C6 =100 n
C5 =22 n

;READ BOOT SECTOR (SECTOR 0)

;LAST SECTOR NUMBER:
:READ LAST SECTOR

the display.

PARTS LIST
Resistors:
R1 =47 k
R2 =47 1
2
R3 =22 k
R4 =270 i"/
R5—R12 =330 û
P1, P2 =1M preset

5V

P2
IC3e

MESSAGE
PUSH

CALL
DX
PUSH
NOV
NOV
INT
POP
POP
RET

PROC NEAR
CRLF
AX
DX.SI
AH.09
21H
AX
DX

:INPUT:

o

SI.MESSAGE ADDRESS

10

CRLF
PUSH
PUSH
NOV
NOV
INT
NOV
INT
POP
POP
NET

PROC NEAR
AX
DX
744.02
DL.ODH
21H
DL, 0All
21H
DX
AX

12

1N4146
2

Z

24110V

On

5V

CR
11

5V

:LE

CLR

:RESTORE REGISTERS

CLK
3
OA

3

DI

CLK

ff

3300

Er4
01

A

3300

20

ft

19

2

OR
IC1

CODE_SEG

ENDS

74

74

04

HCT

(2,

273

06

HCT
06

164
SEGMENT

D7
D8

"PLEASE ADJUST PI (LED BAR TO FULL SCALE)."
Quit • Any Keys"
"DISK READ ERROR: AUTOFIXING!!$"
"» Program terminated5"
"SECTOR
DUMP
"
"512
BYTES
ENDS

1.01
R12

IC2

MAIN

IC31

;SAVE REGISTERS

ENDP

END

IC4d

C6

CRLF

DATA SEG
STRMUG
DB
ADJMSG
DB
DB
ERRMSG
DB
ENDMSG
DB
MARK
DB
SEC
DB
DATA_SEG

if

13

:WRITE MESSAGE

ENDP

MESSAGE

1113

01

17

33on

03

.

I
N

ft 7+

8

07
3
2::

08

15
14

13

ti

2

aa

5V

®

5V

DC1OEMN(KIngbdght

:
6
C3
IC1

904052-12

1301;
10V

C4
MI114
IBM
00.

d2D
IC3

IC4

IC3 = 74HCTO4
IC4 = 74HCT132
904052-11
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POPTA 11,r H1CD

The portable charger is intended primarily
to give model enthusiast the opportunity
of charging their NiCd batteries from acar
battery out in the open.
The supply voltage for the circuit is regulated by ICI.
When the circuit is connected to the car
battery, D2 lights only if the NiCd to be
charged has been connected with correct
polarity. For that purpose, the + terminal
of the NiCd battery is connected to the
base of T1 via R8. Since even adischarged
battery provides some voltage, T1

is

switched on and D2 lights.
Only if the polarity is correct will the
pressing of the start switch, SI, have any
effect. If so, the collector voltage of T1 is
virtually zero, so that monostable IC2 is
triggered by SI. The output, pin 3, of this
cmos timer then goes high, T2 is switched
on and relay Rel is energized. Charging of
the NiCd battery, via R5 and D6, then begins and charging indicator D4 lights. During the charging C4 is charged slowly via

charging may be interrupted with reset

Pl and R4. The value of these components

switch S2.

riod, twice the nominal value of the capac-

determines the mono time of IC2 and thus

The charging current through the NiCd

the charging period of the NiCd battery.

battery is determined by the value of R,

With values as shown in the diagram, that

which may be calculated as follows:

period may be set with P1 to between 26

ity of the NiCd battery.
Resistor R must be able to dissipate a
power of I
c
.
2 R watts.
Finally, make sure that the NiCd bat-

and 33 minutes. Note that this time is af-

R = (12—(0.7 +1.3 xno of cells)/Id [n]

fected by the leakage current of C4; it pays
to use agood quality capacitor here. The

here, because of the chosen charging pe-

tery is suitable for fast charging and never
charge for longer than half an hour!

where /
c.
is the charging current, which is

eACOAGVOCALLIY COAYeame) mums

Applications for this mechanically set and
reset bistable are found, among others, in
anti-theft devices and model railway crossings.
The transducers are formed by buzzers
Bzl, which sets the bistable, and Bz2,
which resets it. Their sensitivity is set with
P1 and P2 respectively. The presets are adjusted correctly if the output of buffers
IC1 a and IC1b just toggles from high to
low or vice versa.
If all has been set correctly, aslight tap
on Bz will set the bistable. This causes Tl
to switch on, which enables, for instance, a
relay to be energized. At the same time, D1
lights. A tap on Bz2 or on its mounting resets the bistable, whereupon D1 goes out
and Tl is switched off.
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The bistable draws acurrent of about

through the LED.

12 inA only, the larger part of which flows

is reset when the supply is switched on:

Capacitor C2 ensures that the bistable

after that, the LED must thus be out.

•

(J. Ruffell)

eme rime ceemeAyoe

The frequency of the generator presented
here is determined by integrators IC1b
and IC1c. An integrator has two properties
that are used in this design. Firstly, there is

put (ignoring for the moment the nonideal behaviour of the opamp), and sec-

will thus result in an overall phase shift of

ondly, its amplification is —1 (i.e., inversion
of signal), provided the frequency,

180° and an amplification of unity (provided the frequency is 1/2nR1C1): an ideal

aphase shift of 90°between input and out-

f =1/27tR1C1.

Cascading two identical integrators

basis for an oscillator.
The two integrators are connected in
the feedback circuit of an amplifier whose
gain is determined by the amplitude of the
output signal. Consequently, the generator
has areasonably stable output voltage (at
alevel of about 4.5 V p-p).
With the values of Cl (Cl') and R1 (R1')
as shown in the diagram, the output has a
frequency of about 300 Hz. The frequency
may be varied by replacing R1 and R1' by
a stereo potentiometer. To keep the frequency setting within bounds, the overall
range of this potentiometer should not exceed adecade.
The maximum attainable frequency is
about 5kHz. Distortion is not greater than
0.1%. The current drawn by the generator
is only afew milliamperes.
Finally, the LM348 is aquadruple 741;
it is thus possible to construct the generator from four 741s.
(G. Boddington)

ficeciency DOVD,/A?

It is often required that the frequency of a

distortion will occur. The design is there-

signal be doubled: modulator/demodulator chip LM1496 is an ideal basis for this.

its input. This makes it possible, for in-

From trigonometry it is well known

stance, to arrange for a500 mV input sig-

that

fore provided with apotential divider at

nal to result in asignal of only 25 mV at

2sinxcosx =sin2x

the input of the LM1496.

and

To provide a sufficiently high output

sin 2 =1—cos2x.

signal, the output of ICI is magnified by

These equations indicate that the prod-

opamp IC2, which is connected as anon-

uct of two pure sinusoidal signals of the

inverting amplifier. Since the output of ICI

same frequency is one signal of double that
frequency. The purity of the original sig-

contains ad.c. component of about 8V, the
coupling between the two stages must be

nals is important: composite signals would

via acapacitor, C4.

give rise to all sorts of undesired product.
The LM1496 can process only signals of

With values of R15 and R16 as shown,
IC2 gives an amplification of 16 (24 dB).

not greater than 25 mV: above that serious

The overall amplification of the circuit de-

Internal circuit of the LM1496.
WorldRadioHistory

pends on the level of the input signal: with
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Application Notes
Stereo Bridge Amplifier with TDA7370

11

54

11
12
07
07
07
01
12
02
07
12
12
10
11
02
05
05
07
12
12
10
11
07
07
12
12
12
09
12
12
12

48
14
SO6
S14
SO6
27
S18
23
S28
S43
S45
58
26
34
20
60
S28
S40
S42
54
44
S25
S31
34
S34
SO2
37
S26
S10
S37

02
12
12
12
12

22
SOS
S31
S49
S28

Audio and Hi -Fi
Active Mini Subwoofer—Part 1
Active Mini-Subwoofer—Part 2
AF Isolating Amplifier
AF Output Level Indicator
AF Power Indicator
All-Solid-State Preamplifier—Part 2
Audio Input Selector
CALSOD Review
CD-to-Cassette Adaptor
Code Display
Digital Volume Control
Dubbing Mixer
Dubbing Mixer EV7000—Part 2
Feedback Killer
Horn Loudspeaker
Intro-Scan for CD Players
Inverse RIAA Network
LCD FOR 8052 Microcontroller
Low-Signal AF Amplifier
Medium Power AF Amplifier—Part 1
Medium Power AF Amplifier—Part 2
Miniature AF Amplifier
MOSFET AF Power Amplifier
Phase Check for Audio Systems
Rumble Filter
Signal Suppressor for All-Solid-State Preamplifier
Stereo Playback Amplifier
Symmetrical Low-Noise Preamplifier
Universal Line Amplifier
Volume Indicator for Preamplifier
Automotive Electronics
Car Theft Deterrent
Electronic Ignition
Rear Fog Light Delay
Tester For Goods Vehicle Electronics
Windscreen Wiper Interval
Components
ACL: Advanced CMOS Logic
Chopper Stabilized Operational Amplifiers
Electronic Fuses
HCMOS Oscillators
Inter-IC Communications
Introducing the OP-Series Op Amps
Isolating Amplifiers
Replacements for TCA280A
Temperature Compensation for LCD Modules

06
12
06
01
07
02
09
03
03

60
44
34
62
15
24
49
22
60

07
05
06
12
05
12
01
01
07
01
06
07
02
01
07
06
07
05

S23
34
36
SO8
41
S13
44
57
37
14
14
S26
14
50
36
44
SO4
24

Computers & Microprocessors
4-Bit BCD Flash Converter
Acoustic Temperature Monitor
Automatic Power-Down for PCs
C64 A-D and D-A Card
Centronics A-D/D-A Converter
Clock Frequency Indicator
CMOS RAM Control for PC/AT
CMOS Replacement for 8052AH-BASIC
Daylight-Resistant Opto -Isolator
EPROM Programmer
Facsimile Interface for IBM PCs & Compatibles
Four-Monitor Driver for PCs
Initialization Aid for Printers
Introduction to Duo Binary Encoding & Decoding
The 8031/8371 Microcontroller
Mini EPROM Viewer
Numerical Pulse Width Control
PC Servicing Card
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Plotter Mark II
Programmer for 8751
ROM Copy for 8052-BASIC Computer
RS-232 Splitter
Search Time Monitor

03
11
09
04
12

31
40
28
14
S21

03
03
02
02
02
02
02
02
03
02
03
03

43
43
59
59
59
59
59
59
43
59
43
43

11
03
04
03
03
02

53
54
60
56
30
32

03
04
07
10
12
06
07
07
12

55
21
S30
22
S15
24
29
S18
S44

09
04
12
07
12

32
58
SO3
S20
S50

07
12
02
07
07
10
01
02
03
04
12
07
07
07
07
07
12
07
07
07
07
07
12
07
06
07

SO7
S30
62
SO7
38
38
38
53
52
24
S20
48
S15
SO4
S22
46
S51
S13
S15
SO4
S22
46
S51
S13
53
16

Corrections
Dark Room Clock
DC-AC Converter
31
/ -Digit SMD Voltmeter
2
Hard Disk Monitor
I/O Extension for Archimedes
Intruder Alarm
LF/HF Signal Tracer
Logic Analyzer with Atari ST
Simple AC Millivolt Meter
Simple Transmission Line Experiments
Vocal Eliminator
Voice Recorder from Texas Instruments
Design Ideas
1-of-N Decoder
Bridge Rectifiers Revisited
Coded Locking System for Security Systems
Digitally-Controlled Preamplifier
Low-Cost V/I Display Module
Waveform Modulation of the Mains Voltage
Electrophonics
BBD Sound Effects Unit—Part 1
BBD Sound Effects Unit—Part 2
Electric Guitar Enhancement
Guitar Tuner
Matching Amplifier for Electrical Guitars
Midi Master Keyboard—Part 1
Midi Master Keyboard—Part 2
Midi Signal Redistribution Revisited
Pure Concords
General Interest
Automatic Headlights Switch
Automatic Power Line Isolating Switch
"Bath Full" Indicator
Bedside Light with Auto Off
Bounce Free Auto Repeat Switch
Clockwise and Anti-Clockwise Control
for DC Motors
Count the Days
Dark-Room Clock
Debouncing Network with Two Outputs
Decoupling Power Rails
Digital Car Engine Lock with Alarm
The Digital Model Train—Part 10
The Digital Model Train—Part 11
The Digital Model Train—Part 12
The Digital Model Train—Part 13
Direction Detector
Door Chime/Alarm System
Electronic 4-Position Selector
Electronic Doorman
Electronic Mosquito
Electronic Siren
Flashing LED Controller
Fluid Level Indicator
Electronic 4-Position Selector
Electronic Doorman
Electronic Mosquito
Electronic Siren
Flashing LED Controller
Fluid Level Indicator
Four-Sensor Sunshine Recorder
Glow Plug Switch for 4-Stroke Model Engines
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In Quest of a Pangram—Part 1
In Quest of a Pangram—Part 2
In Quest of a Pangram—Part 3
Infra-Red Indicator I
Infra-Red Detector II
Infra-Red Remote Control
Introduction to Metal Transmission Lines
Light Guaranteed
Line Pulse Fundamentals
Low-Consumption Monostable Relay
Low-Consumption Movement Detector
Make Your Own PCBs
Matrix Interface for Keyboards
Mechanically Controlled Bistable
Message Pad
Microprocessor Controlled Telephone Exchange
Negative Resistance
Power Line Monitor
Power Zener Diode
PT-100 Thermometer
R-2R Resistance Network in SMT
Rear Window Wiper Coupler
Remotely Controlled Oscilloscope
Repeating "Fire" Button
Reversing Car Alarm
Simple Effective Car Theft Deterrent
Simple Square-Wave Generator
Smoke Detector
SMT Prototyping Board
Sound Generator
Speed Control for 3-Phase AC Motors
Surge Suppressor
Three in a Row
Thrifty Flashing LED
Two-Wire Intercom
Variable Divider

10
11
12
07
07
09
12
12
12
12
12
09
12
12
07
10
10
03
06
11
06
06
06
07
07
07
07
11
07
10
10
03
09
07
12
07

26
57
53
S14
S22
23
38
S07
17
S27
S01
30
SI 1
S23
S34
16
14
41
41
36
62
40
20
S17
45
47
47
14
S08
39
30
44
34
S21
S17
S19

Intermediate Projects
IC Monitor—Part 9
One Wire Intercom
Phase Meter
Reflex MW AM Receiver—Part 8
Test Box
Versatile NiCd Battery Charger

03
01
10
02
04
07

14
60
46
57
51
43

Power Supplies
3A, 5V Power Supply
400W Laboratory Power Supply—Part 1
400W Laboratory Power Supply—Part 2
50/750 Driver
9V Battery Charger
Battery Tester
Bridge Circuit for Asymmetric Load
Compact 10A Power Supply
Current Source for Portable Charger
Deluxe NiCd Battery Charger
Foldback Voltage Regulator
Linearly Variable Power Supply
Low-Loss Voltage Regulator
Portable NiCd Battery Charger
Power Supply Down to OV
Power Supply Extension
Power Supply Input Adaptor
Slave Mains On-Off
Supply Voltage from OV
Supply Voltage Monitor

07
10
11
07
07
07
12
07
12
07
07
07
07
12
07
07
07
07
12
07

S05
49
20
S25
S32
14
S41
19
S32
Sil
S08
S10
S12
S22
S10
S15
S16
S32
SI2
S24

07
12
05

18
S46
30

03
06

47
50

12

S16

Radio & Television
100MHz TTL-Compatible Oscillator
3V Mains Supply for Portable Radios
An Experimental All-Waveband
Ferrite Rod Antenna
Audio/Video Modulator
Aztex 24cm FM ATV Transmitter and
24cm GaAs FET Preamplifier
Digitally Controlled Mute Circuit

Droitwich Timebase
Electronic Antenna Selector
Experimental BSB Reception
Frequency Doubler
INMARS AT's Standard C
Interval Control for Camcorders
Mini FM Transmitter
PC Controlled Videotext Decoder
PC Radio
SAVE Decoder—Part 1
Solar-Powered MW Radio
Sound Demodulator for Satellite TV Receivers
S-VHS/CVBS-to-RGB Converter—Part 1
S-VHS/CVBS-to-RGB Converter—Part 2
The Multi-MAC Concept
Tuned UHF-TV Preamplifier
Universal Compander
VFO Stabilizer
Video Mixer—Part 1
Video Mixer—Part 2
Video Mixer—Part 3
Video Mixer—Part 4
Wideband UHF Amplifier

12
12
03
12
07
03
07
12
02
02
11
07
10
11
05
10
12
03
01
02
03
04
12

S39
19
33
47
23
46
S06

01
05
06
04
03
04
04

53
46
56
38
50
40
39

01
02
03
01
03
01

46
18
36
22
61
18

09
07
12
05
06
12
11
06
12
09
07
07
07
09
12
07
10
12
12
06
12
12
07
04
12
12
12
12
07
12
05
07
04
04

26
S29
S19
50
48
S14
16
16
S09
40
S24
S16
S08
20
S48
S18
41
32
27
30
S29
S33
SI I
41
S35
SO4
S47
S24
S21
S38
56
S31
32
27

50
S36
47
S25
24
20
33
22
38
27
52
39
35
30
15

44

Science & Technology
Conversing with Computers—Naturally
Image Segmentation
Intelligent Road Systems
Parallel Processing for Faster Computing
R&D: Keynote of Life at Harwell
Robots for the Rag Trade
Technological Advances in Crime Detection

Telecommunications
1GHz Frequency Meter Card for PCs
Capacitance Meter
Digital Trigger for Oscilloscopes
Simple AC Millivoltmeter
Square Wave Generator
Telephone Answering Unit

Test & Measurement
I.5GHz Prescaler
10MHz Reference from France Inter
Battery Tester
Budget Sweep/Function Generator
CRO Calibrator
Current-to-Frequency Converter
Digital Capacitance Meter
Electronic Load
Frequency-to-Voltage Converter
High Current Hfe Tester
High-Resistance Multimeter
Inexpensive Transistor Tester
LF Sawtooth Generator
LF/HF Test Probe
Logic Tester
Mains Voltage Meter
Measurement Techniques—Part 1
Measurement Techniques—Part 2
Milliohmmeter
PLL Sine Wave Generator
Power Driver for Operational Amplifiers
Preamplifier for Oscilloscopes
Pulser
Q Meter
Rectangular/Triangular Wave Converter
Sawtooth Converter
Simple VCO
Sine Wave Generator
Stable Sine Wave Generator
Thermal Monitor
Transistor Characteristic Plotting
Triggerable Sawtooth Generator
Video Line Selector
Wiring Allocation Tester

WorldRadioHistory
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high fidekty
range

The MDT 33 is an extremely fast

To utilise the dome at the lower than

Tweeter, using a 28mm (1'

normal crossi:ner frequency available

"

diameter voice coil and a chemically

makes it necessary to have a sharp

treated soft dome, and is ideally

roll off below 1400Hz of minimum

suited for two way systems with the

12dB per octave to protect the

possibility of a lower than normal

tweeter from mechanical damage

crossover freçuancy, as well as fer

This makes it ideal for use with active

three and multiple way systems.

systems.

---

65 mm

Incorporating the Morel Hexatech
voice coil technique, aluminium wire
wound on an aluminium former and
0 -82mm

using flexible wire termination
ensures excehent high frequency
performance with exceedingly high
power availability. The power
handling is further enhanced by using
Ferrofluid in the magnetic circuit.
The magnetic system itself is an
ingenious Mole double magnet
design and is completely enclosed. By
venting into the enlarged area of the
double magnet system, a low
resonant frequency of 500Hz is
obtained with a remarkably smooth

morel (U.K.)
11 Foxtail Road,

roll off from 1000Hz through this
damped resonance area. The

Nacton Rd. (Ransornesi

subsequent wide range response of

Industrial Estate,

1400-20000 t 0.6dB is obtained

Ipswich. IP3 9RT

with a harmonic distortion of below

England

0.8% over the entire range. The

Tel . (0473) 719212

distortion figures quoted are with an

Telex:98761)1 Morel G.

input power giving an output level of

1111111•1111b
Overall Dimensions
Face Plate Thickness
Voice Coil Diameter

- 110mm x68mm
3mm
28mm 11 .
4")
Hexatech Aluminium

Voice Coil Former
Number of Layers
DC Resistance
Nominal Impedance
Voice Coil Inductance @ 1 Khz
Air Gap Width
Air Gap Height
Voice Coil Height

Frequency Response

5.2 ohms
8 ohms
0.09mh
0.75mm
2.5mm
2.7mm

Resonant Frequency
Power Handling Din:
X-Over 1400 Hz

1.95T
4.76 WB/M
2.09nsan

Force Factor )BXL)
Rmec
Qms
Qes
Q/T

0.66
0.38
0.24

Irmrolsluw

row«.

50 dB

da Abair

Brookline, MA 02146
Tel: (617) 277-6663
FAX: (617) 277-241E

capability of from 100 to 500 watt
subject to crossover frequency,

103W
503W
1500W
92.5dB (1W/1M)
10ps

Intermodulation Distortion
for 96dB SPL

<0.2%

Harmonic Distortion
for 96dB SPI

<0.6%

Nett Weight

1.2 kg

? HI

the acoustic qualities at lower than
normal crossover frequencies are

IBICTUX—

excellent with an absence of honking,

@mho.

Eli

2.83V
1METRE
IN
AN ECHOIC
CHAMBER

With such a dome tweeter design,

X-Over 5000 Hz
Transient Power 10ms
Sensitivity
Rise Time

1.00011,1-•11.filW — 0

metre, and a power handling
USA

1400-20000 ±- 0.6dB
(1000 400(10- 5r113)
500 Hz

Specifications given are as after 24 hours of running.

sensitivity is 92.5dB for 1 watt 1

414 Harvard Street

Vas
0.016 fire
Moving Mass including Air Load 0.44 grams
Effective Dome Area
8.5 cm 7
Dame Material
Treated Fabric

Aluminium
2

Flux Density

96dB at 1 metre. The MDT 33

morel
acoustics

"MI

Specification

ewes
_

and even at the more normal

Una.%

crossover frequencies this excellent
acoustical belaviour is evident to the
ear. With the lower crossover
frequency available and high

morel

capability, it Is ideal for consideration
in two way systems using a 10" or

1MM
MOM"

ChoCs 0

a It 10
wake Fro.

12" woofer.

PO

Sub

br x1

200
rue Low.

i
U
d8

Morel operate a policy of continuous product design improvement consequently, specifications are subiect to alteration without prior notice
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MARK V ELECTRONICS, INC.

ea.=

Gives you more selection on Electronic Kits. Power Amilifiers, Test Instruments and Professional Products.
A indicates the level of difficulty in the assembling of our Products

• Beginner AA Intermediate AAA Advanced * Fully Assembled

PROFESSIONAL COLOR LIGHT CONTROLLER

VIDEO/AUDIO SURROUND SOUND PROCESSOR

SM-328 *

SM-333 AAA*

The SM-328 professional color light controller is keyboard programmable for ease of use. It allows full control of intensity ana flash rate.
It has four separate channels with capacity of 1170 watts per channel
Total wattage capability is 4G8 killowatts. This is equivalent to 46 pcs
100watt ligh bulbs or 936 pcs. 5-watt colored bulbs and is sufficient
for the largest halls and auditorums.
•Independent input signal control
•Professional styled control panel
•4independent outputs
•4independent dimmer controls
•Chaser speed controls
•Automatic chaser operation
•4preset chaser programs
•Clockwise chaser control
•Anti-clockwise chaser control
•Match with any step-down
transformer from 12 to 24VAC

414
Now: 6139.00

Assembled & Tested:

SPECIFICATIONS
Input sensitivity (music model 100mV Imusic •program) 2V-Output power 1170
W per channel MAX 4680 W total •Power requirements 105 -120 V. 60 Hz •
Dimensions 14 32 -wide 9' high 319 -deep

300W HI FI POWER AMPUFIER (MONO)
TA-3600 AAA
The TA-3600 is an extremely high power amplifier specdzally
designed to reproduce the high dynamic range available on compact
discs.
It has low noise, high stability low distortion, extended
frequency range and high
efficeincy in a compact
package.Two of these units
with appropriate power
supply and pre-amplifier are
required for stereo repro-

FC 1000A *

It has inputs for VCR. Video Disc and Compact Disc and can also be
used with FM tuners, tape decks and LP discs -te fact anything that
can be connected to your pre-amplifier.
It also has front panel control of dynamic noise reduction DNR'.
surround level. effect and time delay up to 50 milliseconds.
Rear panel outputs for front and rear stereo speaker amplifiers. The
unit may be purchased as akit or fully assembled ready to plug in

the l-C-1000A is a multi-lunclion 5 hertz lo 1GH1 dual-range frequency
counter it can measure Irequency period and total events Readout is alarge
05" 8-digit 7-segment LED display
It utilizes two crystal oscillators which can be individually calibrated for
maximum long term accuracy against afrequency standard such as WWV
transmissions
Additional features include avaluable self-check mode and atwo step input
attenuator

SPECIFICATIONS

SPECIFICATIONS

Frequency response 20 Hz lo
200111 •Total harmonic distortion. Front channel 005% Rear
channel Less than 025%•Input
signal voltage 0 Ito 35V -Output Front channel 01to 35V •
Rear channel 660-Delay time 5
to 50 milliseconds • Input im
Dedance
47 K • Power
'garments 100-120 VAC 60
Complete Kit $62.00
Hz • Dimensions
14 2"
Assembled d Tested. Spit
wide 482" deep 21" high
•TM OF NATIONAL SEMICONDUCTOR CORP
Now: $70.00

Frequcny range 5Hz to 10 MHz
10 MHz to 100 MHz 100 MHz to
1000 MHz Resolution (MAX ) 10
Hz to 01Hz depending on meae r• r.
sure range Accuracy s1digit. ±
time base error Period measurement 025 uS to 10S Period measurement resolution 10 to
Assembled A Tested $179
10 seconds depending on gate time Totaluation measurement 1Hz to 10
MHz Totalization display 99999999 Sensitivity 15 mV 10 Hz to 70 MHz 30 mV
70 MHz to 100 MHz 15 mV 100 MHz to 1000 MHz Input impedance 1
megohms 10 Hzto 100MHz (INPUT Al 50 ohms 100MHz to 1000MHz (INPUT
Eli Attenuation 51 010 Time base 10MHz and 390625 MHz (± lOppm) Hold
Data hold of last reading Sell check Counts internal 10 MHz time base Power
requirements 110 to 120 VAC 60 Hz Dimensions 3* high 969' wide 787'
deep

L.:1111:1
m=

BOW +BOW PURE DC STEREO MAIN POWER AMPLIFIER

100W DYNAMIC CLASS AMAIN POWER

TA-802 AA

TA-1000A AA

Modern circuit design utilizes full complementary power output and
differential cascode input stage. DC coupling provides superb transient
response. A special output circuit guards against short
circuits and overload operation.

This well designed and stable amplifier features DC coupling
throughout and afully complementary symmetry circuit topology.

SPECIFICATIONS

Complete Kit $79 00
Assernbled utested 5103 00
Iransforner $42.00

duction.

SPECIFICATIONS

Power output 300 walls sine wave into 8ohms 540 watts music power into 8Ohms
•Frequency response 10Hz to 20 KHz •Total harmonic distortion Less than 005% •
Intermodulabon distortion Less Man 005% •Sensitivity 1V me al 47K •Power
requirements 60 to 75 VDC al 8 amp • Dimensions 8"
7i."
2
El

1GHz MULTI-FUNCTION COUNTER

PLEASE SEND ME A COPY OF THE FREE CATALOG-

SPECIFICATIONS

Power output 80 wash per channel
into 8 ohms notai harmonic distortion less than 005% al rated power
Intermodulation distortion Less Man
005% at rated power Frequency response DCto 200 KHz -008 -3013.4x
1wan Power requirements 30 VAC x
2e 6amp May use Mark V model
001 transformer PC Board 8-1/2 -x
5' 1-14 Heal sink 5.1i8 -.2-5/8
3' (Each)

Power output. 100 watts into 8
ohms. 125 walls into 4 ohms
• Frequency response 10Hz to
100 KHz •Total Harmonic Distonon Less Man 0008% •Signal to
noise ratio Better than 80 dB •
Sensitivity IV •Power requirements 35 to 45 VDC VP 3
amp •May use Mark V Moot 003
transformer • PCB Dimensions
538' x3 3851 2, Healsink 513 .2 63 3' (Each)

Complete Kit $45 94
Assembled A Tested 559 72

Rack Mount Metal Cabinets
I with aluminium panel are

This amplifier is designed specifically for low TIM distortion. It
uses parallel MOSFET output transistors. This is avery popular
kit because of its superior sound reproducing ability and high
power reserve. BUILD TWO KITS FOR A PROFESSIONAL
STEREO AMP!

SPECIFICATIONS

We provide transformers for most of our Mark
Vamplifier kits.

CITY

ZIP

STATE

AMPLIFIERS

KIT ASSEMB.

MODEL

DESCRIPTION

TA-28MK2
TA-50A /B
TA-50C
TA-120M02
TA-300
TA-302
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA-1000A
TA-1500
TA-2200
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600

Digital Voice Memo AA
Multi-Purpose Melody Generator •
Multi-Purpose Melody Generator •
35W Class -A-Main Power Mono Amp AA
30W Muth-Purpose Single Channel Amp A
60W Stereo Power Booster twicasel*
.
30W X2Stereo Pre-main Amp. •
.
Hi-Ouality FET Stereo Pre-Amp AAA .
40W Solid State Mono Amp A
120W Moslet Power Mono Amp AA
80W .80W DC Pre Main 8 Power Amp ••
80W •80W DC Stereo Main Power Amp AA
60W .60W OCL DC Pre-Main Stereo Am» ••
100W Dynamic Class "A' Main Power Mono Amp ••
100W X2Class 'A' DC Stereo Pre-Main Amp •••
Fet Super Class 'A' DC Pre-Amp AAA
Electronic Echo 8 Reverberation Amp *
HO Pre-Amp w/10 band graphic equalizer *
Hi-PET IC Pre-Amp w/3 way tone control AA
Stereo Simulator (For Mono TV or Any Mono Source) AA
300W HO Hi -Fi Power Mono Amp AAA

0-I5V
0-15V
0-30V
0-50V

2A
5A
3A
38

Regulated
Regulated
Regulated
Regulated

DC
DC
DC
DC

Power
Power
Power
Power

Supply
Supply
Supply
Supply

(W'Casel•••*
•
•
••

INSTRUMENTS
3,-: Multi-Functional Led PPM (w/ABS plastic case)••
4i: Hi-Precision PPM AAA
4i, Hi-Precision PPM (w/ABS plastic use • • •
3., Multi-Functional LCD 0M P 1w/Hold fun. ' • •
t
SONIC Deal Frequency COu re, •• •
Iair Frequency COullter •

aCcep. -a 0,C•eC •
Pease Ca ,

CluIS.1:14 US

0. CA

D'ease ano sa -es

",,, 0,0e,

30 00
1284
13 65
28 50
20 00
29 50
59 95
28 00
68013
60 92
45 94
40 39
59 69
73 70
47 70

48 90
27 00
79 00

.14 55
14 55
15 75

$69.50

20 76
20 76
22 65

KIT MEANS.
634 50
38 00
41 20
36 00
;c1nn

1 H P Less Than 0007% •
Power output 120 watts into
8ohms •Frequency response
8Hz to 20KHz.x0-0 4dB •Sen
smuts, lb • Power requirements 55 VDC a 3 amps
May use Mark VModel 003
Transformen

vitiLe4

•Free gift for any purchase during Christmas Season

'•••

Complete Kit $68 00
Assembled & Tested 585 00

MISSELLMEOUS
17 20
18 71
39 80
29 00
70 00
38 35
75 00
34 93
85.00
79 20
59.72
49.37
80 58
9581
58 24
9600
68.80
63 57
38 50
103.00

KIT MISEMB.

POWER SUPPLIES

SM-43
SM-48
SM-48A
SM-49
SM-100
IC-10000

Complete Kit $59.69
Assembled 8 Tested $110.58

120W MOSFET POWER AMPLIFIER (MONO)

ADDRESS

TR-100A
TR-355A
TO-355B
TO-503

y

TA-477 AA

suitable for many projects
and most of our kits.

NAME

It operates in class Aat low and medium levels and gradually shifts
to class AB operation at high levels. A pair of these amplifiers
provide 200 watts of super high fidelity sound reproduction.

S43
48
52
44
an

00
00
00
50
on

MODEL
TY-23B
TY-25
TV-35
TV-36
TV-38
TY-4IMK V
TV-42
TV-43
TY-45
TV-47
SM-222
SM-328
SM-333
SM-666
10.000u/I

DESCRIPTION
3Channel Color Light Controller AAA*
Stereo Loudspeaker Protector •
FM Wireless Microphone A
AC/DC ()Lanz Digital Clock •
Sound /Touch Control Switch •
Infared Remote Control Und (w/Casel AAA
Bar /Dot Level Meter AA
3Digital Panel Meter A
20 Steps Bar/Dot Audio Level Display AA
Superior Electronic Roulette AA
7Band HI-Ft Graphic Equalizer A A A
4Channel Professional Color Light Controller*
Audio/Video Surround Sound Processor AAA*
Dynamic Noise Reduction •
80 VCapacitor (Suggested for TA-36041 TA-477 TA-100A 6 TA-802)

651
13
10
19
12
20
24
29
38
19
26

IUT

ASSEMB.

20
85
22
00
00
00
15
00
45
46
80

$65 00
19 85

62 00
26.00

26 20
35 00
33 81
38 00
46 14
27 24
38 80
139 00
70.00
34 00
22 00

METAL CABINETS wow ALUMINUM PANEL
MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

H- KW o D MATCHING
3- 12"
r
TA-2800. TA-377k TA-2200
TA-323A. TA-377A, TA-2200
4- 16' 8'
11 1
/ TA-802. TA-820A. TA-1500.TA120MK 2. TA-800. TA-1000A
2
4' 19
Ili, TA-477. TA-800. TA-1500. TA-1000A. TA-3600
5' 19'
2s,' 19 - 8"
TA-377A.. TA-2800. TA-2200. TA-120MK 2

PRICE
522 16
26 64
32 00
35 00
28 50

NAM TRMISFORMERS
MODEL
001
002
003
004
005
'Iry

DESCRIPTION
28V a26A to 30V x26A
36V x23A
40V x26A
24V a26A
26V x23A
18V x2 5A
53V a28A

MATCHING
TA-800. TA-802. TA-820A TA-1000A. TA-1500
TR-503. TA-323A. TA-400. TA-300
TA-477
TA-120 MK 2
TR-355B
TR-355A
TA-3600

PRICE
526 00
21 00
27 00
21 00
15 00
14 50
42 00

and C Or° 0,0e ,5 C L, ea 555 00
max- •s S20 00 •We 5, 10 Dy UPS 9,0,-,
"
us
Business & Showroom hours Pacific Time)
2ns 00e ga woe's • ASSE, ^D ,e0 .o" ,t5 ,ave a30 OayS We ,an, •0..a ,y 0,VO
5C0c,ava ame..00-•ec1,5, •Has Oe•-•
Mon thru Fn.
9:30 am to 5:00 pm
s.omc, %ID ,0, see P,Ces a, s,,oect oc"aage w
la 0,
ce We
'es00"5 ,0,e le Way, ca r-os
e Sat.
10:00 am to 5:00 pm

woe's Ove'
•A ^,e.C .,3 , 0•se d-e
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an input of 1.2 V, the amplification is
unity; when the input drops to 0.1 V, the
amplification is only just 0.1.
The value of the input resistors has
been fixed at 680 12: this value gives areasonable compromise between the requirements for ahigh input impedance and a
low noise level.
To ensure good suppression of the
input signal at the output, it is essential
that the voltages at pin 1and pin 4of ICI
are made absolutely identical with P4. It is
possible, with the aid of aspectrum analyser, to suppress the fundamental (input)
frequency by 60-70 dB.
The output signal at pin 12 is distorted
easily since the IC is not really designed
for this kind of operation. The distortion
depends on the level of the input signal.
At afrequency of 1kHz and an input level
of 100 mV, the distortion is about 0.6%;
when the input level is raised to 500 mV,
the distortion increases to 2.3%, and when
the input level is 1V, the distortion is 6%.
The signal-to-noise ratio under these con-

from the negative rail.

ditions varies between 60 dB and 80 dB
The circuit draws a current of 10 mA

taken from pin 12, there is asimilar out-

The phase shift between the input and

put, but shifted by 180° (with respect to

output signals is about 45° (output lags).

from the positive supply line and 5 mA

.`thIG\Arf.PJIC,41.

The SSM-2016 differential audio preamplifier from PMI is primarily intended for

that at pin 12), available at pin 6.

Finally, although the normal output is

(T. Giffard)

W-A01,C,r 1-)1?:_:;\,h1P1IPIME

1

amplifying signals from low-impedance
sources (<1 kn), such as a150-ohm microphone. If higher impedances are used, the
9 36V

SSM-2015 is abetter choice.

R3

The circuit diagram of the preamplifier

1lz

4k89

is shown in Fig. 1, while the internal cir-

Re

1%

2k

cuitry of the SSM-2016 is given in Fig. 2.

115

The amplification, a, of the preampli-

9

fier is determined solely by resistor R5 and

R7
2k

is calculated from:
100k

Il

With values as shown, this may be sim-

.V

RI

plified to:
a =10 3/R5 +3.5.

114

Pl

a =(R3+R4)/R5 +(R3+R4)/(R6+R7).
3

8

7

NULL 1 NULL 2 •Rg

0
Al out

ICI

470P

11:11

C4
-Ag

N

CI

R2

4

vo.i

SSM2016
IN

—0

15
C2

MP 4

With R5 = 10 SI, the amplification is

•

2

Op

15
C3

thus 1000 (60 dB). Although the specification of the preamplifier is hardly depen-

•

dent on the chosen amplification, it shouid

C5

be noted that the distortion is slightly
lower at smaller amplification factors.

7:10n
904061

The external resistors have alarge bearELEKTOR ELECTRONICS USA DECEMBER 1990
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9 26V

S 25
ring on the quality and perfor-

10 kHz) with aload of 10 kû and

mance of the preamplifier: class A,

an output voltage of 1 V r.m.s.
When the load was reduced, this

1% metal film resistors are there-

figure increased to 0.02% at 1kHz

fore essential.

and 0.035% at 10 kHz.
The slew rate was 10 Vips. The

The input referred noise of the
IC is very low: 800 pV/qHz. In

signal-to-noise ratio at an amplifi-

view of the common-mode noise,

cation of 1000 and an output volt-

the values of resistors R1 and R2,
which determine the bias current,

age of 1V was 98 dB with the inputs short-circuited and 88 dB

must be chosen with care: they
should not exceed 10

kn.

with asource impedance of 600 Q.
The common-mode rejection

Capacitors C2, C3 and C4 are

ratio (cmRR) is high over the
whole audio range: 114 dB at

compensating components. Moreover, the value of C2 has adecided

1kHz and 108 dB at 20 kHz. This

effect on the the bandwidth of the

means very effective suppression

amplifier: when it is 120 pF as

of hum at the input.

shown, the bandwidth is around

The

450 kHz (if the amplification factor

complete

preamplifier

draws acurrent of 12-15 mA.

is less than 100, the bandwidth

The offset voltage at the input

may even be as large as 1MHz).

may be compensated with Pl. Be-

Since the bandwidth is deter-

cause of the high input bias cur-

mined mainly by C2 and the feed-

rent of the opamp (up to 25 µA

back resistor, it is virtually inde-

max), an extra offset may arise at
the input with pseudo-differential

pendent of the amplification: with
amplification factors between 3.5

or asymmetric use of the inputs
that can not or hardly be compen-

and 1000, it varies from 1MHz to
450 kHz.
Capacitor Cl provides additional decoupling of the inputs

sated with Pl. The result of this is

and should therefore be mounted as close

load of 600 Q. With higher supply volt-

higher distortion.

to the input pins of the IC as possible.

ages, care should be taken that the maxi-

Although the power supply suppression is about 100 dB, it is recommended to

The SSM2016 is capable of fairly high

mum dissipation of the IC does not exceed

output currents (min. 40 mA), so that with
asupply voltage of ±18 V, an undistorted

1.5 W.
The prototype had an harmonic distor-

signal of 10 V r.m.s. is available across a

tion of not more than 0.006% (up to

decouple the supply lines well.
(T. Giffard)

IOW COACYMPY1 cM)1)7 CA0 `7,A
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A monostable relay has two states: opera-

on, Cl charges via D1 and the relay coil.

positive terminal of Cl, while the base is

tive when a large enough current flows

The current then flowing through the coil

connected to the negative terminal of the

through its coil and quiescent when no

causes the relay contact to assume one of

capacitor via R1 and the relay coil. This re-

current flows. A relay contact that assumes

two positions. The forward drop across D1

sults in T1, and thus T2, switching on, so

acertain position after the supply voltage
has been switched on is required in many

ensures that the base of T1 in this condition is more positive than its emitter, so

The current rhough the relay coil then

applications, and, of course, many relays

that Tl, and thus T2, is switched off.

operate in that manner.
However, most of these relays require

When the supply voltage is switched
off, the emitter of T1 is connected to the

that Cl discharges via T4 and the relay.
flows in an opposite direction and this
causes the contact to change over.
The bistable relay thus behaves exactly
as amonostable type with the advantage,

an energizing current of 50 mA or more

however, that the operational current is determined by R1, and here amounts to only

and that normally precludes abattery supply. The circuit presented here, which uses

130 µA.
To ensure reliable operation, the rating

abistable relay, may solve that problem.
The contact of abistable relay normally

of the relay coil should be 65-75 per cent of

remains in the position it is in after the

the supply voltage. In the prototype, a9-V

supply is switched off. The present circuit,

relay was used with abattery supply volt-

however, makes the bistable relay behave

age of 12 V.

like amonostable type, and that at avery

(F. Hueber)

modest current.
When the supply voltage is switched

WorldRadioHistory
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The windscreen wiper interval circuit pre-

After a short time, the

sented here is very compact and is note-

wiper stop switch connects

worthy for its use of two thyristors instead

terminal 53 to the +12 V

of arelay. It has only two connections and

line, so that the wiper motor

operates without any problems even in

is energized via D4. The

conjunction with multi-stage wiper cir-

thyristors are switched off

cuits.

because the voltage drop

The connecting wire between the wiper

across D3 plus Thl-Th2 is

motor and terminal 53 is cut and new con-

then greater than that across
D4.

nections are made as shown in the diagram.

When the wipers reach

When the interval switch, SI, is closed,

the end of their travel again,

capacitor Cl charges via P1 and the wiper

the stop switch connects ter-

motor. After atime set with Pl, transistor
T1 switches on and triggers the thyristors.

minal 53 to ground and this
enables Cl to charge again.

The wiper motor is then energized via the

(E. Tienken)

thyristors and D3 and sets the wipers into
motion. At the same time, Cl discharges
via D2 and the thyristors.

.P'CIBrk? DT.211Yr?? YO)

OP'efRiVICAA1', ArMY1.1Y1rTifr?

It happens frequently that the output current of an operational amplifier is inadequate for the application as, for instance,
whent asmall motor or loudspeaker has to
be driven. Normally, this is resolved by
adding an emitter follower to the circuit as
shown in Fig. I. Unfortunately, that circuit
does not allow the full supply voltage, Ub,
to be used, because the output voltage of
the opamp must always be 1-2 V smaller
than tUb. To that must be added the drop
across the base-emitter junction of transis-

voltage. When choos-

tors Tl and T2.

ing these transistors, it

The circuit shown in Fig. 2(principle)

is therefore essential to

and Fig. 3(practical) is amore appropriate

take into account the

solution: it was designed specifically for

saturation voltage in

driving small motors. Since the output cur-

addition to the maxi-

rent of the opamp flows through its supply
lines, the driver transistors may also be

mum current amplifi-

controlled over these lines.

ing.

cation and power rat-

The value of base-emitter resistors R4

The value of the re-

and R5 has been chosen to ensure that in

sistors in an inverting

spite of the quiescent current through the

circuit are calculated

opamp, Tl and T2 are switched off.

from:

Resistor R6 limits the output current of
the opamp. If the opamp is a type with

a =R2/R1
and

guaranteed short-circuit protection, R6
may be replaced by ajump lead.
The output voltage is only 50-100 mV

R3
cation.

(collector-emitter saturation voltage of the
driver transistors) smaller than the supply

R2/R1,

where a is the amplifiIn a non-inverting
circuit
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the —input and earth and the input signal

R4<+a/+Ub

connected to the + input of the opamp),

R6

the amplification is

R5<-0.5a/—Ub

(single) opamps only, because double or

Ub /Imax

quadruple types in one package share the

where Re is the input impedance of the

a= (R2/R1) +1

opamps.

and

supply voltage pins.
The setting accuracy of the circuit in

The circuit can be used with discrete

Fig. 3is better than 1%.

R3«Re,

(G. Pelz)

C011\17 71-Ir D,ir/C

When it is necessary, or desired, to count
the number of days to aparticular event or
date, the circuit here, which can count up
3

1
1
16

LT

oS

13

8

b
é

74

4

LS
247

9

2

7

D C

LT

ap

A

LD2
HD11050

15

to 99, may be found auseful aid to keep a

RBI

12

9
IC3

5

3

1C2

check on how many days have passed.

e4

LS
247

chip is reset automatically when the supply is switched on: an external RC net-

ICI = 74HCT390

ç.847 i
912
.
,+
C r7
6,
3 7. 47On

LOI
HD11050

The circuit is based on aType SAB0529,
which counts on a24-hour day basis. The

70

1C4 = 74HCT132

work is thus not necessary.

105 = 74HCT20

CE:111

When switch S1 is open, open-collector
output pins Iand H of IC6 go logic high 24

13
10

hours after the supply is switched on. At

IC5b

that moment, the 24-hour timer is set back

9
11

3

3

by 1via

5V

g
IC1b

CS

DA

28

821

C7

16V

i

NAND

gate IC5a and the next 24-

hour cycle begins.
At the instant the timer is set back, the
pulse from IC5a is inverted and applied to

on

the clock input (pin 1) of ICI. Only when

82
5V

counter position 99 has been reached will
the output of IC5b go low and thus disable

4

th clock input of ICI via IC4b. The counter
IC5a

thus stops after 99 days and remains in
5V

that position until the circuit is reset.
The circuit may be tested by closing S1

13

TÎ0

C TS 0

.71,3

which converts the time base to aseconds

(c?

9

IC6

clock. In other words, the counter then
reaches position 99 after 99 seconds.
With the display on and S1 open, the

SAB0529
KI

FC
85

DI

1340C1500

el!!

K2

circuit draws acurrent of about 100 mA; in

Ill

the economy position (S1 closed) this re-

1N4148
5V
0

s,

\ÍO

C6
721.,
16V

e

cl

12 13

Tn

707011
16V

duces to about 10 mA.
(M. Ruitters-Franssen)

IC7
7805
...

Ca
10009 160
9V/133/n4
Trl =HAHN, El 302 0376 Ta0iE

904113 •11
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Although we assume that most of our

followed by other traffic, since following

readers are thoughtful drivers who do not

drivers for an instant think you are brak-

brakes as well. This may often give rise to

switch on their rear fog lights when closely

ing (although they have seen no reason for

avery dangerous situation, it is better to

WorldRadioHistory

your doing so) and thus slam on their
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avoid such apotentially dangerous action
and install the rear fog light delay circuit
presented here.
Switch S1 is the on-off control for rear
fog lights Ll and L2. As soon as this
switch is closed, the gate-source voltage
(Ugs) of MOSFET T1 will become more and
more negative. This means that the IC will
conduct harder and harder, and this in
turn reasults in the brightness of the lights
gradually becoming brighter. Maximum
brightness is reached after adelay of about
20 seconds, which is determined by time
constant R2-Cl.
the lamps light brightly. Normally, rear fog

The gate of T1 may be given abias by

closed. The gate potential is then equal to

preset Pl. This provides compensation for

the voltage at the wiper of P1 (bear in

lights are rated at 21 W, so that if two of

the initial period after the lights are

mind that Cl is then still discharged).

them are fitted, aheat sink Type SK59 (i.e.,

Although the dissipation of Tl is a

switched on and the lamps do not light,

36.5x42.7x12.5 mm) provides ample cool-

because they need some hundreds of mil-

maximum during the transitional period

liamperes before they can do so. With P1

(between switch on and the lamps lighting

from DAU (UK) Ltd, 70-75 Barnham

brightly), the heat sink required is calcu-

Road, BARNHAM P022 OES.

set correctly, the lamps will light, albeit
weakly, immediately the control switch is

ing. This type of heat sink is available

lated on the basis of the dissipation when

temely eovec yoe poomple Ce,yeey cema

The "portable battery charger" described
earlier in this supplement may be extended by acurrent source that ensures a
constant current through the batteries to be
charged at all times. The source may, of
course, also be added to other NiCd battery chargers not yet so equipped.
Transistors Tl and T2 and resistor R3
form adarlington that obtains aconstant
base voltage via D3. There is thus also a
constant voltage across resistance R in the
emitter circuit of the darlington, which
means that the value of R determines the
charging current.
Resistor R1 provides the current for
voltage reference D3. The LED in series
with R1 indicates whether the batteries
have been connected properly.
If the current source is used with the
portable charger, D2 may be omitted, because that charger already provides apolarity check.
The value of R may be calculated from:
R =0.7/charging current.
Again, account must be taken of the
dissipation of R, which is
P=12 R.
Transistor T2 must be fitted on aheat
sink, whose size depends on the number of
series-connected NiCd batteries and the
current flowing through them.

a
(D. Oberye)
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In many oscilloscopes, the most sensitive

increases from 20 û to 225 û over the fre-

cuits. The inverting circuit may also give

range is 2-5 mV, although it is often possi-

quency range of 10 MHz to 60-70 MHz. It

problems because of the low values of R2

ble to improve this to 1-2 mV by avariable

is therefore important to keep all connec-

(R8) and R3 (R9).

gain control. To obtain even better sensitiv-

tions on the prototyping board as short as

The input bias current is typically

ity, the present preamplifier, which has an

possible and to connect all earth points to a

0.2 µA, while the input offset is about

amplification of about 10 (20 dB), may be

common ground via a separate, heavy

3mV (max. 7mV).

found useful.

track. Also, do not use an IC socket.

Because most oscilloscopes have a

In this type of circuit it is important to

An input impedance of 1MO was cho-

use a well-regulated power supply. The

bandwidth of 20 MHz or more, the ampli-

sen, which results in afairly high level of

power supply suppression up to 10 kHz is

fier must, of course, have aslightly wider

noise at the output (with open-circuit

roughly 70 dB, and this reduces with in-

bandwidth and that is achieved with a

input). This value may be reduced, since

creasing frequency. Any noise or tiny rip-

Type OP260 opamp. This has aslew rate of

otherwise the use of a1:10 probe will be

ple on the supply lines would make the

550 V/µs (at an amplification of 10) and a

inhibited, because that would give con-

application of the circuit as asmall signal

bandwidth of 40 MHz that is virtually in-

stant problems with the noise. However,

amplifier impossible.

dependent of the amplification. The gain

when the amplifier is connected to asuit-

The circuit draws a current of about

vs frequency response is not so good, how-

able source, the noise reduction is nor-

14 mA. The slew rate, as with most

ever: as may be seen from Fig. 2, where the

mally more than ample to obtain agood

opamps, is asymmetric and may lead to

characteristics are given for anumber of

trace on the screen.

loads. The hump in the curves depends on

visible distortion of the signal when the

Presets P1 and P2 serve to provide com-

the value of the feedback resistor, whose

pensation for the d.c. offset and input off-

optimum value appears to be 2.5 k.Q.

set caused by R1 and R7 respectively.

The curves in Fig. 3accord with differ-

drive to the 560 û resistor is high at the
higher frequencies.
(T. Gerd)

The input bias current for the non-in-

ent values of R2 /R8 for an amplification

verting input is about 10

factor of 10. Some experimentation with

times lower than that for the

the value of R2/R8 for different amplifica-

inverting

tion factors may be instructive. Bear in

makes the OP260 more suit-

mind, however, that the output impedance

able for non-inverting cir-

input,

which

2
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Although sales of gramophone record may

heard—perhaps not so much at lower fre-

The only problem that cannot be fore-

have slumped, there are millions of people

quencies, but certainly in the mid ranges.

seen is apossible coupling capacitor in the

who still treasure their record collection.

To ensure identity and also to obtain the

signal source. That component will be in

Many record players unfortunately exhibit

desired characteristics, capacitors Cl -05

series with Cl and this may adversely af-

two undesired side effects: rumble (noise

must be selected carefully. It does not mat-

fect the frequency response. However, if its

caused by the motor and the turntable)

ter much whether their value is 467 pF or

value is greater than 47 µF, it will have lit-

and other low-frequency spurious signals.

473 pF: that only causes aslight shift of the

tle if any effect; if it is below that value, it

The active high-pass Chebyshev filter pre-

cut-off point. What does matter is that they

is best removed; Cl will assume its func-

sented here was designed to suppress

are identical within that 1% tolerance. For

tion.

those noises. The filter has a0.1 dB ripple

symmetry of channels, the capacitors may

characteristic and acut-off point of 18 Hz.

be paired and then used in either channel

A note for designers: apassive filter with

at the corresponding position.

the same characteristics was tried: asixth

The diagram shows theoretical values

order Bessel filter, which was soon rejected

for the resistors: their practical values are

when it was found that inductors of 600 H

given in the table. The prototype was con-

were needed!

structed with 5% metal film types from

The circuit itself is not too exciting; it is

(T. Giffard)

0.40

sorting. Their tolerance proved to be per-

filter successful. The choice of aChebyshev

fectly acceptable in practice.

filter may not seem too clever for audio

purely

in the pass band it behaves very much like

amounts to about 4mA. The high cut-off

a Butterworth type with the advantage

point is also determined by the opamp and

that the response has steeper skirts as

lies at about 3MHz.

that through

'
.

..... _..... ---

...._..

._

..—.

0.40
.....
0.80

.

1

...... ... ..—.
..... _... .._.

_.
—

..—.
.._.

—

1.20

The current drawn by the circuit is

purposes, but because of its 0.1 dB ripple
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the E12 series and these were used without

the selection of components that makes a
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000

......._...

the opamp and

1.60

--

10

100

RICell. , «Ni

1k

shown in Fig. 2(which is
acalculated curve). Fre-

4mA
t 0

quencies below 10 Hz
R1

are attenuated by more

+12

+15V

1%

El]

than 35 dB. The phase
behaviour in the pass

61

band shows a gradual

I
.

IMEB
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470n

shift, so that its effect on
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ICla
4

470n

TL072
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essential that the charac-

RI =2k7

teristics of both filters are
identical or nearly so.
Phase

differences
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If the filter is used in
astereo installation, it is
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Many function generators are based on a

angular and atriangular signal.

er/leerr)?
-

current through pin 1. The output there-

rectangular waveform generator consist-

The sinusoidal signal is converted into

ing of aSchmitt trigger and integrator. The

arectangular signal by IC2a. Since the out-

is possible to influence the integration

triangular signal produced by the integra-

put of this gate varies between -15 V and

time. The voltage across C2 is available in
buffered form at the output of impedance

fore behaves as aresistance with which it

tor is then used to form asinuoidal signal

+15 V, it is reduced to avalue suitable for

with the aid of adiode network. The con-

integration by potential divider R3-R4. It

inverter IC2b: this is the triangular signal.

verter presented here works the other way

is then integrated by transconductance

The amplitude of this signal is compared

round. It converts the output of agood-

amplifier ICla and C2. The amplifier has a

with avoltage set by P2 and the difference

quality sine wave oscillator into a rect-

current output that is controlled by the

between these voltages, which is the out-

WorldRadioHistory
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put of IC2c, is applied to the current

in circuit IC1, which is not greater than

source at the output of ICI via R5. This ar-

8µA at 70° C.

rangement ensures that the level of the

Because of the long time constants, the
time taken for the recovery of the ampli-

The time constant R6-C1 is large for a

tude of the triangular signal at frequencies

output voltage is virtually independent of

purpose: to ensure that the triangular sig-

above 1kHz is rather long. The peak value

the frequency of the rectangular signal or

nal, even at low frequencies, can not affect

of this signal should be set to 1V.

the sinusoidal input.

the waveform of the signal to be inte-

Diode D1 is aso-called stabistor—three

grated—the rectangular shape must be re-

diodes in one package. It may be replaced

tained.

by three discrete Type 1N4148 diodes.

One problem with aprecision integrator is its being affected by offset voltages
and bias currents. Feedback loop R6-C1

The converter can process signals at

ensures that the output follows the poten-

frequencies from 6Hz—where the ampli-

tial across R4 accurately, although tiny de-

tude is not affected—to 60 kHz—where

viations may be caused by the bias current

the amplitude is reduced by 10%.

rCiP/Orivn

The current drawn by the converter is
of the order of 9mA.
(T. Giffard)

Arnr:MIA Ce_1
_,MMP
aigédia

The electronic antenna selector is intended

of IC1 a is low and that of IC1b is high.

When A is logic low, and IC1b is there-

to switch between two FM antennas by

Current then flows from the positive sup-

fore low, current flows from the positive

means of alogic signal.
Gates ICI and IC1b ensure a clean

ply line to IC1 avia T2, R9 and D8; T2 is

supply line to IC1b via Tl, R7 and D17; T1

switching action and at the same time form

Because direct currents flow through

is then switched on and D10 lights. At the

switched on and D9 lights.

same time, the two series-connected relays,

the interface between the 5V logic level

R1-D1-R2 and R5-D3-R4, diodes D1 and

Rel and Re2, are energized, their contacts

(probably available from the receiver) and

D3 conduct and pass the VHF signal from

close and the VHF signal at input C is fed

the 12 V supply voltage for the selector.

input A to output D. At the same time, a

to output D. Moreover, a direct current

Depending on the type of gate used, adig-

direct current flows through R6-D4 so that

flows through R3-D2 so that D2 conducts.

ital TTL or CMOS control signal is avail-

D4 conducts. This arrangement ensures

Any signal at input B is then shorted to

able in direct and inverted form at the out-

that any VHF signal at input C can not

ground via D2.

puts of ICI.

reach the output via the parasitic capaci-

When input A is logic high, the output

tances of the relay contacts and the wiring.

WorldRadioHistory

All resistors should be carbon film
types, because these have ahigher para-
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sitic series inductance than metal film resistors, so that the attenuation of the VHF
signal caused by them is reduced to amin-

98

imum.
IC1a

The attenuation losses caused by the

12V

IC1b
97

diode junctions (5-10 dB) are somewhat

911

larger than those caused by the relays. It is
thus advisable to connect the antenna that
provides the weaker signal (normally the
domestic one) to input C.

IC1

= 1/3 74HCO4

D1...06
C1...C7
C8...C10
T1,T2

= 1N914
= 1nF
= 10...100 nF
= BC178

09

If the domestic antenna is equipped

DIO

with an antenna amplifier, it may be supplied via terminal E.
Diodes D5 and D6 protect the circuit
against high voltage spikes that occur during the on and off switching.
The selector draws acurrent of around
65 mA.
D

(T. Shaerer)
Re2

LI
20 ... 50 pH

A=control input -'1 =central antenna system
'0' =domestic antenna
B=central antenna (cable) input
C=domestic antenna input
D=output to receiver
E=supply output to antenna amplifier

-fi

500

904108 -11
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The indicator is intended for use with the

by those in the volume control (in the

is coupled to IC23 in the volume control

all-solid-state preamplifier we published

preamplifier). All that is required to dis-

stages, while the other indicator is linked

some time ago (see reference), but may

play the state of the volume control are a

to IC25. The current drawn is, of course,

also be used in other applications where a

couple of BCD-to-seven-segment decoders

doubled to around 220 mA. This makes it

number of steps or changes must be

and seven-segment displays.

necessary to increase the rating of the

counted rapidly.

The preset in the indicator must be set

mains fuses and to change the inscription

To prevent interference with the audio

in BCD code (whereas that of the control in

on the relevant label from 100 mAT to

signal, the circuit is a static design. This

the preamplifier is set in binary code). It is,

200 mAT.

means that if the volume control is not ad-

of course, possible to give the preset in the

justed, the circuit does nothing.

indicator the same value as that in the

the

preamplifier control to give adisplay that

should be taken of the cooling of the voltage regulators, particularly if two indica-

The circuit does not need an external

The supply voltage may be taken from
preamplifier,

but

careful

account

clock signal, since this is derived from any

varies from 00 to 63. It is, however, per-

changes in the least significant bit—LSB.

haps rather more realistic to have adisplay

tors are used. It may be necessary to im-

This is done by two differentiating net-

from 01 to 64, because the minimum atten-

prove that cooling.

works: R9-C1 and RIO-C2, which double

uation is 78.75 dB, not infinity. There is no

The interference suppression of the reg-

the frequency of an available

suppression of leading zeros, so that num-

ulators, IC33 and IC34 in the preamplifier,

bers up to and including 9are displayed

may also be improved by additional 10 u.F,

LSB

signal.

Moreover, to ensure that the counters of
the indicator remain in step with the vol-

starting with a0.

ume control, signals 'up/down' and 'pre-

The DIP switches and resistors RI-RS

10 V electrolytic capacitors at their adjust
pins.

set' from the preamplifier are used. It may

in the diagram may be omitted if only one

Finally, placing the displays behind red

seem rather extravagant to couple the state

fixed preset is likely to be used. The resis-

perspex makes them easily readable in all

of the counters in the preamplifier with

tors should be replaced by jump leads.

circumstances.

that of the present counters, but it is a
good way of keeping the connections be-

The balance control of the preamplifier

(T. Giffard)

may also be indicated, but the present cir-

tween the two units to a minimum. Fur-

cuit should then be duplicated, with the

Reference: "All-solid-state preamplifier",

thermore, the present counters operate in

exception of IC5, which has two gates to

Elektor Electronics, December 1989.

8-bit BCD instead of 6-bit binary as used

spare. The
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connection of one indicator
WorldRadioHistory

S33

YAtfliVid,A1 MCKriDir?

Unitrode's UC1730 family of integrated cir-

combines atemperature transducer, preci-

logic output if temperatures exceed apre-

cuits is designed for use in a number of

sion reference, and temperature compara -

determined level.

thermal monitoring applications. Each IC

tor to allow the device to respond with a

The monitor presented here is based on
aType UC3730T and is intended to be fitted to aheat sink. Although the supply to
the device can be as high as 40 V, a5-8 V
one is chosen here, because that is normally readily available in the quipment
where the monitor may find application:
power amplifiers, power supplies, etc.
The threshold temperature, Tt, in °C,is
determined by:
Tt =2.5R2 /0.005(R1+R2+Pl )-273.15.
The temperature may be preset with P1
to values between -1 °C and +100 °C.
The indicator is formed by abicolour
LED, controlled by transistors T1 and T2.
Resistors R4 and R5 limit the current
through the LED.
When the temperature of the heat sink
is below the threshold temperature, the
ALD (alarm delay) output, pin 4, is logic
low, so that T1 is switched off and the
green LED lights.

WorldRadioHistory
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When the temperature of the heat sink

Although the present circuit was de-

exceeds the threshold level, the ALD out-

signed for use with a heat sink, it may

put goes high, T1 conducts so that T2 is

equally well be used for many other ther-

switched off and the red LED lights.

mal monitoring purposes.

The circuit draws a current of about
30 mA from a5V supply.
(J. Ruffell)

fuArrirpcAii, CO‘ArilkAGTAG2

Signetics' Type NE575 compander IC is in-

This pin is interlinked to pins 1and 19 to

tended primarily for use with battery

enable the setting of the d.c. operating

power supplies of 3-7 V (max. 8V). It

point of the opamps.

draws acurrent of 3.5 mA at 3V and 5mA

maximum input level is 1.5 V r.m.s.
With a1V input into R13, apotential of
about 550 mV exists between compressor

The opamp in the expander section,

at 7V. The compander process—compres-

pins 1-3, serves as output

sion at the input, expansion at the out-

buffer—that in the com-

put—significantly improves the signal-to-

pressor

noise ratio in acommunications link.

17-19, as input buffer.

section,

pins

The IC contains two almost identical

The IC has arelatively

circuits, of which one—pins 1to 9—is ar-

high input sensitivity and

ranged as an expander. The other —pins 11

is evidently intended for

to 19—may be used as expander, compres-

processing small signals

sor or automatic load control (ALC), de-

(microphone

pending on the externally connected cir-

level). A signal of 100 mV,

output

cuit. For the compressor function, the in-

for instance, is amplified

verting output of the internal summing

by 1only.

amplifier is brought out to pin 12. This is

The

output R7 and expander input R5. The

present

circuit

not the case in the expander section, where

caters for larger

a reference voltage is available at pin 8.

signals (line level): its

input

1
1.06IC)

1

1/011

ICI

OPAMP

vcc

2

V.92

19

NE575

AO.
U
.1
1,00
10,„
M

Vint

Cl
2200

3

6V

On

OPAMP

18

Voull
1
/192

100
10V

RIO
RECTIFIER

2
VouI2

463

C6

17

2200

red In1

10V
RECTIFIER

5

C9

16

463

C2

4p1
by

.02

6

ci2

15
C13

ur, 4492

14

L AM

8

CT

13

2200
C3
6103

61/3

9

10k
ga.n

GNU

Ca

AG

11
Va, cell 2

AIN (

904115
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AG
GAIN CELL

10

WorldRadioHistory

013

100
10V

SUM AMP

v
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divider. If the compander is to be used

compression characteristic is shown in

the diagram, the input and output levels

Fig. 2. The signal range is reduced by

are the same. The prototype had an overall

with smaller signals, the attenuation may

about one half at the output, which is dou-

gain of 0.5 dB when the expander input

be reduced as appropriate. If the input

bled in the expander. This means that the

was connected direct to the compressor

level lies below 100 mV, R5, R13 and R14

output.

may be omitted.

range after compression and expansion is
the same again, but that is not necessarily

To allow acceptance of high input lev-

The compander covers the frequency

the case with the input and output level.

els, R13, R14 and the compressor input re-

range of 20 Hz to 20 kHz; the overall dis-

The compander may be arranged to pro-

sistance form a10:1 attanuator. At the ex-

tortion is less than 1%; and the signal-to-

vide aconstant attenuation or amplification. With the circuit values as shown in

pander input, R5 and the expander input

noise ratio is about 80 dB.
(T. Giffard)

impedance of about 3ki2 form apotential

1'.W.J1DF CPYM.2,

YOR

;39,52rmgc f
?occmmollre

lect (CS) signal of the controller.

The display is intended to be added to the

change with the display. The next highest

address and data bus of the Type 8052 mi-

address line, Al, is used to differentiate be-

The enable signal for the display is de-

crocontroller. Liquid crystal displays come

tween the data register and the instruction

rived from the CS signal, the RD and WR

in anumber of varieties: in the prototype a
two-row, 16 characters per row type was

register of the diaplay.

signals, and address signal AO.
These functions are carried out by a

used, which, moreover, contains two regis-

Basic address: write data into instruction

Type 74LS151 IC. This device prevents a

ters.

register;
Basic address +1: read contents of instruc-

spurious address to be read or written and

tion register;
Basic address +2: write data into data reg-

Only when the display is addressed by CS

The signals on the RD and WR lines of
the controller are too short to enable data
to be written into, or read from, the display

Then:

Basic address +3: read contents of data reg-

consists of using the lowest value address

The basic address, which must be a
multiple of 4, is determined by the chip se-

long enough for completing a data ex-

The 74LS151 may be replaced by the corresponding HC or HCT type.

ister.

bit, AO, to verify whether awrite or aread
action is required. The address signals last

when either RD or WR are logic low will
the address line AO give an enable signal.

ister;

registers. The way this problem is resolved

so avoids a conflict between the buses.

If more protection for the controller is
required, the data bus may be expanded
by abus driver, for which abidirectional
buffer, such as Type 74LS245, is required.
The direction of transfer is determined by
the lowest value address line, AO, and the

5V
SV
YO
14
513

1

512

2

All

3

1C3

nal of IC1.

12

74HCT

Y3

138

Y4
YO

4

linking of the enable signal with the W sig-

RI

13

11

2

10

2

D
DI

5

G2A

Romanus)

4
3

03
5

G2B

ici

D

74LS

D

151

13

D7

R2
o
o

3
9

RD

22 AO
UK:

BASIC computer

21

13

Al

6

5

SV
RS

2
3
4

Ft/W
6
o

o
o
o

29

ADO

DO

30

AD1

DI

31

AD2

02

LCD
9

32

AD3

03

33

AD4

D4

11

34

ADS

D5

12

35

AD6
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o
o
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The bridge circuit is intended for those
cases where two unequal supply voltages

DIE

are required.
The lower voltage is obtained with the
aid of atransformer with symmetric windings and half-wave rectification of the potential across one winding.
For the higher voltage, the potential
across both windings is rectified. To that

CI

11

ICI
2209
35V

7810
C51

mim

100n

4709
35V
C2

111
35V

02

[)
CI31

C4

end, the output of the transformer is

IC2
7805

e

mim

130n T

linked to the bridge rectifier via two elec-

7

130n

100n

s

110009
35V

01.02= 1N4001

trolytic capacitors that provide isolation of

904105 •11

the two direct voltages.
A bonus with this type of circuit is that
although the two supplies may be loaded

used. Moreover, there is no unnecessary

age supply is limited by the reactance of

unequally, the currents through the two

dissipation in the voltage regulators.

Cl and C2 (= I/2700C) and the required

transformer windings are the same. This

The load on the lower voltage supply

means that the transformer is loaded sym-

depends primarily on the rating of the

metrically, so that its full capacity may be

transformer. The load on the higher volt-

minimum output voltage.
(A. Rigby)

LLCW -e9.'àltY1 ALlie

This amplifier is intended to be added to

when the frequency rises above 500 Hz. To

namic pick-up to line level at 1kHz, linear

preamplifiers that have no phono input.

minimize the (resistor) noise and the load

amplifier IC2 has been added. This stage

Such aphono input is, of course, required

of the opamp at higher frequencies, the

has a gain of 22 dB, so that a signal of

for normal record players with adynamic

value of R3 is acompromise. The associ-

250 mV is available at its output.

pick-up, of which there are still millions

ated polystyrene capacitor, C2, should

around. Moreover, the amplifier does not

have atolerance of 1-2%.

only bring the output of the pick-up to line

Capacitors C4-05 at the output, in conjunction with the input impedance of the

To raise the 2 mV output of the dy-

following preamplifier form a high-pass

level, it also adds the correction to the frequency response according to RIAA requirements.

.6mA8

During the recording of gramophone
*eee text

records, the frequency characteristic is

Tent. Ice

lifted at the high end. This lift must be
countered in the playback (pre)amplifier.
The corrections to the frequency response
characteristic are according to anorm set

RS

0.0

7

3

1
8

10=15V

OEM

C4

+ IC1

OP27

R6
2

America (RIAA) and also by the IEC.

109

amplifier is shown in Fig. 2(bold line). The

IC2
OP27

R9

100n

22T)

• 0
C5*

4

C7

T nt

The corrective curve provided by the

Tant

25V

C9

R2

thin line shows the ideal corrective curve.

ECM

The sharp bends in this at 50 Hz and
curve by network R3-C2, while that at just

Tanàt

10115V

KI

by the Record Industries Association of

500 Hz are nearly obtained in the practical

R7

EC!
Cl
eme

• 15on

RI

C3
men

e

1% 15n

above 2kHz is approached in practice by
filter R5-R6-C3. The arrangement of R3-C2
in the feedback loop of ICI gives notice-

CJ
71.7n

ably better results than the usual (passive)
filter approach.
Circuit ICI provides ad.c. amplification

904100 -11

• = 1% metal film

of some 40 dB, which drops to about 20 dB
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filter with a cut-off frequency of 20 Hz:

player (which is the best way), the power

this serves to suppress any rumble or

supply should not be included unless this

other low frequency noise.

is very well screened; otherwise, hum is

The value of Cl is normally given in

the unavoidable result.

the instruction booklet of the dynamic

In the prototype, Type OP27 opamps

pick-up.

50 100200 500 k 2
5 10k 20
12(506 )
i3(50011 ) (21206 )

50 100,
9041C0 12

were used. A slightly cheaper way is to

The power supply for the amplifier

use a Type OP227 (dual version of the

must be of good quality—particularly, the

OP27). Opamps from the TL 07X family

transformer should be aclass Al type with

may also be used.

asmall stray magnetic field.

(T. Giffard)

When the amplifier is built into the record

.C.YJDLË

The code display is intended as an aid in

cuit. Another possibility is using larger

obtaining arapid indication as to the avail-

EPROMS,

able data in an

It enables up to 13

EPROM.

bits to be read.
An

EPROM

which, by switching over the

byte with a nibble for the

LSB

LSB

display

and a nibble for the second display. The

MSB

address lines, will immediately make more

second byte is an

MSB

codes available.

nibble for the

display and anibble for

will be used to show the ap-

The data output of the

is used to

EPROM

MSB

byte that contains a

the third display.

plication of the circuit as adecimal and as

provide

display-

The next two successive addresses are

ahexadecimal indication. The contents of

decoder/drivers. This arrangement makes

used for continuously changing over AO.
The arrangement is that when AO = 0, the

the

data

to

the

two

are shown in the listing in the

it possible to control two displays simulta-

table. The display will read 00 to 8191 or 00

neously. For instance, four displays may be

MSB

to 1FFF incl. It is, of course, possible to use

controlled by just one oscillator and an in-

when AO = 1, the second and the

adifferent code. Moreover, by the use of a

verter.

play. The data can then be read conve-

EPROM

text tool socket, and changing the EPROM, it

The contents of the

is possible to adapt the function of the cir-

consist of

EPROM

LSB

dis-

niently in the listing.

two bytes per 13-bit word. The first is an

5V

and the third display are driven, and

To minimize the power consumption,

5V
+

5V
1N4001
10

01

11

22 AO

128

6

F

3

A2

A7

p

24
21

01

12

\Z ISM

HEX/15nri

26

27C256
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04
D
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0

All

07

15

::4
1
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E
m
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Al4

9

; 10

A

I
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2
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6
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‘.,

AM 10

'BM
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4. Li
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2

f
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g

GM

-CC

1N4001
A

b

5d

tz/Gf.

LD1
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a

9

4
/
?/

75 0
5
4
I.
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8
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3

:
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%
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e

15 AM
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0E
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2
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8

Wee!) VS
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NE589

C
D

13 CM

LD1...LD4= HD1107
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E
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11 EM
94

17 FM

-Le
MIM
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0

7

A13
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'
/
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6

4

20 14

AL 10 a
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Al2
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9

/
/

02 13
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AM 10
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16 D
FL
L
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A4
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17
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e
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®
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100n

o

NE589

D3

.41
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C4

IC4

100n

IC2

2 102
-

C3
ulm

IC3

00n

a
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1 10
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15 Al,

A
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2
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G
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8
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2
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two diodes have been incorporated in the
supply to the display section.
The brightness of the display depends
on the value of R2 and R3. The output current is about 120x1.3/R2 (or R3). With values as shown, the current is around 30 mA
so that the current through the displays is
about 15 mA.
Ripple blanking is possible in the case
of the two MSB displays only. The ripple
blanking is actuated by connecting the
clock to RBI of IC3.
The frequency of oscillator IC4a is set to
a value where flicker of the displays just

0000:

00

00

00

01

00

03

00

04

00

0010:
0020:

00
00

08
16

00
00

09 00
17 00

10 00
18 00

11
19

00
00

12
20

00
00

0030:

00

24

00

25

00

26

00

27

00

28

00

0040:

00

32

00

33

00

34

00

35

00

36

00

0050:

00
00
010

40
48
56

00
00
00

41
49
57

00
00
00

42 00
50 00
58 00

43
51
59

00
00
00

44
52
60

00
00
00

s(
h0

65

00

66

67

00

68

00

.n101

74

00 76
00 84
7, 0
'
92

00
00

\
3F30:

etZs."•

3F40:
3F50:

80
81

96
04

3F60:

81

12

3F70:
3F80:

81
81

20 81
28 81

Z
E .77's
81 05
81 13

3F90:

81

36

3FAO:
3F80:

81
81

44
52

81
81
81

3FC0:
3FDO:

81
81

60
68

81
81

3FEO:

81

76

81

3FFO:

81

84

81

4000:
4010:

00
00

not be symmetrical with respect to the sup-

4020:
4030:
4040.

00
00
00

00 00
08 00
10 00

ply. This would result in the brightness of

".0-

00

stops. It should not be too high otherwise
there is arisk of ghosting.
The circuit operates from 5V; if that is
not available on the machine used, the circuit must be extended by level shifters.
The oscillator is designed with HC
chips to obtain asymmetrical clock; if HCT
devices were used, the hysteresis would

18 00
20 00
28 00
30 00
.
7
,',

00

02

87. "
81

00 75
s" 83

14

21 81 22
29 81 30
37 81 38
45 81 46
53 81 54
61 81 62
69 81 70
77 81 78
85 81 86
01 00 02
09 00 OA
11 00 12
19 00 lA
21 00 22
29 00 2A
31

00

81
81

23
31

81
81

32

05
13

00
00

06
14

00
00

07
15

21
29
37

00
00
00

22
30
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00
00
00
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31
39
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53

00
00

46
54

00
00

47
55

61
69
77
85
93

00
00
00
00
00

62
70
78
86
94

00
00
00
00
00
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71
79
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95

01
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01

11

-„ 01
00

81

81

39

81

40

81

41

81
81

47
55

81
81

48
56

81
81

49
57

81
81
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58

81
81

59

81
81

63
71

81
81

64
72

81
81

65
73

81
81

66
74

81
81

67
75
83

81

79

81

80

81

81

81

82

81

81

87

81

88

81

89

81

90

81

91

00
00
00

03
OB
13

00
00
00

04
OC
14

00
00
00

05 00
OD 00
15 00

06
OE
16

00
00
00

07
OF
17

00
00

1B
23

00
00

1C
24

00
00

ID 00
25 00

lE
26

00
00

1F
27

00

2B

00

2C

00

2D

00

2E

00

2F

00
00

36
3E

00
00

37
3F

7F50:
7F60:
7F70:
7F80:
7F90:

1F A8
IF BO
1F 138
IF CO
IF C8

1F 81
IF B9
1F Cl
1F C9

32 00 33
00 34 00 35
3A 00 3B
00 3C 00 3D
42 00 43
00 44 00 45
"s
s-' 4B
00 4C 00 4D
s
"sss.
1F
s s
5f 0
.0 55
IF BA IF r...-'s
s:Z..5 .1?
IF C2 1F C3
11 , s„,
1F CA 1F CB
1F CC 11

data at adefined moment (possibly with a

7FAO:
7FBO:
7FC0:

IF
1F
1F

DO
D8
EO

1F
1F
1F

D1
D9
El

1F D2
1F DA
IF E2

1F
1F
1F

D3
DB
E3

1F
1F
1F

D4
DC
E4

1F
IF
IF

D5
DD
E5

11
IF
1F

C.ss,
ss,,
DE 1F
E6 IF E7

byte or word recognizer).

7FDO:

1F

E8

IF

E9

1F

EA

1F

EB

1F

EC

1F

ED

IF

EE

1F

EF

7FEO:
7FFO:

IF
IF

FO
F8

IF
IF

Fl
F9

IF
1F

F2
FA

1F
1F

F3
FB

1F
1F

F4
FC

1F
IF

F5
FD

1F
1F

F6
FE

1F
1F

F7
FF

the two MSB displays differing from that of
the LSB displays. If nevertheless HCT chips
are used, adiode and aresistor have to be
added to form asymmetrical clock.
The EPROM here forms the input of the
circuit. It is worth mentioning that latches
may be added to enable the reading of

The total current drawn by the circuit
depends mainly on the display controls

7F3vJ.s s
7F40:
11

39

s

and was 500 mA maximum in the prototypes.
(T. Giffard)

The piano, modern organ, and other fixedpitch modern instruments are tuned to
equal temperament, which means that
each semitone is made an equal interval. In
other words, the twelve tones in an octave
are equi-distant on alogarithmic frequency
scale, that is, each tone has a frequency
that is 1.059 times greater than the preceding frequency. The advantage of this type
of tuning is that the instrument may be
played in any key. The disadvantage is,
however, that the tones are not tuned 'naturally', which is especially noticeable
when concords are played. A perfect fifth
should have a ratio of 2:3, but in equal
temperament tuning that is 2:2.9966. That
is atiny difference, but it is audible. In a
WorldRadioHistory
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The address inputs of the EPROMS are

Where to connect the jump leads.

ABCDEFGH

connected to the make contacts that are
added to the keyboard. The octaves avail-

other cases, the equal temperament tun-

able on the keyboard are then applied to

ing is maintained. It is unfortunately not

the circuit via OR gates formed by diodes.

possible to list all the data that need to

Bear in mind that the only action of impor-

be stored in the EPRoms or the necessary

six

±
c#esseIIII
D
±±555±±±
D#slielell

C

11

11

11

_L

tance for the detuning process is which of

calculations. A package of

the twelve keys has been struck, not in

grammed EPROMS plus a 5.25 in. (PC)

which octave the resulting note belongs.

disk containing all the data is, however,

E

(D1G1G011

This is fortunate, because that means that

available through our Readers Services.

F

51111

pro-

the size of the design is independent of the

Finally, when during the shifting

number of octaves available on the key-

from one chord to another one or more

board, apart from the number of addi-

notes are sustained, the detuning of the

tional

tones may become audible. In that case,

make

contacts

and

diodes,

of

course.

adifferent way of playing, that is, wait-

In principle, all information for what-

ing for the notes to die down before the

ever note combination may be stored in

next note is played, is the price for anat-

the EPRoms. The present design is limited

ural sound.

to that for 2-, 3- and 4-note chords; in all

Peereboom)

DIGJY,4\1, VOLUM1-

The heart of the digitally operating volume
control is IC2, aType 4067 16-channel analogue multiplexer.
Depending on the logic state on pins A,
B, C and D of the multiplexer, one of its 16
inputs or outputs is connected to pin 1,
which is the 'wiper' of the control.
Since a 1 ki2 resistor has been connected between each input and output, the
multiplexer may be considered alinear potentiometer with 16 fixed steps. Its overall
resistance is 15 ka It is, of course, possible
to use adifferent value for each of the resistors to obtain adifferent characteristic,
for instance, apositive logarithmic one.
The setting of the potentiometer is controlled by counter ICI. Dependent on the
position of switch SI, the counter moves
one step up or down when switch S2 is
changed over. Circuits IC3a and IC3b provide debouncing of S2.
A jump from 0000 to 1111 or the other
way around is not possible, because further count pulses are suppressed with the
aid of the CO line. This line is logic low
when both the counter state and signal
U/D are O.
When U/D is high and the counter
state is 15, CO again becomes logic low. It
is then necessary to reverse the logic state
at U/D and thus the direction of counting.
The volume control draws acurrent of
around 1mA.
(A. Ferndown)
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Most small portable radios require a3V
supply, normally provided by two size AA
or AAA batteries. Since rechargeable batteries are an option with many of these radios, most of them are fitted with a
charger socket. When such radios are used
in a stationary condition, e.g. in the
kitchen or in the office, it is useful (and
economical) to use the mains operated
supply described here.
The supply is small enough to be fitted
inside the radio or in amains adaptor case
(less the transformer).
Voltage regulator ICI is adjusted for an
output of 3 V by resistors R1 and R2,

secondary voltage of the transformer

but this reserve is useful when the unit is

which are decoupled by C2. Capacitor C3

might become too high when the unit is

used with acassette or CD player.

provides addtional filtering. Diode D1 indicates whether the unit has been con-

not loaded.
The transformer should be ashort-cir-

age of the unit when it is switched on for

nected to the mains. The diode also pro-

cuit-proof miniature type rated at 12 V

the first time before connecting it to a

vides the load necessary for the regulator

and 4.5 VA. The secondary voltage is

radio or cassette player.

to function properly; in its absence, the

slightly higher than needed for a radio,

It is advisable to check the output volt-

(T. Giffard)

,COMPIg VC©

The frequency of the sine wave oscillator

1%; when the output is reduced with the

oscillator then become unstable and tem-

shown here is determined by adirect volt-

aid of P1 to 1V p-p, the distortion drops to

perature-dependent.

age, 1.1c, of 0-15 V. The distortion on output

below 0.1%. It is not recommended to use

The oscillator consists of two opera-

signals of up to 10 V p-p is not greater than

output signals below 1V p-p, because the

tional transconductance amplifiers (OTAs)

R3

C) 0-173
77
15V

11:11:11

IC1a

® 0

r—

7mA5

IC1b
LM13700

LM13700

14

Ri [

0)—

21

15

13

31

C2
min

II•11M
220n

R10

C7

560
47
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RS

r.4

R20
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100e,
16V

e

613

pl
100

c,
MMIM
1009
16V

R11L

III

Sla

Sib

C5106

C314
73072n

33072n

904106 -1
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contained in one package. Their

AMP-BIAS

to be set to two ranges: 6.7-400 Hz and

inputs, pins 1 and 16, are connected in

400 Hz to 23.8 kHz. The overall range

may be distorted. In other words, the amplitude of the signal must be adapted to
the frequency.

parallel. These inputs can drive the output

needs a control voltage varying from

currents at pins 5and 12 to apeak value of

1.34 V to 15 V. When the frequency is

up to 0.75 mA.

changed by avariation of Lk and the set-

Switch S1 enables the oscillator output

(T. Giffard)

ting of P1 is not altered, the output signal

The logic tester described here is designed

PARTS LIST
Resistors:
R1, R13 = 1M
R2 =470 k

in surface mount technology, which makes
it very compact indeed, as may be seen
from the printed circuit boards.

R3 =39 k
R4, R6, R8 = 15 k

The input consists of two comparators
that operate with different reference voltages supplied by separate potential dividers. Divider R3-R4-R5 provides avolt-

output of both comparators is low, that is,

age of about 40% of the supply voltage,

when it is undefined. This state is indi-

Ucc, to pin 6of IC1b and one of about 16%

cated by D3.

of Ucc to pin 3of ICI a. When Ucc = 5V,
these voltages are exactly the thresholds
(0.8 V and 2.0 V) of TTL comparators.

R5, R9, R10, R11, R14 .10 k
R7 =27 k
R12, R15= 1k

Capacitors:
Cl, C2 = 100 n

The remaining three gates in IC2 form a
monostable. During quiescent operation,
Ucc is present at the input of inverter IC2c.

Similarly, divider R6-R7-R8 provides

The output of the inverter is then low, T4 is

voltages of 23% of Ucc and 73% of Ucc to

off and D4 is out. Pin 4of IC2b is also high,

Semiconductors:
D1, D2 = LED, 3mm, green
D3 = LED, 3 mm, red

pin 3 of IC1 aand pin 6 of IC1b respec-

but this state changes when apulse arrives

D4 = LED, 3 mm, yellow
Ti, T2, T3, T4 = BC847B
IC1 = LM358D

tively; these levels correspond to the stan-

at pin 5. The output of IC2b then goes low,

IC2 =4001 BI

dard threshold for cmos comparators.

C2 discharges, the inverter toggles, T4 is

The voltage to be measured, Ua, is ap-

switched on and D4 lights. This state is un-

plied to pin 5 of IC1b and pin 2 of IC1 a

stable, however, because C2 recharges via

and compared with the respective refer-

R13. Although the pulse at pin 5may be

ence. The output of comparator IC1b goes

very short, the time constant R13-C2

high when Ua exceeds the reference,

lengthens it to about 100 ms.

whereas the output of ICla goes high
when Ua lies below the voltage at pin 3.

5V and 15 V. At 5V, the circuit draws a

The comparators are followed by driver
stages, Tl and T2, for the

display—D1

The supply voltage may lie between
current of about 15 mA.

NOR

The input impedance of the tester is of
the order of 330 ka

gate IC2a that switches on T3 when the

(J. Ruffell)

LED

for 'high' and D2 for 'low'—and also
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Miscellaneous:
Si =sub-miniature switch, 2make before
break contacts
NOTE: all components must be for surface
mount technology.

S43
YrC71,
5R

e:=2'ÇJOD.0

eC7R1CC
ell

This is auseful little tester for use in test-

tion, it does not damage it.

ing and checking the electric circuits of a

(D. Folger)

goods vehicle.
Two LEDs indicate whether one of the
clips is connected to the positive supply
line (red) or to mass (green).
The unit is powered by the vehicle battery. It is advisable to terminate the unit
into two insulated heavy-duty crocodile
clips. These enable connection to be made
direct to the battery or to terminals on the
fuse box. It is also possible to terminate it
into asuitable connector that fits into the
cigarette lighter socket.
If asharp needle is soldered to one of
the terminals, it is possible to check insulated wiring—but only that carrying 12 V.
Although the needle pierces the insula-

L3OVACee2e Amo

eepe.AY CV/OM

A switch that keeps on giving pulses as

rapidly charged via R1 to the toggle volt-

long as it pressed is often required. The

age upon which the timer emits apulse.

circuit here uses the well-known Type 555

At the same time, the capacitor is dis-

for this purpose. Its output is aTTL com-

charged again via R4.

patible signal.

As long as the switch is pressed, the

At pin 5of the timer exists apotential

circuit functions as an astable toggle and

of 67% of the supply voltage, Ucc. In the

produces pulses. When it is released, the

quiescent condition (switch not pressed),

capacitor cannot charge to the toggle volt-

Cl charges via R2 and R3 to avoltage that

age.

is lower than that at pin 5and thus also

(B. Krien)

lower than the toggle voltage.
When the switch is pressed, Cl is

ymemele

©CM

RO

IMF
The light-emitting diode with integrated

emitter junction of transistor Tl. This re-

flasher is connected in series with the base

sults in a load connected to K2 being

switched on and off in rhythm with the
flash rate. This load may be a relay or a
lamp.
It is essential that the maximum collector current of the transistor (of the BD139 =
750 mA) is not exceeded. If that is not sufficient, apower darlington may be used,
which will give some amperes.
The current drawn by the circuit under
no-load conditions amounts to 20 mA.

•

(I. Ruffell)
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One-of-a-kind training lets you explore the technology that's rapidly shrinking our world

Now! Prepare for amoney-making

new future in telecommunications—today's
high-growth electronics career field
With NRI training
you build a complete telecommunications
system.
Go on line to "talk" to
your NRI instructor,
take final exam bv
computer link.

t
Now you can get afast start
in an exciting career as today's
in-demand telecommunications
technician with NRI's new at-home
training. Experience firsthand the
power and excitement of telecommunications electronics as you build
your own telecommunications system
and become part of NRI's exclusive
operating network, interacting with
your instructors, fellow students, and
even industry experts.
Some of today's hottest jobs in electronics are
in telecommunications, where the explosion
of new technologies is transforming the
worldwide computer and telephone network
into amultibillion dollar high-tech hotline for
new communications services.
Fax... fiber optics... satellites...
microwaves... voice messaging... teleconferencing... electronic mail ...
these and
other futuristic communications services are
making it possible for voice, video, and data
messages to travel instantly across the country
and around the world—and create unlimited
opportunity for you as today's trained
telecommunications technician.
Now NRI's ready to get you started
with hands-on training built around an IBM
XT-compatible computer, modem, breakout
board, telephone, fiber optics lab, and
communications software you train with
and keep.
Complete coverage of the latest advances
in telecommunications technology
prepares you to succeed
Your training starts with an exciting
hands-on introduction to the fundamental
electronics at the heart of today's telecommunications technology. Using the specially
selected equipment and test instruments
included with your course, you actually
build and experiment with the wide range
of analog and digital circuits found in
advanced telecommunications systems.

ELEKTOR ELECTRONICS USA DECEMBER 1990

news, weather, sports encyclopedias, newsletters, catalogs, and user groups.
You move on to learn about satellite
and cellular technologies, analog and digital
switching systems, electronic telephone
products and networks, voice, video, and
data services, and more. From the ins and outs
of avariety of residential telephones to the
inner workings of centrex systems and PBX
products. ..from the widespread digital
applications of today's local area networks
(LANs) to the voice, video, and data services
of tomorrow's integrated services digital
networks (ISDNs), you cover the complete
range of telecommunications technology. But
your NRI training doesn't stop there.
Hands-on experience with your own
telecommunications system gives you
real-world, in-demand skills

In no time at all, you have acomplete
understanding of the telecommunications
technology that's taking the world by storm.
And better yet, you have ahead start on a
money-making new future as today's fullytrained telecommunications technician.
Send today for
your FREE 100-page catalog
NRI's 100-page, full-color catalog describes
every aspect of NRI's hands-on training in
Telecommunications Technology, as well as
at-home training in microcomputers, electronic music, security electronics, robotics,
and other high-tech career fields. Send today
for your FREE copy!
If the coupon is missing, write to NR!
School of Electronics, McGraw-Hill Continuing
Education Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

At just the right moment in your training,
you receive your Packard Bell computer—
IBM baregistered trademark of International Business Machines
yours to train with and keep. Step-by-step,
Corporation
through aseries of carefully planned
demonstrations and
1
experiments, you
School of
transform your comElectronics
puter into astate-ofMcGraw-Hill Continuing Education Center
4401 Connecticut Avenue, NW Washington, DC 20008
the-art telecommunications device,
M/CHECK ONE FREE CATALOG ONLY
complete with modem
D Telecommunications Technology
and dedicated commuO Computers and Microprocessors
Security Electronics
nications software.
El Robotics Technology
12 Cellular Telephone
You use your
D TVNideo/Audio Servicing
D Computer Programming
system to go on line
D Basic Electronics
D Electronic Music Technology
and "talk" to your
instructor, take your
final exam via comName
(please print)
Age
puter link, correspond
with other students,
Address
and access information
services anywhere in
City/State/Zip
Accredited Member. National Home Study council
140-120
the country for on-line
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S ipER

READBOARDS
DURABLE

FOR

INDUSTRIAL Q UALITY
AT DISCOUNT PRICES

Electronics

LESS!

heProfessionals'Choice

PRO 400

with 20MHz FREQUENCY COUNTER excellent for

- MADE OF THE HIGHEST QUALITY

LASTIC - DESIGNED TO WITHSTAND THOUSANDS
OF INSERTION CYCLES

COMPUTER, TV, VCR REPAIR

and ENGINEERING.

YOU CAN'T
GO WRONG!
L

.

IP

GUARANTEE!

,

,11-

pi
i

A
B
C
D

Contact

Stock No.
680093

Points
500

680097
680098

840
1380

680099

1580

YOUR

$11.75 ea
$15.75 ea

with Quick test socketS and bus strips.

RANGES

TEST VERIFY

0
• AC/DC
is AC/DC

69

CURRENT RANGES

ASE ?`'ellokit.
Durable,

e
•P

,'
.

ues

....
,„

at

810041
810042

ra.'e

.
f
.
'

,ceLvIN

ock No.

Description Points

YOUR COST

350 Piece Set

$ 7.75 ea

^

PRO 4100

Stock No. 990094 $9.95 ea

30 DAY MONEY BACK GUARANTEE!
KELVIN 1 0 0
Stock No.

990087

$

LDT'm
Laptop
Digital
Trainer
ONLY
$ 99

ea. (in 100+ QM

Stock No. 260020

ea.

Transistors

(ln100+

2N2222 18 ea.
PN2222 .08 ea.
Project BUZZER
6-9V DC, 80 dB
Stock No.

$1.59

680089

ea $1.39/10. ea •

9V Battery Snap & Holder
.15 ea. .1 Oeait 00+
Holder .20 ea .10eailoo+

Snap

1%-1 MI

$ 1.89 ea

$ 1.80 ea

RESIN CORE SOLDERS 1 LB. ROLL
Non-Corrosive Flux Resin Core
Stock No. Inch Dia. GA. Type

580010
580005
580001
5800l 1

1/64"
1/32"
1/16"
3/32"

.025 23
.031 21
.062 16
.093 13

63/37
60/40
60/40
60/50

YOUR COST
$11.95 ea
$9.95 ea
$8.95 ea
$11.75 ea

3AG FUSE BLOCK

29

Stock No.

YOUR COST

380030

$

.45 ea

FUSE MOUNTING

AC/DC VOLTAGE
OC CURRENT
RESISTANCE
DIODE IS BATTERY TEST
LOW BATTERY Warning
ACCURACY
05%

BLOCK

CONTINUITY TEST
TRANSISTOR CHECK

KELVIN 200
Stock No.
39 95
990091

AC/DC VOLTAGE
AC/DC CURRENT
RESISTANCE
DIODE TEST
LOW BATTERY Warning
ACCURACY .1- 0 5%
CONTINUITY TEST/BUZZER
TRANSISTOR CHECKER
CAPACITANCE CHECKER

Dual fuse block 2 1/4 - x1" long. Black
bakelite base. For 1/4" x1114" tuses.
Mounting centers 5/8" (15.8mm).

YOU CAN'T
GO WRONG!

Stock No.
380010

30 DAY
MONEY BACK
GUARANTEE!

TYPE HKP

CARRYING CASE

Trfir
i
n
'

L.E.D. RED On 100+ Qty)

6

95

$13.09 ea

Black laminated phenolic
wide
1718 long. For ve a1 1/4'
long fuses. Solder lug connections.

Stock No. 990093
$4.95 ea

LAPEL MICROPHONE
Stock No. 850306
YOUR COST $2.95 ea

Stock No. 600021

e

.

Stock No 840460

TIMER -LM555

20

KELVIN

$13.78 ea

FAST ACTING -SLO-BLO TYPE-PIGTAIL

KELVIN 150
9
Stock
990090
No. $
THE

) ,

WE STOCK
A COMPLETE LINE OF FUSES

23 "

AC/DC VOLTAGE
DC CURRENT
RESISTANCE
DIODE TEST
BATTERY TEST
LOW BATTERY Warning
ACCURACY
0.5%

FEATURES
BONE DIGIT TRUE HEXADECIMAL
DISPLAY WITH BUILT IN LOGIC
(MEMORY, DECODER. DRIVERS)
FULL ALPHA CHARACTERS
BTWO INDEPENDENT CLOCKS
USER ADJUSTABLE FREQUENCY
8 DUTY CYCLES
BBREADBOARD:500 PT PROTOTYPE AREA W TWO POWER
DISTRIBUTION BUSSES (CND VCCI
814 DATA BIT SWITCHES
BMOMENTARY PUSH BUTTON
SWITCH (SPDT)
114 LED DISPLAYS w IC DRIVERS
MIPOWER SUPPLY: WALL PLUG-IN
TYPE. U.L. LISTED
MVOLTAGE
REG .5
VOLTS.
SHORT CIR, OVERLOAD PROTECT
BHOOK-UP WIRES
BCOMPACT CARRYING CASE
B1NSTRUCTION MANUAL FOR
BEGINNER TO ADVANCED USERS
MADE WITH PRIDE IN THE USA

0

KESTER SOLDER

PROTECTIVE CARRY CASE

:0290

PH6o Stand
Replacement
Sponge

kW

-0 4,-0

95

Stock No. 990092

$7.95 ea

YOUR COST
$ .62 ea

FUSE POST
Bayonet type. 23/161 for 1/4' x11/4'
fuses. 15 Ampere 250V. Panel hole
size 1/2' (12.7mm).
Complete with
mounting nut.
Stock No.
YOUR COST

380001

$

.90 ea

KELVIN BRAND

HI-SPEED, HI-QUALITY
PRINTED CIRCUIT ETCHANT
Ready-to-use solution of ferric chloride
printed circuit etchant in plastic container.
Stock No.
SPECIAL BUY

CADMIUM SELENIDE
PHOTO CELL
No. 260017 YOUR COST $ 99 ea

440017
$ 6.25 Per gail°n
KELVIN BRAND
HI-SPEED DRY
PRINTED CIRCUIT ETCHANT

SULPHIDE
PHOTO CELL

Clean, safe, economical, indefinite shelf life
4 lbs, will make 2 gallons of recommended
20% etching solution
Stock No.
YOUR COST NEW PRICE

450 ohms @ 2 ft C InnIrrIUM dark resistance 225 ohms
Max voltage 170V peak Peaks at 6900 angstroms

1.5K ohms @ 2 h.. C minimum dark resistance 75 ohms
Max voltage 170V peak. Peaks at 5500 angstroms

440026

No. 260018 YOUR COST $.99 ea

KELVIN BRAND COPPER CLAD BOARD

SUB-MINIATURE
MOMENTARY
PUSH SWITCH

Stock No.
440002
440003
440015

Red

$ 35 ea

DC MOTOR
15to 6VDC
Stock No

852211

KELVI

$7.00/ 41b bag

$ 28 ea

20.

4 1/2" x6"
5" x7
8 1/2 x12 1/2"

$1.55 ea
$2.40 ea
$4.90 ea

ETCH RESIST INK PENS

E

,.)

-

Black felt tip pen for making restst circuits directly on PC boards.
Dries instantly for neat, easy application.
Can be removed with PC Board Stripping Solution.
Stock No.

YOUR COST

$ 50 ea

$8.40 ea

NEMA grade FR-2 1(16' thick, unpunched clad on one side
Size
YOUR COST

Silent action red push button molded housing
Requires 14" panel hole Overall length including solder lugs is 1"
Rated 115 VAC, 1AMP
Stock No.
Color
YOUR COST
100.

990002

for

Model PH60

«re' -.., .. -- ',..7."
r;,..... -741111;4i
. ».
c•.-.:. -*:
'--•
1
-- -.:er ' ,;. .;b.iiiiki;e
e-iut

Ideal

Soldering stand with base, sponge.
For W6OP. WP25P. WP4OP, and irons with barrel diameters
up to 15!32'.
Stock No. Description
YOUR COST 6+

:

1
(
1 7:-

F R E 0 coutires

VOLTAGE RANGES

BacK Stand

IRE JUMPER KIT
-e

o LED

•20MHz

$8.55 ea

6+

IRON HOLDER

',-..2.....
,......
,..

hFE TEST

a 5CAPACITANCE

COST
$ 4.25 ea
$ 5.95 ea

.1: ."1

El CONTINUITY TESTER

O TRANSISTOR

PC work.

YOUR COST

SOLDERING

• 5 FREQUENCY RANGES

1:11lUri

reaching into those hard to get spots. Replaceable tip.

Stock No.

810002

O LOGIC TEST
la DIODE CHECK

1

EQUIPMENT

SP23
I Featherweight 1-3/4 oz., 25 watts Model
for

Illibibq

MONEY BACK

't •

!k

Fig.

SOLDERING
WELLER
MARKSMAN
SOLDERING GUN

440115
440116

Model

22-220
22-222

Description

Draws 1/32 - wide
Draws 1/64" wide

YOUR COST
$1.48 ea
$1.85 ea

Call: 1 (800) 645-9212
Electronics

7 Fairchild Ave. Plainview, NY 11803
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1 (516) 349-7620
FAX: 1 (516) 349-7830
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'Courteous Service

• Discount Prices

•

Fast Shipping

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

P.O. Box 567 .Van Nuys, CA 91408

Special New Reduced Price

PHOTOFLASH CAPACITOR

.

Rubicon CE photoflash capacitor.
0.7g" dia. X 1.1" high. These we
new capacitors that have been
prepped with 1.e black and
red wire leads soldered to the terminals.
210 Mid 330 Volt
CATO PPC-210
$1.25 each •10 for $11.00 •100 for $100.03
Large quantities available. Cal for pricing.

1K ohms bright light.
16K ohms dark
171
0.187 die. X .08 -high. 0.18" long leads. CATO PRE-7
2for $1.00 •1C0 for $45.03 •1000 for $403.00

-te
19.Je

Pad No.
PL-259/USA
PL-259/ST
UG-21D/U
UG 2113/U
9913/PIN
UG-21019913
UG-2113/9913
UG-1443NU
UG-6313/U

REQ CATO LED-4
ffli CATO LED-4G
YELLOW CATO LED-4Y
$1.00 each •10 for 2.50
100 for $20.00

Description
UHF Male Phenolic. USA made
UHF Male Silver Teflon USA
N Male F10-8, 213, 214 Delta
N Male RG-8, 213, 214. Kings
N Male Pin lor 9913. 9066,8214

;hike
S 70
150

File UG-21 D/U & UG-2t13/UN's
N Male tor RG-13 with 9913 Pin
N Mals tor FIG-8 with 9913 Pin
N Male to SO-239. Tenon USA

150
395
5 75
600

N Female to PL-259. Teflon USA

600

325
500

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE
VISA. MASTERCARD. ADD 4%
UPS C.O.D. ADD $3.50 PER ORDER

STEPPING MOTOR

ENCLOSURES
High quality mcided
ABS instrument
enclosures. Integrated
PC board standoffs
an two seri Of vertical
mounting slots for
front and rear sub panels. At enclosures are
r wide X 61/e deep. Choke of three ht..
Includes non-skid rubber feet and hardware.
Available in beige. Ivory, black, and blue.
Ponel et
CAT6
2 1/4 - CATO MB-A
$7.50 ea 10 /$65.00
25/8 CATO MB-B
$7.75 ea 10 /$67.50
r
CATO MB-C
$8.00 ea 10 /$70.00
Please specify color.

HEAVY-DUTY NICKEL
CADMIUM "C" BATTERY
Yuasa 18000 Special purchase of new,
rechargeable
nickel-cad batteries.
f _.11).
.r
1.2 volts, 1800 mAH.
PRICE REDUCED ON 10 OR MORE.
CATO HDNCB-C
10 pieces for $42.50 ($4.25 each)
100 pieces for $375.00 ($3.75 each)

OPTO SENSOR
TRWrrOPB 822SD
Reflective scanner module.
U-shaped device with 4 leads
each side (8 total). 0.09- gap.
CATO OSU-10 75t each

1-800-783-2666

301-840-5477 FAX 301-869-3680
"THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"
"Specialist In RF Connectors and Coax"

Diffused L.E.D. with
built In flashing unit.
Pulse Rate: 3Hz OP 5VolV20 ma.
Unit continually flashes when
5Volts is applied. Opera
tes
between 4.5 Volts and 5.5 Volts.
T 13/4 size.

PHOTO RESISTOR

INSTRUMENT

ORDERS
INFO

FLASHER LED'S

>
j
a
1
ee !
.
,

»pax. A82743-M4
12 Vdc 35 ohm
dual coil, permanent
rnagnet stepper motor.
7.5 degreee per step. 2.25" dia. X .91" thick.
0.25 die. shaft 180.6- long. Two hole
mounting flange. 2.625- centers. 6wire
leads. CATO SUT-6 $10.00 each
Airidate C82711-M1 17 Vdc 23.25 ohm
dual coil, permanent magnet stepper MOtor. 7.5 degrees per step. 2.25- dia. X .91"
thick. 0.25" dia. shaft is oe long. Two hole
mounting on 2.625 centers. 6wire leads.
CATO SUT-6 $6.00 each •10 for $50.00

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
ELECTROVOICE
SLEDGEHAMMER

Doesn't your hobby deserve these fine product lines 9
MADISOUND SPEAKER COMPONENTS

»pawl C 82710 12 Vdc, 36 ohm dual coil
permanent magnet stepper motor. 7.5 degreen per step. 2.25" dia. body X0.93-high.
Mounts on 2.675- centers. 6wire leads.
CATO SW-7 $7.00 each •10 for $65.00

8608 University Green
Box 4283, Madison, WI 53711
Phone (608) 831-3433

6 Volt 1Amp/Hour
RECHARGEABLE BATTER

FAX: (608) 831-3771

JAPAN STORAGE
BATTERY CO.
Portalaca PE6V1
6Volt 1Ah rechargeable
sealed lead-acid (gall cell).
2' X 1.635- X2- high.
Batteries we prepped with 5 black and
red leads terminated with 2pin connector,
Ideal for rechargeable reserve power.
CATO GC 61 S4.75 eaCh •10 for $.42.50

Experimentor's Delight
CORDLESS TELEPHONE/TRANSCEIVER
Phonernateo 10 4210T Base station for a
cordless telephone, this transceiver contains
hundreds of useful parts. Includes power
transformer,600 ohm phone coupling
transformer, crystals, heal sinks, voltage
regulator, poorer cord, phone cord and jack,
relay and 3co• telescoping antenna. The beige
chassis box has only alow holes in the back
panel and would be an excellent housing for
other projects. 7.25' X 5.87" X 2.15 ..
CATO PMB-1 $3.75 each
SOLD AS-IS For Part. Ony. No Mum, accepted
.. ............... ..... ..

•
SUPPLEMENT AD INDEX

non?

All Electronics
CIE

TOLL FREE ORDER LINES •

1m800-826-5432

CHARGEORDÉReVtilitAta surfCa rd or Disco vat
TERMS: Minimum order siaoaShipping and handing For the 48 continental U.S.A 8150
per order. All others inducing AK, IA PR or Canada must pay tut shipping. All orders
delivered in CALIFORNIA must include state sales tax (6 1/4 %, 63/4 %, 71/4 %) .
Quantities Limited. NO C.O.D. Prima subject to change without notice.

(outside the U.S.A. send $2.00 Postage)
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Madisound Speaker Components

S46

Mark V Electronics

S23D

Morel Acoustics USA

S23C

NRI School of Electronics
OPTOelectronics

Sescom
•Note:
Ad Index for main issue is found at back of main issue

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

Rub ON

RACk ChASSIS

4Mfflik
MODEL #.
DESCRIPTION (Width xDepth xHeight)
1RU5
19 x5x1.75 in. (482.6 x127 x44.45mm)
1RU7
19 x7x1.75 in
(482.6 x177 x44.45mm)
1RU10
19x 10x 1.75 in. (482.6 x254 x44.45mm)
2RU5
19 x5x3.50 in. (482.6 x127 x88.9mm)
2RU7
19 x7x3.50 in. (482.6 x177.8 x88.9mm)
2RU10
19 x10 x3.50 in. (482.6 x254 x88.9mm)
3RU5
19 x5x5.25 in. (482.6 x127 x133.35mm)
3RU7
19 x7x5.25 in. (482.6 x177.8 x133.35mm)
3RU10
19 x10 x5.25 in. (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.

METAI. CAbiNETS

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

DESCRIPTION
4x3x2in.
6x3x2in.
8x3x2in.
4x5x 3in.
6x5x3in.
8x5x3in.
4x7x4in.
6x7x4in.
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

Model #.

THE "FIRST CHOICE" FOR
CONSTRUCTORS HARDWARE

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

KiTS ANd PUNChES

Description

Price

HP-1

5JR TOOL KIT

49.00

HP-3

BENCH MOUNT

15.00

PD-1

ROUND 1/16'

PD-2

ROUND 5/64'

6.00

PD-3

ROUND 3/32'

6.00

PD-4

ROUND 7/64'

6.00

PD-5

ROUND 1/8'

6.00

PD-6

ROUND 9/64"

6.00

PD-7

ROUND 5/32'

6.00

PD-8

ROUND 11/64'

6.00

PD-9

ROUND 3/16'

6.00

6.00

PD-10

ROUND 13/64"

6.00

PD-11

ROUND 7/32'

6.00

PD-12

ROUND 15/64"

6.00

PD-13

ROUND 1/4"

6.00

PD-14

ROUND 17/64'

6.00

PD-15

ROUND 9/32

6.00

PD-16

SQUARE 1/8'

66.90

PD-17

SQUARE 5/32'

66.90

PD-18

SQUARE 3/16"

PD-19
PD-20
PD-21

REC 1/8 x3/16"

66.90
66 90

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

66.90
66.90

Model A.
Description
Price $
HP-2
XX TCOL KIT
129.75
HP-4
BENCH MOUNT 15.00
PD-30
ROUND 1/16'
9.50
PD-31
ROUND 5/64"
9.50
PD-32
ROUND 3/32"
9.50
PD-33
ROUND 7/64"
9.50
PD-34
ROUND 1/8'
9.50
PD-35
ROUND 9/64'
9.50
PD-36
ROUND 5/32'
9.50
PD-37
ROUND 11/64"
9.50
PD-38
ROUND 3/16'
9.50
PD-39
ROUND 13/64'
9.50
PD-40
ROUND 7/32'
9.50
PD-41
ROUND 15/64'
9.50
PD-42
ROUND 1/4'
9.50
PD-43
RONND 17/64'
9.50
PD-44
ROUND 9/32
9.50
PD-45
ROUND 19/64"
9.50
PD-46
ROUND 5/16"
9.50
PD-47
ROUND 21/64"
9.50
PD-48
ROUND 11/32'
9.50
PD-49
ROUND 23/64"
9.50
PD-50
ROUND 3/8'
9.50
PD-51
ROUND 25/64'
9.50
PD-52
ROUND 13/32"
9.50
PD-53
ROUND 27/64'
9.50
PD-54
ROUND 7/16'
9.50
PD-55
ROUND 29/64"
9.50
PD-56
ROUND 15/32"
9.50
PD-57
ROUND 31/64'
9.50
PD-58
ROUND 1/2"
6.00
PD-59
ROUND 33/64'
6.00
PD-60
ROUND 17/32"
6.00
PD-61
SQUARE 1/8'
66.90
PD-62
SQUARE 5/32"
66.90
PD-63
SQUARE 3/16"
66.90
PD-64
REC 1/8 x3/16'
83.10
PD-65
REC 1/8 x1/4"
83.10
PD-66
REC 1/8 x5/16'
83.10
PD-67
REC 1/8 x3/8"
83.10
PD-68
REC 1/8 x11/32 75.10

LETTERS

COMpONENT PARTS

MODEL #.
DESCRIPTION
PRICE
LT-1
CAPITAL LETTE RS HELVETICA 14 pt
3.95
LT-2
LOWER CASE LETTERS HELVETICA 14 pt 3.95
LT-3
NUMBERS HELVETICA 14 pt
3.95
LT-4
CAPITAL LETTERS HELVETICA 10 pt
3.95
LT-5
LOWER CASE LETTERS HELVETICA 10 pt 3.95
LT-6
NUMBERS HELVETICA 10 pt
3.95
LT-7
CAPITAL LETTERS HELVETICA 6pt
3.95
LT-8
LOWER CASE LETTERS HELVETICA 6pt
3.95
LT-9
NUMBERS HELVETICA 6pt
4.95
LT-10
DIAL MARKING (DOTS)
4.95
LT-11
DIAL MARKING (LINES)
3.95
LT-12
WORDS (AUDIO) HELVETICA 10 pt
3.95
LT-12
WORDS (AUDIO) HELVETICA CAPS 6pt
3.95
LT-12
WORDS (AUDIO) HELVETICA UPPER
AND LOWER CASE 6pt
395

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 anyexisting 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 METAI. PUNCIIES
MODEL #.

HOLE SIZE

PILOT HOLE

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

PRICE

3/16'
7/16'
7/32'
7/32'
7/32'
7/32'
7/32'
7/32"
7/32'
5/16"
5/16"
5/16"
5/16'
5/16'
5/16'
5/16*
5/16"
5/16'
1/2'
1/2"
1/2'
1/2"
1/2"
PUNCHES

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

(FOR EASIER PUNCHING) 1" thru 1-3/4"

995

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

DESCRIPTION
NPN TO92
PNP TO92
PNP TO39
PNP TO39
NPN TO237
PNP TO237

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
1.15
1.62

100 +
.48
.84
1.02
1.44

1.85

1.67

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

10-99
.10
.11
.12
.14
.16

100 +
.09
.10
.11
.13
.15

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

1.48

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

1-9
2.00

10-99
1.80

100 +
1.60

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
lut -50V
AC 4.7/25
4.7uf -25V
AC 10/25
lOut -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
RC 1000/35
1000uf -35V
1.27

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:

SESCOM INC.- PARTS DIVISION,

2100 WARD DR., HENDERSON, NV 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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3000
Top of the Line Universal
HandiCounterTM.

$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.

L_

8030

Bench Portable (Fits in an attache
case) with ALL the Handi-CounterTM
Features plus More. $579.

,3oo
upo
AAMO! $442

um;
.00011. 1100M,A

Model

Range
Low
High

Display
8Delt LED

Display
10 Diet LCD

Signal
Strength
Bargraph

Universal
Counter

TCXO
Option

•

e

•

±.1ppm
add S125.

8030

10Hz
2.4GHz

3000

10Hz
2.4GHz

±.2ppm
add $80.

261:l0

1MHz
2.4GHz

±.2ppm
add $80.

2210A

10Hz
2.4GHz

.5PPm
add $75.

1300H/A

1MHz
1.3GHz

.5PPm
add S75.

Sensitivity: <1 to <I OmV typical. NICads & AC Charger/Adapter Included. Carry
Case, Antennas and Probes extra. One year parts & labor warranty on all products.

WorldRadioHistory

OPTOELECTRONICS
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.

4

•

PHASE CHECK FOR AUDIO SYSTEMS

Ill

ity as the transmitted pulses. If the receiver
indicates the opposite polarity of the transmitter, the chances are pretty high that there
is areversed signal connection somewhere
in the system.

The pulse transmitter
The needle pulses are generated by oscillator
ICi
A (see Fig. 2), which is built from a
NAND gate with two Schmitt-trigger inputs.
After applying the supply voltage, these inputs take on complementary logic levels, i.e.,
one is high, the other is low. Consequently,
the output of the gate is logic high. Capacitor
C2 is charged via resistor Ri, until the voltage
on it reaches the high threshold voltage of
about 5.5 V. Next, the output of the Schmitttrigger toggles to 0, so that C2 is discharged
via Di and R2, until the low threshold voltage of about 3V is reached. The NAND gate
toggles, and the charging of C2 starts again.
The above process is cyclical and results
in aself-oscillating circuit. Since R2 is much
smaller than Ri, the discharge time of C2 is
much shorter than the charge time. As aresult, the on-off (mark-space) ratio of the output signal is about 2ms /1 s, or 0.002. Mind
you, 'off' means 'logic high' here since we
are dealing with aNAND gate.
The oscillator output signal is fed to two
sub-circuits. One is a small loudspeaker
driver based on emitter follower T2. The
loudspeaker connections can be swapped by
switch contacts Sic and Sid. When an oscilloscope is connected to the loudspeaker, it indicates negative-going needle pulses with
the switch set to the centre position, and positive-going pulses with the switch set to the
upper position. Likewise, in the other signal
branch, the polarity is changed by switching
transistor Ti from acommon-emitter circuit
(Sib at centre position) to acommon-collector circuit (Sib at centre position). Coupling
capacitor 0 takes the test signal to an attenuator that supplies output levels of 1 Vpp
(0 dBV), —20 dBV and —40 dBV.

Fig. 2.

Circuit diagram of the pulse transmitter.

Fig. 3.

Circuit diagram of the pulse receiver. The polarity of the measured signal is

The receiver
The circuit diagram of the receiver (Fig. 3)
shows that two almost identical detectors are
used. The test signal is supplied to the two
voltage amplifiers TI-T2 and T4-Ts either by
the electret microphone, or by the signal
source connected to Ki. In the latter case, the
signal is taken through ahigh-pass filter, R1C3, before it arrives at avoltage limiter, Di D2. The input source, microphone or line, is
selected with switch Si. The voltage amplifiers are complementary circuits: Ti -T2
amplifies the negative pulses, 14-T5 the positive pulses.
The two monostables in IC1 have different networks at their trigger inputs to enable
them to respond to negative pulse edges
(
ICI
A) or positive pulse edges (IC1B). To prevent the trailing edge of apulse triggering
the wrong monostable, '
CIA and ICH3 disable one another when one of them is actuated. The monostables thus allow the circuit
to determine whether apulse starts with a

indicated by two LEDs, D3 and D4.
WorldRadioHistory
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COMPONENTS LIST
TRANSMITTER:
Resistors:
1 10Mn

R1

2 3k1-23

R2;R4

1 10k1.
2

R3

3 1k12

R5;R6;R8

1 1k1-25

R7

1

R9

loon

1 10S2

R10

Capacitors:
1 10pF 63V radial

Cl

1 1p.F 63V radial

C2

1 4p.F7 63V radial

C3

Semiconductors:
3

1N4148

D1;1212,D3

2 BC560

T1;T2

1 4093

IC1

Miscellaneous:
1 3-way 4-pole rotary
switch for PCB mounting

Si

1 12-way 1-pole rotary
switch for PCB mounting

S2

1 8-S2 loudspeaker, dia. 50 mm LS1
1 ABS enclosure, e.g., OKW A9409126
1 clip for 9-V battery
1 phono socket
1 printed-circuit board 900114-1
RECEIVER:
Resistors:
4

Fig. 4a.

Single-sided printed circuit board for the pulse transmitter.

101(S2

R1;R3;R8,R16

1 2k122

R2

2

1MS-25

R4;R13

1 330kn
2 100kn

R5
R6;R15

5 1k12

R7;R10,R11:R1d;
R18

2 2M122

R9;R17

1 270kn

R12

2

P1 ,P2

100k0 preset H

Capacitors:
3 33nF

CI;C5;C6

1 47nF

C2

1 1nF5

C3

1 10pF 63V radial

C4

2

C7;C9

100pF

2 330nF

C8:C10

Semiconductors:
2 1N4148
1 red LED

Dl;D2
D3

1 green LED

D4

4 BC550B

T1,T2;T3;T6

2 BC560B

T4;T5

1 4528

IC1

Miscellaneous:
1 electret microphone

Mid

1 phono socket

K1

1 miniature SPDT switch

Si

1 miniature SPST switch

S2

1 clip for 9V PP3 battery
1 ABS enclosure, e.g., OKW A9409126
1 printed-circuit board 900114-2
Fig. 5.

A look inside the completed pulse transmitter.
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PHASE CHECK FOR AUDIO SYSTEMS

positive (rising) or anegative (falling) edge.
The two LEDs, D3 and D4, indicate the respective polarities. The monostable times are
set at about 0.5 swith R9-03 and R17-0 o.
This causes the active LED to flicker.

900114-2

-àC — `
j—D
C
D
C
D
0-11-0
CB

0 !'

01 P10 3-0 c
C

ir sÇ3ePB

Building and testing

D011-0
D
D

C10

0-1p-aa

Pis

1-0

CG
°.(R5

1
4)

C°.fril2

0
t
nj

S

Fig. 4b.

i

1
.
°C.-11-°

03

044- 0

FO

0
IS C3
I-

Single-sided printed-circuit board for the pulse receiver.

rhe receiver and the transmitter are best
built on the printed-circuit boards shown in
Fig. 4. Be sure to fit all polarized components
(electrolytic capacitors, ICs, transistors and
diodes) the right way around. Also make
sure that the two rotary switches on the
transmitter PCB are fitted as shown on the
overlay (note the '1' mark, and the letters
that indicate the poles). On completion of the
two units, apply the self-adhesive foils
shown in Fig. 6to the enclosure front panels.
Interconnect the transmitter and the receiver via their line sockets, and check that
the LED indication on the receiver is in accordance with the polarity set on the transmitter. When the LEDs remain off, 10 in the
receiver may not have sufficient gain. In that
case, adjust Pi and P2 until the receiver does
trigger correctly.
•

oADu7 -mic13,v2 -e

(ID

1

900114

900114 -F2

Fig. 6.

F1

Design of the self-adhesive front panel foil for the transmitter (left) and the receiver (right).
WorldRadioHistory
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INTRODUCTION TO
METAL TRANSMISSION LINES
by Roy C. Whitehead, C.Eng., MIEE

Transmission lines may be used both for the direct transmission
of information and as circuit elements, sometimes substituted for
such components as transformers, capacitors and inductors.

T

HE two main types of metal line are the
with the distal end short-circuited and C with
In Britain, open-wire lines and twisted
balanced and the coaxial types as
it open-circuited. Details are given in the
pairs, singly or in multi-pair cables usually
shown in Fig. I. The familiar pair of wires
Appendix.
have Z.= 600 n. Coaxial cables on the other
mounted on porcelain insulators, supported
on wooden poles, and the twisted or parallel
pairs embedded in solid insulation are shown
at (a) and (b) respectively. Where several
such pairs are run together, it is customary
to employ aphysical transposition process,
so that mutual interference between pairs,
encountered along one length of line, is partially balanced out by reversed interference
along another length. Such lines are normally operated in the 'balanced' condition,
neither conductor being earthed, although
sometimes the centre point of an associated
transformer or amplifier may be earthed.
A coaxial line, with its central conductor
insulated from its outer conductor is shown
at (c). These lines are operated in the 'unbalFig. 1. The two main types of metal line.
anced' condition, that is, the outer conductor
is earthed. The outer conductor does not always provide avery efficient screen at low
frequencies, so in some circumstances signals are confined to the spectrum above
50 kHz.
A very important characteristic of any
transmission line is its 'characteristic impedance' Z., which is the ratio V// for aline
of infinite length as shown in Fig. 2. But, of
course, there is no such thing as aline of infinite length. However, if a line of finite
length be connected with avariable resistor
Fig. 2. Testing an imaginary line to determine its characteristic impedance Z0
Rd to its remote or distal end, there will be
one specific value of Rd that produces aconstant ratio VII for all frequencies and for all
lengths of that particular type of line. It is
around that particular value of Rd,that is, Z0,
that complete telecommunication systems
are built, just as railway systems are built
upon the 'gauge', or spacing, of the rails
(which is 4ft. 81/
2 in. = 1435 mm in Britain
and many other countries).
The two ends of aline are sometimes referred to as the 'proxar or sending end and
the 'distal' or receiving end. Subscripts pand
drespectively will be used accordingly.
The characteristic impedance Z. of aline
is governed by the ratio Did shown in Fig. 1
and the value of the permittivity, k, of the dielectric.
Simplified equivalents to balanced and
unbalanced lines are shown in Fig. 3. For
most practical purposes, the value of Z. may
be taken as Z.. 'Ni(LIC), where Lis measured
Fig. 3. (a) abalanced line; (b) an unbalanced line.
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Amplifiers

overall
response

Gain

5

o

Equaliser

Line

Line plus
Equaliser

Amplifier

900129 -14

Fig. 4. Asimple equalized telecommunication link.

Fig. 5. Attenuators for different frequency bands.

Fig. 6. Arepeatered line with power fed to repeaters along the signal line.
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hand usually have Z, =75 S2 or, at very high
frequencies, 50 12.
The velocity of propagation in an ideal
line that has vacuum insulation and no supports, would equal the velocity, c, of an electromagnetic wave in free space, that is,
c = 3x10 8 metres/second. For a line with
minimum supports and with air as insulation,
the velocity is only slightly less. For aline
with solid or gaseous insulation that has a
permittivity k, the velocity vis v=chik. The
velocity v/c of aline is known as the 'velocity
ratio'. This is usually quoted by the manufacturers; if kvaries between 1.2 and 2.8, the
value of v/c lies between 0.9 and 0.6.
The type of insulation for concentric cables that is most commonly experienced in
laboratories or small installations is polytetrafluoroethylene, normally called PTFE.
This has the great merit of being flexible.
For high-power transmitters, where very
high voltages are incurred, the insulation
may be air, nitrogen under pressure, or helium. No, or very few, intermediate physical
spacers may be incurred when transmission
lines are installed vertically up masts.
The relationship between attenuation per
unit length and frequency is given by the empirical equation: attenuation = aNif + bf,
where b«a. Up to about 16 MHz, the second
term may be ignored, but above that frequency the attenuation rises faster.
The increase in attenuation at high frequencies has two causes. The first is that the
losses in the insulation rise with frequency.
The second is the well-known 'skin effect'
that takes place in conductors that operate at
high frequencies. The higher the frequency,
the less deep is the penetration of current into
the conductor surface. For this reason, conductors that must carry high levels of current
at very high frequencies usually take the
form of tubes that have conductivities which
are equal to those of solid conductors of similar diameter).
Complete transmission links, say between cities, are usually engineered to produce what is known as 'zero equivalent', that
is, the combination of attenuation and amplification equals zero decibels. This is to enable communication to be established readily, either directly between two points, or indirectly via other points without change of
amplitude of the received signal. To achieve
this result, acomplete link includes terminal
amplifiers to counteract attenuation and
'equalizers' to counteract the variations of
attenuation over the frequency band. An example of the various parts of alink is shown
in Fig. 4, starting with LINE (1), EQUALIZER
(2), and so on. The design of an equalizer
starts with the design of an attenuator that
has an attenuation which is slightly greater
than the variation of attenuation of the line
over the operating frequency range. A simple attenuator (for an unbalanced line) is
shown in Fig. 5 (a). Reactive elements are
then added to reduce attenuation at the higher
frequencies as shown in Fig. 5(b). This produces finally an attenuation/frequency characteristic of line plus equalizer that is approximately flat. The equalizer is located at
ELEKTOR ELECTRONICS USA DECEMBER 1990
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the receiving end of the line so that it will attenuate not only the lower frequency components of the signal, but also random noise
and cross-talk that has been picked up along
the line. Finally, avariable-gain amplifier is
added to achieve the zero equivalent condition. Along aline there is alimit to the attenuation that can be tolerated between the
two terminal amplifiers, otherwise the signal-to-noise ratio of the received signal
would be unacceptable. Along a lengthy
line, this effect is combated by the introduction, at various stages, of amplifiers that are
referred to as 'repeaters'. The power that is
required to operate these repeaters is sometimes fed along the signal line as shown in
Fig. 6.
The introduction of terminal amplifiers
and repeaters implies that such lines can be
operated only unidirectionally so that to enable aconversation to take place, two lines
are required. In order that the high-level signal at one end of one line shall not interfere
with the low-level signal of an adjacent line
that is operating in the reverse direction, two
groups of lines are formed physically with
screening between them. Each group consists entirely of lines that operate in agiven
direction as is shown in Fig. 7.
When transmission lines are used for
communication, it is usual to operate them
between resistive terminations that are equal
to the characteristic impedances Z. of the
lines. This produces an attenuation/frequency curve that is smooth as was shown
in Fig. 4, curve number I
,enabling asimple
equalizer to be designed as was shown in
Fig. 5.
It is customary for telecommunication
authorities to specify the maximum amplitude of the signals that may be fed into the
lines, which is to avoid overloading the amplifiers and also to minimize cross-talk between the various users. Thus, if all users
feed into their lines signals of approximately
the same magnitude, the overall signal-tocross-talk ratios will be maximized.
A line that is terminated with aresistance
Rd = Z0 will (ignoring attenuation) have a
distribution of voltage and current along its
length as shown in Fig. 8(a).
When electrical energy starts to travel
down aline, it does so at arate that is determined by the details of the generator, the velocity ratio of the line and the value of Z..
This is said to constitute a'travelling wave'.
If the termination has avalue of Rd =Z. and
energy reaches the termination, astable condition is established and electrical energy is
converted into thermal energy at the same
rate at which it was admitted to the line. If,
however, Rd does not equal Z., the termination can no longer disspate energy at that
rate, so information is communicated back
to the source by a'reflective wave' to reduce
the rate at which energy is admitted. The
final result is a combination of the two
waves.
An example of how current and voltage
are distributed as travelling waves along a
line where Rd=4,, and there are no reflective
waves, is shown in Fig. 8(a). But if the terELEKTOR ELECTRONICS USA DECEMBER 1990

mination is an open circuit, and consequently no current can flow in it, the travelling and reflected current waves are in opposition, resulting in no current at the termination. But the voltage travelling and reflected waves are in phase, resulting in adoubling of voltage there as shown in Fig. 8(b).

The reverse condition applies to ashort-circuited line as shown in Fig. 8(c).
A compromise condition, where Rd is finite but does not equal Z., is shown in
Fig. 8(d). Because the magnitude of U is risirg at the approach to the load, it follows that
Rd is greater than Z..

Fig. 7. Signal levels in isolated groups arranged to minimize cross-talk.

Fig. 8. Distributions of voltage and current along lines having various terminations.
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However, the small losses of radiated power for instance, acapacitor, inductor or transformer.
are usually considered to be significant only
Consider Fig. 8(b) and (c). At any point
in the case of very-high-power transmitters
along the axes where U is finite and /equals
(see References). Standing-wave ratios may
zero, the impedance looking towards the terbe measured using acommercial standingmination must equal infinity. Where U
wave ratio measuring instrument, but asimple test may be carried out with the aid of a equals zero and /is finite, the impedance
neon tube mounted at one end of astick of must equal zero. Where U is rising, energy
is being converted from kinetic into potential
insulating material and running this along
form: the nature of the impedance must
the line to explore the peaks and troughs.
therefore be capacitive. But where /is rising,
Having considered the line as adevice for
energy is being converted from potential into
the transmission of information, let us now
kinetic form and the nature of the impedance
consider it as acircuit element equivalent to,
must be inductive. Of special interest are the distributions of voltage
and current along quarter- and halfwavelength lines and the extraction
of information from Fig. 8(b) and
(c); the distributions for open- and
short-circuit conditions are given
in Fig. 9.
Extending considerations
to a wider variety of effective
lengths, some examples with their
equivalents are shown in Fig. 10.
Where achoice exists, it is preferable to use aline with ashort-circuit rather than an open-circuit termination, since such aline is easier
to fix mechanically. Figure 10 (9),
which represents aline with aslidFig. 9. Distributions of voltage and current along quarter- and half-wavelength lines with open and short-circuit
ing short-circuiting bar, can be adterminations.
justed to present awide variety of
such equivalents.
Although the lines shown are balanced,
similar results may be obtained with the use
of unbalanced lines. In the case of Fig. 10 (9)
using unbalanced lines, however, similar results require the provision of 'trombones',
O
o
o
that is, devices that are similar to their musical equivalents in that they provide paths
o
of
variable lengths. It must be emphasized,
C )
o
however, that these effects hold good only
over very narrow bands of frequency.
A particular use of Fig. 10 (9) is in transmitting stations that house many high-power
transmitters which operate on different frequencies. Power that is radiated from one
aerial might be picked up by another aerial
and this might affect the operation of the second transmitter. This may be avoided by connecting aline of the type shown in Fig. 10 (9)
o
across the output terminals of each transmito
ter, adjusting the bridge to produce aquarterwave condition for that transmitter and
®
o
earthing the short-circuiting bridge. This
technique also provides protection against
lightning strikes.
The effects of open- and short-circuit tero
o
minations have already been dealth with.
o
o
Now it is necessary to consider the results of
employing various other types of termination.
® —II-- o
c
)
Since the magnitudes of the voltage and
current at both ends of aX/2 line are similar,
it follows that if an impedance Zd be conAdjustable to produce
o
®
many of the above
nected at one end of such aline, asimilar imeffects
pedance will appear at the other end, that is,
900129 -20
the line acts as a 1:1 transformer. This will
be so irrespective of the relationship between
the values of the load and the characteristic
impedance of the lines as is shown in
Fig. 10. Lengths of transmission lines being used to produce different reactive equivalents.

Consider again Fig. 8(d) and note that in
comparison with Fig. 8(a) the values of U
and /vary cyclically along the line. Because
the dieelectric and conductor losses are proportional to the squares of U and /respectively, the increased losses around the peaks
of the waveforms are not compensated completely by the decreased losses around the
troughs. The ratios U„,„„/U rnin and 'max//mn
are known as the 'standing-wave ratios'.
Considering particularly cases of highpower transmitters feeding aerials, the excess amplitudes may cause breakdowns.

"

®

o
o

o

î

o
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Fig. 11 (a).
The quarter-wave line has been seen to
have an inverting effect. Therefore, if the terminating impedance Zd has amagntitude that
equals nZo,
the impedance that appears at the
other end will have amagnitude ZoIn as is
shown in Fig. 11 (b). But not only is the magnitude of the impedance inverted but so also
is the sign, e.g., capacitive reactance is transformed into inductive reactance.
Two practical examples of X/4 lines used
as transformers are shown in Fig. 12. If the
line and aerial impedances be Z,= 600 LI
and Zae =75 1/, the matching impedance will
be Za., =NI(600x75) =212 û.
One of the equations in the Appendix
gives for abalanced line:
Did = 1
2 antilog (Z0'.) k/276) =
/
= 1/
2antilog (212/276) =

Fig. 11. Some characteristics of half- and quarter-wavelength lines.

= /2 antilog 0.768 =2.93
That is, the spacing,/diameter ratio will be
2.93 to provide the transformation. The line
conductors may then be sqeezed closer together to just under three times their diameter
as shown in Fig. 12 (a). This, however, might
bring them dangerously close together. The
alternative would be to maintain the same
spacing for the transformer as for the line and
to construct the transformer from tubes that
have diameters of one third of the 600 û line
spacing as shown in Fig. 12 (b).
It is interesting to consider whether the
presence of standing waves could present a
problem on power supply transmission lines
operating at 50 Hz. The worst possible case
would be where the line represented the X/4
condition:
X/4 = VI4f

[metres];

and allowing for avelocity ratio of 0.8:
X/4 = 3x108x0.8/(4x50)

[metres] =

= 1200 km,
which is the distance from, say, London to
Madrid, Venice or Oslo. Therefore, even
with 60 Hz mains supplies, there is little or
no trouble likely to be experienced even with
very long lines.

Appendix
Consider the line formed by adrum of cable
or two identical lines that are looped at the
distal end, represented by inductors and capacitors as shown in Fig. 13. The two variable resistors are ganged and always have
equal values of resistance. The generator
voltage is kept fixed and its frequency is varied. R is then varied to produce aconstant
value of U. Then, Z, =R.
The kinetic energy stored in the inductors
will be 1/
2LI 2 = 1
/
2LV2/R 2,
which is dependent on the value of R.
Equal energy will be stored in capacitances and inductances when the value of R
ELEKTOR ELECTRONICS USA DECEMBER 1990

Fig. 12. Matching a600 ≤2 line to a75 Q aerial. Alternative transformers.

Fig. 13. Using agenerator of slowly varying frequency but constant voltage, Ris adjusted to produce a
constant value of voltage U. Then, R Z0
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where j=NI-1 and co =211f.
However, as R «co/. except at very low
frequencies, and G<<toC except at very high
ii2CV2 = ii2LV2/R 2
frequencies, the simpler equation is normally accepted as adequate for practical purC =L/R 2;
poses.
It is also possible to determine the value
and R =1(L/C).
of Z, from the physical construction of the
line by the use of one of the following two
This value of R is termed the 'characteristic impedance' and is given the symbol Zo. equations.
For atwin-wire line:
A fuller equation, taking into account the
series resistance R of the inductors and the
7
138 x 2
log 2D
shunt leakance G (in siemens) of the insulao=
(12)
tion, is

is such that

R +jcoL

Zo =

(
a)

G +RoC

_

d

1

— annlog
2

Zo
276

where D is the distance between the centres
of the conductors, dis the wire diameter, and
kis the permittivity of the insulation (= unity
for air).
For aconcentric line:

(a)

Zo =l38/'k xlog (Did)
or

—
D = antilog
d

(Z
138

o

o
o
z,

or

D

o

800
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Fig. 14. Balanced lines with air dielectrics: divide Z, by

kfor other dielectrics.

HIGH DYNAMIC RANGE S-MMIC
AMPLIFIERS FOR 50 OR 7511
SYSTEMS

Designated MSA-1110,
the MMIC
(monolithic microwave integrated circuit) is a general-purpose, cascadable
gain block intended for use in broadbandwidth IF and RF amplifier design,
and provides high performance in both
50SI and 7sn microstrip systems. This
makes the device ideal both for communications and test equipment for the son
transmission line environment, and for

Fig. 15. Coaxial lines with air dielectrics: divide Z, by\
for other dieelectrics.

television and other equipment using
7sn impedance standards. The MSA1110 is offered in a 100-mil-diameter
gold-ceramic surface-mount package
suitable for industrial purposes.
Avantek's MODAMPTm MSA series of
silicon bipolar amplifiers is fabricated
using a 10 GHz fr, 25 GHz f
ma xsilicon
bipolar MMIC process based on nitride
self-alignment, ion implantation and
gold metallization to achieve excellent
uniformity, performance and reliability.
The availability of this wide-ranging
family of general-purpose MMIC die
gives the designer of hybrid circuit assemblies a choice of an easy-to-apply,
stable and reliable gain block for almost
any application ranging from intermediate
frequency
through
microwave.
MMIC models in this series are: MSA0100, MSA-0200, MSA-0300, MSA0400,
MSA-0600,
MSA-0700
and
MSA-0800. At 1GHz, this family offers
gains as high as 22.5 dB, noise figures as
low as 3.2 dB, and power outputs of up
WorldRadioHistory
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VHF UHF Manual, RSGB.
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For
more
information,
including
datasheets,
contact
any
authorized
Avantek sales office, representative or
distributor, or contact
Avantek, Inc. • 3175 Bowers Ave. •
Santa Clara • CA 95054-3292. Telephone: (408) 970-2659.
ELEKTOR ELECTRONICS USA DECEMBER 1990

44

CHOPPERSTABILIZED
OPERATIONAL
AMPLIFIERS
Chopper-stabilized opamps are in many
cases the only feasible alternative when
we want to amplify very small direct
voltages. In this article we will explore
why chopper opamps have such
excellent d.c. characteristics. A
theoretical background to the operation
of interesting new devices is given,
followed by adiscussion of some
inherent problems (and, of course,
proposed solutions). The article is
closed off with an overview of the most
popular chopper opamps currently available.

by J. Ruffell, with contributions
from B. Marshall (Texas Instruments) and G.J. van Os (Acal Aurie ma)

F

OR along time to come, instrumentation
amplifiers will be required to operate at
the highest possible accuracy. This expectation is based on the trend towards ever
higher resolution of DACs (digital-to-analogue converters) and ADCs (analogue-todigital converters). It will be clear that high
resolution in ameasurement is not achieved
just by the use of converters with ahigh resolution. After all, it makes little sense to perform a measurement at an accuracy of
18 bits when the analogue amplifier used
has amaximum resolution of, say, 16 bits.
In practice, the accuracy of the hardware for
analogue signal conditioning must be doubled for every additional bit to be measured.
Analogue signals are preferably conditioned and/or amplified by a.c.-coupled circuits, mainly because these can be built by
relatively simple means and at low cost.
There are, however, many applications
where the wanted signal is applied in the
form of adirect voltage or adirect current.
Devices used in such applications include
thermocouples, photodiodes and, on alarger
scale, the digital multimeter, which is an example of a data acquisition system. Since
these devices and circuits can only be
d.c. coupled, the designer is faced with offset voltages and drift of the linear amplifier
he intends to use. The origins of input off-set

voltages and their stability is discussed in an
earlier article on new opamps, see Ref. I.
Although conventional operational amplifiers such as the OP07 and the OP77 are
good choices for d.c. signal conditioning,
there are devices whose extremely low drift
and off-set voltage make them far better
suited to the application. The type of operational amplifier we have in mind is generally
referred to as achopper opamp, or, more accurately, achopper-stabilized opamp.

Chopping: the classic
approach
During the valve era, the terms chopper amplifier and indirect d.c. amplifier were familiar to almost anybody in the field of
electronics. At that time, chopping was
taken very literally. A kind of electronic
guillotine was used to convert the low-frequency alternating voltage (or the direct
voltage) to be amplified, into asignal with a
higher frequency.
Next, this
highfrequency' signal was raised in an a.c. coupled amplifier, and subsequently restored to
its original frequency by asynchronous detector. In practice, the chopping element
used to be arelay or, alittle later, abipolar
transistor or aFET.
Figures la and lb show the basic schematic of aclassic chopper amplifier and the
associated waveforms. The input voltage,
Ui, is converted to apulsating waveform, ul,
by switch Si. The d.c. component is removed before u2 is amplified by a.c. coupled amplifier Ai. It will be clear that the

ELEKTOR ELECTRONICS USA DECEMBER 1990

WorldRadioHistory

original waveform (with a higher amplitude) must be recovered from 143. The recovering, or demodulation, of u3 is effected by
switch S2. This electronically operated
switch connects the right-hand side of capacitor C2 to ground on every second halfcycle of the oscillator signal. The waveform
of uzi indicates that the switching results in a
shift of the direct voltage level. Finally, an
integrating filter recovers the amplified
voltage, Uo,from u4.
Although this type of amplifier allows
good drift specifications to be achieved, it
suffers from anumber of inherent shortcomings. The chopper, for instance, often introduces glitches at the output. Also, the
amplifier lacks adifferential output, while
its bandwidth is limited to a few hundred
hertz.

Integrated
Modern chopper opamps no longer work as
described above. These days, the signal to
be amplified is no longer chopped to pieces
and then rebuilt. Instead, use is made of a
control loop which compensates the input
off-set voltage of anormal differential amplifier. As aresult, these new circuits look
quite similar to the standard opamps you
have grown accustomed to in many circuits
in this magazine.
Chopper opamps, like standard opamps,
have adifferential input circuit. Because of
this likeness, and because their principle of
operation is based on the old chopper model,
the new devices are generally called chop-
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Fig. 1.

Schematic

diagram

of

a classic

chopper amplifier (la), and the waveforms
pertaining to this type of circuit (1 b).

Automatic off-set
compensation

hUh

The off-set compensation control applied
with chopper opamps is in many ways similar to atechnique used to compensate the
input off-set voltage, Uos ,of a standard
opamp. This technique entails off-set compensation by fitting a voltage source that
supplies —Uos in series with the non-inverting input of the opamp (see Figs. 3and 4).
Automatic input off-set voltage compensation thus requires acircuit capable of measuring Uos , and supplying an accurate
'negative copy', —Uos ,at the non-inverting
input.
You may start wondering at this point
how Uos can be measured when the opamp
is already part of an existing circuit. Assuming that asimple electronic circuit is used, it

\IL

can be shown that the input off-set voltage is
best measured between the input terminals
of the opamp in question. Figure 5 shows
how this is done in an inverting amplifier set
up around the ideal opamp model. Equation 1 describes the voltage between the
non-inverting and the inverting input of the
opamp. True, the equation looks fairly complex. However, assuming for the moment
that U; does not contain an alternating voltage component, you will easily discover that
the expression in equation 1 is virtually
equal to —Uos .
This is because the open-loop
gain, Aoi, is high (say, 100,000), so that E
(see equation 2) approaches 1. The upshot is
that equation 1can be simplified to give
equation 3. The output voltage is approximated as described by equation 4.
The schematic in Fig. 6 shows acircuit
designed on the basis of the above discussion. An auxiliary amplifier is used to measure and compensate the input off-set
voltage of the main opamp. Equation 5,
which describes the output voltage, indicates that the effect of the input off-set voltage is reduced by afactor of 1—E. Assuming
an open-loop gain of 100,000, and RI=R2,
the reduction amounts to no less than 50,000
times. Compared to the off-set error of about
2Uos in the output signal of the circuit in
Fig. 5, a specification of the order of
1/25,000Uos is quite impressive for the circuit in Fig. 6. Thus, equation 6may be applied with confidence for d.c. applications.
It should be noted that the off-set of the
opamp can only be compensated successfully if the auxiliary amplifier is sufficiently
compensated. This is why we have shown
the auxiliary amplifier as an ideal device, i.e,
an opamp without input off-set. It will be
clear that such adevice does not exist. And
yet, the circuit can be extended in away that
does allow automatic off-set compensation
to be achieved. Basically, the auxiliary am-
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3
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4

All circuit power is -15V

as possible to reduce noise pickup

per-stabilized operational amplifiers, or
chopper opamps. A typical application circuit of achopper opamp is shown in Fig. 2.

900105 -13

Fig. 2.
Typical application of achopper-stabilized opamp in athermocouple amplifier with
cold-junction compensation (illustration courtesy Maxim).
WorldRadioHistory
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affecting the stability of the instrumentation
amplifier.

operational amplifier, while the term null
amp is meant to identify the auxiliary amplifier. The switches and the oscillator should
not surprise you by now. The two sampleand-hold circuits are not so easily discovered, because they appear in the form of two
capacitors, CAand CB. The only new blocks
are aclamping circuit and acircuit to suppress intermodulation. These two subcircuits are of vital importance to a good
chopper opamp, and their function will
therefore be reverted to alittle further on in
this article.
During the first phase, also called the
clock phase, the null amp compensates itself. Switch Si is closed, and short-circuits
the amplifier inputs. The output voltage is
stored in external capacitor CA via switch
Sla. Since there is no input signal, the voltage on CAis equal to the input off-set voltage of the null amp. Furthermore, the
capacitor voltage is fed back to an additional
inverting input, so that the off-set error of
the null amp is eliminated. During the second period of the clock signal, switch S2 is
closed, and Si is open. The null amp then
measures the input off-set voltage of the
main opamp, and stores it in capacitor CB.
At the same time, the measured voltage is
applied to the non-inverting input of the
main amp, so that the input off-set voltage is
compensated. Thus, the system compensates Uos of both amplifiers at the rate of the
clock- or chopper-frequency,fc.
It will be noted that the chopping operation is effected only by the main opamp. The
glitches mentioned at the close of the section
on the classic chopping amplifier are virtually absent with chopper opamps because
the amplified signal is always passed via the
continuously operating main opamp.

Main amps and null amps

Recovery time

The above information will, no doubt, enable you to take awell-prepared look at the
block schematic diagram of a chopperstabilized opamp. The functional diagram
used by most manufacturers is shown in
Fig. 8. The term main amp refers to the main

The decision to use chopper opamps in a
practical circuit instead of standard opamps
may lead to some surprising problems. First,
chopper opamps typically require a much
longer time to recover from an overdrive
condition, which may occur, for instance,

Fig. 4.
The input off-set voltage may be
compensated by placing a voltage source
—1./os in series with the non-inverting input.

plifier must measure and compensate its
own input off-set voltage before handling
the off-set of the main opamp. The necessary extensions are shown schematically in
Fig. 7.
Off-set compensation thus consists of
two successive phases. During the first
phase, the electronic switch, Si, is set to position A. This causes the inputs of the auxiliary opamp to be short-circuited, so that the
output voltage of this amplifier is virtually
equal to its own input off-set voltage, Uos 1.
Just before Siswitches to position B, asample-and-hold circuit, S&H-1, connects Uos i
in series with the inverting input of the auxiliary amplifier. This results in compensation of the off-set error of this amplifier at
the start of the second phase. During the second phase, Si connects the positive input of
the auxiliary amplifier to the positive input
of the main opamp. This, in fact, creates the
circuit in Fig. 6. The sample-and-hold circuit still compensates the off-set of the auxiliary amplifier, whose output is at a
potential of practically —Uo s2. To retain this
voltage, asecond sample-and-hold, S&H-2,
is introduced. As shown in Fig. 7, this
causes —Uos2 to be connected in series with
the non-inverting input of the main opamp.
At least in theory, the result is as may be expected: the input off-set voltage is automatically compensated.
The off-set compensation of the two amplifiers may be optimized by repeating the
two phases. Depending on the repeat rate,
input off-set drift as aresult of temperature
changes or supply voltage fluctuations may
be eliminated, preventing these factors from

Eq. [1]

+ R2
Aol •R1

( Up — Un

input off-set voltage (Jos.

R1 Ai'

1

E—

Fig. 3.

I

Fig. 5.

This

basic

circuit

allows

us

to

prove, by calculation, that the voltage difference between the inverting and the non-inverting input of the opamp is practically
equal to —U os if u, does not contain an alternating voltage component.

Fig. 6.

First design of

automatic

acontrol circuit for

compensation of the off-set volt-

age.
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S&H -2
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when the output circuit is driven into saturation. Saturation occurs readily and is perfectly normal in, for instance, acomparator
circuit.
After an overdrive condition, the main
amp no longer works as alinear amplifier.
As aresult, the voltage difference between
the inverting and the non-inverting input is
large relative to Uos .The auxiliary opamp
responds to this condition by charging the
two capacitors, CAand Cu, to the maximum
level, i.e., the supply voltage. Inevitably, the
main opamp requires some time to remove
these capacitor charges when the overdrive
condition is passed. In the datasheets, the
discharge time is referred to as the overload
recovery time. For a conventional opamp,
this time is about 10 ms. A chopper opamp,
however, may need up to 4sto recover.

-Uos210
SI

47

o
CLK2

CLK1
08C

CLK2

900105 -18

Fig. 7.
In this circuit, the input off-set of the main opamp is automatically compensated
during two phases of the clock signal.

Fig. 9.
This clamp circuit reduces
overload recovery time of the ICL7650.

Fig. 10.

the

The clamp circuit is actuated by

connecting the clamp input to the inverting
input of the opamp. Figure 10a shows acomparator with very low off-set, and Fig. 10b an
Fig. 8.

Typical block diagram of a chopper-stabilized operational amplifier.
WorldRadioHistory

inverting direct voltage amplifier.
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Fig. 13.
Resistor R4 is normally superfluous, but it is fitted here to ensure a thermal
balance at the input of the circuit.

1
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Fig. 11.

100k
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Open-loop gain, Aoi, as a function of frequency.

The clamp circuit provided in the latest
chopper opamps serves to reduce the recovery time. The ICL7650, manufactured by
Maxim and Teledyne, for instance, has arecovery time of only 300 ms. The clamp circuit used in this chip is shown in Fig. 9. The
circuit is actuated by connecting the clamp
terminal to the inverting input of the amplifier. Figure 10 shows two circuits that make
use of this option.
The clamp circuit is really quite simple,
and consists of amere switch that closes automatically when the output voltage is too

close to the supply voltage. When that happens, the switch shunts the externally connected feedback resistor, so that the
amplification is reduced. The clamp thus effectively prevents the amplifier being driven
into saturation. The very latest chopper opamps have an additional circuit that limits
the voltage across the sample-and-hold capacitors. The result is an even shorter recovery time—Texas Instruments' TLC2652,
for instance, has a recovery time of only
40 ms.

Next problem:
intermodulation
A further problem with chopper opamps
may not be noticed until you are dealing
with alternating voltages. Unfortunately, an
alternating input voltage may cause unwanted sum and difference frequencies because it is mixed with the clock signal. The
cause of this annoying effect, called intermodulation, can be traced back to the fact
that the voltage between the inverting and
the non-inverting inputs of the opamp corresponds closely to the off-set voltage. It
should be noted, however, that this is valid
for direct voltages only, when the main
opamp has avery high open loop gain, and
equation 1may be replaced by equation 3.
As soon as an alternating voltage is applied
to the opamp, the open-loop gain drops rapidly, as shown by the graph in Fig. II.
Equation 1allows us to deduce that the
limited value of Aoiin (Up—Un) also includes
apart of the input signal:
(I—E )•R2
RI+R2

ul

Furthermore, this part increases with frequency since variable E deviates more and

Fig. 12.

Fig. 14.
Leakage currents may be kept to
aminimum by providing aguard area around
the opamp inputs.

Simplified internal diagram of the LMC688.

ELEKTOR ELECTRONICS USA DECEMBER 1990

WorldRadioHistory

CHOPPER-STABILIZED OPERATIONAL AMPLIFIERS

Table 1.

Electrical specifications at T =25 °C

TYPE

Uos
(µV)
max.

dUos/dT
(nV/K)
typ.

INPUT
BIAS
(pA) typ.

NOISE (1)
(mVpp)
typ.

SUPPLY
CURRENT
(mA) typ.

ICL7650

5

100

1.5

2.0

2.0

18

TLC2652C

3

3

4

2.8

1.5

16

TLC2654C

20

4

50

1.5

1.5

16

LMC668

10

50

20

2.0

2.5

18

1.1

1.3

36
18

10

MAX420C

10

20

TSC900BC

15

100

80

4.0

LTC1049C

10

20

15

3.0

0.2

18

LM741C

6000

5000

80,000

—

1.7

36

OP177B

55

100

2400

0.33 (2)

2.0
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Notes:

(1)

0—

10 Hz

(2)

1—

100 Hz

(3)

and around the circuit. Components which
form connections without soldering, such as
switches, relays and connectors, must not be
used in the input circuit. Where parts are soldered, it is best to use solder tin with alow
thermoelectric specification, such as atincadmium alloy. Errors brought about by
thermoelectric effects may also be kept to a
minimum by arranging a symmetrical circuit at the opamp inputs. The most sensitive
part of the amplifier is thermally balanced
by using the same components in the two
branches (even if they are really superfluous
for the function of the circuit, see Fig. 13),
and by forcing an equal number of solder
joints. Furthermore, temperature differences
as aresult of, say, ventilation or power dissipation, must be kept as small as possible.

SUPPLY
' VOLTAGE (3)
(V) max.

0.2

Guard!

V+ 10 V—

Table 1.
Overview of the most popular chopper opamps, and their main technical charac
teristics. The 741 and the OP177B are not choppers — they are included here for reference.

more from the ideal value of 1when the
open-loop gain becomes smaller (see equation 2). Hence, this alternating voltage component appears also at the output of the
auxiliary amplifier and at the input of S&H2(see Fig. 7). These components are generated as aresult of the sampling operation,
which causes sum and difference frequencies. To prevent these frequencies rising to
an unacceptably high level in the output signal, the chip contains aspecial suppressor
circuit. As shown in Fig. 8, the anti-intermodulation circuit injects a compensation
signal into the null amp. This also results in
additional suppression of harmonics of the
chopper frequency.
Unfortunately, the suppressor circuit is
not capable of resolving all problems. When
the input frequency approaches the chopper
frequency, a low-frequency beat signal is
generated. This component is inevitably
treated as off-set during the nulling of the
main amp, and thus causes acomplete disruption of the chopper amplifier. This annoying problem may be solved to a large
extent by using achopper frequency which
is at least twice as high as the highest anticipated frequency in the amplified signal.
In many applications that rely on high
d.c. accuracy (e.g., thermocouples) the
bandwidth of the input signal is no more
than afew hertz. It will be clear that such
low frequencies prevent interference problems with the chopper frequency beforehand. In a number of cases, however, the
signal bandwidth will have to be limited by
alow-pass filter. When it is not possible, for
whatever reason, to limit the bandwidth, the
designer still has the possibility to apply another chopper amplifier rated for a higher
clock frequency. The ICL7650, for instance,
'chops' at 200 Hz, the LMC688 (National

Semiconductor) at 400 Hz, the TLC2652 at
450 Hz, and the TLC2654 at 10 kHz. In
some cases, it is possible to apply an externally generated clock signal to the chip.

Practical notes
Chopper-stabilized opamps usually have the
same pinning as standard types. This allows
them to be used as upgrades in existing circuits, replacing opamps with worse d.c.
specifications. The only components to be
added are the two external capacitors, CA
and CB. This is not required, however, with
some amplifiers. The LTC1049 and
LTC1050 from Linear Technology, for instance, have on-chip capacitors. Unfortunately, production techniques limit the
maximum capacitance of such integrated capacitors to about 450 pF, which gives these
opamps a low performance in regard to
noise. The usual values of the external capacitors lie between 0.1 µF and 1.0 µF. In al
cases, high-grade capacitors are required to
bring out the specific qualities of achopper
opamp. Film capacitors like polystyrene and
polypropylene types are well worth using.
Unfortunately, the use of high-grade capacitors is no guarantee that ad.c. amplifier
is obtained with asmall off-set and alow
drift. There is another factor, which has not
been mentioned so far: thermovoltages.
Thermovoltages occur where two different
metals are in contact. As indicated by the
name of the phenomenon, the voltage is
temperature-dependent. In practice, a thermovoltage readily amounts to afew microvolt per kelvin. The average drift of agood
chopper-stabilized opamp is of the order of
10 nV/K. However, this value is not usually
achievable in apractical amplifier without
paying attention to thermoelectric effects in
WorldRadioHistory
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An additional advantage of chopper-stabilized opamps is the extremely low input currents. The TLC2652, for instance, has an
average input bias current of 4pA at an ambient temperature of 25 °C. In practice,
however, little use is made of this characteristic because the external leakage currents
are much higher. Nonetheless, these leakage
currents are fairly easily kept in check. The
necessary measures may already be taken
during the printed-circuit board design
phase. For instance, the solder spots near the
inverting and the non-inverting inputs of the
opamp can be surrounded by a screening
copper area, called aguard. The principle is
illustrated in Fig. 14. It is desirable that the
guard be held at about the same potential as
the inputs of the opamp. Thus, the guard is
connected to ground in an inverting circuit,
and connected to the —input of the opamp in
anon-inverting circuit. It will be clear that
guards must be provided at both sides of the
PCB. Finally, the PCB is cleaned with alcohol before fitting the components.

The differences
From the above discussion you will have
gathered that there are many types of chopper opamps available. A selection of the
most popular types, along with their main
specifications, may be found in Table 1. The
good old 741 opamp, which is not achopper,
is also included for your amusement. The
OP177B at the end of the list represents the
latest in bipolar technology, and is acompetitive alternative to chopper opamps, according to the manufacturer, PMI.
Finally, a word of warning to those of
you who want to start immediately replacing
standard opamps by chopper types: as yet,
these devices are quite expensive (expect to
pay around £10 per amplifier) and difficult
to obtain as one-offs.
•
Reference:
1. "Introducing OP-series opamps". Elektor
Electronics February 1990.
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DROITWICH TIMEBASE
Roughly two years ago, the carrier frequency of the 400-kW
long-wave Droitwich transmitter was changed from 200 kHz to
198 KHz. This was done by the BBC to comply with the
internationally agreed 9-kHz spacing for broadcast stations in the
medium- and long-wave bands. The frequency change of 2kHz was
largely unnoticed by thousands of listeners of the Radio Four and
BBC World Service programmes. Not so, however, by the many
users of frequency standards and timebase circuits which derived
their stability from the 200 kHz carrier. All these circuits became
useless overnight since the new frequency, 198 kHz, can not be
divided to give multiples of 10 Hz. Fortunately, there is away to get
your timebase ticking again. An update for our own Droitwich
receiver, an immensely popular project which goes back as far as
1977, is described here.

K.F. Ruwisc h

T

HE BBC Radio-4 and BBC World Service
programmes from the 198-kHz transmitter at Droitwich (near Birmingham) can
be received throughout Western Europe.
The programmes are not our main concern
here, however, since these can be listened to
with almost any MW /LW radio. As with
many stations in the long-wave band, the
stability of the carrier transmitted by
Droitwich is derived from an atomic reference, and can be used for building aprecision timebase at asmall outlay. How this is
done with simple means is explained in
Ref. 1. Basically, the carrier is picked up with
an aerial, amplified and subsequently digitized. Next, the output signal is fed to adivider cascade which supplies the commonly
used timebase frequencies of 1Hz, 10 Hz,
100 Hz, etc., to 100 kHz. The stability of each
of these timebase frequencies is, in principle,
the same as that of the carrier from
Droitwich, which, up to atwo years ago, was
accurately maintained at 200 kHz. Over the
years, the 200-kHz carrier from Droitwich
has served thousands of hobbyists and professional workers in electronics laboratories
all over Europe by providing areference frequency of astability that is not achievable
with any affordable circuit. Traditionally,
Droitwich receivers, including our own, are
of acharming simplicity, and the signal is
strong and freely available.

310

400

!Lamm.
OSLO MO
...WARSZAWA
1190
14.20
IS

Just retuning?
Although the difference of 2kHz is hardly
noticed on the tuning scale of the vintage
radio in the introductory photograph, the
output frequencies supplied by an unmodified Droitwich timebase are useless for most,
if not all, digital circuits. This is because they

are no longer exact multiples of 10 Hz.
The problem is obvious: we can no longer
use our receiver plus timebase because the
Droitwich transmitter is at 198 kHz instead
of 200 kHz. All is not lost, however. The
good news is that the stability of the
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WorldRadioHistory

Droitwich carrier is still just as good as before the change from 200 kHz to 198 kHz. So,
the solution to the problem is also obvious:
to enable us to use our timebase circuits, we
must convert the 198-kHz output signal of
our Droitwich receiver to 200 kHz.

DROITWICH TIMEBASE

Fig. 1.
Block diagram of the frequency converter. The circuit comprises a divider and a
phase-locked loop.

of 200 kHz. This drift, however small, causes
a frequency difference between the 2-kHz
reference signal (derived from Droitwich)
and the 2-kHz signal supplied by the 4518.
The frequency difference causes the phase
comparator in the 4046 to supply an error

Up by 2kHz
The block diagram of the circuit we have in
mind is shown in Fig. 1. Assuming that the
unit is provided with the 198-kHz digital
output pulses from aDroitwich receiver, it
supplies arock-steady 200-kHz output signal. No changes are required to the existing
Droitwich receiver.
At the input of the upgrade circuit we
find aspecial divider around a4040, wired
for adivisor of 99. Its output signal has afrequency of 2kHz and is used as areference
for aphase-locked loop (PLL) circuit based
on the well-known 4046. The voltage-controlled oscillator in the I'LL is set to operate
at 200 kHz. Its output signal is divided by
100 by a4518 dual decade counter to give
2kHz.
To understand how the output frequency
of the circuit is kept stable, let us assume that
the VCO drifts from the nominal frequency
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•

The circuit diagram of the upgrade is shown
in Fig. 2. The diodes at the QO, Ql, Q5 and Q6

outputs of the 74HC4040 form an AND gate
at the RESET input of the chip, and define adivisor of 99. The 2-kHz output signal of the
HC4040 is fed to the 4046 I'LL, whose internal organization is shown in Fig. 3. The VCO
frequency is defined by external parts R2 and
.Here, phase comparator 2is used. Network R6-C2 forms the PLL loop filter at the
control input of the VCO. A LED indicates
that the PLL is locked to the Droitwich signal.
The 200-kHz VCO signal is divided by
100 in a4518 dual BCD counter. The 2-kHz
output signal at pin 14 of this IC is fed to the
Cin (phase comparator in) input of the 4046.
The 200-kHz output signal of the upgrade circuit is digitally compatible with a
swing of 5Vpp, and can be fed to any existing
divider cascade based on TTL ICs or CMOS
ICs operating at asupply voltage of 5V.

Construction

10k

62

C2

Circuit description

Il

R3
PP

voltage. In this way, the VCO is automatically retuned to minimize the frequency difference. The upshot is that the VCO output
frequency of 200 kHz is 'locked' to the carrier received from Droitwich.
It could be argued that the PLL is not required because the 2-kHz signal from the
4040-based divider may be fed, at asuitable
point, into an existing divider cascade to give
the previously mentioned decade timebase
frequencies. We feel that the up-conversion
to 200-kHz is required, however, to make
sure that the formerly available frequencies
of 100 kHz and 10 kHz are retained without
any change to the existing divider cascade.
In other words, all the functions of the
Droitwich timebase you were just about to
throw away are restored simply by installing
the proposed up-converter.

®

•
900110-12

Circuit diagram of the timebase upgrade.
WorldRadioHistory

Construction of the upgrade circuit is
straightforward on the small PCB shown in
Fig. 4. The input of the board is connected to
output A of the Droitwich receiver (see
Ref. 1). The output of the board is connected
to the existing 200-kHz output socket of your
frequency standard, and to the input of any
divider cascade you may have built into the
ELEKTOR ELECTRONICS USA DECEMBER 1990
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TEST AND MEASUREMENT

enclosure (a suggested divider based on UL
ICs is included in Ref. 1).
Assuming that you use the Droitwich receiver described in Ref. 1, carefully adjust
the aerial, and then preset Pi, until the Loci(
LED on the receiver board lights. Use the
earpiece, and check that you are tuned to
Droitwich by listening to the programme.
Next, check that output A of the receiver
supplies digital pulses to the upgrade board.
If the pulse train is steady, the Loa( LED on
the upgrade board lights, and the output
should supply astable 200-kHz signal.
U
Reference:
1.

"Precision timebase for frequency
Elektor Electronics June 1977.

counter".

Fig. 3.
Block diagram of the 4046 phase-locked loop used in the upgrade (illustration
courtesy RCA/Harris Semiconductor).

COMPONENTS LIST
Resistors:
1 5k126

R1

1 21(1-22

R2

1

R3

10k.I2

1 330k12

R4

1

33011

R5

1

15kft

R6

Capacitors:
1

100pF

Cl

1

100nF

C2

Semiconductors:

Fig. 4.

Fig. 5.

4

1N4148

D1 — D4

1

LED

D5

1

BC547B

T1

1

74HC4040

IC2

1 4518

IC3

Single-sided printed-circuit board for the timebase upgrade.

Completed prototype of the Droitwich receiver described in the June 1977 issue of Elektor Electronics.
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IN QUEST OF A PANGRAM

PART 3

by Lee C.F. Sallows

Logological space
Though abitter disappointment, the failure
of the quest was not yet an irreversible
defeat. A remote chance lingered that the
magic combination lay yet undetected just
outside the range of number-words examined. More promisingly, alternative translations remained to be explored. At the top of
the list was "this pangram comprises ...", a
rendering of the Dutch bevat on apar with
"contains". This would only entail anew set
of initial text constants.
The prospect of afurther month in purgatory, however, was anything but inviting.
Yet, much had happened during the long
weeks of waiting. In the range-limiting
stratagem used to shorten the previous run
had lain the seed of apowerful new development. Many hours' thought had been given
to this, and already detailed preparations
were in hand for aMark II version of the
machine incorporating extensive modifications.
Consider the number-words in the range
for y: three,four,five: the letter yitself occurs
in none of them. Put differently, whichever
of y's PROFILES may be activated, the actual
number of y's can never be affected; in this
sense, y is an independent variable. Great
advantage can be taken of this by adding new
circuitry which measures the number of y's
present in the currently activated combina-

cally trivial, a flexible resistance-selection
method was difficult to implement in the
machine as it stood. The final (and not altogether satisfactory) system chosen uses aset
of four tiny switches for each channel. The
latter works in binary fashion, so that aconstant or "weight" of anything from 0through
15 letters can be introduced. Incorporating
this bank of 16x4 PRESET LETTER WEIGHTS
switches on the front panel (see photo below)
involved some major surgery to the machine.
Another benefit of ultra-fast logological
space travel is the chance to prospect further
afield, that is, to expand ranges. Even if all
twelve remaining counters are allocated a
range length of 8(the maximum available in
this machine), running time comes out to
only 811106 seconds = 19.08 hours. In two
cases, land y, the ranges of auto-selected letters may themselves be increased, an expan-

ciated components. The increased electrical
drain meant in turn an extra d.c. power supply. Space was cramped, and the rise in internal heat dissipation threatened to upset the
temperature-sensitive differential amplifiers. Notwithstanding these demands and
difficulties, within amonth the new soupedup Pangram Machine Mark II stood poised
for its maiden flight.
Following a last-minute test with the
modified initial text constants, now easy to
enter via the front-panel switches, Istarted
off with arecheck of "This pangram contains
...". With running time down to under two
hours, one could afford to be thorough. This
time there was no wine, no ceremony, no
Velasquez and, as anticipated, no result.
In the mean time I'd worked out the initial
text constants for "This pangram comprises
...", and as soon as the first run was over, I

sion that has its uses with initital texts containing /'s and y's; for instance, "This pangram employs ...". The gin eight and xin six
make further extension impossible for gand

loaded these and set the machine searching
again. Two hours later, the counter LEDS
showed that the second run had been completed, and Iwas confronting another disap-

x. In reality, impatience to get on dissuaded
me from expanding range lengths until later
so that running time was kept below two

pointment. That truly was atragedy: it meant
that no really perfect translation of the Dutch
pangram existed. It seemed to me an unwarranted injustice: and, brushing aside atear, I

hours during initial explorations.
Besides serious mechanical alterations,
the modifications sketched above called for
afurther printed-circuit card carrying twenty-four new integrated circuits, the same
number of transistors, and afew dozen asso-

marked it down as another of the things I
mean to ask God about on Judgement Day.
Even so, many excellent alternative renderings remained to be tried. These might not
qualify as literal translations of bevat, but

tion and uses the result to switch in the appropriate y-PROFILE. In short, the y-counter can
be replaced by an automatic number-word
selector. And discarding the y-counter from
the cascade will mean dividing the running
time by three (see Fig. 5).
The real power of this refinement
emerges on seeing that the same trick can be
worked for any letter not appearing in the
number-words making up its own range. G
and 1are two such; provided six is dropped
from its range, so is x. This then was the
scheme to be realized in the blueprint for the
new Mark II machine. With the g, 1, x, ycounters removed from the cascade, running time
falls to only
(8x6x1x6x7x1x7x6x6x7x7x6x6x7x1x1)/106
seconds or one hundred and five minutes!
The perspective opened up by this dramatic
improvement carried further implications in
its wake.
With the ability to explore so quickly,
means would be required for loading of different initial text constants. Though electri-

Two printed-circuit cards behind the right-hand front panel carry the sixteen BALANcE-detectors. The circular metal cans are differential amplifiers, below which aline of eight integrated circuits form the ZERO?
detectors. On the panel itself are the initial text-constant resistors selected by means of the PRESET LETrER
WEIGHTS switches.
WorldRadioHistory
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Fig. 5. Example of automatic number-word selection applied to the letter y Avoltage proportional to the number of Vs occurring in the present combination
is classified by abank of three window-detectors, one of whose outputs will activate the appropriate PROFILE.

would at least preserve the spirit of the original. "This pangram comprises ..." was therefore followed in quick succession by "This

be something closer to one in ten.
On the second day of exploration Iwas
sitting in front of the machine during its

pangram consists of', "is composed of',
"uses", "employs", and "has". Everyone of
them without success!
By now Iwas beginning to wonder just
how long this might go on. Given arandom
introductory text of, say, twenty-five letters,

eighth run when suddenly the EUREKA!-lamp
came on and my stomach turned asomer-

what is the probability that an associated
self-enumerating list exists? Short of examining all possible twenty-five letter strings
one at atime, Isaw no way of answering the
question. One in ahundred? One in amillion? As it happens, the answer turns out to

sault. Rigid with excitement, Icarefully
decoded the LED displays into the set of number-words represented. A painstaking check
completely verified the following perfect
pangram:
This pangram lists four a's, one h, one e, two its,
twenty-nine e's, eightf s, three g's, five h's, eleven
i's, one j, one k, three i's, two m's, twenty-two n's,
fifteen o's, two p's, one q, seven i's, twenty-six
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s's, nineteen t's, four it's, five Vs, nine Ws, two .v's,
four y's, and one:.
Ileave it to my readers to imagine the
scenes of wild intemperance following upon
this victory. Despite ahangover, next morning copies of the pangram were happily
handed out among friends and colleagues
who had patiently borne with me through the
long months of pangrammania. Notable, if
unsurprising, was that nobody felt disposed
to examine the sentence for adiscrepancy.
Not unnaturally. Icame in for a few kind
words of congratulation. and some even
looked at me with an unspoken: "How does

it feel to climb Everest?" on their lips. Like
adishrag, actually; Istill hadn't recovered
from the previous evening's celebrations.
The zenith of glory was yet to come.
Returning home at lunch-time, Ifound a

This pangram containeth five a's, one h, two c's,
two d's, twenty-five c's, sevenf s, two g's, four h's,
ten i's, one j, one k, one 1, two m's, twenty n's, sixteen o's, two p's, one q, five r's, twenty-six s's,
twenty-one t's, three u's, six vs, ten w's, four x's,

magnificent trophy awaiting. Ihad set the
machine running once more, early in the
morning, and it had halted again at anew
solution. Changing "and" to "&" in the nat-

five y's, and one z.

ural English rendering of Rudy Kousbroek's

afolio edition of Macbeth. Probably not. The
Dutch have never entirely succeeded in shaking off the legacy of German Scepticism.
If the above squibs suggest frivolity, it
must be put down to the sudden release of
tension after months of unrelenting effort. To

pangram, alast desperate bid for aperfect
magic translation had finally met with success. The Quest for the Pangram had ended
in triumph!
This pangram contains four a's, one h, two c's,
one d, thirty c's, six !s, five g's, seven h's, eleven
i's, one j, one k, two ts, two m's, eighteen n's, fifteen os, two p's, one q, five r's, twenty-seven s's,
eighteen t's, two u's, seven v's, eight w's, two x's,
three y's, & one z.

More and more pangrams

Idon't know whether he believed my tale of
it having turned up among the marginalia in

have sought so long and hard for a single
jewel only to end up with a (potential)
embarrassment of riches was an unhinging
experience. For awhile Ireconnoitred without any clear plan. Among other diversions,
sentences incorporating names of friends
provided entertainment. It was interesting to
find how readily some of these lent themselves to immortality:

Looking back on it, Isuppose the failure of
the Mark Imachine to find the pangram was
apiece of good fortune. Imean, otherwise,
the fast and flexibile research instrument
realized in the Mark II model may never have
come into being. As it was, Icould now
experiment at will, initially confined only to
the spectrum of possibilities defined by the
given set of number-word ranges. This was
an important limitation, since pangram-orit...;:r.d ranges are unlikely to prove fertile in
canvassing for autograms in general. In a
self-enumerating pangram, the non-critical
letters a, b, c, d, j, k, m, p, q, and zare likely
to be prefixed by the words one or two; the
frequency of o's, n's, c's, es, and w's is thereby
significantly slanted. Save in special cases,
non-pangrams would give rise to distributions lying outside the scope of the machine.
The exploration Inow embarked upon
was a source of great fun and interest. A
thoughtful Platonist can only wonder at
some of the eternal Truths that God has seen
fit to leave scattered about in the regions traversed by the machine. An early find was a

This pangram for Doug Hofstadter* contains five
a's, one h, two c's, three ds, twenty-seven c's,
seven!s, three g's, six h's, ten i's, one j, one k, one
1, two m's, twenty n's, sixteen o's, two p's, one q,
nine r's, thirty s's, twenty t's, four u's, six v's, seven
w's, four x's, five y's, & one z.
In this way, many pangrams were unearthed,
and the data derived from them shed new
light on the relation between initial text values and the ranges in which solutions could
be expected. This information could be
plugged back into the machine through altering ranges so as to maximize the probability
of future success with certain texts. After a
time, the facility achieved in prospecting for
nuggets prompted an ambitious new
research programme.

six s's, twenty t's, three u's, five vs, nine w's, three
x's, four y's, and one z.
This second pangram totals five a's, one b, two
c's, three d's, twenty-nine c's, sixf s, four g's, seven
h's, ten i's, one j, one k, two i's, two m's, twentyone n's, sixteen os, two p's, one q, eight r's, twenty-eight s's, twenty-three t's, four u's, four vs, nine
w's, three x's, five y's, and one z.
This third pangram contains five a's, one b, two
c's, three d's, twenty-six c's, six fs, two g's, four
h's, ten i's, one j, one k, two l's, two m's, twentytwo n's, seventeen os, two p's, one q, seven r's,
twenty-nine s's, twenty-one t's, four u's, six vs,
eleven w's, four x's, five y's, and one z.
Prolongation of the series, written out in
full, would be too space-consuming. Figure 6presents an abbreviated record of the
first twenty-five terms, with figures standing
for number-words. Note the use of adistinct
verb in each case. This is not always necessitated, since the same word combined with
different ordinals may also generate solutions. The employment of adifferent verb
each time seemed to me demanded on esthet-

the machine. Though a mere matter of

one t's, four u's, four v's, seven w's, three

patient search, hundreds of running hours
were involved. In one case, more than forty
verbs were tried before locating asolution.
On the average, though, winning combinations can be found for one in eight initial
texts. This figure is empirically derived, of

x's, four y's & two &'s.
This pungram boasts four a's, two b's, one c, two
d's, twenty-eight c's, seven fs, three g's, five h's,

ducing amagic Dutch translation of this sentence. Another example which seemed
worth drawing to his attention was:

twelve i's, one j, one k, three i's, two m's, nineteen
n's, twelve os, two p's, one q, eight r's, twenty-

This sentence doesn't contain two a's,
three c's, two ds, twenty-six es, six fs,

might be described as adead-pan-gram.

Doubtless he will find little difficulty in pro-

This first pangram has five a's, one b, one c, two
d's, twenty-nine c's, six fs, four g's, eight h's,

ic grounds.
The uncovering of this series is, in my
opinion, among the most felicitous results of

somewhat wry specimen Icouldn't resist
sending off to Rudy Kousbroek. Isuppose it

x's, five y's, and one z.

fusion of both fields, an improbable marriage of arbitrary convention with arithmetical necessity. The unexpected possibilities
they point to re-echo mathematical affinities.
In particular, among other high-order entities now appearing over the horizon of this
strange realm are the counterparts of numerical series. The most obvious of these now
became the focus of machine investigation:

The immortal lie

three g's, seven h's, eight is, fifteen n's,
ten o's, seven r's, twenty-eight s's, twenty-

nine i's, one j, one k, one 1, two m's, twenty n's,
fifteen o's, two p's, one q, five r's, twenty-seven
s's, twenty-one t's, three u's, six v's, ten w's, two

mer. Anyone with afeeling for mathematical
form will probably regret this deficit, too.
Autograms, however, embody a peculiar

A shortcoming of logology, Ifind, is its
absence of underlying structure. Like mathematics, it manifests itself in precisely defined chains of atomic symbols, yet lacks the
intrinsic patterning, the symmetry of the for-

course. It seems to me worth pondering that
(to my knowledge) no existent mathematical
technique is able to assign even arough value
to the probability of detecting a solution.
Conceivably, artificial languages or, at least,
artificially constructed number-word systems might be of use in gaining further

*American physicist, born 1945. Well-known for
his many writings, among which Gtidel, Escher,
Bach: an Eternal Golden Braid, which won the
1980 Pulitzer Prize for general non-fiction. [Ed]
WorldRadioHistory

insight into this.
The list published here is not as long as I
could have made it. Eventually, Ihope, one
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Representation of 25 Pangrams
This N th
pangram

ABCDEFG

HI

JKLMNOPQRSTUVWXYZ

1st

has

5

1 1 2 29

6

4

8 12

1 3

2 19 12

2

8 26 20

3

5

2nd

9 3

4

1

totals

5

1 2

3 29

6

4

7101

1 2

2 21 16

2

8 28 23

4

4

3rd

9 3

5

1

contains

5

1 2

3 26

6

2

4 10

1

1 2

2 22 17

2

7 29 21

4

6 11

4th

numbers

4

2

1 2 29

1

5th

embraces

5

2 2

6th

harbours

5

2

7th

counts

4

1 2

2 30

5

3

8th

tallies

5

1 1 2 30

5

3

1

7

2

6 10

1

1 3 23 14

2

9 26 20

5

5

2 29

7

3

8101

1

1 3 20 13

2

9 26 24

3

4 10

1 2 28

7

4

710

1

1 2 21 15

2

7 28 20

4

6

7 9 1

1

1 2 23 16

2

7 28 21

4

7 10

1 3

2

6 27 21

2

1

1

2 20 14

4

9 3
2

5 1
5 1
5

1

9 3

5 1

7

9 2

5

7

9 2

5 1

1

9th

exploits

4

1 1 2 28

7

4

8131

1 2

2 22 16

3

9 26 23

5

4

10th

9 4

5

1

features

5

1 1 2 28

8

5

6 12

1

1 2

2 18 14

2

6 27 20

11th

5

6

9 4

4

1

utilizes

4

1 1 231

7

4

711

1

1 4

2 20 15

2

8 29 18

12th

6

6

7 3

4 2

tables

5

2

6

2

611

1

1 4

2 17 13

2

7 30 20

3

13th

6

9 5

4

1

includes

4

1 2

3 29

8

4

8121

1 3

2 20 14

2

9 25 24

6

5 10

14th

5

1

recruits

4

1 2

2 28

8

4

710

1

1

1 2 20 15

2

10 26 24

6

3

1 2 26

2

9 3

5 1

15th

uses

4

1 1 2 30

7

2

5 9 1

1

1 2 22 16

2

5 27 21

3

7 10

16th

subsumes

4

2

1 2 30

7

4

8101

1

1 3 21 15

2

8 29 21

6

17th

4

tabulates

6

2

1 2 28

7

3

510

1

1 2

2

6 29 24

5

6 10

manifests

5

1 1 2 35

8

5 10 13

1

1

2

8 26 24

3

7

7 2

5

1

2

6

5 10 12

1

1 4

3 18 12

2

8 28 23

3

7

9 2

4

1

18th

2 20 14

1 3 21 14

2

7 3
4

5

1

5

>1

5

1

19th

assembles 5

20th

summons

4

1 1 2 29

7

3

511

1

1 2

4 22 16

2

6 28 21

5

6 10

4

21st

5

1

shows

4

1 1 2 29

6

3

611

1

1 3

2 22 16

2

8 29 21

4

4 11

5

6

1

2

7

1

1 2 35

22nd

displays

5

1 2

4 33

5

3

9 12

1

1 3

2 21 13

3

9 28 25

2

6 10

23rd

produces

4

1 2

4 26

6

2

4 10

1

1 2

2 22 17

3

9 29 21

6

4 11

5

24th

6

1

evinces

4

1 2

2 26

6

2

4 9 1

1 2

2 21 17

2

7 30 20

5

7 11

4

25th

6

1

discloses

4

1 2

3 32

7

3

911

1 3

2 20 14

2

9 28 25

3

5 10

2

6

1

1

Fig. 6. Arepresentation of 25 pangrams. In the actual pangrams, the numbers in the first column would be replaced by "first", "second", ...,"twenty-fifth". The
numbers in the main body of the table would also be replaced by number-words. The fourth word of each pangram is shown in the second column.
hundred will be reached. In the mean time,
Ican't help wondering how the discovery
will strike others. Who could have foreseen
such apossibility? Once upon atime it had
seemed daring to believe asingle gem might

licue? Its inclusion is clearly agratuitous
addition to the preceding text. Romantics

insist on the crisp parsimony of:

may gaze indulgently at such ornament, but
purists will point out that its real function is

This sentence employs two a's, two c's. two d's.

to contribute an extra o, n, and e merely in
order to make the sentence work. Appending

three /'s, two nis, thirteen n's, tell 0'S. two p's, six

twenty-six c's, fourf s, two g's. seven h's, nine i's.

exist. The finding of a(potentially infinite)
cluster of matching stones by far exceeds my
greediest imaginings.

guising text-doctoring. Perhaps those with a

As! went along, Imade up some new plugin matrix cards that use different resistor sets

sneaking affection for the solitary zwill find
consolation in:

minimal form seems to vitiate the objection

tain kinds of non-pangram autogram:

This sentence contains three a's, three c's, two d's,

be redundant, but it couln't have been thrown

This autogram contains two a's, two c's, two cfs,

twenty-six c's, fivefs, three ,g's, eight h's, thirteen

in just to make the sentence work! Subtleties

i's, two /'s, sixteen ifs. nine a's, six r's, twenty-

of this kind should be kept in mind when try-

number-words is just acunning way of dis-

so as to cast awider net, able to embrace cer-

r's, twenty-eight s's, twenty-three is. two it's, five
i's, eleven w's, three .v's, and five y's.
It is odd to reflect that the existence of this

raised against the first version; "one z" may

twenty-eight es, five fs, three g's, eight h's, eleven

seven s's, twenty-two is, two ifs, five v's,eight

i's,three i's, two m's, thirteen n's, nine os, two p's,

w's, four x's, five .
v's, and only one z.

ing to assess the relative merits of different
specimens.

Here, the inclusion of "only" legitimizes the
addition of "one _7" by "proving - it was pre-

The final part of this article, reproduced

five r's, twenty-five s's, twenty-three is, six vs,
ten w's, two x's, five y's, and one z.

The apparent elegance of these can some-

meditated. Even so, the choice of letter

times be deceptive; closer scrutiny may

remains arbitrary: aq would have done just

reveal imperfections. For instance, oughtn't
"one z" to be regarded as aredundant cur-

as well. Classicists, however, will reject all
q's (whether straight or curly) and rightly
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by kind permission of Springer-Verlag,
Heidelberg and New York, will appear in
the January 1991 issue of Elektor Electronics USA.

For Christmas, awhole stock of books, published
by John Wiley &Sons, Ltd., 605 Third Ave., New
York, NY 10158-0012
SEMICONDUCTOR MATERIAL
AND DEVICE
CHARACTERIZATION
By Dieter K. Schroder
ISBN 0-471-51104-8
600 pages, illustrated
Price $59.95 (hard cover)
This work, the only comprehensive book on
modern semiconductor material and device
characterization to integrate all the main techniques, such as electrical, optical, chemical
and physical, covers electrical, optical, electron-beam, ion-beam, x-ray and gamma-ray
methods. This information, until now scat-

tation of assembly language code for amodern real-time digital signal processor, the
TMS320C25. Hardware considerations specific to this device, such as memory organthese and related areas. It is assumed the stu-

ization, addressing modes, and representa-

dent has agood grasp of physics. A knowl-

tion of fixed and floating-point numbers, are

edge of chemistry is an advantage, but not

discussed in relation to software develop-

essential, as most of the material is provided

ment.
in the text, are available for $30 direct from
the author: Prof. Rulph Chassaing, Roger
Williams College, Engineering and Tech-

FUNDAMENTALS OF INFRA-RED
DETECTOR OPERATION
& TESTING
By John David Vincent

nology Division, Bristol, RI 02809, (401)253-1040.

ISBN 0-471-50272-3
478 pages, illustrated
Price $54.95 (hard cover)

tered in journals and review papers, is pre-

This book is part of aseries in Pure and Ap-

sented in auseful handbook.

plied Optics, whose titles may be basic

The work is well-suited for the advanced

("pure" optics) or practical ("applied" op-

student who wishes to learn about semicon-

tics). They are aimed at one or more of the

ductor measurements, as well as for the in-

following readerships: university researchers, government or industrial laboratories,

dustrial researcher who wants to learn more
of the wide spectrum of measurement meth-

Two diskettes, containing all the programs

as "asides" in the text.

AN INTRODUCTION TO
SEMICONDUCTOR
MICROTECHNOLOGY
By D.V. Morgan and K. Board
ISBN 0-471-92478-4
208 pages well illustrated
Price $34.95 (soft cover)
Like the first edition of Semiconductor Microtechnology, this second edition provides a
comprehensive introduction to the various

members of the optics industry, or graduate

ods found in the semiconductor industry.

level students in universities and polytech-

One of the book's important features is the
extensive bibliography of more than 1,300

nics.
Measuring and reporting performance

processes and materials used to manufacture

references.

characteristics of infra-red detectors has always been an arduous task for avariety of

has, however, been updated, and includes

reasons. It involves a large number of experimental variables, requires the use of

erojunctions. Instructional objectives, self-

DESIGN AND TECHNOLOGY
OF INTEGRATED CIRCUITS
By Donard de Cogan

devices in silicon and gallium arsenide. It
several new sections on polysilicon and het-

many different pieces of infra-red equip-

evaluation questions, and problems have
been added to each chapter. It is highly ac-

ISBN 0-471-92237-4
230 pages, illustrated
Price $34.95 (soft cover)

ment, demands engineering expertise in

cessible to those with no prior specialized

several areas, and forces the newcomer to

subject knowledge, and is the only textbook

deal with avocabulary and technical liter-

devoted exclusively to microelectronic fab-

This book is concerned with the design and

ature which is often obscure.

rication at the introductory level.

technology of ICs on silicon, drawn from
many disciplines, such as chemistry, physics,
metallurgy and mechanical engineering.
Books on IC technology often get off to a

The book begins with an introduction to
infra-red, and proceeds to explain the fundamentals of infra-red detector operation,
radiometry, and testing, including the con-

slow start, since they usually assume the

cept of electromagnetic radiation, radio-

reader may not know much about the rele-

metric concepts, test sets and setups, and

vant theories of solid-state materials or de-

detector characterization.

vices. Commonly they bog down with preliminaries, and it's often several chapters

ELECTRONIC DISPLAY DEVICES
Edited by Shoichi Matsumoto, translated by
F.R.D. Apps
ISBN 0-471-92218-8
380 pages, illustrated
Price $94.95 (hard cover)
Electronic display devices play abridging role
(man-machine interface) and have served an

DIGITAL SIGNAL PROCESSING
WITH THE TMS320C25
By Rulph Chassaing and Darrell W. Horning

increasingly important role in the "informa-

systems. A host of fiat panel electronic

nologies which should help provide aper-

ISBN 0-471-51066-1
464 pages, illustrated
Price $49.95 (hard cover)

spective for the rest of the book. The second

This is athorough, state-of-the-art guidebook,

few years, including LCDs (liquid crystal),

chapter provides aminimalist approach to

providing engineers and engineering students
with the answers to questions about all as-

ECDs (electrochemical), PDPs (plasma),
ELDs (electroluminescent), VFDs (vacuum
flourescent), LEDs (light emitting diode),

This is, of course, modified in later chap-

pects of this rapidly developing field.
Written by two of the top names in the field,

ters when reference is made to optimizing

it provides adetailed discussion of the theo-

special displays.

component design for use in particular microelectronic applications. The remainder of

retical basis for building digital signal processing tools. Theoretical topics are translated in-

plication of these displays simply and clearly

the book falls into three areas: process tech-

to practical applications through the develop-

from apractical point of view, using the latest

nology, component integration, and inte-

ment of programming examples.

data. It is intended not only as atextbook for

before the real subject is tackled.
This book's approach is different, and better. The first chapter gives abrief historical
review of components, materials, and tech-

solid-state devices, initially treating them as
black boxes with specific properties.

tion society's" progress, the development of
new media, and the growth of electronic
displays have become available over the past

EPIDs (electrophoretic) and a number of
This book explains the principles and ap-

Current problems in digital signal filtering,

those interested in electronic display devices,

The book is geared for students in elec-

such as finite and infinite impulse response

tronic engineering and computer science,

filters and fast Fourier transform are ad-

but also as aspecialist text for manufacturers
and users. References and bibliographies are

but it's also of value to research workers in

dressed through the step-by-step implemen-

given at the end of each chapter.

grated circuits and systems.
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The world's best loudspeaker
book should be on your shelf
if you are serious about
speaker systems
Here in one place are all the definitions for closed
or vented boxes, woofers, passive radiators,
transmission lines, how to do cabinets and
choose drivers. What to do about crossovers.
How to build and test your project. "...The best
single reference available." Robert M. Bullock,
Ill, Professor of Applied Math., Miami University,
Oxford, Ohio: Contributing Editor, Speaker
Builder.

A quick, easy, tested method
for upgrading your car's
sound

Here's an excellent, concrete, hands-on, treatment of the cost effective design and installation
of a high quality auto sound system. Ferguson
concentrates on the loudspeaker end of the
system, the weak link in auto sound. Has an excellent discussion of equipment, design, installation and modification options.
125pp. spiral bound. $19.95

81
2 x 11 format, 82pp., softbound $19.95
/

Order Today! Only $19.95 each, Order Both for $30.
Send LDC
@ $19.95
Send KCS
$19.95 Both $30.00
Add $1.75 postage and handling per book or $2.00 for both
Ienclose

SPECIAL OFFER

Check/Money Order

for $

MC/Visa

Buy BOTH books and
pay only $30. Plus

Exp.

Name

$2 shipping

Address
CIty

State

El Please send me Old Colony sFREE catalog of audio books, kits, and software.

OLD COLONY SOUND LAB PO Box 243, Dept. E90
Peterborough, NH 03458-0243, (603) 924-6371 FAX: (603) 924-9467
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MARK V ELECTRONICS, INC.

Gives you more selection on Electronic Kits. Power Amplifiers. Test Instruments and Professional Products.
A indicates the level of difficulty in the assembling of our Products.

A Beginner AA Intermediate AAA Advanced

*

Fully Assembled

PROFESSIONAL COLOR LIGHT CONTROLLER

VIDEO/AUDIO SURROUND SOUND PROCESSOR

1GHz MULTI-FUNCTION COUNTER

SM-328 *
The SM-328 professional color light controller is keyboard programmable for ease of use. It allows full control of intensity and flash rate.
It has four separate channels with capacity of 1170 watts per channel
Total wattage capability is 4.68 killowatts. This is equivalent to 46 pcs.
100wan ligh bulbs or 936 pcs. 5-watt colored bulbs and is sufficient
for the largest halls and auditorums.

SM-333 AAA*
It has inputs for VCR. Video Disc and Compact Disc and canals° be
used with FM tuners, tape decks and LP discs -in fact anything that
can be connected to your pre-amplifier.
It also has front panel control of dynamic noise reduction DNR •
.
surround level, effect and time delay up to 50 milliseconds.
Rear panel outputs for front and rear sterèo speaker amplifiers. The
unit may be purchased as akit or fully assembled ready to plug in.

FC 1000A *

SPECIFICATIONS

SPECIFICATIONS

Frequency response 20 Hz to
20KHz •Total harmonic distor.
lion Front channel 005°. Rear
channel Less man 025°.• Input
signal voltage 01to 35V •Output Front channel 01to 3SV •
Rear channel 66V•Delay time 5
to 50 milliseconds • Input im
pedance
47 K • Power
'moments 100-120 VAC 60
Complete 1,t 567 00
Hz • Dimensions
14 2
Assembled O Tested Se3,
419
wide 482 -deep 21 high
Now: $70.00
•TM OF NATIONAL SEMICONDUCTOR CORP

Frequcny range 5Hz to 10 Mliz
10 MHz to 100 MHz 100 MHz lo
1000 MHz Resolution (MAX I 10
Hz lo 01 Mt depending on measure range Accuracy •1digit •
time base error Period measurement 025 uS to IOS Period measurement resolution 10 to
Mumbled & Tested $179
10 seconds depending on gate time Totalization measurement 1Hz to 10
MHz Totalizahon display 99999999 Sensitivity 15 mV 10 Hilo 70 MHz 30 mV
ee MHz
Hz to 100 MHz 15 mV 100 MHz to 1000 MHz Input impedance 1
megohms 10 Hz to 100MHz (INPUT A150 ohms 100MHz lo 1000MHz (INPUT
13)Abenuatfon 01 X10 Trme base 10 MHz and 390625 MHz (• lOpprn)Hold
Dala hold 01 last reading Seo check Counts internal 10 MHz lime base Power
requirements 110 to 120 VAC 60 P.- threenyon, 3 bon 969' wide 787
deep

•Independent input signal control
•Professional styled control panel
•4independent outputs
•4independent dimmer controls
•Chaser speed controls
•Automatic chaser operation
•4preset chaser programs
•Clockwise chaser control
•Anti-clockwise chase , control
•Match with any step-down
transformer horn 12 to 24VAC

Assembled & Tested S>141,0

Now: $139.00

SPECIFICATIONS
Input sensitivity (music mode' 100mV I
music .program t2V• Output power 1170
W per channel MAX 4680 W total •Power requirements 105 •120 V. 60 Hz •
Dimensions 14 37 wide 9-high 319 -dei.p

the C- 1000A is a multi-km[1ton 5 hen: lo 1Gliz dual-range trequency
counter it can measure frequency period and total events Readout is alarge
05 8-digit 7-segment LED display
it utilizes two crystal oscillators which can be individually calibrated for
maximum long term accuracy against aIrequency standard such as WWV
transmissions
Additional Natures include avaluable sell-check mode and atwo step input
attenuator

300 W HI-FI POWER AMPLIFIER (MONO)

SOW +80W PURE DC STEREO MAIN POWER AMPLIFIER

100W DYNAMIC CLASS A MAIN POWER

TA-3600 AAA
The TA-3600 is an extremely high power amplifier specifically
designed to reproduce the high dynamic range available on compact
discs.
It has low noise, high stability low distortion, extended
frequency range and high
efficeincy in a compact
package.Two of these units
with appropriate power
supply and pre-amplifier are
• .
required for stereo reproComplete Kit S79 00
duction
Assembled u tested $103 00
SPECIFICATIONS
Transformer 142.00

TA-802 AA
Modern circuit design utilizes full complementary power output and
differential cascode input stage. DC coupling provides superb transient
response. A special output circuit guards against short
circuits and overload operation.

TA-1000A AA
This well designed and stable amplifier features DC coupling
throughout and afully complementary symmetry circuit topology.
It operates in class Aat low and medium levels and gradually shifts
to class AB operation at high levels. A pair of these amplifiers
id 200 watts of super high fidelity sound reproduction.

SPECIFICATIONS

Power output 300 watts sine wave into 8ohms. 540 watts music power into 8ohms
•Frequency response 10Hz in 20 KHz •Total harmonic distortion Less than 005°. •
Imermodulation distortion Less than 005°. •Sensitivity 1V ms at 47K •Power
requirements 60 to 75 VDC at 8 amp • Dimensions G r 7•
7.', 17]

PLEASE

SEND ME A

COPY

OF THE FREE CATALOG-

1

SPECIFICATIONS

Power output 80 walls per cannel
into 8 ohms notai harmonic distortion Less than 005°. al rated power
Intermodulabon distortion less than
005°. at rated power Frequency re.
sponse DC to 200KHz -0 dB .3dB o
1wan Power requirements 30 VAC
2 « 6amp May use Mark V model
001 translormer PC Board G1•2 .
1-1•8 Heat sink 5.1•8 751 .
3-'Each)

Power output

100 KHz •Total Harmonic Disto non Less than 0008°.. •Signal to
noise 460 Better than 80 dB •
Sensitivity
IV •Power requirements 35 to 45 VDC u.
3
amp •May use Mark V Moel 003
transformer • PCB Dimensions
538 -.338 -.12 -•Healsink 513"
.263 3" (Each)

Complete Cri $45 94
Assembled d Tested 559 72

T H O Less Than 0007% •
Power output 120 watts into
8ohms •Frequency response
8FUN 208Nr .0-0 4dB• Sen
snivity IV • Power requirements 55 UDC o 3 amps
May use Mark VModel 003
Transformen

We provide transform-

CITY

ers for most of our Mark
V amplifier kits.

ZIP

AMPLIFIERS

KIT ASSEMB.

MODEL

DESCRIPTION
Digital Voice Memo ••
Multi-Purpose Melody Generator •
Multi-Purpose Melody General° . •
35W Class -A Main Power Mono Amp ••
30W Multi-Purpose Single Channel Amp •
60W Stereo Power Booster lwrcasel*
30W X2Stereo Pre-main Amp •
Hi-Duality FE TStereo Pre-Amp •••
40W Solid Slate Mono Amp •
120W Mostel Power Mono Amp ••
80W •80W DC Pre Main 8. Power Amp ••
80W •80W DC Stereo Main Power Amp ••
60W .60W OCL DC Pre-Main Stereo Amp ••
100W Dynamic Class A Main Power Mono Amp ••
inow X2Class A DC Stereo Pre-Main Amp •••
fet Super Class A DC Pre -Amo •••
Electronic Echo 8. Reverberation Amp *
HO Pre-Amp wi1 0band graplerc equalizer *
Hi-PET IC Pre-Amp w/3 way lone control ••
Stereo Simulator (For Mono TV or Any Mono Source) ••
300W HO Hi -Fi Power Mono Amp •••

30 00
12 84
13 65
28 50
20 00
29 50
59 95
28 00
68 00
60 92
45 94
40 39
59 69
73 70
47 70

48 90
27 00
79 00

0-15V 2A
0.15V SA
0-30V 3A
0-50V 3A

Regulated
Regulated
Regulated
Regulated

DC
DC
OC
DC

Power
Power
Power
Power

Supply
Supply
Supply
Supply

IWICase)•••*
•
•
• •

14 55
14 55
15 75

SM.43
SM-48
SM.48A
SM.49
SM-100
PC-10008

3 Multi-Functional Led OPM turiABS piaste c, ••
4.. Hi-Precision PPM AAA
4... Ili-Precision PM iwABS plastic case)•••
3l •Multi-Functional LCD PM P
Functus- • •
150MC Deal Frequency Coulter•• •
1GHz Frequency Counter

S34 50
38 00
41 20
36 00
79 00

We accepi , a.or Cedo Cells tioeey 010es Cee.:6 anti COO owes COO lee Is 65 00 1.1
outs.de US Pleasece our sains oebranment to ,orders over 201 or lee.gn wows •Au assemo

or CA [Pease WO sales

ta. 675..

S69
20
20
22

50
76
76
65

KIT AMMO.

INSTRUMENTS

•Ail reerceand.Se are SuDieor 10 new sale Prices are submc.

'Free aift for any purchase

dvrih0

Christmas Season

1
Complete Kit 568 00
Assembled 6 Tested $85 00

KIT ASSEmB.

MISCELLANEOUS
17 20
18 71
39 80
29 00
70 00
38 35
75 00
34 93
85 00
79 20
59 72
49 37
80 58
95 81
58 24
96 00
68 80
63 57
38 50
103 00

KIT ASSEMO.

POWER SUPPUES
TR•100A
TR-355A
TR.3558
TR-503

POWER AMPLIFIER (MONO)

120W MOSFET

TA-477 AA
This amplifier is designed specifically for low TIM distortion. It
uses parallel MOSFET output transistors. This is avery popular
kit because of its superior sound reproducing ability and high
power reserve. BUILD TWO KITS FOR APROFESSIONAL
STEREO AMP!
SPECIFICATIONS

ADDRESS

TA-28MK2
TA-50A B
TA.50C
TA-120M62
TA-300
TA '382
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA-1000A
TA-1500
IA-2200
TA-2400A
102500
TA-2800
TA-3000
TA-3600

Complete Ka $59 69
Assembled 8 Tested $130 58

Rack Mount Metal Cabinets

and most of our kits.

STATE

t

with aluminium panel are
suitable for many projects

NAME

100 watts into 8
410Hohimto

.
ohFres
que
ln
2,
5
yw
ra
es
ttps
on
inst
e
o

S43 00
48 00
52 00
44 50
90 00
179 00

•• 0,0,

•

eaelge err, .•

MODEL

TV-238
IV-25
tv -35
tv -36
TY.38
TY.41MK V
TY-42
TY.43
TY-45
TY-47
SM-222
SM-328
SM-333
SM.666
10.0000

DESCRIPTION

3Channel Color Light Controlle• •••*
Stereo Loudspeaker Protector •
FM Wireless Microphone •
AC/PC Ouarlz Digital Clock •
Sound rTouch Control Switch •
Intared Remote Control Unit (w•Casel •••
Bar (Dot Level Meter ••
3Digital Panel Meter •
20 Steps Bar ,Dot Audio Level Display ••
Superior Electronic Roulette ••
7Band HI-FI Graphic Equalizer • • •
4Channel Professional Color Light Controller*
AuchoNMeo Surround Sound Processor •••*
Dynamic Noise Reduction •
80 VCapacitor ISuggested for TA-3600. TA-471. TA-1808 & TA-802I

S51 20
13 85

56500

19 00
12 00
20 00
24 15
29 00
38 45
19 46
26 80

26 20

19 85

10 22

35 00
33 81
38 00
46 14
27 24
38 80
13900
70 00
34 00
22 00

62 00
26 00

METAL CARPETS WITH ALUMINUM PANEL
Et nW x0

MODEL
LG-1273
LG.1684
LG-1924
LG-1925
LG-1983

3- 12
7'
4" 16 - G
4- 19 - Ili:
5" 19"
Ili:
2i• -19' 8-

PRICE
122 16
26 64
32 00
35 00
28 50

MATCHING
TA-2800. TA-377k TA-2200
TA•3236. TA.377A. TA-2200
TA-002 TA-8208 TA-1500.TA120MK 2 TA-800 TA-1000A
TA-477 TA-80D TA.150D TA-1000A TA-3600
TA-377A.. TA-2800 TA.2200. TA-120MK 2

POWER TRANSFORMERS
MODEL

001
002
003
004
005
006
007

DESCRIPTION

•
,UPS woo -o
US -e-e 03.,
.sar• •, •.
VO ,..,40 ,scOunt
o,nor e

eor reso.0,,:ve tor ropg.,,,ca,

PRICE
126 00
21 00
27 00
21 00
15 00
II 50
•

MATCHING
TA-800 TA-802 TA-820A TA-1000A TA-1500
TR-503 TA.323A. TA-400. TA-300
TA-477
.
TA-120 MK 2
TR.3558
TR-355A
TA-3600...

28V >26A to 30V u26A
36V. 236
40V >26A
24).426A
26V x23A
18V fr 25A
53V.2 8A
.•

,
ea,S1

. .s -a
•Res 0,15

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

MARK V ELECTRONICS, INC. -8019 E. Slauson Ave, Montebello, CA 90640 Szal
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Courteous Service

• Discount Prices

•

Fast Shipping

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

P.O. Box 567 -Van Nuys, CA 91408
Special New Reduced Price
PHOTOFLASH CAPACITOR
Rubicon CE photoflash capacitor.
0.79' dia. X 1.1" high. These are
new capacitors that have been
prepped with 1.4" black and
red wire leads soldered to the terminals.
210 Mfd 330 Volt
CATI PPC-210
$1.25 each •10 for $11.00 •103 for $100.00
Large quantities available. Call for pricing.

CAT,

2 1/4" CATI 1AB-A
$7.50 ea 10/ $65.00
25/8' CATI MB-B
$7.75 ea 10/ $67.50
CATI MB-C
68.00 ea 10 /$70.00
Please specify color.

HEAVY-DUTY NICKEL
CADMIUM "C" BATTERY
Yuasa 1800C Special purchase of new,
rechargeable
nickel-cad batteries.
1.2 volts, 1800 mAH.
"
PRICE REDUCED ON 10 OR MORE.
CAT!, HCINCB-C
10 pieces for $42.50 ($4.25 each)
100 pieces for $375.00 ($3.75 each)

OPTO SENSOR
TRW#OPB 822SD
Reflective scanner module.
U-shaped device with 4 leads
each side (8 total). 0.09' gap.
CATI OSU•10 755 each

Part No.
PL-259/USA
PL-2591ST
UG-21D/U
UG-21 DIU
9913IPIN

REQ CAT" LED-4
gBEEN CATI LED-4G
YELLOW CATI LED-4Y
$1.00 each •10 for 9.50
100 for $90.00

Pace
S 70
150
325
500

UG-21D19913
UD-21819913
UG-146A/U

DeacriptIon
UHF Male Phenolic. USA made
UHF Male Silver Teflon USA
N Male RGTS 213, 214 Delta
N Male RG-6.213, 214, Kings
N Male Pin for 9913,90136, 8214
Fits UG-21 DIU & UG-21 EI/UN's
N Male for FIG-8 with 9913 Pin
N Male for FMK with 9913 Pin
N Male to SO-239, Teflon USA

UG-133B/U

N Female to PL-259, Teflon USA

600

150
395
5.75
600

STEPPING MOTOR
Airpatai A82743-M4
12 Vdc 35 ohm
dual coil, permanent
magnet stepper motor.
7.5 degrees per step. 2.25' dia. X .91' thick.
0.25" dlit, shaft is 0.6' long. Two hole
mounting flange, 2.625" centers. 6wire
leads. CAT'S SMT-5 $10.00 each
»pax, C82711-M1 17 Vdc 23.25 ohm
dual coil, permanent magnet stepper motor. 7.5 degrees per step. 2.2e dia. X.91'
thick 0.2e dia, shalt is 0.6' long. Two hole
mounting on 2.62e centers. 6wire leads.
CAT/ SMT-6 $6.03 each •10 for $50.00

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

Phonemates 10 4210T Base station for a
cordless telephone, this transceiver contains
hundreds of useful pails. Includes power
transformer,600 ohm phone coupling
transformer, crystals, heat sinks, voltage
regulator, power cord, phone cord and jack.
relay and 30 telescoping antenna. The belge
chassis box has only afew holes in the back
panel and would be an eacellent housing for
other projects. 7.25" X 5.87' X 215.
CAT/ PUB-1 $3.75 each
SOLD AS-IS For Parts Only. No returns accepted

Box 4283, Madison, WI 53711
Phone (608) 831-3433
FAX: (608) 831-3771

INDEX OF ADVERTISERS

All Electronics

CIE

60
9

Kelvin Electronics

10

Madisound Speaker Components

60

Mark V Electronics
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Morel Acoustics USA

7

NR) School of Electronics

5

Old Colony Sound Laboratory

Audio Glossary/Holt
Books

TOLL FREE ORDER LINES

«800-826-5432

to Visa;MasterCard or Discover

TERMS: A4inimum order 510.00.Shipping and handling For the 48 continental U.S.A $3.50
per order. All others incluoing AK, H4 PR or Canada mist pay full shipping. All orders
delivered in CALIFORNIA must include state sales Mx (6 1/4

PERFECT LAY
SIDEWINDER
ELECTROVOICE
SLEDGEHAMMER

IVIADISOUND SPEAKER COMPONENTS
8608 University Green

6 Volt 1Amp/Hour
RECHARGEABLE BATTER
JAPAN STORAGE
BATTERY CO.
PortalacA PE6V1
6Voit 1Ah rechargeable
sealed lead-acid (gell cell).
2' X 1.63e X2" high.
Batteries we prepped with 5 black and
red leads terminated with 2pin connector.
Ideal for rechargeable reserve power.
CATI GC-61 $4.75 each •10 for $42.50

DYNAUDIO
MB QUART
AUDAX
PEERLESS
SOLEN
ETON

Doesn't your hobby deserve these fine product lines?

Airpaxit C 82710 12 Vdc, 36 ohm dual coil
permanent magnet stepper motor. 7.5 degrees per step. 2.25' dia. body X 0.93"Mgh.
Mounts on 2.675" centers. 6wire leads.
CAT/ SMT-7 $7.00 each •10 for $65.00

Experimentor's Delight
CORDLESS TELEPHONE/TRANSCEIVER

.
C14ARGË ORDERS

301-869-3680

PRICES DO NOT INCLUDE SHIPPING
PRICES SUBJECT TO CHANGE
VISA, MASTERCARD, ADD 4%
UPS C.O.D. ADD $3.50 PER ORDER

ENCLOSURES

Panel ht.

FAX

"Specialist in RF Connectors and Coax"

1K ohms bright light.
16K ohms dark.
0.182- dia. X .08'high. 0.1e long leads. CAT!. PRE-7
2for 81.00 •100 for $45.00 •1000 for $•100.00

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
6' wide X 6 1/4" deep. Choice of three hts.
Includes non-skid rubber feet and hardware.
Available in beige, ivory, black, and blue.

1-800-783-2666

301-840-5477

"THIS LIST REPRESENTS ONLY A
FRACTION OF OUR HUGE INVENTORY"

Diffused L.E.D. with
built in flashing unit.
Pulse Rate: 3Hz @ 5Volt/20 ma.
Unit continually flashes when
5Volts is applied. Operates
between 4.5 Vohs and 5.5 Volts.
T 13/4 size.

PHOTO RESISTOR

INSTRUMENT

ORDERS
INFO

FLASHER LED'S

ec, 63/4

(outside the U.S.A. send $2.00 Postage)
ALL ELECTRONICS CORPORATION
P.O. Box 567 Van Nuys, CA •91408

62

Front Panels

62

Killer Car Stereo

58

Loudspeaker Design Cookbook

58

Software

Ouantities Limited. NO C. 0.0. Priced subject t
ochange without notice.

CALL or WRITE for our
FREE 60 Page Catalog containing over 4,000 ITEMS

EPROMS, etc

Printed Circuit Boards

%, 7 1/4 %) .

Verany Test CDs
OPTOelectronics
Radio Shack
The R. F. Connection
Sescom
*Note:
Ad Index for supplement is found at back of section
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KT-917 FM tuner with pulse count detector 3-position IF
bandwidth switch (wide normal narrow), 3 meters.signal
strength, center tuning, multipathldeviation, new candiIon, $400, plus shipping. EL. Johnson, 702 W Gruen-

CLASSIFIEDS

FOR SALE
Sony 850ESDil compact efsc player: (list $1 :300) $650:
Sony DAS703ESD outboard DIA decoder : dial $1,8001
$900, both pieces are brand new. never used :includes
service manuals. Mod Squad CD damper with 65 rings
$15. Minvac, miniature batte,ry operated vacuum cleaner.
(808) 26249
Toroidal power transformers: Avel-Lindberg 440-3021.
Puai 22V 3A secondaries. Dual 115V primaries. Totally
epoxy encased Great for preamps or small power amps.
Limited supply at $18 Jerry McNutt, 801 South Gay St.,
Auburn
McIntosh MX 110 tuner prearree with
collent condition, $385; NAD 4150
box, $.195; Denon PRA-1100 pros
POA-4400 mortoblock power amps,
the pair. Denon epuipenent smint c
service manuals; TEAC 4010SL. op
condition, little head wear, box '
rosi recorder, direct drive capstan,
heads are worn, service manual
LX5511 linear track turntable wi
mount, mint condition, good sou ,
include shipping. Jeff Dougla
592.3246.

',raid Ave.
Aitec A7 theater speakers, pair. 921 woofers, 80$
tweeters, 5118 horns. 1KH7 crossovers, all drivers and
crossovers rebuilt, woofer cases solid, need cosmetics.
Will deriver southern California. $1,500 for ail. Lee Hutchison, (805) 946-21

AD712BC, $6/03. National LF353. 10f$5. Lfv1317MP,
10155; Burr-Brown PCM 56P,I, $1 Olen, PCM 53KPL $10
ea, PCM 58PK, PCM e4Pi< 18-bit :Si 5lea, C databooks
52-5/ea; Heath 1-M analyzer, $40; Batiantioe AC vTvm,
$30: dbx 122, $70. Fisher 100c FM stereo tuner, $75:
RCA tube manuai, $20: Radiotren Designer's Handbook
4th edition, $50 Rene:
457-2821 eves/weekends
EDT.
Heathkit i0-4550 10MHz. dual-trace taboratorygrade
oscilioscope aligned at Heath Center plus !0.4505
revstai-conteolled oecillosoppe calibrator. Ali cords
' ` 'e
Highest offer. Al Haushamer.
i'ce, FL 34952 :
- s

.

Mac C-28, $275; Nad 4020A tuner, $30; one power and
output transformer for Dyna MK li, $10 for pair; Arnber
series 70 amp, $200; like to trade arty items for Bedini
25/25, Pioneer Series 20 amp, or other Class A SS amps.
Have other epuipment to trade. Tom
Adcom GFA-545 100W/channel amp. $250, Nikko Beta40 preamp, $150; Sansui TU -717 tuner, $125; TAS
023-65, $95. Shipping included. Scott.
542.3382
after ep.m.
'

Model 5, $200; Citation 1,2.3, all $400: vacuum
•
tuners, over 40 different.
,, tube sockets, books, more.
Haute 2, Box 219, Pierce City,
Denon DP-2550 turntable with
V15 cartridge, $450; Yamaha
t8StOt, $495: dbx 124 4-channel
-iakamichi 700-113 head cassette
%SF C-90 chrome cassettes, $101
EirnCrest, Arlington

Cello Etude. (limited edition), rot
$600. Don, (615) 875..79
ela
Mission PCM 4000 CD playe
Ultra 06000 CD player, excel!
powered speakers, like new
John Golden, 17270 Jeanette
569-1039.
Horns from JBL's best studio monitor (4435). Drart!
and efficient. Two 2344 horns, two 2425 titanium drivers.
dual-roano styrene crossover/equalizer. $450. Make your
DI-4.220/200 dual/mono: DH-220 case, transformer, caps,
etc. (lacks driver cards: hearsink assembly). $100; two
mil.spec, regulated ± 12V Ampex power suppiies. $20.
Wanted: DH-280. (505) 783-4
Dahlquist DO-10 speakers (modified): $600; Dahlquist
crossover and subwoofer, $400, PS Audio preamp,
Marsh & Leach pre-preamps. $50 each: Dynaco 416 amp
(needs work). $100; Dynaco PAS-3X, AF-8 (as is), $50:
2 B8e0 tape recorders (as is), shipping cost Only, Don
Mcintosh, 2 Cabot CI.: Guelph, Ontario, Canada NEO
3E4, (519) 821
Thorens TD-165 turntable $45; SME 3009 type il tonearm, new in box, never used $65. Reed Hurley : 110
Country Place Dr,: Stockbeidge

.Onkyo T.4055 FM tuner, $75:
e.xtra black covers, mint $1.000;
mint, $100; tweeterw MOT 32
e5eipf; Yamaha SR-50 sur•
$175: Bogen C1008 PA amps :ex300): Tektronics tube scope, $150
ve: 7-10 p.m.

matchea ui,,
S. Ervay. Studio 103, Dan.

ects with aconstant current cliffereo-

Upgraded Daniel preamp, cabinet. $475: parr Bore. r
DC 100 amps with 500VA toeoidals, cabinets : $790.
Crown irO-I 5g p.reantp, excellent, $125; POOGE'd Sorry
C0.910 player, ail AA mods and more. superior to

Met acathode coupled phase inverter
Scott.
B. Arroyo Grande.

seoond stay.
CA 93420.

CD-650, both manuals, $425, Capacitors. polrarbonate :
hermetically sealed, 2,tiF, 200V new, $100 per 1O0; pair
RTR ESR15 electrostatic speakers in cabinets : mint.
$595; pair Sanders electrostatic panels, transformes:
$325. Al! FOB Cailfornia. Dick
New toroidal transformers: two 20V secondaries e 5A
(40Vol. 200VA), $20 each plus shipping Two transformers can be wired together for art 80Vct 4 10A
(800VA) transformer giving arectified voltage of ±62.5V.
Paul Kelly 7624 Harcourt Dr

Pioneer cir4 cassette deck, $50: Knight StarFtoam SW..
$75; Zenith transoceanic SW.. $100: EMI SS speakers
$40. B W audio generator, $25; Million RF generator.
$25; Gate attenuate pad. $40, NAD 7020 receiver. 5100;
Yamaha R900 receiver no outputs groat tuner meanie.
$50; Heathkit AJ43c tuner, $20; AJ30 tuner $30: Mcintosh C26, $300; MR67, $300. MR74. $350. MA5100,
$300; Dynaco St-120. $75; FMS, $75: EICO $797 turrar.
$75; ST.70 intamp. $100; (two) HF12 mono int., $20 ea;
HF90 mono FM: $20; Fisher 400 receiver, $95; Paco
SA40 ire atop, $50. You pay freigtu. Clayton Vedder

CLASSIFIED ORDER FORM
PLEASE FILL OUT IN CLEAR BLOCK LETTERS OR TYPE. PLEASE SPELL OUT ENTIRE WORD.
9

10

18

19

20

27

28

29

30

36

37

38

39

40

46

47

48

49

50

2

3

4

5

6

7

11

12

13

14

15

16

17

21

22

23

24

25

26

31

32

33

34

35

42

43

41

E Private For Sale

44

O Private Wanted

45

O Trade

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 aword: A series of letters with aspace before and after. 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 acurrent subscriber. Ten dollar
minimum charge for charge card orders and Trade ads.
Any words over 50, 2oe per word; Trade ads please charge at me
per word and indicate number of insertions. Deduct 10% for a6x
contract; deduct 15% for a11x (year) contract in Elektor Electronics
USA. Payment must accompany first ad.
Please charge to my MasterCardNisa:
CARD NUMBER
SIGNATURE

E

Check/Money Order enclosed

NAME
COMPANY

EXP. DATE

STREET ADDRESS
STATE

CITY

ZIP

Mail or FAX (603) 924-9467; Elektor Electronics USA, PO Box 876, Peterborough, NH 03458-0876
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TERMS

OF

BUSINESS

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.

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.

ORDERING
Please use the ORDER FORM provided and include
part number, quantity and price. Please print clearly
and include your Magic Number if you are a subscriber. Please include a ZIP code in your address.
The ORDER FORM is designed to help us quickly
and accurately process your order. We reserve the
right to refuse mail orders not made using the ORDER
FORM or orders under the $10 minimum.

BOOKS, RECORDINGS, CDs, and SOFTWARE
The shipping/handling charge is $1.75, plus 50e each
additional item. 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.

TELEPHONE ORDERS
Telephone orders are welcome between the hours of
9:00 a.m. and 4:00 p.m. EST, 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: (603) 924-9467 (24 hours).
PAYM ENT
All remittances MUST BE IN US FUNDS. 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 two weeks for check clearance before your
order is shipped. Should acheck be returned for any
reason, there will be a $10 service charge.
SHIPPING
Unless noted, freight is prepaid by Old Colony.
All orders shipped USPS first class mail or by UPS.
Allow two to three weeks for delivery. Please inquire
about appropriate funds for special handling (UPS

of the material if originally defective or damaged ii
transit.
PATENTS
Patent protection may exist in respect of circuits,
devices, components, and so on described in our
books or magazines. Elektor Electronics USA does not
accept responsibility or liability for failing to identify such patent or other protection.
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.

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.
If the error is not ours, adjustment will be made
at our discretion. We will send you a return authorization label. A restocking fee of 20% will be
charged on returns. Merchandise considered not fit
for resale will be returned without credit or refund.
A $2 fee will be charged on exchanges. All returns
must be made within 30 days of invoice date.
Books, software, CDs, and recordings are not eligible for return or refund.

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.

WARRANTY
We warrant that all items sold conform to the quality 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

LAW
Any question relating to the supply of goods and services by Elektor Electronics USA or its subsidiaries
shall be determined in all respects by the laws of the
United States of America and/or the State of New
Hampshire.

BOOKS FROM ELEKTOR ELECTRONICS USA
MICROPROCESSOR DATA BOOK
This book has come about because of a need by Elektor Electronics
engineers, technicians, and editorial staff of aready 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
•Z80; 8080; and 8085
• Intel's 8086; 80186; 80188; 80286; 80386
•the NS32XXX series
•the INMOS transputers

303 CIRCUITS
Like its predecessors, 303 CIRCUITS offers acomprehensive collection
of practical ideas, concepts, and developments in the gamut of electronics. Unlike its predecessors, the book is 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 offers 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 0-905705-62-2
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 areview of the new symbolic logic as laid down
in British Standard BS3939:Section 21 (IEC Standard 617-12).

ISBN 0-905705-28-9
BICAA16 Price $17.90
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; microcomputers and music electronics; and amiscellany
of other interesting subjects.

The final part of the book deals with a number 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 nondigital discrete and integrated devices, such as op amps, as well as on
some microprocessor peripherals (e.g., the 6522 VIA, the 6580 ACIA,
and the 8355A PPI).
ISBN 0-905705-27-0
BKAA14 Price 618.50

ISBN 0-905705-25-4
BICAA12 Price $12.50
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.
ELEKTOR ELECTRONICS USA DECEMBER 1990
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ADERS SERVICES
.1 orders, except for subscriptions, should be
..,ent 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

ORDER FORM

PO BOX 243
OLD
KTERIOROMI,
COLONY
NH 03458
SOUND LAB
CUSTOMER ADDRESS
NAME

NAME

STREET /5 NO

COMPANY

Meas. add 81.75 for the first book and SOC
for each additional book ordered. Canadians please add $4.50 US for the first

CITY

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

STATE

ZIP

STREET 8. NO

MAGIC NUMBER (FROM SUBSCRIPTION LABEL)
PAYMENT METHOD

u melee before 9 a...,
924-9487, 24 heart

Aiswerie
FAX: i883)

SHIPPING ADDRESS IF DIFFERENT

opposite for all orders. All prices are postpaid
to customers in the fifty states except for books.

book, and 50E for each additional one
Canadians may expect Canadian duty charges
on shipments of any items except books and

TELE1110118 PLUME OMENS
(603) 9244371, 9244528

CITY

STATE

ZIP

FOR CHARGE CARD ORDERS UNDER $10, PLEASE ADD $2.

D. MONEY ORDER

E CHECK

1
-=MASTERCARD

E VISA

CARD NUMBER

EXPIRES

AUTHORIZED SIGNATURE

DAYTIME PHONE

/

Price

Part Number and Description

Qty.

Total

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)
924-9467. Subscription rates: $28 per year (11
issues); $50, 2years. Student Rate to full-time,
registered students, $15 per year (photocopy of
student ID required).
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.
PAST ARTICLES
Photocopies of articles 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 a
stamped (50e), self-addressed business-size
envelope to Old Colony, at the address above,
for EACH YEAR desired. A complete set of indexes for 1979-90 is available for $7.50 postpaid.
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
302 Circuits
303 Circuits
Data Sheet Book 2
Data Sheet Book 3
Microprocessor Data Book

$12.50
$12.50
$15.95
$16.50
$17.95
$17.90

FRONT PANEL FOILS
Issue

All solid-state

No. Price
S
890170-F1 33.50

preamplifier
LF/HF signal

890170-F2
890183-F

1/90
12/89

PROJECT

18.50
18.50

12/89

tracer
Video mixer
0 meter

87304-F 33.00
900031-F 23.00

1-4/90
4/90

Budget sweep/

900040-F 20.00

5/90

function
generator
High current

900078-F

28.00

9/90

hFE tester
400W lab

900082-F 35.00

10-11/90

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.

No,

Price
S

Issue

Intelligent time

553 20 00

2/88

standard (1 x
2764)
I/O extension card
for IBM
(1 x PAL 16L8)
Centronics
interface
for slide fader
(1 x PAL 16R4)
e-controlled radio
synthesizer
(1 x 27C64)
Portable MIDI

561

562

17.50

17 50

564 20.00

567 20.00

6-7/88

10/88

7-9/89

11/88

Pitch control for
CD players
(1 x 2764)

568 20.00

MIDI control unit
(1 x 27C64)

570 20.00

Digital model train
(1 x 2764)
Darkroom clock
(1 x 27128)
Video mixer
(1 x 2764)
Four-sensor
sunshine recorder
(1 x 27128)
Slave indication
unit for I.T.S.

572 20.00

12/88

Digital model train

109

6-7/90

583

18.50

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

5861

20.00

1-4/90

5921

20.00

6/90

700 30.00

3/88

701

30.00

12/89

Microcontroller

702 95.00

5,6,9/88

95 00

power supply

Logic analyzer for

111

20.00

Atari ST (b/w only)
Computer-controlled
Teletext decoder

113 20.00

10/89

Plotter driver
FAX interface, IBM

117
119

11.50
14.00

5-6/88
6/90

PCs
RAM extension for

123

10.00

7/89

RS-232 splitter
Centronics

129

11.50

12/89

1411
1421

11.50
11.50

4/90
5/90

1431

OLD COLONY CATALOG!

13.00

5/90

characteristic plot-

BASIC
8751 programmer
PT100 thermometer

1441

13.00

9/90

1471
1481

13.00
13.00

11/90
11/90

PRINTED CIRCUIT BOARDS

MAY 1990
Acoustic temperature
monitor
Budget sweep/function
generator
Centronics ADC/DAC
Transistor characteristic

No. Price

UPBS-1

4.00

900040

14.00

900037D 30.50
900058

9.50

plotting

900042 24.00

12/88

900030 36.00
UPBS-1
4.00

11/90

JULY-AUGUST 1990
Compact 10A power
supply
Intermediate projects

TOTAL

PROJECT
SEPTEMBER 1990
High current hFE tester

900045 23.00
UPBS-1

4.00

896118
900057

8.50
7.50

904004
904067

7.50
10.50

No.

Price

900078

11 00

904085/86

3 50

OCTOBER 1990
Guitar tuner

900078

Not Avail

U P-controlled

900081

36.00

Infrared remote
control

telephone
exchange
Medium power audio

900098

amplifier
Tuned UHF TV preamp

18.00
Not avail

Dubbing mixer EV7000
S-VHS/CVBS-to-RGB

900055

24.50

converter
Phase meter

896056

Not avail

900082

22.00

900122-1

12.00

NOVEMBER 1990
400W lab power
supply
Active mini subwoofer

PROJECT

Mini FM transmitter
Sound demodulator for

CALL OR WRITE FOR YOUR FREE

2-5,7/894/90

simulator
Mini EPROM viewer
Power zener diode

(1 x 8751)

5951

11 50

JUNE 1990
Electronic load

driven power
supply
704 95 00

Issue

10/89

ting (Atari ST b/w)
ROM-copy for

(1 x 8748H)
EPROM emulator
(1 x 8748H)

8751 programmer
(1 x 8751)

No. Price

ADC/DAC
Transistor

keyboard
(1 x 2764)

Autonomous I/O
controller
(1 x 8751)

PROJECT

BBC-B
EPROM simulator

SHIPPING

PRINTED CIRCUIT BOARDS-Continued

DISKETTES

EPROMS/PALS/MICROCONTROLLERS
PROJECT

SUBTOTAL

Dubbing mixer EV7000
Medium power audio
amplifier
Programmer for 8751
PT100 thermometer
Digital capacitance
meter
TDA7330 car radio
booster
DECEMBER 1990
Active mini subwoofer
Droitwich time standard
Milliohmmeter
Phase check for
audio systems
Signal suppressor for

900098

18.00

900100
900106
900123

14 00
10 00
Not avail

900046

Not avail

900122-2
900110
910004
900114-1/2

10.50
Not Avail

904024

7.50

904062
904079

Not Avail
Not Avail

904066

Not Avail
12 50
8.00
Not Avail

10.00
16.00

all solid-state preamp
"Bath full" indicator
Wideband UHF
amplifier
C64 A-D/D-A card
Audio input selector
Search time monitor
Logic tester

904039
904052
904083

satellite-TV receivers
Audio power indicator
Four-monitor driver
for PCs

WorldRadioHistory

Available from ELV France, BP-40-F.-57480
Sierck-les-Bains, France.
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BOOKS

from Old Colony Sound Lab

BUILDER'S GUIDES, general
BKAA-4 KILLER CAR STEREO ON A BUDGET by Dan Ferguson. Now
you've got asimple choice when it comes to upgrading your car stereo.
Instead of paying afew thousand to ahigh-end dealer, you can pay only
afew hundred. With agood in-dash unit in place, you need only follow
author Dan Ferguson's instructions for buying and replacing your front
speaker, main speakers, and adding the killer—a subwoofer with
enclosure, power amp and crossover. An easy cure for ho-hum auto
sound. 1989, 118pp., spiralbound.
$19.95
MB-2 HOW TO MAKE PRINTED CIRCUIT BOARDS by Joel Goldberg.
All the basics on making your own circuit boards are covered both in
theory and in practical advice: design and layout, artwork preparation,
photo layout, silk screening, and etching. 1980, 117pp., softbound.
$8.90
S-25 ELECTRONIC PROTOTYPE CONSTRUCTION by Stephen D.
Kasten. Here's agreat book for either the beginner looking to try electronic prototyping for the first time or the expert looking for ahandy
reference guide. Areas covered include wire wrap and related techniques such as solder pad and perfboard assembly. This book will help
you through all the pitfalls of PC board design, and will help you put the
project together in an attractive but functional package. 1983, 399pp.,
softbound.
$17.95
S-27 DESIGN OF OP AMP CIRCUITS by Howard Berlin, W3HB. Op
amps are aversatile and inexpensive integrated circuit. They can be
used for linear amplifiers, differentiators, integrators, voltage and current converters, comparators, rectifiers, oscillators and more. The text
includes 37 different uses and applications for op amps. Beginners will
find this book helpful. 1977, 221pp., softbound.
$12.95

Like his previous books in this series, this edition is in "cookbook"
style, and includes actual circuits with component values which may
be incorporated in working projects. The book also details the most
common pin-outs, manufacturer listings and awealth of other resource
material. A must for any audiophile who constructs or modifies equipment. 1987, 250pp., softbound.
$19.95
S-14 ACTIVE FILTER COOKBOOK by Don Lancaster. A practical,
user-centered volume with everything you need to build your own active filters. Explains the various types and how to select the best for the
circuit. 1975, 240pp., softbound.
$15.95
S-17 IC TIMER COOKBOOK 12so En.] by Walter G. Jung. A full introduction to the IC timer, the types, and general usage pointers. Many
surprisingly useful audio related uses. An excellent practical and
theoretical volume with lots of reference data. 1983, 430pp., softbound.
$17.95
S-18 TII COOKBOOK by Don Lancaster. Everything the beginner will
need to know about transistor logic elements and usage. It has become
areference guide for engineers as well. 1974, 335pp., softbound.$14.95
S-26 CMOS COOKBOOK I2ND ED.I by Don Lancaster. CMOS is low
cost and widely available, and it uses an absolute minimum of power.
It's also fun to work with and very easy to use. This book offers practical circuits and does not dwell on math or heavy theory. Eight chapters
cover just about every aspect of CMOS usage. Projects include high-performance op amps, TV typewriter, digital instruments, music synthesizers and video games. 1977, 414pp., softbound.
$18.95

DICTIONARIES

S-32 HOW TO READ SCHEMATICS by Donald E. Herrington. This
book teaches the recognition of schematic symbols, their use and function in diagrams, and the interpretation of diagrams for design,
maintenance, and repair of electronic equipment. Especially helpful to
the novice kit builder. 1989, 258pp., softbound.
$14.95

P-2 DICTIONARY OF ELECTRONICS 12ND ED 1by E. C. Young. This
remarkably compact reference covers electronics from A-battery to Zparameters with succinct, concise definitions and illustrations. Aquick
reference completely revised and updated with lots of added charts and
reference data. 671pp., softbound.
$8.95

T-8 ENHANCED SOUND: 22 Electronics Projects for the Audiophile by
Richard Kaufman. Twenty-two cost efficient projects are offered which
can increase the capabilities of your audio system, and improve its performance. Discussions on theory, design applications and construction
techniques are also included. A sampling of the projects...surround
sound decoder, passive image enhancer, auxiliary input switch, tone
controls, amplifier bridging circuit, modern infrasonic filter, LinkwitzRiley crossover, improved dipole, helical antennas, and more. Over 100
illustrations. 1988, 170pp., softbound.
$11.95

P-3 A NEW DICTIONARY OF MUSIC Pm> ED, first pub. 1958] by
Arthur Jacobs. Alphabetically arranged entries covering composers, individual musical works, orchestras, performers, conductors, musical
instruments, and technical terms. 1973, 458pp., softbound.
$8.95

T-10 ACOUSTIC TECHNIQUES FOR HOME AND STUDIO 12ND ED ]
by F. Alton Everest. Learn how to improve your audio system by changing your listening room's characteristics. This cookbook of theory,
method and construction ideas is fully illustrated and written in easyto-understand language. 1984, 344pp., softbound.
$18.95

T-9 THE ILLUSTRATED DICTIONARY OF ELECTRONICS [4r0 ED Iby
Rufus P. Turner and Stan Gibilisco. This outstanding offering from TAB
Books contains over 27,000 terms and definitions. Clearly written and
detailed with over 450 illustrations, it is an excellent reference for hobbyist and researcher alike. 1988, 648pp., softbound, 71
/ x9. $24.95
2

BUILDER'S GUIDES, specific (cookbooks)
S-9 REGULATED POWER SUPPLIES 13RD Ea.] by Irving M. Gottlieb.
Static and dynamic characteristics, regulation techniques, IC regulation. 1981, 424pp., softbound.
$21.95
S-10 IC OP AMP COOKBOOK 13RD ED by Walter G. Jung. rung's popular classic in arevised and expanded edition. One hundred pages are
added to cover new devices, applications and manufacturer's data
sheets. With over two hundred practical circuits with component
values, this cookbook is one of Old Colony's best selling technical
volumes. It belongs on every electronics bookshelf. 1986, 580pp.,
softbound.
$21.95
S-13 AUDIO IC OP AMP APPLICATIONS 13sn ED ]by Walter G. Jung.
This new, updated version of aclassic reference source is probably the
best book available on the subject. Mr. Jung is not only arecognized
authority on op amps, but has an enthusiast's interest in audio quality
and actively pursues new techniques for better sound reproduction.

S-22 MODERN DICTIONARY OF ELECTRONICS [6r0 ED ]by Rudolph
Graf. This book should be in every library. It has more than 20,000
terms unique to electronics and other closely related fields. From
angstrom to zoom lens, you'll find it in this updated dictionary. 1984,
1,152pp., hardbound.
$39.95

U-1 THE AUDIO DICTIONARY by Glenn White. This lively and entertaining mini-encyclopedia covers the terminology and basic concepts
relative to sound recording, sound reinforcement, and musical
acoustics. Also includes historical anecdotes and adiscussion on digital
audio. 1987, hardbound.
$29.95
BKAA7 THE AUDIO GLOSSARY by,. Gordon Holt. Authored by the founder of
Stereophile and one of audio's most famous
gurus, this new best seller is acomprehensive overview of over 1,900 technical and
subjective audio terms explained in precise yet at times humorous fashion. Foreword by Peter W. Mitchell, 27 illustrations. Hardbound includes dust jacket;
limited edition is autographed, with
gold-embossed binding. 1990.
BICAA7/S Softbound $9.95
BKAA7/H Hardbound $17.95
BKAA7/L Limited $30.00
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LOUDSPEAKERS (see also Sound Engineering)
BICAA-I AUDIO AMATEUR LOUDSPEAKER PROJECTS. A collection
of 25 loudspeaker construction projects. These are the complete articles
as they appeared in Audio Amateur (1970-79). Since 1980, Speaker
Builder magazine has been the forum for these authors and designers.
Although some of the projects are showing their age, many embody ideas
that can be developed using our newer knowledge and insights. The electrostatic devices are still unsurpassed by anything done since. The collection is arich source of both theory and practice as well as design. 1985,
135pp., softbound, 8½x11.
$20.00
BICAA-2 THE LOUDSPEAKER DESIGN COOKBOOK (3RD ED )by Vance
Dickason. Everything you need to build the loudspeaker system you
have always wanted but could not afford. Easy ways to pick the exact
box size, the ideal drivers, the most pleasing finish and the correct way
to feed your music to your new superb loudspeaker system. Proven
designs, where to buy low cost parts and how to test the results for
yourself. 1987, 82pp., softbound, 8½x11.
$19.95
S-11 HOW TO BUILD SPEAKER ENCLOSURES by Alexis Badrnaieff
and Don Davis. The "whys" and "hows" of speaker enclosures.
Drawings and instructions cover infinite baffle, bass reflex, and horn
types plus combinations. 1966, 144pp., softbound.
$6.95
T-12 DESIGNING, BUILDING AND TESTING YOUR OWN SPEAKER
SYSTEM—WITH PROJECTS by David B. Weems. This 7%" by 91
4 "
/
hands-on softbound manual packs an incredible amount of useful info
into its 208 pages, including easy directions for ten projects.$16.95
W-1 HIGH PERFORMANCE LOUDSPEAKERS [3ao ED.I by Martin Colloms. A thorough revision of the 2ND ED. (1980) updates and expands
this authoritative volume. The author surveys new developments in
the four-year interim and adds some highly original proposals for low,
frequency alignments, listening tests and much else. Colloms' book is
indispensable for the serious speaker builder. 1985, 313pp., hardbound.
$38.95

GUIDEBOOKS & DATABOOKS
D-4 AMANUAL OF VENEERING by Paul Villiard. This book is aclear,
well-written manual on the craft of veneering which explains how to
turn out your own hardwood veneers beautifully and economically. Mr.
Villiard shows you all the techniques of veneering: how to match
veneers; how to glue, clamp, tape, and edge veneered panels; how to
veneer curved panels; and how to inlay, finish, and repair veneers. 65
illustrations and photos, index, 174pp., softbound.
$4.95
N-6 LINEAR DATABOOK 1. First book in acomprehensive 3-vol. set
of specifications and applications. Topics covered, with example circuits, include voltage regulators, op amps and buffers, voltage comparators and instrumentation amplifiers. 1988, 1,250pp., softbound. $16.95
N-7 LINEAR DATABOOK 2. This second volume includes information
on active filters, analog switches and multiplexers, both analog-to-digital and digital-to-analog converters, temperature sensors and voltage
references. 1988, 920pp., softbound.
$10.95
N-8 LINEAR DATABOOK 3. The third book in this series focuses on
audio, video and radio circuits. Also included is information on an array of special functions. 1988, 750pp., softbound.
$10.95
N-678 LINEAR DATABOOKS. As above, complete 3-volume set
$35.00
N-9 LINEAR APPLICATIONS HANDBOOK. Heavily indexed and crossref erenced, this 1,220-page bible features hundreds of well-explained
linear-IC circuits covering virtually every type of electronic device imaginable. 1986, softbound.
$16.95
P-1A THE NEW PENGUIN GUIDE TO COMPACT DISCS AND
CASSETTES by Edward Greenfield, Robert Layton and Ivan March.
An invaluable companion to their best selling Stereo Records and Cassettes Guide, this most recent offering is extensive in its coverage of
compact discs. Comparative reviews are included that assess the best
versions of material available. 1988, 1,366pp., softbound. Please add
$1.00 per book for shipping, in addition to postage.
$19.95
S-30 TUBE SUBSTITUTION HANDBOOK 121ST ED.) by Howard W.
Sams Engineering Staff. This guide contains more than 6,000 receiving
tube and 4,000 picture tube substitutes. Includes American to foreign
and foreign to American equivalents. Tube basing diagrams provide a
reference for pinouts. 1980, 128pp., softbound.
$6.95

SOUND ENGINEERING, REFERENCE WORKS
B-1 LOUDSPFAICER AND HEADPHONE HANDBOOK edited by John
Borwick. This comprehensive technical volume fully covers the theoretical and practical aspects of loudspeaker and headphone design, operation and performance. Distinguished contributing authors include:
Glyn Adams, Peter J. Baxandall, John Bonvick, Martin Colloms, Laurie
Fincham, R.D. Ford, Mark R. Gander, Stanley Kelly, Peter Mapp, C.A.
Poldy, Desmond Thackeray, Floyd E. Toole and J.M. Woodgate. An invaluable reference textbook for the dedicated speaker builder. 573 pp.,
hardbound.
$110.00
B1CC-1 PERCEPTION OF REPRODUCED SOUND edited by Steren Bech
and O. juhl Pedersen. Acollection of 18 papers from the symposium held
at Gammel Avernaes, Denmark, in September 1987. This gathering of
professionals reviewed the subjective evaluation of reproduced sound
and assessed its importance for the electroacoustic industry. Participant
authors include: T. Poulsen, R. Plomp, H. Staffeldt, J. Blauert, F.E.
Toole, A. Gabrielsson, S. Bech, N. Kousgaard, M. Williams, V. Hansen
and G. Thiele. All offer highly informative presentations. 165pp.,
hardbound.
$35.00
MH-1 HANDBOOK FOR ELECTRONICS ENGINEERING TECHNICIANS 12ND ED Iby M. Kaufman and A. H. Seidman. A comprehensive
compendium of electronic facts. Component selection, circuit analysis, power supplies, IC uses and characteristics, op amps, transistors,
batteries and tubes. A one-volume encyclopedia on how components
work and how to choose the best of them for your application. Includes
seven new chapters on topics such as logic analysis, fiber optics, active
filters, digital test gear and microprocessors. 1984, 752pp., hardbound.
$49.95
MU-4 AUDIO ENGINEERING HANDBOOK edited by K. Blair Benson.
Acomplete desktop resource for engineering professionals and students.
Topics covered include Digital Audio, Broadcast Transmission
Technology, Microphones and Amplifiers, Analog and Digital
Disk/Tape, Film Recording and Reproduction, Studio Production and
Noise Reduction. Also provides alisting of up-to-date standards and
recommended international practices. Among the Handbook's 33
authors are audio industry experts such as: Dr. R. Cabot, R. Dolby, T.
Holman, Dr. T. Doi, H.G. de Haan, Dr. J. Bloom and L. Tyler. More than
700 illustrations. 1988, 1,056pp., hardbound.
$86.95
PH-1 HANDBOOK OF SIMPLIFIED SOLID-STATE CIRCUIT DESIGN
12ND ED.) by John Lenk. Design rules for basic circuitry including audio
amps, integrated circuits, wave forming and shaping plus power supplies. Assumes basic theoretical base. Discusses purposes and types of
testing.
$39.95
S-19 SOUND SYSTEM ENGINEERING 12ND ED.) by Don and Carolyn Davis. Athorough introduction to sound systems for halls, studios,
outdoor locations and much else; now expanded! 1986, 665pp.,
hardbound.
$49.95
S-28 HANDBOOK FOR SOUND ENGINEERS: The New Audio Cyclopedia edited by Glen Ballou. Thirty-one sections covering just about
every aspect of audio engineering from room acoustics, loudspeakers
and amplifiers, to soundfield measurements and image projection. A
complete audio reference library in itself, the most comprehensive and
authoritative work on audio available. 1987, 1,250pp., hardbound.
$79.95
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TUTORIAL
BKAA-3/1 AUDIO ANTHOLOGY (Vol. 1). Afascinating look at sound
reproduction as presented in the pages of Audio Engineering magazine.
Features 38 articles from May 1947 to December 1949. Compiled by
editor, designer and author, C.G. McProud, this series will be of interest
to all audio enthusiasts. Reprint Ed. 1987, 124pp., softbound, 8½x11.
$16.95
B1CAA-3/2 AUDIO ANTHOLOGY (Vol. 2). More on amplifiers, loudspeakers and enclosures, and phonograph equipment. 45 articles from
Audio Engineering magazine, January 1950 to July 1952. Reprint Ed.
1989, 124pp., softbound.
$16.95
BKAA-3/3 AUDIO ANTHOLOGY (Vol. 3). Covers September 1952
through May 1955. Along with discussions on stereophonic developments,
includes designs for 18 pre,amps and filters, 8 power amps, and 12
loudspeaker systems. 43 articles, 124pp., softbound.
$16.95
BKAA-3/S AUDIO ANTHOLOGY SET (Vols. 1-3). As above, normally
a$50.85 value.
$42.00
BKAA5 LOUDSPEAKERS—THE WHY AND HOW OF GOOD REPRODUCTION by G.A. Briggs. Out of print for more than 40 years, this concise introduction to audio basics goes far beyond speakers, drivers, and
boxes to include discussion of just about every audio phenomenon.
Liberally illustrated, Loudspeakers is apleasant tour through the early
audio years and aprovocative survey of the right questions about quality
reproduction. 88pp., softbound.
$6.95
BKAA6 THE WIIIIAMSON AMPLIFIER by D. T.N. Williamson. In
1947, this power amplifier, using excellent-quality push/pull output
tubes, aspecial output transformer, and ahighly filtered power supply,
became an overnight success. Published by exclusive arrangement, this
booklet is not only asingular resource but also an important historical
document which will give the reader unique insight into the tube designer's challenges. 4Opp., softbound.
$4.95
D-3 MUSIC, PHYSICS AND ENGINEERING 12ND ED by Harry F. Olson. A thorough introduction to the physical characteristics of sound
and the relationship of sound to musical instruments by the former head
of staff at RCA's lab for acoustical and electromechanical research at

Princeton, NJ. A classic by one of the giants in the audio field. Easy to
read chapters on acoustics, mikes and recording, recording and playback
systems, as well as an electronic music chapter. 1967, 460pp.,
softbound.
$8.95
P-8 INTRODUCING MUSIC by Otto Karolyi. Even if you've listened
to music for years, you may be surprised at how little you know about
its fundamentals. A beautifully basic and spare introduction to the
grammar and vocabulary of music—enough to understand the language
without speaking it. It will deepen almost any non-musician music
lover's pleasure in listening. 1965, 174pp., softbound.
$5.95
RR-1 THE ARRL HANDBOOK FOR THE RADIO AMATEUR edited by
Bruce S. Hale. Although written for radio amateurs, this book is a
valuable source of technical information for anyone interested in the
theory and use of electronics. 1990, 1,170pp.
$2.3.00
S-4 UNDERSTANDING IC OPERATIONAL AMPLIFIERS I3RD ED by
Roger Melen and Harry Garland. Basic course in semiconductor electronics. Covering integrated op amp circuitry, design factors, bias current, offset voltage, frequency compensation and slew rate. 1987,
212pp., softbound.
$12.95
S-29 PRINCIPLES OF DIGITAL AUDIO [2,ND ED.) by Kenneth C.
Pohlmann. A state-of-the-art reference text on digital audio technology.
Comprehensive material on fundamentals, recording and reproduction
is presented in this completely up-to-date handbook written both for
engineers and audiophiles. 1989, 350pp., softbound.
$29.95
T-7 BASIC ELECTRONICS COURSE 12,ND ED.) by Norman H. Crowhurst. This highly recommended textbook defines literally every aspect
of electrical behavior and state-of-the-art electronics. Included are fundamental building blocks of theory and practice such as Kirchhoff's
Laws, properties of resistance, electron flow, magnetic fields and power
calculations. 430pp., softbound.
$17.95
T-11 UNDERSTANDING ELECTRONICS 13RD ED.) by R. H. Waning.
The basics of electronics are presented here in a clear, concise, and
thoroughly understandable fashion, with excellent explanations of solidstate theory, FETs, and fundamentals such as resistance, capacitance, and
inductance. Also included is an introduction to the design of solid-state
amplifiers and circuit boards. 1989, 205pp., softbound.
$11.95

NOTE: BOOKS ARE NOT RETURNABLE FOR EXCHANGE OR CREDIT. Prices
are subject to change without notice. Please print in clear block capitals quantity
needed, book number and price. Total the amounts and REMIT IN US $ONLY by
MC/ VISA, check or money order. Charge card orders under $10, please include an
additional $2.
POSTAGE & HANDLING: In US, please add $1.75 for first book and 50C each additional book. In Canada, please add $4.50. Overseas, please include 20% of total order
for shipping.
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SESCO M IN C.

THE "FIR ST CHO I
CE"FO R
CO NSTRU CTO RS HARDWARE

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

Rub-ON
MODEL #.

d!!fflM%,
MODEL #.
DESCRIPTION (Width xDepth xHeight)
1RU5
19 x5x1.75 in. (482.6 x127 x44.45mm)
1RU7
19 x7x1.75 in (482.6 x177 x44.45mm)
1RU10
19 x10 x1.75 in. (482.6 x254 x44.45mm)
2RU5
19 5x3.50 in. (482.6 x127 x88.9mm)
2RU7
19 x7x3.50 in. (482.6 x177.8 x88.9mm)
2RU10
19 x10 x3.50 in. (482.6 x254 x88.9mm)
3RU5
19 x5x5.25 in. (482.6 x127 x133.35mm)
3RU7
19 x7x5.25 in. (482.6 x177.8 x133.35mm)
3RU10
19 o10 x5.25 in. (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.

META!. CAbiNETS

MODEL S.
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.
6x7x4in.
8x7x4in.

(Width xDepth xHeight)
(101.6 o76.2 o50.8mm)
(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.
Ail hardware and rubber feet are included. Assembly Required.

PUNCh

Mod el f.

KITS

Description

HP-1

5JR TOOL KIT

HP-3

BENCH MOUNT

PD-1

ROUND 1/16'

PD-2

ROUND 5/64'
ROUND 3/32'

PD-3
PD-4
PD-5

ROUND 7/64'
ROUND 1/8"

PD-6
PD-7

ROUND 9/64'
ROUND 5/32'

PD-8

ROUND 11/64'

PD-9

ROUND 3/16'

PD-10
PD-11

ROUND 13/64'

PD-12

ROUND 15/64'

PD-13

ROUND 1/4"

PD-14

ROUND 17/64'

PD-15

ROUND 9/32

PD-16

SQUARE 1/8'

PD-17

SQUARE 5/32'

PD-18
PD-19

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

PD-20
PD-21

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

ROUND 7/32'

ANd

Model I.
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
6.00
PD-54
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
PD-63
66.90
PD-64
66.90
PD-65
66.90
PD-66
66.90
PD-67
66.90
PD-68

PUNCIES
Prise $
Description
XX TOOL KIT
129.75
BENCH MOUNT 15.00
ROUND 1/16'
9.50
ROUND 5/64'
9.50
ROUND 3/32'
9.50
ROUND 7/64'
9.50
ROUND 1/8'
9.50
ROUND 9/64'
9.50
ROUND 5/32'
9.50
9.50
ROUND 11/64'
ROUND 3/16'
9.50
ROUND 13/64'
9.50
ROUND 7/32'
9.50
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
ROUND 1/2"
6.00
ROUND 33/64'
6.00
ROUND 17/32'
6.00
SQUARE 1/8"
66.90
SQUARE 5/32'
66.90
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
REC. 1/8 x3/8"
83.10
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

LETTERS

DESCRIPTION

COMPONENT PARTS
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
3.95
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 togovernment
agencies and industrial accounts with agood published rating. Firms
may apply loran 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 anyexisting 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 META'. PUNChES
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
7/32'
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'
1/2'
ROUND
20
11/16'
1/2'
SQUARE
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
995

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

DESCRIPTION
NPN1092
PNP1092
PNP1039
PNP 7039
NPN 10237
PNP TO237

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
11\14148

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
1.15
1.62

100 +
.48
.84
1.02
144

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:
PART NO.
DESCRIPTION
1-9 10-99
CF +VALUE
5% 1/4W
.05
.02
ALL STANDARD VALUES 1.0 OHM THRU 1.0M 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

IC SOCKETS:
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
10KA
10K AUDIO TAPER

1-9
2.00

10-99
180

100 +
1.60

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
1ut -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
1000ut -35V

1-9 10-99
.38
.35
.39
.35
.39
.35
.46
.42
.69
.62
.87
.97
1.34 1.21
2.22 2.00

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

CAPACITORS: Radial Lead Electrolytic
PART NO.
DESCRIPTION
1-9 10-99
RC 1/50
1ut -50V
.26
.24
RC 4.7/25
4.7uf -25V
.28
.26
RC 10/25
10uf -25V
.31
.28
RC 47/25
47uf -25V
.39
.35
RC 100/25
100ut -25V
.41
.36
RC 220/35
220uf -35V
.61
.55
RC 470/35
470uf -35V
.99
.90
RC 1000/35
1000uf -35V
127 115

100 +
.21
.23
.25
.28
.33
.49
.80
102

•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:

SESCOM INC.- PARTS DIVISION,

2100 WARD DR., HENDERSON, NV 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

WorldRadioHistory

3000
Top of the Line Universal
HandiCounterTM.
$375.

OFF
THE BENCH
AND
RUNNING
When OPTOELECTRONICS took frequency counters off the bench we
created ci 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 rodio
transmitters at the maximum
possible distance.
Monitoring Enthusiast, Security
Specialists, Broadcast and Design
Engineers, Two Way and Amateur
Radio Operators and Service Techni-

2210A
Full Range
Pocket
Size LED.
$239.

cians have all made the move.

Shouldn't you?

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

8030
Bench Portable (Fits in an ailache
case) with ALL the Handi-CounterTM
Features plus More. $579.

Model

Ranee
Low
High

Display
8Deft LED

Display
10 Digit LCD

Signal
Strength
Bargraph

Universal
Counter

TCXO
Option

•

•

•

±.1ppm
add S125.

8030

10Hz
2.4GHz

3000

10Hz
2.4GHz

±.2ppm
add $80.

2600

1MHz
2.4GHz

±.2ppm
add S80.

2210A

10Hz
2.4GHz

•
5PPm
add $75.

1300N/A

1MHz
1.3GHz

5PPm
add S75.

Sensitivity: <1 to <10mV typical. NICads & AC Charger/Adapter Included Carry
Case, Antennas and Probes extra. One year parts & labor warranty on all products.

WorldRadioHistory

OPTOELECTRarvTICS 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 S10) U.S. & Canada. 15% outside
continental U.S A.

