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Radio Shack has a huge selection of popular
electronic components. Pius, we can special-
order 10,000 items from our warehouse—ICs,
tubes, semiconductors, phono cartridges and
styli, even SAMS® manuals. Service is fastand
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.

RADIO SHACK PARTS PLAGE

WHERE SANTA STOCKS HIS WORKSHOP!

STUD
SINFINDER WP

Studfinder. Ends guessing, easy
to use! Senses changes in wall
density to find wooden studs fast—
also wires, conduit, pipes. Battery
extra. #64-2825 .95

1]

--nng

Super Calculator! The EC-4035
makes electronics math a snap.

Displays and computes with elec-
trical units—V, A, mA, mW. 110

functions. #65- 983 ... ...

39.95
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16-Piece Precision Tool Kit. Top-
quality 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 sec-
onds. Built-in light. The comfort-
molded handle stays cool. UL
listed AC. #64-2193 10.95

Getting Started
*in Electronics

NEW! Semiconductor “Sub” Book.
Our 1991 edition lists over 95,000
types and the Radio Shack replace-
ments. #276-4014 ........... 3.99
Getting Started in Electronics. By
Forrest Mims ITI. The perfectintroduc-
tion to project building. 128 pages.
#276-5003 ................. 2.49

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 re-
sistance. 41/a x 21/8 x 516"

#2217 39.95

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 a division of Tandy Corporation

ELECTRONICS STOCKING STUFFERS!

Engineer's
Mini-Notebook

Engineer’s Mini-Notebook Series. By For-
rest Mims III. 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 . ..99¢

Op Amp ICs. #276-5011 ............ 1.49
1 Optoelectronics. #276-5012 ........ 1.49
Basic Circuits. #276-5013 .......... 1.49

Digital Logic Circuits. #276-5014 ....1.49
Communications Projects. #276-5015, 1.49
Formulas and Tables. #276-5016 ....1.49
Schematic Symbols. #276-5017 ... .. 1.49

(3)

(1) Universal AC Adapter. 3, 4.5,

1) NEW! Reusable Cable Ties.

6! 7.5A%r glVDIC gulpul. With 6- 278-1622 ...... Pkg. of 10/4.99
piece Adaptaplug® set. 2) “Universal” Cable Clips.

#273-1650 ............. 12.95 2‘)78-1647 ________ pk%.qo/zjg
(2) V- 3VDC Motor. Abouﬁ‘/2 3) NEW! In/Outdoor Wire Ties.
long. #273-223 .......... 278-1652 .. .. .. Pkg. of 30/2.99
(3) DC Pulsing Buzzer. Extra 4) Markers. 630 stick-on letters.
loud! #273-066 .......... 4.29 27841650 ............ Set/1.79

WorldRadioHistory

| | :: 77 % %
(2) 3)

m

(1) Mini Audio Amp/Speaker. ldeal
testbench amp, also great for com-
puter voice/music synthesis. Battery

extra. #277-1008 ........... 1.95
(2) Long-Life Xenon Strobe Tube.
With data. #272-1145 ........ 3.29

(3) Halogen Flashlight and Lantern
Bulbs. HPRS50. 6-volt. #272-1189.
HPR52. 3V. #272-1190 .. Each 3.95

(1) NEW! AC Sensor. Indicates pres-
ence of 70 to 440VAC without direct
electrical connection. Safety first!
#22-103 ... 9.95
(2& NEW! Circuit Tester. 90-300V
/0C. #22-102 ............ 1.99
3) AC Outlet Fault-Finder. 3-prong
‘or grounded outlets. #22-101 . . 5.95

Radlo JThaek
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In our next issue:
+  Muittifunction PC 1/O card
»  Error detection correction
+ Logic analyser - Part 1
+ Elegant LCR bridge
+ Phones in the air
+ 8031 single-board computer
+  SWR meter
+  Preamplifier - Part 1
«  PC video text decoder (2)

Front cover
Semiconductor devices,
built from organic material
rather than silicon, are
being tested on this fem-
tosecond 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 a world
leader in molecular elec-
tronics, in particular in
making semiconductor de-
vices from organic
materials.

A sample is excited by a
laser beam, while a second
laser beam is used to mea-
sure the change in colour
of the sample. Such non-
linear optical processes
could be exploited in opti-
cal computers which
might be up to a million
times faster than current
supercomputers. Future
work will include studies
of biological material, in
particular the genetic ma-
terial DNA in the form of a
virus, and the visual pig-
ment rhodopsin.
Femtosecond Laser
Group

Cavendish Laboratory
Madingley Road
CAMBRIDGE CB3 O0HE
England
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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 a new

Back when high quality sound reproduction was
a new idea and J. Gordon Holt was a staffer at
High Fidelity magazine, manufacturers and jour-
nalists alike depended on the simple technical
quality tests which everyone accepted as the yard-
sticks for performance. As the industry grew.
equipment got better, competition fiercer, and
technical reviewing became more crucial to sales
managers. Before long, J. Gordon began to realize
that reviewing was becoming more and more ac-
commodating, and where the reviewers con-
tinued to rely on the standard tests, the measure-
ment 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 maga-
zines to depend almost entirely on measurements,
which he saw as a safe 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.

However, if the reviewer wishes to review how
equipment sounds, he faces a severe 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

language, where would you begin?

what has become known as “subjective review-
ing"* 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 a defined, factual account of what matters in
good sound reproduction techniques. In audio
equipment reviewing, J. Gordon Holt is not only
a pioneer but a master.

THE AUDIO GLOSSARY is the first publication
of not only a vocabulary for sound description,
but also a comprehensive 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.

DEALER
INQUIRIES i

INVITED G L 0 |

[] YES! Please send me The Audio Glossary!

TOTAL
__Softbound BKAA-7/S @ $9.95 S
__Hardbound w/ dust jacket BKAA-7/H @ $17.95 $____
___Autographed Limited Edition BKAA-7/L @ $30 $____
Please add $1.75 shipping for first book. 50¢ each add’l $_____

TOTAL ORDER $_____

/
;
O CK/MO enclosed O MC 0O VISA
NAME
STREET & NO.
oY STATE ZiP
MCIVISA EXP.

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 MC/VISA available.

e also available at your favorite audio dealer

WorldRadioHistory



No other training—in school, on the job,
anywhere—shows you how to troubleshoot and
service computers like NRI

HARD DISK

DIGITAL MULTIMETER

Professional test instrument for
quick and easy measurements.

LESSONS

Clearcut, lliustrated texts bulld
your understanding of computers
step by step.
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SOFTWARE

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

Only NRI walks you through the
step-by-step assembly of a powerful
AT-compatible computer dystem you
keep—giving you the hands-on ex-
perience you need to work with,
troubleshoot, and service all of today S
most widely used computer systems. You get
all it takes to start a money-making career, even
a business of your own in computer service.

No doubt about it: The best way to learn to service computers is to actually
build a state-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.

OnlyNRI——theladermwter-bmldmg atho:mclecu'mxstrammgfornm
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

With NRI's exclusive hands-on training, you actually build and keep the powerful
new AT-compatible West Coast 1010 ES computer, complete with 1 meg RAM and
20 meg hard disk drive.

You start by assembling and testing the 101-key “‘intelligent” keyboard, move
ontot&stthecmuu'yonthemnloglcboard mmllthepowcrmpplyand 1.2meg
5%" floppy disk drive, then interface your high-resolution monitor. But that's not all.

Only NRI gives you a top-rated micro with complete
training built into the assembly process
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 lightning-
quick data access.

Having fully assembled your West Coast 1010 ES, you take it through a complete
series of diagnostic tests, mastering professional computer servicing tcchmquts 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 setvice every computer on the market today. Indeed you have
what it takes to step into a full-time, money-making career as an industry technician,
even start 2 computer 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
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INEW! aAr-cOMPATIBLE COMPUTER

HWM%G’UHZM&M
states), 1 RAM, 1.2 5%
mdlsk meg ( hld)-

MONITOR

ngh-nesolutlon non-glare, 12* TTL
monochrome monitor with tiit and

DIGITAL LOGIC
PROBE

Simplifies analyz-
glgmpl i circult

DISCOVERY LAB
Complete breadboarding
system to let you design and
modify circuits, diagnose and
repalr fauits.

moving from the fundamentals to
sophisticated computer servicing
techniques. Step by usy step, you
get the kind of practical hands-on
experience that makes you unique-
ly prepared to take advantage of
every opportunity in today's top-
growth 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 pre-
sent 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.

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/ audio 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, Washington, DC 20008.

AT is a registered trademark of International Business Machines Corporation

| A

Electronics l”n"
I McGraw-Hill Continuing Education Center
I 4401 Connecticut Avenue, Washington, DC 20008

.

For carcer courses
approved under Gl bill

LD check tor details

gCheck one FREE catalog only
I D Computers and Microprocessors
D Robotics
[J TvvideorAudio Servicing
I D Computer Programming

[ security Electronics

[J Electronic Music Technology
[J Basic Electronics

D Teleccommunications

(please print)

£

I Name

I Address

I City/Staee/Zip
Accredited Member, National Home Study Council 140-090
L K R _F § ¥ § ¥ ¥ § ¥ ¥ ]
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OLD COLONY'S
USER-FRIENDLY SOFTWARE

Speaker Designer™
Release 1.2 by Stuart E. Bonney
A loudspeaker sysiem design aid and modeling iooi 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 §v" 360K DS/DD SPD-1B5

Loudspeaker Modeling Program
by Ralph Gonzalez (SB 1, 2, 3/87)
LMP produces a full-range frequency response prediction for
multi-way loudspeakers, including the effect of the crossover,
driver rolloffs, interdriver time delay, “diffraction loss,” etc. (In-
cludes author support.) Each $17.50
Speclfy:

Apple )l 5%" SS/0D .LMP-1AS
Apple Macintosh 32" SS/00 LMP-2M3G
IBM PC/XT/AT 5%" DS/OD ...LMP-2B5G
Commodore 64 5%" DS/OD 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 pro-
vides square wave analysis with audible output.

Each $49.50 (upgrade price: $39.50")

Specify:
IBM PC/XT/AT 5v4" DS/O0 LMP-3B5G
Apple Macintosh 32" SS/0D LMP-3M3G

*Originat LMP disk or sales receipt must be included wi order.

Driver Evaluation

and Crossover Design
by G. R. Koonce (SB 5/88)

Disk 1 evaluates 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, DS/DD.

Each $12.50

Spocify:
Oriver Evaluations ORI-1B5
Crossover Design ..CRS-1B5

Active Filter Design
by Fernando Garcla Viesca {SB 4/88)
Calculates component values for Butterworth filters in four con-
figurations: High- and low-pass in second- and third-order. {In-
cludes author support.} Each $17.50
IBM 5v" 360K DS/OD . .ACT-1BS

Two-Way Active Crossover Design
by Gary Galo (SB 5/88)

Performs the calculations for the eight two-way active crossover

designs described by Bob Bullock using formulas exactly as given

in the articles; plus a program to calculate V. {Includes one

year user support.) Each $20
Specity:
IBM 5v4" 360K DS/OD TWO-1BS
IBM 3%2" 720K DS/OD TWO-1B3

Stepped Volume Controls

by Joseph O’Connell (TAA 4/88)
These ready-to-run Mac programs come on a 3%-inch SS/DD disk
initialized as a 400K 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 3 to 99 positions. The program will ask you how many dB
each step should be attenuated and has provisions for a standard
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 com-
binations. 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 a text file and include
author support via mail. Each $25

Apple Macintosh 3v2" SS/00 .SVC-1M3

BULLOCK & WHITE

BOXRESPONSE

Model-based performance data for either closed-box or
vented-box loudspeakers with or without a first- or sec-
ond-order electrical high pass filter as an active equalizer
|SB 1184). The program disk also contains seven additional
programs as follows:

Air Core: This program was written as a quick way of eval-
uating the resistance effects of different gauge wire on a given
value inductor. The basis for the program is an article in
Speaker Builder (1183, pp. 13-14) by Max Knittel. The pro-
gram 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 com-
ponents of the network in whole numbers (i.e., 10 for 10F
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 a known voice coil inductance and driver
DC resistance.

Optimum Box: A quick program based on Thiele/Small to
predict the proper vented box size, tuningand ~ 3dBdown
point. It is based only on small signal parameters, therefore,
itis only an estimate of the response at low power (i.e., limited
excursion).

Response Function: Calculates the small signal response
curve of a given box/driver combination after inputting the
free-air resonance of the driver (f }, the overall "Q" of the
driver (Qrs ), the equivalent volume of air equal to the
suspension (Vg ), the box tuning frequency (fz ), and the
box volume (V). Output is the frequency and relative out-
put at that frequency.

L-Pad Program by Glenn Phillips: Appeared in Speaker
Builder (2183, pp. 20-22). It is useful for padding down a
tweeter or midrange while still retaining the same load as
the driver itself.

Vent Computation by Glenn Phillips: Calculates the
needed vent length for 1, 2 or 4 ports of the same diameter.
Input box volume in cubic feet and required tuning fre-
quency (fg), output is vent length and vent area for each
case.

Medium: 5% " SS/DD Disk. Price, $25.

Specify:

BOXRESPONSE
Apple.....coiiiiiiiii BOX-1A5
Commodore 64 (Disk) ............ BOX-1C5
Commodore 64 (Cassette)......... BOX-3CC
IBM. ... BOX-1B5

IBM Plus Graphics

BOXRESPONSE ......... BOX-2B5G $50
PASSIVE CROSSOVER

This disk is a result of Mr. Bullock's extensive research
concerning first-, second-, third-, and fourth-order passive
crossovers in Speaker Builder 1, 2 & 3/85; $25

Specify:
PASSIVE CROSSOVER CAD
Apple ..o, PAS-1A5
Commodore 64 (Disk)............. PAS-1C5
IBM....oooiiiiiiiiii PAS-1B5
IBM Plus Graphics
CROSSOVERCAD ......... PAS-2B5G $50

CALSOD

Computer-Aided Loudspeaker
System Optimization and Design
by Witold Waldman

CALSOD isa new entry into the field of crossover net-
work 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, a suitable transfer func-
tion model which it can then optimize. The program
isthe subject of CALSOD author Witold Waldman's
research paper 'Simulation and Optimization of
Multiway Loudspeaker Systems Using a Personal
Computer'’ which appeared in the Audio Engineer-
ing Society Journal 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 a lot of tricks. One of the
more spectacular of these allows the designer to spec-
ify the location of the driver acoustic centers using
an XYZ coordinate system. Thus, if the designer ex-

pects to mount a driver combination on a flat baffle,
the summed response can be optimized to compen-
sate for rearward displacement of a woofer's acoustic
center withrespect to a tweeter. CALSOD can model
up to seven drivers at a time in a four-way system giv-
ing the summed response and acoustic phase response
of the entire system.

The CALSOD program comes on a single 360K
floppy, and requires one directory and two subdirec-
tories in installation, plus access to the DOS GRAF-
TABL file, which it uses for a couple of special sym-
bols. The 133-page User Manual, provided on a sec-
ond 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 2 x5v” 360K DS/DD . ..CAL-2B6 $65.00
IBM 3v2" 720KDS/DD . .. ... CAL-2B4 $67.50

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

POSTAGE & HANDLING: In US, please add $1.75 for first disk and 50¢
each additional disk. In Canada, please add $4.50. Overseas, please include

20% of total order for shipping.

DEALER INQUIRIES INVITED

ELEKTOR ELECTRONICS USA DECEMBER 1990
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OLD COLONY SOUND LAB

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 MC/VISA available.



high fidelity
range

morel (u.x.) itd.
11 Foxtail Road,
Nacton Rd. (Ransomes)
Industrial Estate,
lpswich, IP3 9RT
England

Tel: (0473) 719212
Telex:987601 Morel G.

morel
acoustics usa
414 Harvard Street
Brookline, MA 02146
Tel: (617) 277-6663
FAX: (617) 277-2415

g )

morel]

The MDM 85 is a mid range 75mm
soft dome unit of extremely high
standard, both from a design and
technical viewpoint.

It incorporates the renowned Morel
double magnet and Hexatech voice
coil techniques, and rasults in a unit
of above average sensitivity with
extremely low distortion and high
power handling capability.

With an output level of 96dB
distortion in the area of 400-800Hz is
slightly over 1% falling to 0.015%
from 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 fitted into a cabinet &s an integral
unit.

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 for this housing,
which is essential to prevent inter-
reaction 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 both 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 (with enclosure)

Overall Dimensions @ - 160mm x 113mm

Variations to specification for MDM 85NE
{without enclosure}

Nominal Power Handiing Din 300W Overall Dimensions @ - 160mm x 60mm
Transient Power 10ms 1500W Frequency Response 250-5000 Hz
Voice Coil Diameter 75mm (3} Resonant Frequency 170 Hz
Hexatech Aluminium Rmec 39.33
Voice Coil Former Aluminium Qms 0.19
Frequency Response 300-5000 Hz Qes 1.81
Resonant Frequency 250 Hz Q/T 0.17
Sensitivity 92 dB (1W/1M) Vas 0.7 litre
Nominal Impedance 8 ohms Nett Weight 1.05 kg
Harmonic Distortion
for 96 dB SPL <1%
Intermodulation Distortion
for 96 dB SPL <0.25%
Voice Coil Inductance @ 1 Khz 0.2mh
Air Gap Width 1.05mm
Air Gap Height 3.0mm
Voice Coil Height 6.0mm
Flux Density 1.0T
Force Factor (BXL) 4.6 WB/M
Rdc 5.2 ohms
Rmec 37.90
Qms 0.29
Qes 2.66
QT 0.20
Vas 0.33 litre
Moving Mass inciuding Air Load 7.0 grams
Effective Dome Area 63.50 cm?
Dome Material  Chemically Treated Fabric
Nett Weight 1.25 kg
Specifications given are as after 24 hours of running.
Broel & K Powrsomete Range S0GB 1 Raceer LowsrLm Freq. 2OHZ 1 i Spees. BIMM /S84
Masareg Otyat | 1:1 lI" IvT ':'!1:-:731v vf'!,.yv“'r—r'j' ur]m
G0N E5  wla : :
283V i
ANECHOIC
HA|
M BaK_ |
4133 [
Reac. Mo
Duta.
e — 500 = ‘0‘4
P N2 Mangly Freq Scale by X1 2wo e 60dB

Morel operate a policy of continuous product design improvement, consequently, specifications are subject to alteration without prior notice
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EVERYTHING YOU EVER WANTED TO ASK ABOUT YOUR CD PLAYER

BUT WERE AFRAID TO KNOW!

R4y,
O , 0% 7%y,
”Sr: 9404,&

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

a tool for verifying the qualities and defects of a given CD player, with no required measuring equipment or
in-depth technical knowledge. However, they have been shown lo 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 a detailed 68-page instruction booklet.

COMPACT DISC ORDER FORM

Note: Discs and recordings not returnable for credit or exchange.

Please send me PV 788031/32 (2 CDs)
at S3+4 per sct plus $2.25 handling. Outside USA.
please add $7 for Air shipment.

“NAME MAGIC NUMBER
ANDN
<137 STATE 7P . —_— —— —
Postage S
MASTERCARD OR VISA NUMBER EXPIRATIONDATE ] Check/MO ] masterCard/Visa ToraL S
CHARGE CARD
Eonflgsecgle.cokuorvmgae&/ﬁlgeixaavame to: fl):SSIc; ha: ai:!gece! a;:oaunrs::l:zing ?ac&i:l:f:gr PHONE ORDER SERVICE
conven C€ O Oomers. T .

.00 p.m. Mon.—Fri. 9am—4pm
PO BOX 243, Dept. E90 plees Gl 4o 534-657 1o e v (603)924-6371
Peterborough, NH 03458-0243, USA this is an ordering e only. FAX: (603) 924-9467

] !
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Discover Your Gareer 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 Home!

If you're anxious to get ahead ...and
build a real 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. A career
that will challenge and excite you
every day...reward you with a powerful
feeling of personal accomplishment...
and deliver a level 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 a CIE catalog TODAY!

A Growing Need For
Trained Professionals!
The career opportunities shown here
are only a few of the challenging, high-
paying 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 equip-

Practical Training...
At Your Own Pace.
Through CIE, you can train for your
new career while you keep your pres-
ent job. Each course allows a gener-
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CIE offers
several vourses which start at the
intermediate level.
“State-0f-The-Art”
Facilities & Equipment.
In 1969, CIE pioneered the first elec-
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's 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!

Earn Your Degree To
Become A Professional
In Electronics!

Every CIE course you take eams you

ment...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 P
military and union re-training, to build on what Personal Trammg From A

you already know. Renowned Faculty.

PR Unlike the impersonal approach of large class-
Dozens Of Fasclnatmg room study, CIE offers you one-on-one instructional

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 Bachelor's Degree programs!

R ;
Consumer Electronics

Military Electronics

Careers To Choose From! help 6 days a week, toll-free. Each CIE lesson is
Even if you aren't sure which career is best for  authored by an independent speciaiist, backed by —
you, CIE can get you started with core lessons  CIE instructors who work directly with you to Send For Your
applicable to all areas of electronics. As you answer your questions and provide technical assis-

advance, CIE makes job opportunities available
to you through the blmonthly school paper,
The Electron.

Catalog Today!

tance when you need it.

| cIE World Headyuarters e
Cleveland Institute of Electronics, Inc.
| 1776 East 17th 5t., Cleveland, Ohio 44114

O YES! Please send me your independent study catalog (For your convenience,
CIE will have a representative contact you—there is no obligation.)

City/State/Zip

| Ae— Area Code/Phone No.
| Check box for G.I. Bill bulletin or educational benefits: O Veteran O Active Duty

Mall This Goupon Today! .o
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INDUSTRI

3E= KEL VIN Electronics

BREADBOARDS FOR LESS!

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

[
| b
l? A
i
2
L 2

== Contact YOUR
Fig. Stock No. Points COST
A 680093 500 $4.25ea
B 680097 840 $5.95 ea
C 680098 1380 $11.75 ea

D 680099

WIRE JUMPER KIT
Use with Quick test sochets and bus strips.
Stock No. Description Points YOUR COST

330290 350 Piece Set $7.75ea

1580 $15.75 ea

AT DISCOUNT PRICES

AL QUALITY

PRO 400 BThe Professionals’Choice

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

YOU CAN'T
GO WRONG!

MONEY BACK
GUARANTEE!

O LOGIC TEST
# DIODE CHECK

O CONTINUITY TESTER

W 5 FREQUENCY RANGES
O TRANSISTOR hFE TEST
W 5 CAPACITANCE RANGES
O LED TEST VERIFY
WM20MHz FREQcounter

TFTFiTeT

0O AC/DC VOLTAGE RANGES
M AC/DC CURRENT RANGES
CASE -
Yeliow, $ 95 d
Durable, Wz = s 5
Back Siand | Stock No. 990082 i

PROTECTIVE CARRY CASE B
Stock No. 990094 $9.95 ea

30 DAY MONEY BACK GUARANTEE!

KELVIN 100 |muiiUi:ge-{V.\R

Stock No. QUALITY
so0087 > 23 %

AC/DC VOLTAGE

DC CURRENT
RESISTANCE

DIODE TEST

BATTERY TEST

LOW BATTERY Warning
L ACCURACY +/- 0.5%

Sto<;k No.

%9000 > 29 %

AC/DC VOLTAGE ’

DC CURRENT

RESISTANCE

DIODE & BATTERY TEST l
|
|

LOW BATTERY Warning
ACCURACY +/- 0.5%

SOLDERING EQUIPMENT
WELLER —e——'«’g v

MARKSMAN .
SOLDERING GUN  §=Immes
Model! SP23

Featherweight 1-3/4 oz., 25 watts for PC work. Ideal for
reaching into those hard to get spots. Replaceabie tip.
Stock No. YOUR COST 6+
810002 $855ea  $7.95ea

SOLDERING
IRON HOLDER
Model PH60

Soldering stand with base, sponge
For we0P, WP25P, WP40P. and irons with barrel diameters
up to 15 32"

Stock No. Description YOURCOST 6+
810041 PHe0Stand $13.78 ea $13.09 ea
810042 Replacement

Sponge $183¢cea $180ea
KESTER SOLDER
RESIN CORE SOLDERS 1LB. ROLL
Non-Corrosive Flux Resin Core
Stock No. Inch Dia. GA. Type YOUR COST
580010 1/64" 025 23 63/37 $11.95ea
580005 1/32" .031 21 60/40 $9.95 ea
580001 1/16" 062 16 60/40 $8.95 ea
580011 3/32" .093 13 60/50 $11.75ea

WE STOCK

A COMPLETE LINE OF FUSES
FAST ACTING - SLO-BLO TYPE - PIGTAIL

3AG FUSE BLOCK

Black laminated phenolic.  1/2* wide
17/8 long. For1/4"x 1 1/4°

long tuses. Solder lug connections
Stock No. YOUR COST

380030 $ .45 ea

FUSE MOUNTING |
BLOCK

Dualtuse block 2 1/4* x 1" long. Black
bakelite base. For 174* x 1 1/4” fuses.

LE! CONTINUITY TEST Mounting centers 5/8” (15.8mm
?‘?EEA%%%%RD\;?%%ST gge&oé TRANSISTOR CHECK YOU CAN'T Stock No. YOUR CO! T/
DISTRIBUTION BUSSES (Gho. vC) KELVIN 200 §GO WRONG! 380010 $ 62 ea
AR T r 9 i N e r | [[Stock No $ 95 |

. |
TR s comeces IS sso0st > 39 % WINSLRYWSH | | FUSE pOST
AC'DC VOLT,
AC/DC CURRENT B . 2316 for 1/4"x 1 1/4°
. RESISTANGE . DIODE TEST GUARANTEE! usoe 1L Amare 250V Panel hole
ng BM(':TERY Warning size 1/2" (12.7mm). Complete with
ACCURACY +/- 0.5% mounting nut
™ CONTINUITY rg&gééKLJEz";En C$"TL'"% 9%39535 Stock No. YOUR COST
- AN ock No.
BEGINNER TO ADVANCED USERS JEEESTTYe I NI PGV T Yo} CAPACITANCE CHECKER _“ $4.95 ea 380001 $ .90 ea
MADE WITH PRIDE IN THE USA
[TIMER - LM555 LAPEL MICROPHONE KELVIN BRAND

Stock No. 600021

; _ZQ geg;(in 100+ Qty) _|

'L.E.D.RED (n100+ Q)
Stock No. 260020

‘ng_e.a-f =
Transistors (inioo+ auy)
2N2222 18 ¢ ea.
PN2222 .08 g ea.

Project BUZZER

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

Stock No. 850306
YOUR COST $2.95 ea

CADMIUM SELENIDE

J
lv
PHOTO CELL W

450 ohms @ 2 ft., C minimum dark “@sistance 225 ohms.

Max voltage 170V peak. Peaks at £900 angstroms =
No. 260017 YOUR COST $ .99 ea %
SULPHIDE —
PHOTO CELL

ms.

1.5K ohms @ 2 ft., C mimimum dark resistance 75 oh
Max voltage 170V peak. Peaks at 3500 angstroms.

i

No. 260018 YOUR COST $.99 ea
SUB-MINIATURE 4
MOMENTARY .
PUSH SWITCH

Silent action red push button molded housing.
Requires 14" ganel hole. Overall langth including solder lugs is 1
Rated 115 VAC. 1 AMP

Stock No. Color YOUR COST 100+

HI-SPEED, HI-QUALITY
PRINTED CIRCUIT ETCHANT

Ready-to-use solution of terric chioride
printed circuit etchant in plastic container.
Stock No. SPECIAL BUY

440017 $ 6'25 per gallon

KELVIN BRAND

HI-SPEED DRY

PRINTED CIRCUIT ETCHANT
Clean, safe, economical, indefinite shelf life.
4 tbs. will make 2 gallons of recommended
20% etching solution.

Stock No. YOUR COST NEW PRICE
440026  $8.40ea $ 7.00/ 4ib bag

KELVIN BRAND COPPER CLAD BOARD
NEMA grade FR-2 1/16" thick, unpunched clad on one side.
YOUR COST

Stock No.  Size

440002 41/2"x 6" $1.55ea
440003 5"x 7" $2.40 ea
440015 81/2x121/2" $4.90 ea
ETCH RESIST INK PENS

—,
§1:59:e§ _ $1 '39/1 Q+ia.'—_ 990002 Red $ 35ea $ .28 ea Black felt tip pen for making resist circuits directly on PC boards.
9V Battery Snap & Holder P Psc ngCTOR . g‘”b:;m"’n}mécaééeﬂ;:g Soton ot
. {e]+} 0. 1O SCr! on
Snap .15ea. .10cas100+ R e o 340115 22220 Draws 132" wide $1.48 63
Holder .20 ea .10ecas100+ 852211 $ 50ea $ .45ea 440116 22-222 Draws 1/64" wide $1.85ea
— S Wl Call: 1 (800) 645-9212
(] | f - FREE CATALOG
E. - Electronics 1(516) 349-7620( -1 or write
7 Fairchild Ave. Plainview, NY 11803 FAX:1(516) 349-7830
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GETTING EVOLVED

Our cover's banner contains two words which are rather more
than a little unusual for an electronics magazine. The first is
"recreational.’”” Since I have been publishing magazines about
constructional electronics for over 20 years, I have heard a lot
from readers about their paranoia over the supposed complex-
ity and daunting character of assembling electronic gear. I think
the "'scientific’’ image of electronics has been exploited by the
hucksters to the point that the smallest electronic gadget is be-
ing hawked as some kind of dazzling space-age breakthrough.

Those of us who know a little something about electronics are
well-aware that although our achievements in electronics are
impressive, they are still mostly well-coordinated series of in-
terdependent events which are, taken one by one, rather sim-
ple physical functions. Electronics as step by step functions is
intriguing and, for those with a curious frame of mind, a wonder-
ful adventure.

Electronics in its many guises is challenging, especially at the
personal, one-on-one level. Our purpose in publishing this peri-
odical 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 delight-
ful to your sense of achievement.

We hope to be a place where hard-working engineers who toil
all day in digital, ma}' plunge into analog again just for the dif-
ference 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 a project, and having it work the first time
it's powered up.

The second unusual word is "international.” I am already
reading letters from readers concerned about the success of the

ublication and at the same time worried about its '’European’’

avor. In each case, they see the style differences in measure-
ments, nomenclature and symbeols as real hazards to Elektor Elec-
tronics USA being fully accepted here.

I suggest that much of what is different may just possibly be
better.

The temptation I believe we Americans face in seeing the differ-
ent ways others communicate electronic ideas is a lot more pro-
vincial 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 a nuisance. Then there’s
the matter of the funny 4k2Q business, or worse the 4Q2 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. I suppose if com-
fort were the only thing, then nothing in Elektor should be allowed
to be different. I confess that having thought for some 30 years
about European symbols and terminology, I find 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
a coil 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 a place 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 a copy of a copy, the decimal point
can disappear. But put the "'k’ there instead and you are unlikely
to be confused. If the resistor is a very low value, then the omega
(@) is far less ambiguous as a place 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. I suspect
we colonials are just a little too rustic, or perhaps lazy, to use
the perfectly good intermediate term.

There are differences which are difficult to bridge, the differ-
ences in those European designations, especially for transistors,
and a real need for some kind of US equivalent. We will, with
the first 1991 issue, include US equivalents for most of the Euro-
pean part numbers and indicate a source for them. I hope 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 a sign 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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I YOU CAN'T BOTCH IT

WITH BODGE PLUGS

Bodge Plugs facilitate gaining access to a
wide variety of connectors in a safe, fast, and
easy manner.

Each plug has either two or three color-
coded, spring-loaded, quick-connect termin-
als. Pushing the end of the terminal opens
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 3 pin male
¢ XLR 3 pin female
® 4" tip-ring-sleeve A’ gauge male
® J4” tip-ring-sleeve A" gauge female
® 4" tip-ring-sleeve ""A'' gauge male
* Tip-ring sleeve "B gauge male
* Tiny telephone (TT/Bantam) tip-ring-

sleeve male
* BNC
¢ RCA phono male
¢ RCA phono female

It is a useful item in any electronics tool
box for field work, outside broadcast test, ex-
perimental, or maintenance work.

For further information contact Connec-
tronics, 652 Glenbrook Rd., Stamford, CT
06906, or call {800} 322-2537, FAX (203)
324-7027.

I NASA AWARDS CONTRACT
FOR VIDEO SYSTEMS
NASA Headquarter's Television Develop-
ment Division, Washington, DC, has given
Florida Atlantic University's imaging sys-
tems laboratory the contract for research and
development in advanced video systems for
space and terrestrial applications.
Researchers will emphasize digital meth-
ods for processing, storing and transporting
television signals, based on their findings
concerning the human visual system's per-
formance. Their objective is fabrication of
a breadboard digital television system.
Work will be performed on the campus in
Boca Raton, FL, under the management of
William E. Glenn, PhD, laboratory director.
Dr. Glenn is a former vice president and
director of research for CBS Laboratories.

ELEKTOR ELECTRONICS USA DECEMBER 1990

ELECTRONICS SCENE

I THE MORSE TUTOR

ADVANCED EDITION

GGTE has introduced a software 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
comprised of four parts: 1. An enhanced copy
of the Morse Tutor program; 2. An automatic
random QSO (conversation) generator which
may be used by students, instructors, and
volunteer examiners; 3. A section allowing
users to create QSOs, exams, or practice copy
for characters difficult to master; and 4.
Capacity to import a text file created with the
program, or with any word processor, and
save work as text in an unformatted ASCII
file.

The program requires 235K bytes of free
memory, and is compatible with the IBM PC
Jr, PC, XT, AT or PS/2, including plasma and
LCD laptops. Modules which include print-
ing analyses and QSOs support laser and dot
matrix printers.

The Morse Tutor—Advanced Edition is
$29.95, which includes free updates for a
year from date of purchase. For information,
see your amateur radio dealer or contact a
GGTE representative at (714) 968-1571.
Ordering directly, send $29.95 plus $2 ship-
ping and handling (California residents add
$1.87 sales tax) to: GGTE, PO Box 3405,
Dept. LW, Newport Beach, CA 92659.

I 2-CHANNEL, 250kHz,
FFT ANALYZER

Rapid Systems has announced the R310
two-channel real time FFT spectrum ana-
lyzer. This easy-to-use PC-based instrument
offers two simultaneous channels of 250kHz
analysis with real time split screen display

WorldRadioHistory

I LAPTOP-PC INTERFACE

Genovation, Inc. has introduced an inter-
face between conventional computer
keyboards and laptop computers. The Serial
Box™ was created for the user who wishes
to continue use of a PC with his laptop or
notebook computer. The Serial Box accepts
the connector of any standard keyboard and
interfaces to the computer through the serial
port.

Because most laptops lack a keyboard
port, the user’s choices for upgraded key-
pads or standard 101/102 class keyboards
have been limited to specially designed units
which attach via the parallel or serial ports.

The Serial Box, which measures 5 x 4 x
1¥%2”, provides a conventional keyboard port
on one end, and a serial cable and connec-
tor out of the other. It is compatible with all
MS-DOS computers and keyboards. The
Serial Box is priced at $99.95.

Contact Genovation, Inc. 17741 Mitchell,
North, Irvine, CA 92714, or call (714) 833-
3355, FAX (714) 833-0322.

of frequency and time waveforms. Users can
average from two to 1,024 acquired spec-
trums on two simultaneous channels. Data
buffers of 32K per channel, full digital/analog
triggering and programmable gains combine
in a powerful PC-based instrument.

Applications are for measurement pro-
blems in a variety of disciplines such as
shock, ballistics, ultrasound, seismic,
biomedical, transducers, and vibration in
situations where the high cost and complex-
ity of FFT analyzers have prevented users
from analysis in the frequency domain.

Features include utilizing DSP engine for
FFT calculation; mouse driven EGA/VGA
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 spec-
trums to hard disk.

Contact Rapid Systems, Inc., 433 North
34th St., Seattle, WA 98103, or call (206)
547-8311.




I MICROMATH UPGRADES EQUIL
MicroMath Scientific Software has an-
nounced release of EQUIL 2.0, a program
designed to eliminate the extensive algebra
inherent in aqueous solution, chemical equi-
librium calculations. Changes were made in
response to requests from aquatic chemists,
biochemists, and geologists for capabilities
which would further enhance the program.
The latest version contains many improve-
ments.

Like EQUIL 1.0, version 2.0 is based on
a.laboratory benchtop metaphor which al-
lows the user to select reagents to be added
to a solution, and determine other problem
specifications. EQUIL provides pH and spe-
cies concentrations, activity coefficients and
degree of saturation. EQUIL can also simu-
late titrations and formation curve experi-
ments.

Calcium Phosphate Speciation
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Four major changes have been imple-
mented with this version:

Expanded Database. EQUIL now features
a capabilities database nearly double the first
version's, 300 reactions, more than 100
chemcial reagents, and 400 chemcial species
are now available.

Temperature Functions. The new en-
thalpy of reaction feature allows for equi-
librium calculation for solutions at different
temperatures.

Comprehensive Activity Coefficients.
Methods to calculate the activity coefficient
affecting equilibrium constant have been
expanded.

Individualized Database Capabilities.
Users can now save calculation results. A
specialized database can be created to sup-
plement EQUIL's.

EQUIL is used in teaching, research, and
industrial applications. Version 2.0 requires
640K of memory, two floppy disk drives (a
hard drive is recommended), a graphics
adaptor and MS-DOS 3.1 or greater. Single
user copies are $249, upgrades are $49.
Quantity discounts and site licenses are also
available.

Contact MicroMath Scientific Software,
PO Box 21550, Salt Lake City, UT 84121, or
call (801) 943-0290, FAX (801} 943-0299.

ELECTRONICS SCENE

I AUTO-RANGING DMM HAS
800-HOUR BATTERY LIFE

A 3% digit auto-ranging DMM designed to
store its test leads when not in use, and hold
probes when in use, is available from B&K
Precision. Model 2701 is a full-featured
multimeter, operating for 800 hours on a 9V
battery. Basic DCV accuracy is 0.5%.

The 2701 is designed for bench or field use
and features seven functions. It measures
voltage to 1000V DC and 750V AC, DC and
AC current and resistance, and features a
diode check, as well as an audible continui-
ty check. A data hold function is also
featured to freeze displayed readings.

The 2701's case design is well-suited for
field service. The case can hold one or both
test probes in position for single-handed
operations, facilitating measurements in
hard-to-reach locations.

It features a high-contrast LCD readout,
high- and low-power ohms and single rotary
switch operation. It measures 6.9 x 2.3 x
1”7, and is drop resistant to five feet.

I IN-CIRCUIT EMULATOR,
DEMO BOARDS

Designed to ease the development and
debugging of digital signal processor (DSP)
systems, two products for Analog Devices’
ADSP-2101 DSP microprocessor provide
emulation facility and application demon-
stration. They were designed to provide
hardware and software design engineers
with practical midrange tools for evaluating
potential capabilities of DSP-based solutions,
develop their designs, and debug the resul-
tant system and software.

EZ-ICE is a compact, stand-alone in-circuit
emulator (ICE) with supplied in-circuit probe
and RS-232 cable which connects to a host
system running a terminal emulation pro-
gram.

The EZ-LAB application demonstration
board allows code development, execution,
and debug, incorporating analog/digital (A/D)
and digital/analog (D/A) converters for audio
bandwidth signal inputs and outputs, along
with access to serial ports and internal
busses.

The EZ-ICE in-circuit emulator is $2,101
and the EZ-LAB demonstration board is $225
(single quantities).

For more information contact DSP Market-
ing, Analog Devices, Inc., One Technology
Way, PO Box 9106, Norwood, MA 02062~
9106, (617) 461-3881.
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Model 2701, with test leads, storage
pouch, detailed instruction manual, sche-
matic diagram and parts list, is $69

For information, contact B&K Precision,
6470 W. Cortland St., Chicago, IL 60635,
{312) 889-9087.

SMPTE FORMS

SOVIET SECTION
President Maurice French, of the Society of
Motion Picture and Television Engineers
(SMPTE) recently announced formation of
the SMPTE Soviet Section. The Board of
Governors approved the petition, signed by
59 members in the Soviet Union. The in-
augural meeting was held earlier this fall in
Moscow.

The Soviet Section is the third SMPTE sec-
tion formed in the past year. There are now
25 local sections: 17 in the US, three in
Canada, and one each in Australia, Italy,
Germany, Scandinavia, and the Soviet Un-
ion.

For information contact SMPTE, 595 West
Hartsdale Ave., White Plains, NY 10607,
(914) 761-1100.
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ACTIVE MINI SUBWOOFER - PART 2

by T. Giffard

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 8 Q may
be used with the subwoofer, we felt that
many readers would want acomplete system
and so we designed an output amplifier es-
pecially for them.

The amplifier isa hybrid circuit consisting
of a control section based on an opamp, and
a power section that uses discrete transistors.
Its circuit diagram is shown in Fig, 8.

The opamp, a Type OP16 from PMI, is a
precision type with JrET inputs and a

transistors and the potential divider, Rs-R1o,
between the output transistors and the
drivers. To make sure that the opamp does
not provide too high an output voltage,

which would limit the output current, the
amplification of the compound outputcircuit
has been made x4 (12 dB).

Notable in this outputstage 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 ac-
complished with variable ‘zener diode’
T2-P1-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 Re1 provides a
delay of a few seconds between poweronand
connection between the loudspeaker and the

slew rate of 25 V/us. It has its own
power supply of 15 V, which is de-
rived from the 30-V main supply via
R15/D4 and Rie/Ds.

The input signal is taken to the
non-inverting input of the opamp via
Ct. The input impedance is deter-
mined almost entirely by Ri1 (since
the opamp has JFET inputs).

The bandwidth of the OP16 is re-
stricted to some extent by a 2.2 nF ca-
pacitor between the output and in-
verting input, and a 100 Q resistor be-
tween the inverting input and
ground. This arrangement may be
compared to the compensation ca-
pacitor between the outputs of the
first differential amplifier in a con-
ventional output stage.

The output of the opamp drives
the power section via a current
source based on T1. This source en-
sures a stable setting of the quiescent
current through the output transis-
tors. The voltage reference in the
source is provided by a high-effi-
ciency LED (D1).

The power section consists of a
complementary compound configu-
ration, T3-Te. Normally, a kind of
super emitter follower is used in the
output to ensure adequate current
amplification. In the present design,
currentamplificationalone (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 addi-
tional amplification is therefore
needed. A compound circuit pro-
vides current as well as voltage am-
plification.

The voltage amplification in the
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present circuit is determined by the
amplification factor of the output
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Fig. 8. Circuit diagram of the output amplifier specially designed for use with the subwoofer.



output stage being made. It derives power
from the main power supply via D2: this en-
sures 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 pF capacitors shown here, two
more 1000 uF capacitors onthe board provide

A\ B80C5000/3300

T—@ 3ov

4x 10000u / 40V

900122 -11- 12

additional decoupling of the power
lines.

Construction

The amplifier is best built on the rcB
shownin Fig. 10. Apart from the mount-
ing of transistors T2-Té, the construction
should not present any problems.
Transistors T2-Te may be fitted in
various ways, depending on the me-
chanical construction. If use is made of
an aluminium L-section, they can be fit-
ted above the board and fastened to the
L-section, whichin turnisscrewed to the

Fig. 9. Power supply for the output amplifier.

COMPONENTS LIST

Resistors:

R1 =100 kQ
R2 =100 Q

R3 = 2k2

R4 = 1k5

R5 = 15 kQ

R6 = 220 Q

R7, R8 =470

R9=180Q;25W

R10=27Q;25W
R11,R12=022Q;5W

R13=330Q; 1 W

R14 = 560 Q

R15, R16 = 1k2; 0.5 W

P1 = 2 kQ; multi-turn preset; top adjust

Capacitors:
C2=2n2

C3,C4 =100 nF
C5,C6=10puF; 25V

C7 =220 nF

C8 =47 uF; 10V

C9, C10 = 1000 pF; 40V
C11 =100 puF; 40 V
C12=22uF; 25V

C13 = 220 uF; 10 V; radial

Semiconductors:

D1 = 3 mm LED; red; high efficiency
D2 = 1N4002

D3 = 1N4148

D4, D5 = zener diode 15 V; 1.4 W
T1 = BC556

T2, T3 = BD139

T4 = BD140

T5 = BDT86 or BD912

T6 = BDT 85 or BD911

T7 = BC879

IC1 = OP16

Miscellaneous:
Re1 = relay; 24 V; 1 change-over
Mains transformer,
secondary 2x22 V, 2.7 A
4 electrolytic capacitors 10 000 pF; 40 V
Bridge rectifier BE0OC5000/3300
PCB Type 900122-2

heat sink.
It is, however, also feasible to screw

ACTIVE MINI SUBWOOFER PART 2 m

the amplifier and filter boards on to an alu-
minium sheet of suitable size, which then
serves as the heat sink. In that case, fit T>-Te
to the sheet first, bend their terminal wires
upwards a couple of millimetres above their
body and pass these through the relevant
holes in the rcB. 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 in-
sulated from the shect.

For clarity’s sake, the latter construction,
on a 3 mm 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 cor-
ners 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.

—)
A

o

o [}

R16
@ 0 [ Py °.1.

Fig. 10. Printed circuit board for the output amplifier.
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AUDIO & HI-FI

The power supply is fitted as far away The sound level may be set with the poten-  with the aid of the phase switch if needed.
from the boards as possible toavoid any pos-  tiometer at the back of the sub woofers. Some experimentation here may well prove
sibility of hum. Finally, the input signals may be inverted  to be interesting. |

Note theseparate earth connection for the
delay circuit (indicated on the PCB by an earth
symbol and asterisk) to the central earthing
point. Do not make a direct connection be-
tween the two earthing points on the am-
plifier board.

Do not yet connect the loudspeaker to the
amplifier.

When everything is ready, first set P1 for
minimum resistance and then switch on the
mains. Next, adjust P1 fora quiescent current
through the output amplifier of 100 mA: this
is measured with a millivoltmeter across R11
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.

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-ampli-
fiers, 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 a screened 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 ®7. ) . By
to the subwoofers, since the latter should in 0 " ) m
any case be near the loudspeakers for opti- '§ @ o T ==—3ne

mum performance.

The low cut-off point of the existing sys-
tem and the subwoofers may be matched in
several ways. When separate pre- and out-
put-amplifiers are used, a simple 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 ampli-
fier is known, the value of the capacitor for a
cut-off frequency, f, is given by:

c13

Ve

C=1/2nfZ [F]

Another way is adapting the cross-over
network in the loudspeaker boxes. This is not
so simple, however, because in the low fre-
quency range the resonance peak of the sub-
woofer will have an effect, so that the filter
cannot be terminated into a pure 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 Q— it
is perfectly all right to just connect the sub-
woofers into the system.

A fourth solution would be to precede the
present output stage by a cross-over network
of a type of which we have published several
during the past few years. This is a rather ex-
aggerated solution, but it is there if you want.

Thelocation of the subwoofers is not very
important, but they should preferably be not
too far from the loudspeakers. Critical listen-
ers may like them between the loudspeakers.  Fig. 11. Witing diagram of the output amplifier complete with its power supply.
WorldRadioHistory
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LINE PULSE FUNDAMENTALS:

SOME PROBLEMS UNKNOTTED

Introduction

Throw a stone the size of a golf-ball into a
can of water the size of a tea-cup and see
what happens: virtually all points on the sur-
face of the water are disturbed simultane-
ously. This is a rough mechanical analogy to
the case of a ‘lumped’ electrical circuit, e.g.,
a simple resistive potentiometer, comprising
two resistors, subjected to a transient input.

Throw the same stone into the middle of
a village pond and observe a different effect:
all points on the surface of the pond are not
affected simultaneously; they are disturbed
only as ripples move outward from the point
where the stone falls. This is a crude mechan-
ical analogy to the case of a ‘distributed’
electrical circuit, notably atransmission line,
with a transient input.

The difference between the two cases
arises through the finite time taken for dis-
turbances to be transmitted. A variation of
the pond analogy, which has long been used
in the study of wave transmission, is the
‘canal’ analogy. In this, we consider what
happens when a straight plank is dropped
into a canal in a direction perpendicular to
its length. Straight ripples, parallel to the
length of the plank, move outward from the
place where it falls. This analogy is more ap-

By Bryan Hart

waveforms that support the theoretical back-
ground.

Fig. 1. A twisted pair line (t.p.L.).

Fig. 2. Field patterns atapointon at.p.l. underd.c.
conditions. Solid lines = magnetic field; dashed
lines = electric field.

Line modelling

A section of t.p.l. is shown diagrammatically
in Fig. 1. In reel form, this can be purchased
commercially (e.g. from RS Components),
but for line lengths of a few metres, a t.p.l.
may be made up by twisting together, uni-
formly, two pieces of PvC insulated wire (26
gauge, say) with a pitch of about 5 cm.

If we imagine the t.p.l. as laid along an
x—axis perpendicular to the plane of this
page, the field patterns that exist when equal-
magnitude cirect currents flow into the page
at*a’and ‘b’ respectively are showninFig. 2,
where the solid lines indicate the nature of
the magnetic field and the dashed lines the
configuration of the electric field. These field
patterns correspond also to those of the basic
propagation mode for line transients dis-
cussed throughout this article.

The magnetic flux linking the wires is
proportional to the current. The flux per unit
current is represented by a series-inductance
L per unit length. L is a parameter dependent
on conductor geometry and can be estimated
by analytical principles well known in field
theory but a knowledge of L, by itself, is
rarely required by t.p.l. users and, if needed,
is best inferred from other readily measur-
able parameters. The electric field and flux
associated with the conduc-

propriate in the discussion
that follows, because propa-
gation is characterized by
movement principally in one
dimension.

Transmission lines are
very important in digital
electronics because of their

Réx Léx

use in the distribution of fast
logic signals, but their oper-
ation is sometimes a puzzle
to budding engineers (some
with a predominantly me-
chanical engineering back-
ground), who have been
taught the basic principles of
lumped-circuit  electronics
but who have not studied es-
tablished Electromagnetic
Theory (or been convinced
by it, even if they had!)
This introductory article
sets out to clarify the under-
standing of some fundamen-
tal aspects of the pulse oper-
ation of transmission lines,
particularly the popular
twisted pair line (t.p.1.). The

iymigmi

x 1(x+8x)
t

°

tors and the line charge on
them are proportional to the
p.d. between them, so the t.p.1.
has also a per-unit-length ca-
® pacitance, C. As with L, this
can be estimated theoreti-
cally, if required, but is read-
ily determined practically.
Series losses may be rep-
resented by a per-unit-length
resistance R and shunt losses
resulting  from leakage,
through wire insulation, by a
® per-unit-length conductance,
G. The t.p.l., although dis-
tributed in nature, can never-
theless be considered as
made up fromas large a num-
ber as we wish of tiny
lumped sections, each of
length dx, connected in se-
ries. The idea of using a large
number of small discrete
lumps to simulate a continu-
ous variable is not unfamiliar
in electronics. Thus, a digital
time base for an oscilloscope
based on a counter and D-A

900130-13

aim is to concentrate on the
basic circuit theory aspects
and practically observable

Fig. 3. (a) a t.p.l. made up from lumped ‘L-shaped’ sections; (b) equivalent form for (a);
(c) reduced form for (b) for lossless line [R= G =0].

WorldRadioHistory

converter produces a hori-
zontal pattern of dots on the
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screen. However, for a 10-bit converter, the
number of dots exceeds 1000 and ona 10-cm

screen the trace appears continuous.

The specific configuration of
series and shunt components
adopted to model an elemental sec-
tion of line is a matter of sensible
choice. All choices must, by defi-
nition, be equivalent in electrical
characterization. We could use a
‘T-section’, but the ‘L-section’
shown in Fig. 3(a) is analytically
more convenient.

Figure 3(a) is often used for
coaxial cable lines in which the
outer conductor is ‘earthed’ but
this can be misleading, particularly
for a t.p.l., because it may give the
false impression that one of the
conductors behaves in a different
way, electrically, from the other.
The alternative model shown in
Fig. 3(b) shows R and L as equally
shared between the two conductors
of the t.p.l. and in that respect is
conceptually more attractive.

For a t.p.l. a few metres long,
series and shunt losses can usually
be neglected and the section re-
duces to the ‘ideal’ or ‘lossless’
form (R = G = 0); it is tempting to
say that this is ‘fortunate’ for were
it not so, the t.p.l. would be of very
restricted use.

For this case, the relevant equa-
tions lend themselves simply to
pictorial interpretation and the es-
sential features of line operation
are not obscured by second-order
effects.

Line equations

Consider the section shown in
Fig. 3(c). The currents, i), iy,
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 q to be contained
within the ‘black box’, the Law of
Conservation of charge requires
that J(i| — iy)dt = 0 This is true only,
irrespective of the timescale ¢, if
n=n=1L

Applying Kirchhoff's Voltage
Law for loop voltage drops,

u = (uyf2) + (u + ou) + (uy/2),

where u, the inductive voltage
drop, is given by

up =(Lox)(di/or).

Substituting for u and rearrang-
ing:

—(Qu/ox) = L(di/dr) (1]

In passing, itmay seem contrary

to write the p.d. at (x + dx) as (u + du), with
a plus sign for the increment, when physical
considerations tell us that it must be less than

900130-14

Fig. 4. View of line looking right between pand q at f=0;
(a) intitally charged line; (b} initially uncharged line.
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Fig. 5. Sliding source description of step
progress.
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Fig. 6. Applying a step input to a line: (a) voltage-step drive
(Sw closes at t = 0); (b) current step drive.
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Fig. 7. Voltage sketches for Fig. 6(b).
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u. However, this is in the tradition of differ-
ential calculus. The physics of the problem
gives the negative sign in [1].

Kirchhoff's Current Law for
Fig. 3(c) gives

i=(i+0i)+ (COx){(u +ou)/or}.

For du<<u, a condition always
achievable if dx is small enough,
this reduces to

—(di/d.x) = C(du/or) 2]

In the limit case dx—0, 9r—0,
the approximation sign becomes an
equality symbol. We have not pro-
ceeded to this limit yet, because the
aim is to avoid the distraction of
partial differential relationships
that arise when a function is depen-
dent on two or more variables.
Indeed, combining [1] and [2] to
eliminate di or du leads to the (par-
tial differential) ‘wave equation’
for an ideal line, but such a proce-
dure requires us to solve the equa-
tion or, at least, quote solutions for
it.

An alternative approach is to
show that a voltage step at the input
to the line travels along it with con-
stant amplitude and uniform veloc-
ity. Todo this, we must first establish
a relationship between « and i and
then derive an expression for step
velocity that is independent of x.

u /irelationship:
characteristic
resistance, R,

Dividing each side of [1] by the
corresponding side of [2] gives:

(Qu/fai) = (LIC)(Di/du),

or
(Qu/oin? = (L/C).

Taking the square root and pro-
ceeding to the limit,

(du/di) = V(LIC) = Ry, say.  [3]

We are entitled to express [3] in
total differential form because it is
valid irrespective of 1. Equation [3]
gives the limit case for small
changes. The ratio is given the
symbol R, because \/(L/C ) has the
dimensions of resistance. R, is
known as the ‘characteristic resis-
tance’. Itis characteristic of the line
alone and not dependent on the na-
ture of u or {, and is the incremental
resistance looking to the right (or
left) between terminals p and q, or
pandq.

The expression ‘characteristic
impedance’ is often used but is un-



necessary for a lossless 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 a normal resistor in
that it dissipates no power: it is a
parameter, dependent on line ge-
ometry, that fixes arelationship be-
tween the instantaneous changes in
i and u either of which can be re-
garded as a stimulus while the
other is regarded as a response. In
particular, a step change in u pro-
duces a step change in i and vice
versa.

Integrating [3], the instanta-
neous value of u is:

u=iR,+U, (4]
Equation [4] is illustrated in Fig. 4,
in which U, is any initial line volt-
age, shown here arbitrarily as pos-
itive, and for changes in « and i is
accessible only via the series resis-
tor R,. This accessibility to a line
voltage source only via a series re-
sistor R, is true also looking to the
left at a point 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 be-
tween p and ¢ reduces to the sim-
pler form of Fig. 4(b).

A step voltage of magnitude U
appearing at one moment between
p and g appears at a later time be-
tweenp'andq’,charging up the line
as it progresses with velocity v.
There is no loss in amplitude as
there are assumed to be no line
losses.

Propagation velocity v

The propagation velocity, v, is
found as follows. Multiplying each
side of [1] by the corresponding
side of [2]:

[(Qu)(3D) [ (9x)?) =
= LC{(Qu)(9i) / (0n)2).

Thus, in the limit,

v=(dv/dn=1/LC [5]
Since v is independent of .v. the ve-
locity is constant along the line.
The time, ¢,,, is
t,= /v =V(LC) (6]
Let us check [5] another way.
We assume that v is constant and
apply the principle of charge con-
servation. If a step wavefront U
travels fromx=0tox=x"inatime
' = (\'/v), the charge supplied to
theline by the source is i(x'/v) =

=(U! | R)x' / v). This must equal the charge
accumulated by the line capacitance from
x =0 to x =" and this is Cx'U. Thus,

1
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Fig. 8. T.p.l. with multiple step current drive.
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Fig. 9. (a) input voltage contributions for Fig. 8 for n = 4; (b) resultant

staircase voltage input.
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Fig. 10. v(x;t") derived from Fig. 9(b).
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Fig. 11. (a) digital input signal to t.p..; (b) u (x, t) derived

from (a).
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(UX'/R,V)=CX'U

v=1/CR,,. 7]

Substituting for R, (from [3])in{7]
gives the same value for v as in [5].

Note that R, and ¢, are two basic
parameters required to be known of
a line. From these can be found C
and L, if needed, with the aid of
equations [3] and [6].

Models for step wave-
form progress

Progress of a step waveform is so
basic that it merits further study.
We consider a mechanical analogy
and an electric circuit model.

Inamechanical analogy, we may
consider a stationary hopper con-
taining sand over a conveyor belt
thatismoving totheright. Atacho-
sen moment, the exit pipe from the
hopper is opened suddenly. The re-
sult 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 attrac-
tive to the engineer more at home
with lumped circuit theory in-
volves the concept of a ‘sliding
source’. Consider the progress of a
step voltage wavefront of magni-
tude U along an initially uncharged
line in the direction of increasing .x.
Looking to the right at any point ',
the remainder of the line appears as
a resistor R, as shown in Fig. 5.
Looking backwards, towards x =0,
the line appears as a voltage source
U, accessible via a source 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 x = ', it is
obviously necessary that U = 2U.

This sliding source approach is
helpful in calculating what hap-
pens at the end of a line of finite
length /.

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

To investigate, experimentally, a
1.p.l. subjected to a step 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=0.

Simple experimental predic-
tions of terminal voltage behaviour
based on Fig. 6(a) require a knowl-
edge of R, and the certainty of its
constancy over the range of the out-
put voltage swing. It is not possible
to guarantee constancy using stan-
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GENERAL INTEREST

dard saturated transistor logic circuits (e.g.
TTL) to voltage-drive the line.

In the current-drive scheme of Fig. 6(b),
the output resistance, Ry, is gener-

profile of the dashed line in Fig. 9(b) and
Fig. 10. We have thus deduced u(x, ') for a
ramp input. The general case for an input of

arbitrary shape is worked out similarly by
considering steps of unequal magnitude
and—if necessary—opposite polarity when

the switches in Fig. 8 change state.

ally 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, r)denotes line voltage as a func- |
tion of vartiables x and 1. Of special
interestare: u(0, 1), the variation with
t at x = 0, i.e., the input waveform,
uy(1); u(x', r) the waveform at an ar-
bitrary point x = x"; u(x, t'), a plot of
line voltage as a function of x at a

Sending End

Receiving End

Thus, the digital input signal of
Fig. 11(a), with transition times ¢,
and f; purposely chosen unequal,
produces u(x, ') 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 alter-
native graphical method for obtain-
ing u(x, ') from u(0, ) is given in the
reference at the end of this article.

specific time t = 1'.

InFig. 7(a), uj (1) is a step of mag-
nitude /R, because the line appears initially,
at its input terminals, as a pure resistance R,,.

u(x', 1) in Fig. 7(b) is u(0,t) delayed by a
time interval (x'/v): the line is uncharged at
x'till the step reaches that point. If the switch-
ing action occurs at f = tg, the line is charged
up to the point v(£'—p).

Unlike u;(r) and w(x',), which can be
monitored, u(x,t’) is not a waveform.
However, if we choose an appropriate scale
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 ordi-
nates of the two graphs, at a given point on
the horizontal axis, gives a constant value.
This scale changing ‘trick’ is useful in de-
riving u(x,t') from uj(x',t) for the general case
of a line signal that is not a step, as we will
show now.

In Fig. 8, n current sources each of
strength //n are connected to a t.p.l. via
switces S1-Sn.

S1 changes state at t = (f + At,), where
At = {(t, - tp) / n}, and pumps a current //n
into the line. This is followed at successive
time intervals At, by S2-Sn, respectively,
causing additional current steps //n to be ap-
plied in sequence to the line input.

Equation {4] specifies a linear relation-
ship 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.

The resulting waveform for uy(z) is a volt-
age ‘staircase’, which, for n =4, is shown in
Fig. 9(b). The dashed line joining the edges
of the treads intersects the r-axis at ¢ = fy.
Suppose now that instead of n = 4 we let
n— oo, The staircase edge then assumes the

Fig. 12. Current-driven terminated line.
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Fig. 13. Calculation of terminal voltage at t = {y.

900130-34

Fig. 14. Generation of v, for Ry = R,: (a) Ry > Ry;
{b) Ry < R,.

Reflections

It is convenient to imagine a semi-infinite
line, stretching from x =0 to.x =0, in an ini-
tial 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 a line of
finite length / when a pulse edge or a pulse
of arbitrary shape reaches it.

Consider the scheme shown in Fig. 12,
where Ry is a terminating resistor. A voltage
wavefront u; of amplitude U = IR, which
we call the forward wavefront, starts down
the line at r = 0 when S opens. It reaches the
end of the line in the one-way delay time
g=l/v=1,

The terminal voltage uyat t = t4 is calcu-
lated from the sliding source equivalent cir-
cuit of Fig. 13: up(f) = 2URT / (RT + R,).
Now, ut = us (the terminal voltage step is
equal to the amplitude of the forward voltage
wavefront on the line) if Rt = R,,.

Thisis the case of aline ‘matched’ or ‘cor-
rectly terminated’ at the receiving end. Then
R dissipates energy at the same rate as it is
supplied to the line from the source. No en-
ergy 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 a radar beam is com-
pletely absorbed by a target, there is no re-
flection, that is, the target is ‘invisible’. As
far as the radar receiving equipment is con-
cerned, the target may be regarded as located
at a point an infinite distance away. Suppose,
however, that Rt # R,,. Then, ut # ug, all the
energy associated with uscannot be absorbed
by Ry, and a reflected wavefront u, is pro-

U(x,t)

AU 4—

N

x—P
®

®

u(2ty)

2,0

©

900130-25

Fig. 15. (a) line voltage for 24>t >ty; (b) sliding circuit equivalent circuit form for (a); () circuit for calculating vi(21y).
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LINE PULSE FUNDAMENTALS .

duced. The amplitude and polarity
of u, must be such that the Principle
of Superposition is applicable at the
termination.Thus,

ue+ U = uT,

or

Uy = UT — Ug. [9]

900130-26

Wa=LIIY /2 [14]

Equating W, and W, yields:
Ly=Ug/=(L/Ry) [15]

However, R, = NIL/C ). so that
t,=V(LO) (16]

as previously shown in [6].

Substituting for uy from [8] and
ug=U, gives

up=[{2URT/ (Rp+R)}-U]=py7U
[10]

where py is the voltage reflection coeffi-
cient at the termination and is defined by
pvr=Rr-R)/(RT+Ry) (11]

Figure 14 shows a geometrical construc-
tion giving u, for the cases:

(a) Rt > R, and hence pyt >0, and
(b) RT < R, and hence py1 < 0.

For either condition, the reflected voltage
wavefront travels back to the source.

A plot of line voltage for 2142 1 > 14 is
shown in Fig. 15(a) for pyt = 0. This results
from adding u, to the existing line voltage
giving a total line voltage (1 + py1)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 a generator
2py1U in series with an output resistance R,
as shown in Fig. 15(b):

u(2tg) = IRy + 2py1U = U(1 + 2py7). [12]

Since there is already a line voltage U and
u. = pytU, this means a further forward, re-
flected wavefront of amplitude pyU. This
also follows from [11] since the voltage re-
flection coefficient is unity for an ideal cur-
rent source.

The current-driven line of Fig. 12 with
Rr# R, is of restricted use. Two cases of re-
flection of practical interest for a current-
driven 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 send-
ing end, the two cases correspond to Ry =0
and RT = oo,

Consider first the case R = 0. Writing U
forI'R, /2, it follows that u (0+) = U. From
[L1],pyT=-1.Theequivalent circuit for cal-
culating uj (2¢4), and u(x) for ¢ > 214 is shown
in Fig. 17.

In Fig. 18, u(¢) is a pulse of amplitude U
and duration 2t4. The line input current, i,
and the energy supplied by the source, W,
are shown in Fig. 18(b) and Fig. 18(c) re-
spectively.

An argument based on the Principle of
Conservation of Energy leads to an algebraic
expression for ¢,,. Thus,

Fig. 16. Current-driven line, matched at the sending end.
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Fig. 17. Equivalent circuit for calculating
vi(2ty) for Rr = 0.
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Fig. 18. For Ry = 0, the energy, W;, supplied to the
line by the source (c) is obtained by muitiplying
graphs (a) and (b).
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Fig. 19. vi(f), i(1} for the case Ry = oo.

Wo=('U/[2)2ty=TU = (IR, 2 [13]

At ¢ = 2t4, the line stores no energy in its
electric field since at that time 1; = 0. All the
energy, W,. is stored in the magnetic field:
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Withreference to Fig. 16, the case
Ry = oo gives the waveforms for i ()
and iy () in Fig. 19.

Conclusion

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

Reference:
Digital Signal Transmission: Line Circuit

Technology by B.L. Hart, Van Nostrand
Reinhold (UK), 1988 (Chapter 3). ]

PWM CONTROLLER IC

The Si9120 pulse-width modulation
(PwM) controller ic from Siliconix of-
fers a low-cost solution to the provi-
sion of a wide input-voltage range for
universal-input power supplies. i
The unique wide-input range of |
50-450 V enables the Si9120 to op-

erate directly from rectified 110 V or

220 V ac power lines. f
All essential controller functions are

integrated in the the Si9120, includ- |
ing high-voltage start-up circuitry, l
oscillator, error amplifier, voltage ref-

erence, and a non-inverted cmos out-

putdriver for the external MosreT. The |
low supply current of 1 mA allows |
highly efficient, very reliable opera-

tion at high temperatures, and the- |
high frequency (500 kHz) meets the |
high-performance demands of mod- |
ern power supplies. |
| Siliconix has manufacturing and
| sales operations in the USA, United
’I Kingdom, Hong Kong and Taiwan.
r Other sales offices are located in i
. Germany, France, Italy and Sweden.
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PC-CONTROLLED VIDEOTEXT
DECODER PC-VT7000

PART 1: INTRODUCTION AND DESCRIPTION OF THE DECODER

{184 % Pl ff”}
'---".'f;:mmnnnmhm [

This Videotext decoder, desighed 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 a few names given by broadcasters to a
special information service transmitted dur-
ing the blanking period of TV signals. The in-
formation 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 sub-
jects in the Videotext service are news items,
sports, weather information and TV pro-
gramme 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-
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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 a field frequency of 50 Hz, the maximum
text line rate is about 300 per second, corre-
sponding to about 12 pages per second.

Tobeable toreceive Videotext pages, you
need a special decoder. Most modern TV
sets, and even some of the latest video re-
corders, have such a decoder as a built-in
unit. Where a decoder is not part of the TV,
it may often be purchased and installed as an
upgrade.

WorldRadioHistory

After entering the requested Videotext
page number on the remote control, the de-
coder starts to search for it. The search pro-
cess 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 infor-
mation is shown on the screen. Unfortu-
nately, finding a particular page may take
quite some time — depending on the recep-
tion conditions and the number of pages in
the service, wait times of up to 10 s are not
uncommon. Particularly when frequent use
is made of Videotext pages, the long wait
time before they are available is a real disad-
vantage of an otherwise extremely useful in-
formation service.



The PC-VT7000 has a number of advan-
tages over a conventional Videotext decoder
built into a TV set. To use the unit, you re-
quire either a video recorder with a CVBS
(chrominance-video-blanking-synchroniz-
ation, also called composite video) output, or
a TV set (with or without a Teletext decoder)
witha SCART 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 PC-
VT7000 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 a printer. By using this option you
are in a position 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 PC-
VT7000 overa conventional Teletext decoder
is that it enables you to have immediate ac-
cess 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, a subpage is shown 10 seconds or
so before the next appears. There is, how-
ever, no way to skip subpages to get at the
one you do want to read. Many Videotext
users find this irritating and a waste of time.
The PC-VT7000 has a special page memory
that solves this problem by offering you im-
mediate 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.

Theinputs and outputs of the decoder are
found on the rear panel of the ELV 7000-se-
ries enclosure. These inputs and outputs are
used to connect the PC insertion card and the
video equipment.

The minimum equipment to run the sys-
tem is a TV set with a SCART 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 infor-
mation is processed and turned into a video
signal that is fed back into the TV set, again
via the SCART connection, which thus func-
tions as a bidirectional link.

The second SCART socket on the rear
panel of the PC-VT7000 allows a video re-
corder to be connected. The special use of the
VCR for recording TV programmes with a
subtitling service has already been men-
tioned.

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-

PC-CONTROLLED VIDEOTEXT DECODER PC-VT7000
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nal for the decoder. When this switch is set to
TV, the TV set must be switched on — other-
wise, the tuner can not supply a CVBS 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 a video signal that con-
tains 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 configu-
ration in which a TV set is not required:
when a VCR is used as the CVBS signal
source, and a computer screen only to dis-
play 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. 1 shows the way in
which the previously discussed units are in-
terconnected. The heart of the circuit is
formed by the Videotext decoder, which
communicates with the other units via a two-
way multiplexer that forms part of the main
decoder. The CVBS signal that contains the
Videotext information of the relevant broad-
caster is supplied by the tuner in the TV set.
Asalready mentioned, the decoder may also
accept the CVBS signal of a video recorder,
provided this is not used to play a tape. Un-
fortunately, 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 repro-
ducing decoded Videotext pages and pro-
grammes 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
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Block diagram of the Videotext decoder, and its connections to external equipment.

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 con-
trolled from a PC running a special program,
loaded from floppy disk or hard disk. This
program is called up by typing VT followed
by a carriage return. The program automati-
cally prompts the Videotext decoder to
search and display page 100 on the PC mon-
itor or the TV screen. The command to do so
isissued by the PC insertion card and sent to
the decoder via the IC bus. Page 100 is pro-
vided as a default value: by simple program-
ming, 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-explana-
tory, a help function giving details of all es-
sential actions may be called up at any time
by pressing function key F1.

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 ac-
tive, or can not be found, a message appears
after a short while.

Asalready mentioned, the PC-VT7000 of-
fers a fast way of calling up subpages. After
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loading the main page, simply press the T or
the | key to leaf through the subpages. The
action on part of the Videotext decoder is vir-
tually immediate. The other two arrow keys,
« 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 a printer by pressing F2.

Function key F3 allows the currently dis-
played page to be converted into a data file.
After pressing F3 you are prompted to enter
comment which helps you identify the page
when it is retrieved later. The program auto-
matically 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 sub-
sequently 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 ter-
minated by pressing the ESC key.

The Videotext decoder

The circuit diagram of the decoder is given
in Fig. 4. Asalready mentioned, this circuit is
fitted into a series-7000 type enclosure. The
CVBS signal is applied to the decoder either
via pin 20 of SCART socket BU1 (TV set), or
via pin 20 of BU2 (video recorder). The CVBS
signal supplied by the TV set is terminated
with resistor R1, and applied to pins 4 and 11
of analogue multiplexer IC5. When the CVBS
signal from the VCR is used, this is allied to

Example of a Teletext screen (BBC TV Europe programme via satellite).

pins 2 and 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 BU1. In case a TV set is not
connected, switch 51 must be set to the upper
position to allow R2 to function as a termi-
nating resistance.

The SCART sockets, BU1 and BU2, are
wired in a manner that allows the video re-
corder and the TV set to be used for record-
ing programmes and playing back tapes just
as if the PC-VT7000 were not connected, and
without having to change any cable or con-
nection.

The CVBS signal with the Videotext in-
formation 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 3 and 13. This is achieved by
S2 determining the logic level at address se-
lection input A of the 4052.

SAA5231 VIP2
The composite video signal arrives at the
input of the video processor, IC1 (SAA5231)
via coupling capacitor Ce. 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 dia-
gram of the SAA5231, which is manufac-
tured by Philips Components, is given in
Fig. 3. Its tasks include:
* separating and regenerating the
Videotext information;
 generating a clock signal that is synchro-
nous to the current picture;
* supplying data to the display controller
that follows it;
* extracting the synchronization compo-
nents from the CVBS signal;
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* supplying the synchronization compo-
nents to the display controller that fol-
lows it;

» switching to internally generated syn-
chronization when the external synchro-
nization fails;

* supplying the synchronization compo-
nents at positive and negative polarity;

* locking the internal 13.5-MHz quartz-
controlled oscillator to the applied CVBS
signal;

* adjusting itself to the level of the applied
CVBS signal.

The CVBS signal applied to pin 27 of IC1 is
fed to an internal adaptive data separation
stage with a slicing level of 50% of the CVBS
signal amplitude. The slicing level is set to
50% to achieve the highest possible noise im-
munity. The 8-bit data supplied by the VIP2
consists of 7 databits and 1 parity bit.

As shown in Fig. 3, the CVBS signal is
also fed to the input of an adaptive sync sep-
aration circuit. The slicing level of this circuit
is adjusted automatically as a function 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 a phase detector, with
the aid of a line-frequency clock signal at
pin 28. This is done to ensure that the gener-
ated Videotext characters are synchronized
to the current picture as required for the sub-
titling 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, a SAA5243.

Pin 28 of IC1 accepts the composite syn-
chronization 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

Uce l(* 2v)
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VP2 output (TT0)
sdaptive deta v ]
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} to ECCT
14
ad
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Fig. 3. Block diagram of the SAA5231
Video Interface Processsor (VIP2).
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RADIO AND TELEVISION

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 L1 form the
external components required to make the
6.938 MHz data clock filter operate. Simi-
larly, quartz crystal Q2 and capacitor C25 en-
able the 13.875 MHz oscillator to operate.

Pin 1 of the VIP2 supplies the composite-
sync signal for the TV set. Resistor Ri2 sets
the polarity of this signal to positive by pull-
ing it to the +12-V supply rail. The sync-
locked 6-MHz oscillator operates with
external components Q1, C13, C14 and R2s.
Trimmer C14 allows the synchronization to
be adjusted.

SAAS5234 (ECCT) and page memory

The full identification of the SAA5243, an-
other 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 a character generator, a
data acquisition circuit, an I’C interface, a
clock driver and a memory interface. These
standard functions are boosted by the fol-
lowing extras:

 an integrated character generator with
160 alphanumeric and 2x64 graphical
characters, each builtina 12 (H) by 10 (V)
matrix;

+ user-controlled double-heightcharacters
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 a cursor;

+ 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;

¢ datacapturein all lines of the frame (full-
channel mode), offering fast page access.

The clock driver in the ECCT communicates
with the VIP2 video processor via pins 9 to
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, a 6264, via the
memory interface. The data acquisition is or-
ganized such that four Videotext pages can
be searched for, and stored in RAM, simulta-
neously. Thus, these four pages are updated
at the same time. The page memory is ac-
cessed with the aid of signals OE (output en-
able) 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 informa-
tion via its three colour output pins, R, G and
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Fig. 5. Block diagram of the SAA5243 En-
hanced Computer-Controlled Teletext chip
(ECCT).

B. The character generator has 256 charac-
ters, a selection of which is available in each
of the six national character sets that can be
called up by an appropriate software com-
mand.

The blanking signal for use with the RGB
components is available at pin 17 of the
ECCT. This signal is used during mixed pic-
ture operation as, for instance, Videotext
subtitling. The system has two modes of op-
eration, which are selected by software:

- character insertion (superimpose)

- background suppression

The Y-signal (luminance or brightness) is
provided independently of the selected col-
our at pin 2 of the ECCT, and is thus only
valid for the Teletext characters. A flash
function is not provided as standard.

QOutput circuits

The R, G, B, blanking and Y outputs are of
the open-drain type, and require external
pull-up resistors. Resistors R11-R12 are fitted
at the R output, R13-R14 at the G output, and
R15-R16 at the B output. The ratios of these re-
sistors 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 Y output to be set
to a value that produces optimum contrast of
the Videotext characters in relation to the TV
picture.

The four outputs are decoupled by di-
odes D1 to D4. The drivers for the RGB and
blanking signals are built around four tran-
sistors in common-collector circuits, T1 to T4.
Resistors R3 to Ré determine the output im-
pedance and ensure optimum signal match-
ing 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 a VCR. This works as
follows. The Y signal at pin 18 of the ECCT is
fed to the base of emitter follower Te 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 Te is fed to the inputs, pins 1
and 3, of electronic switches IC48 and 1C4cC.
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 a clamping circuit composed
of 1C4A, R33, R35, R36 and C31. Since the posi-
tive sync pulses supplied by the VIP2 control
the electronic switches, the CVBS input sig-
nalis clamped at a potential fixed by R35-Rae.
This ensures the correct d.c. levels at the sec-
ond inputs, pins 2 and 5, of the electronic
switches.

The control of electronic switches 1C4B
and IC4C is determined by the blanking sig-
nal. 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 sig-
nal. This mixed signal is fed to a buffer, Ts,
via coupling capacitor C5. The buffered sig-
nal is taken from the emitter of T5, and fed to
the video recorder input via pin 19 of the rel-
evant SCART socket.

Interface to I2C card

The connection marked STL1 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 a number
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’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 a few 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 mQ to 5 Q to be measured

That most multimeters have a lowest resis-
tance range of 100 Q or 1 kQ is not surpris-
ing. The measurement of small resistances
poses a number of special problems that do
not occur in the kQ ranges. Take, for in-
stance, 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 Q: the contact resistance of the test lead
plugs and the sockets on the instrument,
and, of course, the resistance of the test leads

1+ + Ry - Ry -
Rx
1
| S |
910004-14
Fig. 1. Four-point resistance measure-

ment principle.

reliably.

A. Rigby

themselves. A connection formed by a ba-
nana plug and a mating socket, both in new
condition, represents a typical resistance
smaller than 1 mQ. This resistance rises to
several milliohms as the contact surfaces
start to oxidize. Although a few mQ may not
seem much to start worrying about, such
values are significant since the instrument
discussed here has a resolution of 2 mQ. The
resistance of the test leads is also a factor of
some importance. A test lead with alength of
1 m and a cross-sectional area of 1 mm’ has a
typical resistance of 17 mQ. For a similar
lead with a cross-sectional area of 2.5 mm’,
this value becomes 7 mQ. Relating these val-
ues to 1 Q, the error factors are 1.7% and
0.7% respectively. In other words, our mea-
surement starts to become unreliable when
these parasitic resistances are not taken into
account. Fortunately, there exists a measure-
ment 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 a resistor with
only two terminals to a meter system may
seem strange at first. However, since these
wires may be divided into two pairs with the
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MAIN FEATURES

* Ranges: 100 mQ, 200 mQ, 500 mQ,
10,2Q,5Q

2% of f.s.d. value
4-point measurement
with pulsed constant
current
h=1A
fms = 10 mA
pulse length approx. 1 ms

repeat rate approx. 10 Hz.

+ error detection: too low test current

* current consumption: max. 70 mA

* Resolution:
« Principle:

* Measurement current:

same functions, this method allows us to
eliminate the effects of parasitic resistances.
The principle is illustrated in Fig. 1. The un-
known resistor, R, is connected with four
wires. The outer two cause a current flow
through R. The present meter sends a con-
stant current through R via terminals [+ and
I-. The advantage of using a constant-cur-
rent source is that it is not affected by the par-
asitic resistance. Hence, we know exactly
how much current flows through R. To de-
termine the value of R, all we have to do is
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TEST AND MEASUREMENT

measure the voltage across it as a result 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 a resistor is to be connected later. In
this way, only the voltage drop across the re-
sistor is measured, without the additional
voltage across all kinds of parasitic resist-
ances. The system also eliminates the resis-
tance of the test leads, and the contact
resistance at the plugs and sockets.

Since the current flow into the voltage
meter is negligible with respect to the con-
stant 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 nor-
mally achievable with a multimeter.

1 A, 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 dis-
sipated by the resistor. To make sure that a
low-value resistor produces a voltage drop
that is readily measured, it must pass a rela-
tively high current. We can not make the cur-
rent as high as we wish, however, since the
maximum permissible dissipation of the re-
sistor must be taken into account. A 1-Q re-
sistor with a power rating of 0.25 W, for
instance, will not survive the constant cur-
rent of 1 A supplied by the instrument. The
solution to this problem is found in the use

of a pulsed 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 a duty factor of 0.01 (1 ms on, 100 ms off).
Even a 0.25-watt resistor will not mind such
a low effective current. Unfortunately, the
use of a pulsed test current has one disad-
vantage 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 a pulse gen-
erator. The same generator controls a sam-
ple-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 a constant voltage
whose value is in direct proportion to the
measured resistance. Depending on the se-
lected range, this voltage is amplified or at-
tenuated 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 cur-
rent wires, [+ and 1-, are broken, the current
source will no longer be able to supply 1 A,
so that the voltage measured across the resis-
toris no longer a direct measure for the resis-
tance value. However, the meter will still
indicate ‘something’ because the measure-
ment circuit and the resistor supply are sep-
arate circuits. The fault condition is simple to
recognize because the current source then
pulls terminal 1- to ground. A detector cir-

pulse
generator

nyolu

$ 1
]
:
o—1—>
Rx : sample & s:::g:) .
! hold _,®_.I
! [1] esos==c
| o ' measurement
o—» ! amplifier
]
1Al SN error _’|_I
detector W
current source X
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 Ry to a sample-and-hold meter circuit.
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cuit that measures the voltage between the I-
terminal 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. Fig-
ure 3 shows the circuit diagram of the instru-
ment. The pulse generator is built around
opamp IC2a. Resistors R1, R2 and R3 cause
the opamp to function as a Schmitt-trigger
inverter, whilecomponents R4, R5, D1 and C1
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 D1 and re-
sistor R4, until the voltage across it reaches
the upper switching threshold of the
Schmitt-trigger. This takes about 1 ms. Next,
the output of IC2a goes low, so that C2 is dis-
charged to the lower switching threshold.
This takes about 100 ms. The output of the
opamp goes high again, and the cycle is re-
peated. Transistor T1 inverts the output sig-
nal 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 a fixed
relation between the emitter current and the
collector current of T2, it follows that the col-
lector current is also constant. The magni-
tude of the collector current (which is the test
current through the unknown resistor) de-
pends 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, D2. The zener diode is powered
by the pulse generator. As a result, the volt-
age set by P4 at the +input of IC4 will vary
between nought and the set peak value.
Hence, the test current will also vary be-
tween nought and the set peak value of 1 A.

The current sent through the resistor
under test can not be drawn direct from volt-
age regulator IC5 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 a relatively short
‘on’ time, the necessary energy may be ob-
tained from a large electrolytic capacitor, in
this case, Cs. 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 cur-
rent 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 un-
known resistor via terminal - gives rise to a
voltage which is fed to the sample-and-hold
circuit via the Rx terminals. The sample-and-
hold stores the measured voltage during the
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Fig. 3.

‘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 IC1a and ICic are closed, while IC1b
and IC1d are open. Capacitor C3is connected
in parallel with Rx via resistors R8 and Ry,
and will be charged until the voltage across
it equals that across Rx. The resistors and C3
form a low-pass filter to suppress interfer-
ence. The moment the current source is
switched off, switches ICia and ICic are
opened, while IC1b and IC1d are closed. This
results in C3 being connected to ground via
IC1d. The switching can be done without the
risk of a short-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 S1b selects between an amplifica-
tion of one, and an amplification of 10, for
opamp IC3. These amplification factors are
used for theranges 1Q, 2 Q and 5Q(x1),and
100 m€, 200 m€ and 500 mQ (x10). The off-
set of IC3 is compensated by adjusting P2.
The attenuator circuit that follows IC3 con-
sists of a number of switchable potential di-
viders that drive moving-coil meter M1. The
use of 1% resistors in the attenuator obviates
any adjustments. The attenuator is followed
by the moving-coil meter with its series resis-
tors R21-P3.
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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.

The over-range detector is formed by
comparator IC2b. Resistors R27 and R28 de-
fine the switching threshold of this compara-
tor at about 3.3 V. The comparator compares
this reference Ievel to the voltage across ca-
pacitor C1, which is charged via R26 and can
only be discharged when the current source
is off. Then, the minimum voltage across C1
is about 0.6 V higher than the collector volt-
age of T2. When this voltage drops below
2.7 V as a result of a too high resistance be-
tween the I+ and the I- terminals, the voltage
across C1 drops below the switching thresh-
old of the comparator. Consequently, this
toggles, so that LED D4 lights. Calculating
the resistance value at which this happens,
we find a value of about 7 Q between the I
terminals.
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Fig. 4.
switches are fitted direct onto the PCB.

Construction

When the PCB shown in Fig. 4 is to be fitted
into the enclosure mentioned in the parts list,
the corner near IC1 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 a plastic type. If vou have a metal
version, pay attention to the correct polariza-
tion (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

Single-sided printed-circuit board for the milliohmmeter. Note that the range

series (see the list at the end of this article),
the milliohmmeter is powered by a mains
adapter. In this case, an adapter with a rating
of 15 VDC at about 100 mA is recom-
mended.

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 a tvpe for PCB-mounting that obvi-
ates any wiring. The front panel is not fitted
asyet. o

COMPONENTS LIST

Resistors:

2 3%Q R1;R2

1 27kQ R3

5 10kQ R4;R6;R7;
R15;R16

3 1MQ R5;R10;R26

3 1kQ R8;R9;R12

1 8kQ2 R11

2 12kQ R13;R14

4 10kQ 1% R17 - R20

2 6kQ8 R21;R27

2 3kQ3 R22;R28

1 150kQ R23

1 100Q R24

1 0Q56 R25

1 470Q R29

1 6Q8 R30

1 22MQ R31

2 2kQ5 preset H P1;P3

1 1kQ preset H P2

1 100kQ preset H P4

Capacitors:

3 100nF C1,C2,C7

1 220nF C3

1 27nF C4

1 2200uF 35V radial C5

1 100uF 35V radial Ccé6

1 470uF 35V radial Cc8

Semiconductors:

2 1N4148 D1;D3

1 LM336-2.5V D2

1 LED D4

1 BC547B T

1 BD13%8 T2

1 4066 IC1

1 TLC272 IC2

2 TLCZM IC3;IC4

1 7810 IC5

Miscellaneous:

1 100uA moving-coil meter M1

1 2-pole 6-way rotary switch S1
for PCB mounting

1 metal enclosure, e.g., Telet LC850
(supplier: C-1 Electronics). Approx.
dimensions: 80x200x180 mm

1 printed-circuit board 910004

1 front-panel foil 910004-F

1.M336 - 2.5

T0-92 TO-46

910004 - 13

Fig. 5.
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Completed circuit board, ready for fitting into the enclosure. Note that the left-hand
bottom corner of the PCB is cut off diagonally.
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Fig. 6. The LM336-2V5 precision zener
diode comes in two different enclosures.



Fig. 7. Internal view of the instrument.

Adjustment

To adjust the instrument you require two 1%
resistors: one of 1 € and one of 0.5 € (pre-
ferred value) or smaller. Where these resis-
tors are not available, two pieces of 0.5-2/m
resistance wire may also be used with good
results. The 1-Q resistor then has a length of
2 m, and the 0.5-Q resistor a length of 1 m. In
the first case, an error of 1 cm corresponds to
a resistance error of 0.5% — in the second
case, to a resistance error of 1%. Resistance
wire with a different specification may also
be used, although the required values of 1 Q
and 0.5 Q will be a little more difficult to cal-
culate.

The indicated length of the resistance
wire applies to where it is connected to the

+Rx and -Rx terminals. This means that the
wires must be made slightly longer than 2 m
or 1 m to allow the ends to be connected to
terminals [+ and I-. Having prepared the
calibration resistors, put them aside for the
moment.

First, null the moving-coil meter mechan-
ically by adjusting the screw on the front.
Switch on the instrument, and turn the range
switch to select the 100-mQQ 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 stowly. This is no
cause for alarm, however, since it indicates

MILLIOHMMETER

that Ci is charged by the input off-set cur-
rent. This effect disappears as soon as a resis-
tor 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 | terminals of the instrument.
Do not connect the resistor to the Rx termi-
nals 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 a resistance
of 1 Q. Adjust P1 until the peak value of the
measured voltageis 1 V. This sets a peak cur-
rent of 1 A. Remove the scope connections,
and connect the 1-€ resistor to the Rx termi-
nals. Switch to the 1-Q range, and adjust P2
for full-scale deflection of the meter.

Finally, connect the 0.5-Q resistor, and
switch the instrument to the 0.5-Q range. Ad-
just Pt until the meter indicates (.5 €.

This concludes the adjustment of the
milliohmmeter. At this point, you may fit the
front panel, and apply the ready-made two-
colourself-adhesive foil that gives the instru-
ment a professional look. [ ]

Other test instruments in this series are:

- RF inductance meter. Elektor Electronics
October 1989.

- LF/HF signal tracer. Elcktor Electroiics
December 1989.

- Simple AC millivoltmeter. Elcktor Elec-
tronics January 1990.

- Qmeter. Elektor Electronics April 1990.

- Budget sweep/function generator. Elck-
tor Electronics May 1990.

- High-current heg tester. Elcktor Electron-
ics September 1990.

- 400-W laboratory power supply. Elcktor
Electronics October 1990 and November
1990).

910004 -F

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.
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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 a direct voltage is not the
straightforward job it is often assumed to be.
This may be because of the level of the volt-
age: 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 a capacitive voltage di-
vider. But even well away from these ex-
tremes 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, be-
cause a very large resistance produces a high
noise voltage and this will affect the mea-
surement. 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 measure-
ment, there are two types of voltmeter on the
market: those whose internal resistance de-
pends on the selected meter range and those
whose internal resistance is constant (nor-
mally between | MQ and 10 MQ).

The first kind inciudes most low-priced
multimeters, a typical example of which is
shown in Fig. 8. One of the quality criteria
of these instruments is their characteristic re-
sistance, which isexpressed in ohms per volt.
The internal resistance, Rin, is calculated by
dividing the characteristic resistance (2) by
the full-scale deflection (V) of the relevant

Fig. 8. Typical analogue multimeter.
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meter range.

The inverse value of the characteristic re-
sistance gives the current that flows through
the network at full-scale deflection.

For instance, if the characteristic resis-
tance of the instrument is 100 kQ/V, its in-
ternal resistance over the 1-V range is
100 kQ, over the 3-V range, 300 k€2, and
over the 5-V range, 500 kQ.

The input amplifier stage of a typical mul-
timeter shown in Fig. 9 is a grounded-emitter
circuit with current feedback. Were the volt-

900113-1-12

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

age measured across R2, there
would be a problem because. if,

sistance.

It is interesting to calculate how much
greater the measurement error is when a
20 kQ/V instrument is used instead of, say,
a 50 kS2/V one. Once you know the problem,
it is quite possible to use a low-priced mul-
timeter for most voltage measurements and
guestimate the error. However, in the long
run, that is not a satisfactory solution to the
problem. Fortunately, manufacturers are
aware of this and modern instruments have
a much 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. im-
pedance converters (simulating the valve
voltmeters of yesteryear).

Instruments with
input amplifiers

Instruments with input amplifiers generally
have a high input resistance, at least | MQ,
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 resis-
tance of even 1 MQ can cause errors.

To understand the function of an instru-
ment with input amplifier, consider the cir-
cuit in Fig. 10. This shows the layout of an
electronic voltmeter, which may actually be

correctly, the 3-V range is selected.
the internal resistance of the instru-
ment is 300 kQ. Unfortunately, this
resistance is in parallel with R2, so
that the ratio of divider R1-R2
changes according to the selected
range and this will, of course, give
rise to incorrect measurements, In
such a case, it may, therefore, be
better to select ahigherrange. 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 pos-
sible.

From the above, it is clear that
measurements in high-resistance
circuits, such as opamp inputs and
base and gate inputs of transistors

v
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and FETs respectively, require in-
struments with a high internal re-
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Fig. 10. Circuit of a simple meter amplifier.



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 k€2, which is equal to the char-
acteristic 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 k€2 resis-
tance and a potentiometer. Prior to each mea-
surement, the potentiometer must be set to
ensure zero reading of the meter.

Figure 11 shows the circuit of a commer-
cial impedance converter for multimeters,
which may be used in virtually any kind of
multimeter. In use, the instrument must be

input resistance is 10 MQ and is independent
of the selected metering range.

Digital multimeters generally also have a
high input resistance (up to 10 MQ), but the
measurand* must additionally be translated
by an analogue/digital converter. Their ac-
curacy is, therefore, dependent on the accu-
racy of the converter.

As mentioned before, the last digit of the
read-out of a digital multimeter is error-
prone and should, therefore, not be taken into
account where great precision is required.

Measurement of

alternating voltages

What has been said about the internal resis-
tance 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 re-

set zero

sistance for alternating volt-
ages is lower than that for di-
rect voltages, and is typically
20kQ/V=and 5kQ/V~. This
is because for alternating
voltages to be measured by
moving coil meters, it is nec-
essary for them to be recti-
fied. Now, every rectifier
diode has a fairly significant

900113-l1-14

threshold voltage and for that
reason the full-scale deflec-
tion on the lowest metering

Fig. 11. Typical commercial impedance converter for multimeters.

set to the most sensitive current range.
Calibration is effected with R6. Zero setting
is accomplished with R8.

Multimeters for industrial use have rather
more complex circuits than that in Fig. 11,
but they are not necessarily any more exact.
Here, as almost everywhere, you get what
you pay for: if you want good accuracy, you
have to pay a good price.

Figure 12 shows a popular analogue mul-
timeter with integral input amplifier. Its

Fig. 12. Analogue electronic multimeter.

range cannot be very small.

To reduce the effect of the
threshold voltage, it is nor-
mal to use diodes in only one section of the
bridge rectifier and resistors in the other sec-
tion—see Fig. 13. This arrengements leads
to an additional current through the resistors
and this lowers the internal resistance and
also the sensitivity. When the instrument has
an input amplifier these aspects are of no
consequence, because the impedance con-
verter at the input isolates the measurand*
from the meter section.

There are two other problems in measur-

TEST & MEASUREMENT

I1>IM
12 11750 +12

900113-1-16

Fig. 13. Many multimeters do not use a full 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 reli-
able if the measurand* is not sinusoidal.

The second problem is again not too se-
rious in analogue instruments, since the fre-
quency range of them is generally consider-
ably higher than that of digital instruments.
Many digital instruments have an upper fre-
quency range as low as 400 Hz so that even
measuring audio signals with these becomes
probilematic. 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 smalj
print in the specification contained in the op-
erating manual. Figure 14 shows the, dra-
matically different, frequency ranges of two
digital multimeters. One may be used up to
100 kHz, whereas the other becomes unreli-
able above | kHz.

(to be continued)

* measurand = electrical quantity to be, or
being, measured.
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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 1 kHz.
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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 a car, in a studio, or on a stage.

K. Orlowski

EVERSED phase connections in an Figure 1a shows the set-up used to check the  the right way around. The LEDs on the re-
audio equipment system give strange  polarity of a microphone, and Fig. 1b that ceiver provide a quick indication whether or
and unpredictable effects such as the un-  used to ensure a loudspeaker is connected  not the received pulses have the same polar-
wanted attenuation or boosting of a particu-
lar 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 tl
on a transmitter and a receiver with a simple
good/fault indication, the instrument will
check out the system from the input (micro-
phone or line input) right through to the out-
put (loudspeaker or line output).

The transmitter supplies positive or neg- Transmitter Amplifier
ative needle pulses, which are fed either elec- b
trically to an equipment input, via the
line-cinch output socket, or acoustically to a
microphone, via the built-in loudspeaker.

)]
|1 Iﬂ Ve Ve
Accordingly, the receiver has an electrical

(line) input and an acoustic (microphone)

input. 900114-11

The drawings in Fig. 1 illustrate two
ways of using the transmitter and the re-
ceiver for phase tests on audio equipment.  Fig. 1. Application examples of the phase-check system.
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@@ y LOYW CONSUMPTION MOYVEMENT DETECTOR

This highly sensitive movement detector is
designed from bipolar transistors and
draws a current of only 0.3 mA during qui-
escent operation. It is intended primarily
for use as a protection device, but may also
be used in certain games.

Mechanical movement detectors react
only to large changes in velocity or vibra-
tions that set a metal 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 at-
tempt at doing so is punished by the
sounding of a buzzer.

Yet, the principle is simple: a magnet is
suspended by a thin thread 20-30 mm long
a few millimeteres above the coil of a relay
(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
relay coil will induce a tiny varying volt-
age across the coil.

Although an opamp could be used for
the amplification of this tiny voltage, types
that combine low consumption with single
supply voltages are rare and expensive.
The present design therefore uses discrete
bipolar transistors that are easily available,
draw little current and are not expensive.

The first stage consists of a common
emitter design with automatic regulation.
The collector resistors and the resistors in
the regulation bridge have unusually high
values.

Feedback from the bridge ensures sta-
bility of operation of T1. Each increase in
collector voltage will be opposed by an in-
crease in base-emitter current. Conversely,
each reduction in collector voltage will be
opposed by a decrease in base-emitter cur-
rent. Consequently, the collector voltage
will stabilize at a value that corresponds to
a base voltage of about 0.6 V. Capacitor C1
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 1 prevents automatic regula-
tion. 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 a low output impedance, be-
cause this would adversely affect the over-
all amplification,

Because of that, T1 is followed by an

ELEKTOR ELECTRONICS USA DECEMBER 1990

T1..T4 =2N2222 *

% see text

10005 RS 1k

©
904072~ 11 ¢

emitter follower, T2, which provides the
coupling between T1 and T3. Resistor R5
allows a partial discharge of C2 if T2 is
switched off by a reduction in the output
of T1. Since this resistor, because of the
low- consumption requirement, has a high
value, the circuit will attain its maximum
sensitivity some ten seconds after the last
movement detection. This is the time re-
quired for the charge on capacitor C2 to
stabilize.

The detection proper is carried out by
T4, which switches on when the voltage
variations in the amplifier, passed on by
C4, reach a level of 0.6 V. Saturation of T4
leads to the instant charging of C5. This ca-
pacitor will discharge partly via R10 and
R11 to the base of T5 when T4 switches off
again. When C5 discharges, T5 is thus on

and this will make Té conduct. This in turn
will actuate a load, for instance, a buzzer,
in the collector circuit of Té.

The sensitivity of the detector depends
to a large extent on the distance between
the magnet and the relay and the length of
the ‘pendulum’.

If the circuit is powered by a battery,
there is a little problem: batteries have a
large internal resistance. This means that
the supply voltage may vary by some
tenths of a volt if a sudden, large current is
drawn. If the buzzer has stopped after a
detection, such a situation can lead to a re-
triggering of the circuit and this may cause
undesired oscillations. To prevent this hap-
pening, the supply of the amplifier stage is
decoupled by R3 and Cé. u

(O. Bailleux)

| owk
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SIGNAL SUPPRESSOR FOR ALL-SOLID=-STATE PREAMPLIFIER @@ 2

The all-solid-state preamplifier we pub-
lished some months ago (Ref. 1) is con-
trolled entirely electronically, including
the switching of the inputs. When several
inpinput sources are active, and switching
takes place between two of them, the sig-
nals of the sources between them may be
heard, admittedly for a very short time.
Nevertheless, this may be inadmissable in
certain circumstances.

The remedy for this is fairly simple:
connect a buffer between the control lines

of the basic PCB and the switching inputs to the
multiplexer. This buffer retains the data of the cur-
rently selected channel until a definite code is pre-

sent for the newly selected channel.

The circuit presented here acts as that buffer
and is inserted between connectors K14 and K17.

Three pins of those connectors are
not used in the original circuit
and these are therefore available
to provide a symmetrical supply
voltage and the necessary clock
signal to the present circuit. The
17.5 V supply is taken from pins 8
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and 16 of IC37 and fed to pins 9
and 10 of K17 while the clock sig-
nal is taken from pin 11 of IC35
and applied to pin 11 of this con-
nector. The connections are sim-
ply made with short lengths of in-
sulated circuit wire. n

Reference: “All-solid-state pre-
amplifier”, Elektor Electronics, De-
cember 1989.

PARTS LIST
Resistors
Ri=1M
R2=10M
R3 =220 k
P1 =1 M preset

Capacitors
C1=100n
C2=47n

C3=820n

Semiconductors
D1, D2 = 1N4148
IC1, IC2 = 40174
IC3 = 4538

Miscellaneous

K1, K2 = header FC14VB

14-way flat cable, 10 cm

2xfemale header, 14-way for cable

*BATR FULLY INDICATOR
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Running a bath can end in a minor domes-
tic disaster if you forget to turn off the taps
in time. The indicator presented here actu-
ates 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
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cast-iron or steel bath, the indicator is se-
cured to it with the aid of a magnet glued
on to the case. To prevent scratching the
bath, the magnet may be covered in plastic
or rubber. If you have a polypropylene
bath, the indicator may be stuck on to it
with blue tack or double-sided adhesive
tape.

When the water reaches the sensor, the
base of T1 is connected to the positive sup-

94

Simple function generators normally pro-
vide sinusoidal, rectangular and triangular
waveforms, but seldom a sawtooth. The
circuit in Fig. 1 derives a a sawtooth signal
from a rectangular and a triangular signal.
Its quality depends on the linearity of the
triangular signal, the slope of the edges of
the rectangular signal and the phase rela-
tion between the rectangular and triangu-
lar signals.

The conversion is carried out in IC1.
Whether the triangular signal at input A is
converted or not by IC1 depends on the
state of T1. This FET is controlled by the
rectangular signal at input B.

The signal at the output of the opamp is
a sawtooth—see Fig. 2—whose trailing
edge is inverted. The frequency of this sig-
nal is double that of the input signals.

If in this state the d.c. level of each in-
verted edge is raised sufficiently to make
the lower level of that edge coincide with
the higher level of the preceding edge, a
sawtooth signal of the same frequency but
double the peak value of the input signals
is obtained. The d.c. level is raised by
adding input B to the output of IC1 via R7
and P1. The preset should preferably be a
multi-turn type.

Resistors R2 and R4 are 1% types.

If a rectangular signal is not available,
or its peak value is too small, the auxiliary
circuits shown in Figures 3 and 4 will be be
found useful. That in Fig. 3 amplifies the
triangular input at A by 10. Differentiating
network C1-R10 derives rectangular pulses
from the amplified triangular signal and
these are available at F.

The pulses at F are shaped by the cir-
cuit 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-
frequency signals.

ply line. As a result, T1 and T2 are
switched on so that buzzer Bz1, a self-os-
cillating type, is actuated. The current
drawn by the circuit in that condition is
about 25 mA.

In case the circuit is actuated by steam,
its sensitivity may be reduced by increas-
ing the value of R2. It is recommended to
tin the PCB tracks to prevent corrosion. W

(D. Lorenz)

SAWITOOTr CONVERIER

PARTS LIST
Resistors;
R1 =470k
R2 =100 k
R3 = 2k2

Semiconductors:
T1, T2 = BC548C

Miscellaneous
Bz1 = active piezo-ceramic resonator

904033-11

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

The convertor provides sawtooth sig-
nals over the frequency range of 15 Hz to
15 kHz. If the auxiliary circuits are used,
capacitor C1 must be compatible with the
frequency of the sawtooth signal (its value
lies between 2 nF and 100 pF).

The supply for all circuits may be be-
tween 10 V and #15 V. Each opamp draws
a current of 4-6 mA. u

(A. Ferndown)

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

L

——d

904033-12

¥ see text

90403313

904033-14

Fig. 3. Circuit for amplifying the input at A in Fig. 1.

WorldRadioHistory
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Fig. 4. Circuit for shaping the rectangular
pulses at output F in Fig. 3.



The electronic ignition circuit presented
here is intended to be inserted into a car's
conventional ignition system. In effect, it
replaces the original 12 V switching circuit
in the primary winding of the coil by one
generating more than 100 V. It thereby
converts a current circuit, which is upset
by lead and stray resistance, into a voltage
circuit that is much more efficient.

The pulses emanting from the contact
breaker, shown at the extreme lower left-
hand side of the diagram, are applied to
transistor T1 and subsequently differenti-
ated by R3-C1. This causes a negligible ig-
nition delay. The current through the con-
tact-breaker points is determined by the
value of R1. This value has been chosen to

S7
sLECTRONIC ISNITION @ @ 5

ensure that the points remain clean.

Transistor T1 is followed by two
monostables, ICla and IC1b, which are
both triggered by the output pulses of T1.
However, whereas ICla is triggered by the
trailing edge, IC1b is by the leading edge.

Monostable ICla passes a pulse of
about 1.5 ms—determined by R4-C2—to
NAND gate IC2a. This gate switches off
high-voltage darlington T3 via gates IC2b,
IC2¢ and IC2d, and driver T2, for the du-
ration of the pulse. Gate IC2 ensures that
T3 is switched on only when the engine is
running to prevent a current of some am-
peres flowing through the ignition coil.

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

output remains logic high. The mono time
of this stage is about 1s and is determined
by R5-C3.

Darlington T3 is switched on via T2
and 1C2a-IC2d as long as ICla does not
pass an ignition pulse.

When the engine is not running, the Q
output of IC2b goes low after 1 s and this
causes T2 and T3 to be switched off.

The two series-connected 180-V zener
diodes protect the collector of the BU932R
against too high a voltage.

The darlington must be fitted on a suit-
able heat sink. u

(H. Dopfer)

BU932R
glin R4

%’1}( =
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47k

[ ® v
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' al 00n | 220, NS400
; . -t = ::: IC1=4538 830V zsvu
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Q904116-11

The construction of a UHF amplifier fright-
ens most people, unless they are experi-
enced radio/TV enthusiasts. They should,
therefore, appreciate the circuit presented
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-

WIDEBAND Urlr AMPLIFIER

nently suitable for situations where the
television signal is on the weak side. More-
over, the filters may be adapted to the indi-
vidual needs of users.

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

o> »

10...47pF

10...100pH

904079 - 12 -L
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vered for optimum performance and long
life.

The opening at the centre of the board
is intended to accommodate the transistor.
This device has two emitter pins, both of
which should be connected to ground.

The drawings show that the board is di-
vided into two by a small piece of tin plate,
which should have a small 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

ELEKTOR ELECTRONICS USA DECEMBER 1990
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% see text

25C3358

PARTS LIST
Resistors:
R1,R2=1k
R3 = 2k2
R4 =470 Q
P1 =5 k preset pot meter

Capacitors:

C1, C2, C6, C7 = 10 p surface-
mount

C3=10p;35V

C4, C8 = 10 n disc type

C5, C9 = 1 n disc type

Inductors:

L1, L2 = air cored, 2 turns of 3 mm
dia enamlled copper wire

L3, L4 = 10 uH choke or 10 turns of
0.2 mm dia enamelled copper wire

on a ferrite bead.

Semiconductors:
T1 = 25C3358

for which a fairly large soldering iron
should be used.

All remaining components should be
fitted with their terminals cut as short is
feasible.

Input and output capacitors, C1 and 2,
and C6 and C7 respectively are surface-
mount types. C1-C2-L1 form an input fil-
ter and C6-C7-L2 an output filter. The
value of the capacitors may have to be

lowered to 3.9 pF to obtain the correct fre-
quency range.

The overall frequency characteristic is
shown in the second photograph.

The amplifier may be housed in a wa-
tertight case and then mounted near the
antenna at the top of the mast (if used).

The power is obtained from a simple
stabilized 12 V supply: a mains adaptor
with a 78L12 will do nicely. This may be
kept indoors, of course. The amplifier may

[0 7 LIGHT SUARANTEED

The circuit presented here guarantees that
if bulb Lal gives up the ghost, bulb La2

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

WorldRadioHistory
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be powered via the coaxial feeder cable,
for which purpose a 10-100 pH choke is
inserted in the supply line.

The television receiver is connected to
the amplifier via a small coupling capaci-
tor as shown on the previous page.

Calibrating the amplifier is straighfor-
ward: set P1 to the centre of its travel and
then adjust it for optimum picture quality.
In practice, the collector current of the
transistor is then 5-15 mA. This may be
checked by temporarily replacing jump
lead A by a milliammeter. =

(K. Kraus)

In series with Lal is triac Tri2. Resistor
R3 and C2 form a delay network. As soon



The control circuit of La2
is parallel to that of Lal, but
because R2-C1 has twice the
delay of R3-C2, Tril will not

be triggered when Tri2 con-
MT1

T2 ducts. When Tri2 conducts,
¥, Tic2zeM i )
e ol C1 discharges, so that Tril
226M can not be triggered.

Lal
MT1- -9
4

204071-11

When, however, Lal is
open-circuited, there is a
voltage across both RC net-
works via La2 and RI.
Again, Tri2 will be triggered
first, but since the current

MT2

as the voltage across C2 rises above about
30 V, diac (= gateless triac) D2 is switched
on, which causes Tri2 to conduct, so that
Lal lights.

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, accu-
racy is better than 0.5%.

The circuit is based on address decoder
IC4. Fed with signals 1/01, A0, A1, R/W
and 2, this IC ensures that read and write
instructions to addresses DE0OO and DEO1
of the C64 fulfil the functions indicated in
the table.

DEOO  write start A-D conversion

DEO0 read read result of A-D conversion

DE01  write  write data for A-D conversion

DEO1  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 con-
verter is set with P1. 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
12.5 V for a.c. coupled ones. The reference
voltage may be reduced proportionally for
small input signals: this ensures that for

through it is smaller than than its holding
current, it will cease to conduct almost im-
mediately. Capacitor C1 will then continue
to charge and after a little while Tril is

Cdd A-D AND D-A CARD

S9

switched on.

Because the time constant for La2 is
somewhat longer than that for Lal, La2
will always be slightly less bright than
Lal. It is, of course, possible to give La2 a.
slightly higher wattage than Lal to ensure
equal brightness.

Without heat sinks, the triacs can han-
dle up to 100 W each; with heat sinks
powers of up to 1000 W may be accommo-
dated. It is not recommended to use bulbs
with a wattage below 25 W since these
may flicker.

The triacs may be any type that can
handle at least 400 V at not less than 5 A.
The M types used in the prototype can
handle 600 V at 5 A. |

(O. Bailleux)

903

KK1=LM124

IC2 =74L5125

904066 - 11
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Resistors;
R1i=1M

R2,R6, R7 =10k
R3=1k

R4, R5 =47k

P1, P2 = 10 k preset

Capacitors:

C5,C12=1n

C8 =100 u, 16 V, axial
C9, C10,C11 =100 n

PARTS LIST

Semiconductors:
IC1 =LM124

IC2 = 74LS125
IC3 = ADC0804
IC4 = 74L.S138
IC5 = 74L.S273
IC6 = ZN4226

C1,C2,C3,C6,C7=1p
C4 = 4u7, 16 V, radial

those smaller signals the full 8-bit resolu-
tion is retained.

Analog-to-digital conversion is started
by writing to address DE0O. When that is
finished, output INTR will go low: this
state may be checked by reading address
DEO1 and ascertaining that bit 7 is 0. The
result may be read by the computer at ad-
dress DEQO.

Digital-to-analog conversion is even
simpler: the data are written to address
DEQO1 and that'’s all.

9029

Teledyne Semiconductor’'s Type TSC9402 is
a versatile IC. Not only can it convert volt-
age into frequency, but also frequency into
voltage. It is thus eminently suitable for
use in an add-on unit for measuring fre-

ELEKTOR ELECTRONICS USA DECEMBER 1990

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

With jumper B in position AC, the ana-
log output signal is passed through a low-
pass filter with a cut-off frequency of
15 kHz. This ensures that the sample
frequency and its harmonics are sup-
pressed during the reproduction of audio
signals.

When test signals are produced, it is
better not to use filtering: jumper B must
then be set to position DC.

quencies with a multimeter. Only a few ad-
ditional components are required for this.
There is just one calibration point to set
the centre of the measuring range (or of
that part of the range that is used most fre-

WorldRadioHistory

The reference voltage in the D-A con-
vertor should also not be greater than
2.5 V: the level is set with P2.

To enable the PCB to be ‘through-
plated’, additional pads have been pro-
vided. Before any components are fitted,
short lengths of bare circuit wire should be
soldered to both sides of these pads. Once
that is done, the components need solder-
ing only at the track side of the board. W

(C. Kuppens)

FREQUENCY TO YOLIASE CONVERTER

quently).

The frequency-proportional direct volt-
age at the output (pin 12 -~ AMP OUT) con-
tains interference pulses at levels up to
0.7 V. If these prove to have an adverse
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A line amplifier is always a useful unit to
have around, be it for matching a line sig-
nal or raising its level somewhat. This may
be needed during a recording session or
with a public-address system. Further-
more, a line mixer may be constructed
from a number of these amplifiers.

The input of the amplifier is proof
against high voltages. The output imped-
ance is low.

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

UNIVERSAL LINE AMPLIFIER

control system. The volume control at the
input is conspicuous by having its ‘cold’
side connected not to ground but to the
output of the first amplifier. Because the
signal there is out of phase with the input
signal, the amplifier obtains negative feed-
back via P1. The amplification is therefore
inversely proportional to the magnitude of
the input signal. This makes it possible for
the amplifier to accept a wide range of
input levels. It is quite possible to input a
signal taken direct from the loudspeaker
terminals of a power amplifier.

SN

fect on the multimeter, they may be sup-
pressed with the aid of a simple RC net-
work. The output voltage, U, is calculated

by:
Up = Upef (C1+12 pF) Ry fin (V1

Since the internal capacitance often has a
greater value than the 12 pF taken here,
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 a value of 3.4 V.

The circuit draws a current of not more
than 1 mA. u

(T. Giffard)

U,

The supply voltage is 24 V; at that volt-
age the amplifier draws a current of about
4 mA. If several amplifiers are used in con-
junction (as, for instance, in a mixer panel),
the various supplies (+ and ++ in the dia-
gram) may be interlinked. Capacitors C17,
C18 and resistor R7 need not be duplicated
in that case. n

(A. Ferndown)

* P.J. Baxandall, “"Negative feedback tone
control”, Wireless World, 43, 402, October,
1952; 43, 444, November, 1952,

Q
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MATRIX INTERFACE FOR KEYBOARDS

00000606065
A g

Keyboards may be slotted
into two categories, at least as o — Aove
a
far as the manner in which [P
. . 4066 4066 4066
the switches are connected is . 3
concerned: those with a com- Z'
g 2 cous
mon connection and those s
with the switches arranged in 5 coL2
m tri / R1_IR2 |R3 |Rs =
amatox. % E E a E IC2a 12
The matrix type has the vag é ot T fioe 40;0““
important advantage that the /4 i3 5
number of connections is an % 3 Z
absolute minimum. Such an o 0/: : Rowo
arrangement is ideal for ICs N cou e —
og 7 R5 |re |R7 |Rs = /__
and many of these are there- o4+—7 E E E E (caa — /om
fore designed for use with a £ :—,5/ oo T Ofines oszowz/ﬁfoﬁ—
matrix keyboard. o—7, @ g [ cou:
However, there are many D 9 ;//9 ;’ e
keyboards available in job o _ﬂ/: é
lots, for instance, that apart O ~ co /]
: . O R/ re _|R10 |R11 |R12 %
rom a common connection o___L/U 7 E E E E (caa . P o %
also have a connection for O =7 Ue7az ] Lsleml ifeZole] Lafgrole ol
o 7 4066 4066 4066 4066
each key. Such keyboards o E %c s g 2 g 5..15V
may be connected to ICs that — %
. . £
require a matrix type with the /,,
aid of a number of electronic
SWitCheS R13 |R14 |R15 |R18
The principle is straight- E E
forward: each key of the key- sosoer

board controls an electronic
switch included in a matrix. As an exam-
ple, the diagram shows a hexadecimal key-
board that is arranged in a 4x4 matrix.
Each of the electronic switches is held in
the open position by a pull-down resistor.

912

The special characteristic of this regulator
is that the output voltage may be adjusted
down to 0 volt. The regulation is provided

If a key on the keyboard is pressed, the as-
sociated electronic switch closes.

The current drawn by the circuit is
very small and is determined mainly by
the value of the pull-down resistors and

SUPPLY VOLTAGE FROM © YOLT

by an integrated regulator Type LM317. As
is normal in supplies that can be adjusted
to 0V, this IC is used in conjunction with a

the number of keys being pressed. The
CMOS switches draw virtually no current.
(T. Giffard)

zener diode. This diode provides a refer-
ence voltage that is equal but of opposite
sign to the reference voltage U, of the reg-

+Uin

Ur

Uin

)
~ 904041 - 1

+Uin @———D-

adj.
aj. |
Vout

Vin

't ©

904041 - 12

Fig. 1.
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Fig. 3.

+15V(D— i

LF356
(uA741)

©

o
sV

ulator, as shown in Fig. 1. Potential divider
R1-R2 enables adjustment of the output
voltage.

In the present circuit, the negative ref-
erence voltage is derived in a different
manner: from the regulator with the aid of

r -'
:‘ h
-‘l =y =
abcdel abcdel

HD 1133
HON 1133

gtKabd

----- o
P

--W

K = common cathode
Dimensions i mm

904031-1
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Teledyne Semiconductor’s Type TSC9402
IC is eminently suitable for use as an inex-
pensive current-to-frequency converter.
The maximum input current of the design
shown in the diagram is 10 pA (input volt-

@@@@@N‘Zf ‘ZT@ F@@.@@N@V @@NVE’@FE’@

..‘ e
1";

age range is 10 mV to 10 V), while the out-
put frequency range extends from 10 Hz to
10 kHz. The conversion factor is exactly
1 kHz/pA. The factor may be altered by
changing the value of R1, as long as the

WorldRadioHistory
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an opamp as shown in Fig. 2. The opamp
is connected as a differential amplifier that
measures the voltage across R1 and inverts
this voltage to U,. An additional advan-
tage of this method is that at low output
voltages a change in the reference voltage
has less effect on the output voltage than
the circuit in Fig. 1. The prototype, con-
structed as shown in Fig. 3, gave very sat-
isfactory results.

The opamp need not meet any special
requirements: a Type pA741 works fine, al-
though an LF356 gives a slightly better
performance.

The negative supply for the opamp
may be obtained with the aid of a centre-
tapped mains transformer. .

(L. Nunnink)

913

The indicator is intended to display the
clock frequency of a personal computer
(PC) in megehartz. It consists of two com-
mon-cathode displays (Type HD1107 for
10 mm high figures; Type HD1133 for
13.5 mm high figures), a two-position
switch and a number of Type 1N4148
diodes to control the lighting of the dis-
plays. Furthermore, to limit the current
through the displays, a 270 Q resistor is
connected in series with each diode.

With the switch in position ‘8’, the dis-
plays show the normal speed of the PC
and in the lower position the’turbo’ speed.
With some dexterity, it is possible to use
the turbo switch on the computer instead
of the switch shown in the diagram. .

(A. Ferndown)

04

maximum input current of 10 pA is not ex-
ceeded.

The circuit has two outputs. That at pin
8 is a short-duration pulse whose rate is di-
rectly proportional to the input current,

ELEKTOR ELECTRONICS USA DECEMBER 1990
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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 a frequency meter to pin 8 (prefer-
ably one that can read tenths of a hertz)
and connect a voltage of exactly 10 mV to
the input (check with an accurate millivolt-
meter). Adjust P1 to obtain an output of
exactly 10 Hz. Next, connect a signal of ex-
actly 10 V to the input and check that the
output signal has a frequency of 10 kHz. If
this frequency can not be attained, shunt
C1 with a small trimmer or replace R1 by a
resistor of 820 kQ and a preset of 250 kQ.
The circuit may be adapted to individ-
ual requirements with the aid of:
[Hz]

fout = Lin Uy(Cq + 12 pF)

The reference voltage, U,, hereis-5V. W

(T. Giffard)

It often happens that an electric guitar has
to be connected to a mixing panel, a tape
deck or a portable studio. As far as cabling
is concerned, that is no problem, but
matching the high impedance of the guitar
element to the low impedance of the line
input of the mixing panel or tape deck is.
Even the so-called high impedance inputs
of those units are not suitable for the guitar
output. When the guitar is connected to
such an input, there is hardly a signal left
for the panel or deck to process.

L
L)

4 |6 |1
. —®
RG —
-)5v
904050 - 11

It would be possible to connect the gui-
tar to the (high-impedance) microphone
input, but that is normally far too sensitive
for that purpose, so that clipping of the
guitar signal occurs all too readily.

The matching amplifier presented here
solves those problems: it has a high-
impedance (1 MQ) input that can with-
stand voltages of over 200 V. The output
impedance is reasonably low. Amplication
is X2 (6 dB). Dual tone control, presence
control and volume control are provided.

MATCHING AMIPLIFIEZR FOR ELECTRIC GUITARS

The circuit can handle input levels of
up to 3 V. Above that level distortion in-
creases, but that is, of course, a good thing
with guitar music. Real clipping of the
input signal does not occur until much
higher levels than obtainable from a guitar
are applied.

Power is supplied by a 9-V (PP3) bat-
tery from which the circuit draws a cur-
rent not exceeding 3 mA. u

(A. Ferndown)

9V/<3mA

nuc c12] P4

'oﬂ 22k
o9

904043 - 11
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The mute circuit presented here is spe-
cially designed for use with the Roland
MT32 module, although with some small
alterations it should be suitable for use
with other makes of expander or synthe-
sizer. It is intended to eliminate the noise
that the expander produces after a note-
off. This noise, which remains audible, be-
comes pretty irritating after a while when
the expander is used at home. For studio
use a noise gate is, of course, used.

The circuit is intended to be fitted in-
side the MT32, for which there is ample

DIGIIALLY CONTROLLED MUTE CIRCUIT

space.

Muting proper is effected by two field-
effect transistors (FETs) Type BF244 or
BF245. These devices short the analogue
output of the expander to ground when
there is no signal.

The circuit is triggered by the data on
the databus immediately preceding the
digital-to-analogue (D-A) converter. The
data are active low.

Data is taken from dataline DO and
compared with a 5-V reference voltage,
provided by potential divider R2-R3, in

RS
D1,D02=1N4148 §
D2 =

o1 R4 nem
—O(
e BF244;BF245 .
—0 <]
BF244;BF245 .

904082 - 11

With today's mains and FM duplex inter-
coms, the traditional circuit presented here
creates an almost old-fashioned image.
Nevertheless, it works very well, is easy to
build and uses only standard parts and
components.

The design consists of an amplifier, a
double-pole change-over switch and two
loudspeakers: one for the master station
and one for the slave. More than one slave
unit may be used, but each requires an ad-

rWo-WiRE INTERCOM

ditional change-over switch.

The power amplifier is a Type LM384,
which can provide almost 2 watts output
at a supply voltage of 15 V. Pins 3, 4, 5, 10,
11, and 12 are connected to ground and at
the same time afford some cooling of the
device. Because of that, the IC should not
be fitted in a socket, but be soldered direct
to the circuit board.

The LM384 processes signals with re-
spect to earth so that an asymmetric sup-

WorldRadioHistory
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IC1. When DO is high, the circuit is inoper-
ative and the output of the opamp is about
+5V.

The FETs obtain their gate voltage from
the junction R6-C4-D2 via R7 and RS.
Since that voltage is also around +5 V, the
FETs conduct and short the output of the
expander to ground.

When DO goes low, the output of the
comparator will also go low (negative).
How low depends on the setting of P1. At
that instant, C4 is discharged at once via
D2 and the gate voltage of the FETs be-
comes negative. The FETs then switch off
and the output signal of the expander is
present. If this is a short, percussive signal,
C3 will discharge only partially via D1.
When DO goes high again, the FETs will
gradually begin to conduct. The rate of
change of the gate voltages is determined
by Ré6 and C4.

When the output signal of the ex-
pander is of longer duration or has consid-
erable 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 a gradual attenuation of the
expander signal, so that a reverberation 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 a current
of about 6 mA.

Preset P1 must be adjusted empirically
to individual taste. |

(A. Ferndown)

917

ply suffices. The amplification has been set
internally to x50 (34 dB). The IC’s supply
line is decoupled by C9.

To ensure adequate input sensitivity, a
preamplifier, IC1, is provided and this has
an amplification of x11 (21 dB). Because
this stage is intended for speech only, its
bandwidth is limited to 160 Hz to 10 kHz.
Divider R2-R3 at the input of the opamp is
decoupled by C3.

Special loudspeakers that can also serve

ELEKTOR ELECTRONICS USA DECEMBER 1990
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as microphones are readily available: in
the prototype MS-55 units from Monacor
were used, but there are a number of other
makes that will do just as well. The band-
width of the MS-55 used as loudspeaker
extends from 150 Hz to 20 kHz and used
as a microphone from 20 Hz to 20 kHz.
The MS-55 can handle up to 5 W output.

To ensure satisfactory operation, partic-
ularly as a microphone, the loudspeaker
must be fitted in a closed box.

Although it is advantageous that the
‘microphone’ has a low internal resistance,
it makes it necessary for a transformer to
be used at the input of the circuit. This
has, however, the advantage that long ca-
bles may be used. The present circuit uses

913

The design described here enables the se-
lection of up to eight inputs of a preampli-
fier without any switch clicks or other
noises. It may be used with virtually any
preamplifier, provides individual switch-
ing of tape and line outputs, and enables
monitoring of a tape recording. Morever, it
needs relatively few components and is so
compact that together with a high quality
preamplifier it takes no more space than a
typical car radio/cassette player.

Typical inputs and outputs of a pream-
plifier are shown in Fig. 1. There are seven
line inputs that are switched into a signal
bus by relays Rel-Re7. Tape OUT is also

a standard mains transformer instead of a
special microphone transformer. For this
purpose, the secondary (6 V) winding is
connected to the ‘microphone’. The micro-
phone impedance is thereby magnified
from about 8 Q to around 10 kQ. The
power handling of the transformer has
been chosen quite high to ensure that sig-
nal losses in the primary winding are kept
to a minimum. Capacitor C1 suppresses
HF interference.

If the mains transformer and the ‘mi-
crophone transformer’ are housed in the
same enclosure, some trial and error and
screening are necessary to eliminate hum.

It may also happen that the ‘micro-
phone transformer’ itself causes hum in

AUDIO INPYUT SELECTOR

contained in the signal bus and may be
switched by relay Rel0.

Relay Re9 enables either the signal bus
or the tape IN(put) to be connected to the
preamplifier.

Relay Re8 switches the line OUT(put)
on or off. To ensure that no switching
clicks will be audible from the loud-
speaker(s), each switching action at the
input causes Re8 to switch off the line
OUT(put). As soon as the switching action
is completed, Re8 switches the line OUT
into circuit again.

It must, of course, be possible, when a
tape recording is being monitored, to

WorldRadioHistory
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the remainder of the circuit. In that case,
the preamplifier stage must also be
screened.

In the prototype, the speech bandwidth
was limited to 400 Hz to 4 kHz and this
proved perfectly acceptable for good
speech transfer.

Most of the current drawn by the cir-
cuit flows through the power amplifier. At
worst this amounts to 210 mA (680 mA
peak), when the amplifier delivers 1.8 W
output.

The LM384 can deliver a power of up
to 5 W. The supply voltage should then be
raised to 22 V and a heat sink for the de-

vice will be necessary. |
(T.Giffard)
Tape o
our Ae 10

out

R

Fig. 1,
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PARTS LIST
Vos® , Resistors:
; R1, R6, A7, R9 = 10k
; R2, R3 = 100 k
™ ; common R4 =27k
_____________ X i R5 =56k
CLEAR | | } EOP:JI:I':’J $TROSE i { ouTy RB = 2k2
i 2] Vo, i . R10-R19=180Q
" s o oo gD k. Capacitors:
N, [4] 19] our, i : C1,C2,C3=100n
ourRuY ,_I.|>__4; : C4=10p,25V
INy [5 ] 18 ] our, cmo‘m | rymicaL mos LATCH E TYPICAL BIPOLAR DAIVER
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-8 D1-D10, D19 = 1N4148
N, 3 ge ] our, | T o D11-D18, D20, D21 = 3 mm LED
N |
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= g2 ou 0 1 0 0 X__| OFF T3 = BC547
Ny L3] our, 1 1 0 0 X | ON IC1 = UCN5801A (Sprague)
GROUND [T1] 1Z] common X X 1 S i OFf IC2 = 4027
X X X 1 X OFF
AE— J J ON 1 ON Miscellaneous:
K Y d Y Wil | W7 $1-810 = press-button switch
(with LED)
K1 = 11-way right-angled PCB
904039 - 13 edge connector
PCB 904039
Fig. 2. Internal circuit, truth table and pinout of UCN5801A.
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Fig. 3. Circuit diagram of the audio input selector.
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switch between the recorded and record-
ing signals without any delay.

The line output may be switched off
manually. When the equipment is next
switched on, the line output is also
switched on but with a short delay.

The whole selection process is made
possible by IC1, which is a special driver
IC from Sprague, Type UCN5801A. This
device contains eight identical latches with
one individual (IN1-IN8) and three com-
mon inputs (CLEAR, STROBE and OUTPUT EN-
ABLE). The latches are connected to darling-
ton power drivers with open-collector out-
puts that can handle a continuous current
of up to 400 mA. All inputs are provided
internally with pull-down resistors and all
power drivers with protection diodes. The
internal circuit, truth table and pinout of
the IC are shown in Fig. 2.

When no signals are being selected, all
inputs of IC1, as well as OUTPUT ENABLE and
STROBE are connected to ground via the
pull-down resistors. CLEAR is permanently
linked to earth.

When one of the switches S1-S8 is
pressed, OUTPUT ENABLE goes high via the
relevant diode and internal pull-down re-
sistor. This level deactuates the NAND gate
at the output of all latches, so that the

Fig. 4. Printed circuit board for the audio input selector.

driver transistors are switched off and all
connected relays, including the 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
be written into the internal bistable.

Because STROBE always goes high after
OUTPUT ENABLE, it suffices for a short, de-
layed pulse to be produced with the aid of
network R1-C1.

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:
the relay of the associated signal source
will then be energized.

When the selector key is pressed, the
STAND BY key must be pressed at the same
time, otherwise, although the input relay
would be energized, the output relay
would not. This is a protective arrange-
ment that may be omitted by replacing D3
by a jump lead. If there is a requirement
for independent on/off switching of the
output relay, capacitor C4, NOT D3,
should be replaced by a jump lead. Note,
however, that in that case the default mode
is lost, that is, when the supply is switched
on, the logic state of the circuit will then be
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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.

The UCNS5801A does not arrange the
actuation of relays Re9 and Rel0: that is
done by two identical J-type bistables con-
tained in IC2, which provide a conven-
tional on-off switch function under the
control of switches S9 and S10, These cir-
cuits serve to switch the TAPE ouT(put) and
the TAPE IN(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
(also to ground via T3), J and K (both at
Up) are switched in such a manner that
each leading edge at the cLock input re-
sults in a change of state at the Q output.
Darlingtons T1 and T2 are power drivers
for the relevant relay; LEDs D20 and D21
indicate whether the associate relay is en-
ergized.

Inverter T3 arranges for both outputs to
be switched to logic 0 when the LINE oUT
relay has been switched off by the sTanD BY



selector switch.

The printed-circuit board has been de-
signed for fitting immediately behind the
front panel of the relevant preamplifier.
The hole next to IC1 is intended for the
spindle of P1—take care that if this is a
metal one it cannot make contact with the
track surrounding the hole. Note that the
terminals of the three transistors should be
bent at right angles before these devices
are fitted to the board. It is best to fit the

There are many times that a designer
needs to know the value of the internal re-
sistance of a battery. There are quite a few
testers that give a relative indication of the
value, but this is seldom in ohms. The pre-
sent tester can, in principle, provide that
information.

The basic idea behind it is to load the
battery with a varying current so as to
cause an alternating-voltage drop across
the internal resistance that can be mea-
sured at the battery terminals. Provided
the current variations are regular and con-
stant, the voltage drop is directly propor-
tional to the internal resistance.

By choosing the variation of the current
carefully, it becomes possible to read the
value of the internal resistance directly on
the scale of an a.c. voltmeter.

The load current is varied with the aid
of a current source, T1 in the diagram,
which is switched on and off by square-
wave generator IC1. The chosen switching
frequency of 50 Hz ensures that the a.c.
component at the battery terminals can be
measured by a standard a.c. voltmeter
(universal meter).

ICs in appropriate sockets. The bias resis-
tors for the LEDs should be fitted on ap-
propriate solder pins at the track side.

The power supply is 6 volt to ensure
smooth operation of the 5-V relays. Both
ICs can stand up to 15V, but if the supply
voltage is altered, the value of the LED
bias resistors should also be changed. The
circuit should not be powered by the sup-
ply of the preamplifier to prevent current
pulses caused by switching operations

BATIERY T55T5R

The battery is loaded constantly by RS,
which has a value of 1.5 Q for 1.5 V batter-
ies, shunted by the a.c. voltmeter. The indi-
cated voltage times ten is the value of the

internal resistance of the battery. When the
battery under test is flat, or if the supply
battery is flat, no current flows and the
meter will read zero. It would then appear
as if the battery under test is an ideal type
without internal resistance.

A flat supply battery is indicated by the
not lighting of D1. Whether the battery

S19

penetrating into signal lines and thus

causing unwanted noise in the speaker(s).
If eight inputs are not enough, the cir-
cuit may be doubled. Apart from the sup-
ply voltage lines, the STROBE and OUTPUT
ENABLE lines on the two boards should be
interlinked. Except for IC1, only S1-S8,
D3-D18 and R10-R17 need to be used on
the second board: all other components
may be omitted. n
(P. Coster)

UNE

under test is flat may be ascertained by
measuring the direct voltage across its ter-
minals. 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-
tery is flat.

The tester is calibrated with the aid of
the auxiliary circuit shown at the extreme
right in the circuit diagram. The 1.5 V sup-
ply and electrolytic capacitor form a virtu-
ally ideal voltage source, of which the
3.9 Q resistor forms the internal resistance.
With this source connected across the out-
put terminals of the tester, a suitable value
should be ascertained for R7. That value is
found when the a.c. voltmeter shows
0.39 V. Note that this procedure is not the
same for all measuring instruments: the al-
ternate use of a digital and a moving coil
meter, for instance, is not feasible.

The tester is intended for 1.5 V batter-
ies. The load current is fairly high: about
100 mA through R8 and around 170 mA
through T1. For 9-V batteries that is rather
too much: the current should then be re-
duced by taking greater values for R6-R8.

(K. Walters)
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@ 2 @ DIRECTION DETECTOR

A heat-sensitive sensor may be used to
construct a direction detector. Such a sen-
sor reacts to all animal heat. The one used
in the present design has a sensitive sur-
face that has been divided into two, and it
makes a difference therefore whether the
heat approaches from the left or the right. T
The indication for cold objects is, of course, pasosm s oo ~
exactly the opposite. ‘ v ez
Circuit IC1b forms a symmetric supply. ‘ RPW100
Terminal ’s’ of the sensor is its output. The '
signal at ’s’ is amplified in [Cla by a factor E

of about 70 before it is available at the out- ey
put of the detector. 6 :

To obtain good directivity, it is best to
place the sensor behind a single narrow slit
rather than behind the usual raster or i o) 1C1=TLC272
multi-facetted mirror.

The circuit draws a current of only a
few milliamperes from a 5 V supply n

(o R o SL TR 9

(K. Walters)

@ 2 y SEARCH TIME MONITOR

On hard disks with an ST506 com-
patible interface, there is a ‘seek
complete’ (SC) signal available. This
signal is inactive high when the
hard disk seeks new data. The dura-
tion of the high interval is thus di-
rectly 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 |2C\°
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 apprecia-
bly with fragmenting of the disk. If
the bar is ‘in the red’ often, it's get-
ting time to run a disk optimaliza-
tion program!

Signal SC is connected to pin 8 of
the ST506 interface. Each odd-num-
bered pin is connected to earth.

When the heads begin a search,
that is, after SC has gone high, the
clock input of buffer/register IC1

9

saopoe
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goes low. At the same time, because of the
rapid discharge of C2 (via D1) and the
going low of pin 1 of IC4c, the clear state of
IC4 is removed. Because of the delay in the
gates, the clear input of shift register 1C2
will still be inactive when oscillator IC4a
begins to operate. Dependent on the oscil-

lator frequency and the time during which
SC is high, IC2 will be clocked a couple of
times. At each clock pulse, a ’1” is shifted
into this IC, so that at the end of the cycle
the number of actuated outputs is a mea-
sure of the search time.

One gate-delay after the trailing edge of

Resistors:
R1 =47k
: NAME: SEC.ASM eee  SEEK-TIME MONITOR ===
: USE ; -e« P1 ADJUST AND TESTDEMO --- R2=47Q
: ID : ELEKTOR/JR
: DATE: 8-2-°90 R3=22k
PROGSEG GROUP  CODE_SEG, DATA_SEG R4 =270 Q
ASSUME Cs:PROGSEG, DS:PROGSEG R5-R12 = 330 Q
CODE_SEG SEGMENT
ORG 100H P1, P2 = 1 M preset
MAIN PROC NEAR
LEA S1,STRMSG {WRITE START MESSAGE :
CALL  MESSAGE Capacitors:
MOV DX,00H {READ BOOT SECTOR (SECTOR 0)
CALL  READSEC Ci1=82n
MoV BX.13H :DX:+TOTAL NUMBER OF DISK SECTORS
MoV DL .SEC [BX) C2 =2u2, 10V, radial
MoV DH,SEC[BX+1] A
DEC DX :DX:sLAST SECTOR NUMBER C3 =100 y, 10 V, radial
CALL  READSEC {CHECK LAST SECTOR
WHILE: CMP DI,00H {WHILE ERROR FLAG*SET DO C4,C6=100n
Jz EWRILE
0o LEA S1,ERRMSG {WRITE ERROR MESSAGE C5=22n
CALL  MESSAGE
DEC DX {LAST SECTOR NUMBER: -LAST SECTOR NUMBER-1:
CALL READSEC {READ LAST SECTOR &mlcondumon.
JHP WHILE .
EwMILE: LEA  S1.ADIMS {WRITE ADJUST MESSAGE D1, D2 = 1N4148
MOV cx., 200, {LOOP COUNTER:*200 (TIME-OUT VALUE)
NEXT: PUSH DX {SAVE LAST SECTOR NUMBER LD1 = LED bar, e.g.
MOV AH,06H IF ANY KEY PRESSED THEN END
MoV DL,OFFH gge; rggv::fd
INT 218 5 om
Nz END Ki bo' bt r
MoV DX, 0 {READ SECTOR €
CALL  READSEC ngorig
POP ox {READ LAST SECTOR IC1 = 74HCT273
CALL  READSEC
LOOP  NEXT :LOOP COUNTER: =LOOP COUNTER-1 IC2 = 74HCT164
:1F NOT LOOP COUNTERC>0 THEN NEXT
END: LER S1,ENDMSG {WRITE END MESSAGE IC3 = 74HCT04
CALL  MESSAGE
INT 20H {RETURN TO DOS IC4 = 74HCT132
MAIN ENDP
HONNGEORNGEeAGAE000000GANNoN0a0NOoNONBCo00NN000I0NNC0000000CACAaNa00T
READSEC PROC NEAR {INPUT :DX + SECTOR TO READ
{OUTPUT:DI * ERROR FLAG
PUSH AKX
PUSH  BX
PUSH  CX
MOV AX.2 {SELECT DRIVE C (LOAD "3" TO SELECT "D*)
LER BX.SEC {GET SECTOR DUMP ADDRESS (DS:BX)
MOV cx.,1 :ONLY ONE SECTOR
INT 25H {READ SECTOR (DX)
IF1:  JNC ELSE1 :IF READ ERROR
THEN1: MOV or.o1 {SET ERROR FLAG
InP EIF1
FLSE1: MOV 1,00 {CLEAR ERROR FLAG
EIF1:  POPF {RESTORE FLAGS
POP cx
POP BX
POP Ax
ET
READSEC ENDP
MESSAGE PROC NEAR {INPUT: S1eMESSAGE ADDRESS
CALL  CRLF
PUSH DX
PUSH  AX
MOV DX.51
MoV AH.09 INd148
INT 218 {MRITE MESSAGE
poP AX c2
POP DX
RET
MESSAGE ENDP 2u2]10v
qo000000 0o0o00na BOONONONONNCOACACAN00000 5A00CE000000 OOEOO00C0000N000
CRLF PROC NEAR
PUSH  AX {SAVE REGISTERS
PUSH DX
MOV AH,02 icR
MoV DL,0DH
INT 218
MoV DL,OAH iLF 5V o s
INT 210 =
poP ox {RESTORE REGISTERS &R ok
POP AxX 1
ET A Qs
CRLF ENDP €2 oo
2
CODE_SEG ENDS B g4 O
........................................................................ HCT GE
' 164 oF
DATA_SEG SEGMENT =
STRMSG DB "8
ADJMSG DB “PLEASE ADJUST P1 (LED BAR TO FULL SCALE).’ oM
DB - Quit = Any keys"
ERRMSG DB “DISK READ ERROR: AUTOFIXING!:$"
ENDMSG DB “>> Program terminateds”
MARK DB “SECTOR DUMP  * Y 5V
SEC DB 512 BYTES +
DATA_SEG ENDS -0+ ~—
END MAIN L"’ e~ C
904052 - 12 o
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SC, the buffer/register appropriates the
data from the shift register. Another gate-
delay later the shift register is cleared. It is
then ready to measure the duration of the
next search cycle. Only when each search
cycle has been completed is the measured
time indicated on the LED bar. This
method obviates any irritating flickering of
the display.

When SC has gone low, C2 is charged
slowly via P2 and R3. If no new search
cycle is started, the output of 1C4c toggles
from high to low after a short delay and
this resets IC1. The setting of P2 thus de-
termines the period during which the last
measured search time is shown on the dis-
play (max. 1.5s).

Resistor R13 and capacitor C6 provide a
power-up reset for IC1.

The oscillator frequency may be set be-
tween 15 Hz and 400 Hz with P1. This pre-
set should be adjusted in such a manner
that during the maximum search time all
LED:s just light. This is done with the aid of
the assembler program shown. This pro-
gram 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. a

(J. Ruffell)
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IC3 = 74HCT04
1C4 = 74HCT 132
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The portable charger is intended primarily
to give model enthusiast the opportunity
of charging their NiCd batteries from a car
battery out in the open.

The supply voltage for the circuit is reg-
ulated by IC1.

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 a discharged
battery provides some voltage, T1 is
switched on and D2 lights.

Only if the polarity is correct will the
pressing of the start switch, 51, have any
effect. If so, the collector voltage of T1 is
virtually zero, so that monostable IC2 is
triggered by S1. 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 be-
gins and charging indicator D4 lights. Dur-
ing the charging C4 is charged slowly via
P1 and R4. The value of these components
determines the mono time of IC2 and thus
the charging period of the NiCd battery.
With values as shown in the diagram, that
period may be set with P1 to between 26
and 33 minutes. Note that this time is af-
fected by the leakage current of C4; it pays
to use a good quality capacitor here. The

023

Applications for this mechanically set and
reset bistable are found, among others, in
anti-theft devices and model railway cross-
ings.

The transducers are formed by buzzers
Bz1, which sets the bistable, and Bz2,
which resets it. Their sensitivity is set with
P1 and P2 respectively. The presets are ad-
justed correctly if the output of buffers
ICla and IC1b just toggles from high to
low or vice versa.

If all has been set correctly, a slight tap
on Bz will set the bistable. This causes T1
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 re-
sets the bistable, whereupon D1 goes out
and T1 is switched off.

PORIABLE NICD CrHARGER
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charging may be interrupted with reset
switch S2.

The charging current through the NiCd
battery is determined by the value of R,
which may be calculated as follows:

R =1{12+0.7 + 1.3 x no of cells)/I.} (L]

where I is the charging current, which is

here, because of the chosen charging pe-
riod, twice the nominal value of the capac-
ity of the NiCd battery.

Resistor R must be able to dissipate a
power of I 2 R watts.

Finally, make sure that the NiCd bat-
tery is suitable for fast charging and never
charge for longer than half an hour! |

(G. Boddington)

MECHANICALLY CONTROLLED BISTABLE

- ®
R2 R1 @ ci’ x X
z iIc1 8
100n -
. T1
, R3
Bz1l
T BC337
s ? P1\J2ms
PKM11
’
-
Bz2 VA BAT8S
L CI2:
R ? P2IN\J2M5 IC1=74HCT132 22
|PKM11 16V @
o 904117 - 11
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The bistable draws a current of about
12 mA only, the larger part of which flows

The frequency of the generator presented
here is determined by integrators IC1b
and IClc. An integrator has two properties
that are used in this design. Firstly, there is
a phase shift of 90°between input and out-

through the LED.
Capacitor C2 ensures that the bistable

SINE WAVE SENERATOR

put (ignoring for the moment the non-
ideal behaviour of the opamp), and sec-
ondly, its amplification is -1 (i.e., inversion
of signal), provided the frequency,

f =1/2rR1C1.

BF256A
3V9 400mw M
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FREQUENCY DOUBLER

It is often required that the frequency of a
signal be doubled: modulator/demodula-
tor chip LM1496 is an ideal basis for this.

From trigonometry it is well known
that

2sinxcosx = sin2x
and

sin? = 1-cos2x.

These equations indicate that the prod-
uct of two pure sinusoidal signals of the
same frequency is one signal of double that
frequency. The purity of the original sig-
nals is important: composite signals would
give rise to all sorts of undesired product.

The LM1496 can process only signals of
not greater than 25 mV: above that serious

Internal circuit of the LM1496.

WorldRadioHistory
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is reset when the supply is switched on:
after that, the LED must thus be out. |
(J. Ruffel)

0924

Cascading two identical integrators
will thus result in an overall phase shift of
180° and an amplification of unity (pro-
vided the frequency is 1/2rR1C1): an ideal
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 a reasonably stable output voltage (at
a level of about 4.5 V p-p).

With the values of C1 (C1') 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 fre-
quency setting within bounds, the overall
range of this potentiometer should not ex-
ceed a decade.

The maximum attainable frequency is
about 5 kHz. Distortion is not greater than
0.1%. The current drawn by the generator
is only a few milliamperes.

Finally, the LM348 is a quadruple 741;
it is thus possible to construct the genera-
tor from four 741s. ]

(G. Boddington)

025

distortion will occur. The design is there-
fore provided with a potential divider at
its input. This makes it possible, for in-
stance, to arrange for a 500 mV input sig-
nal to result in a signal of only 25 mV at
the input of the LM1496.

To provide a sufficiently high output
signal, the output of IC1 is magnified by
opamp IC2, which is connected as a non-
inverting amplifier. Since the output of IC1
contains a d.c. component of about 8 V, the
coupling between the two stages must be
via a capacitor, C4.

With values of R15 and R16 as shown,
IC2 gives an amplification of 16 (24 dB).
The overall amplification of the circuit de-
pends on the level of the input signal: with
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Plotter Mark II

Programmer for 8751

ROM Copy for 8052-BASIC Computer
RS-232 Splitter

Search Time Monitor

Corrections

Dark Room Clock

DC-AC Converter

3Y%,-Digit SMD Voltmeter

Hard Disk Monitor

1/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
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BBD Sound Effects Unit—Part 2

Electric Guitar Enhancement

Guitar Tuner
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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 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

Intermediate Projects

IC Monitor—Part 9

One Wire Intercom

Phase Meter

Reflex MW AM Receiver—Part 8
Test Box

Versatile NiCd Battery Charger

Power Supplies

3A, 5V Power Supply

400W Laboratory Power Supply—Part 1
400W Laboratory Power Supply—Part 2
50/75Q 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 0OV

Power Supply Extension

Power Supply Input Adaptor

Slave Mains On-Off

Supply Voltage from 0V

Supply Voltage Monitor

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
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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

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

53
46
56
38
50
40
39

46
18
36
22
61
18

Test & Measurement

1.5GHz 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
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11 Foxtail Road.
Nacilon Rd (Ransomes)
Industrial Estate,
Ipswich. 1P3 9RT
England

Tel! (0473) 719212
Telex:987601 Marel G

morel
acoustics usa
414 Harvard Street
Brookline, MA 021486
Tel: (617) 277-6663
FAX: (617) 277-2415
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'\ morel |

The MDT 33 is an extremely fast
Tweeter, using a 28mm (1% ")
diameter voice coil and a chemically
treated soft dome, and is ideally
suited for two way systems with the
possibility of a lower than normal
crossover frequency, as well as for
three and multiple way systems.

Incorporating the Morel Hexatech
voice coil technique, aluminium wire
wound on an aluminium former and
using flexible wire termination
ensures excellent 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 Morel 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
roll off from 1000Hz through this
damped resonance area. The
subsequent wide range response of
1400-20000 + 0.6dB is obtained
with a harmonic distortion of below
0.8% over the entire range. The
distortion figures quoted are with an
input power giving an output level of
96dB at 1 metre. The MDT 33
sensitivity is 92.5dB for 1 watt 1
metre, and a power handling
capability of from 100 to 500 watt
subject to crossover frequency.

With such a dome tweeter design,
the acoustic qualities at lower than
normal crossover frequencies are
excellent with an absence of honking,
and even at the more normal
crossover frequencies this excellent
acoustical behaviour is evident to the
ear. With the lower crossover
frequency available and high
capability, it is ideal for consideration
in two way systems using a 10” or
12" woofer.

To utilise the dome at the lower than
normal crossover frequency available
makes it necessary to have a sharp
roll off below 1400Hz of minimum
12dB per octave to protect the
tweeter from mechanical damage.
This makes it ideal for use with active
systems.

Overall Dimensians @ - 110mm x 68mm

Face Plate Thickness 3mm
Voice Coil Diameter 28mm (1% ")

Hexatech Aluminium
Voice Coil Former Aluminium

Number of Layers 2

€5mm

Vas 0.016 &tre
Moving Mass including Air Load 0.44 grams
Effective Dome Area 8.5 cm?
Dome Material Treated Fabric
Frequency Response 1400-20000 + 0.6d8

(1000-40000 - 5d8)

DC Resistance 5.2 ohms Resonant Frequency 500 Hz
Nominal Impedance 8 ohms Power Handling Din
Voice Coil Inductance @ 1 Khz 0.09mh  X-Over 1400 Hz 100W
Air Gap Width 0.75mm  X-Over 5600 Hz 500W
Air Gap Height 2.5mm  Transient Power 10ms 1500W
Voice Coil Height 2.7mm  Sensitivity 92.5d8 (1W/1M)
Flux Density 1.95T Rise Time 10us
Force Factor (BXL) 4.76 W8/M  Intermodulation Distortion
Rmec 2.09ns/m  for 96d8 SPL <0.2%
Qms 0.66 Harmonic Distortion
Qes 0.38 for 96d8B 5PL <0.8%
QT 0.24  Nett Weight 1.2 kg
Specifications given are as after 24 hours of running
Browt & 0Gr Pertiorate Rnge: 508 5 pecsier Lowertm Freg: 20HZ 1 Wi Souect ey
O e e e S SIS S S S s S el 5 a5 5 Sl o Sl it 0
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A indicates the level of difficulty in the assembling of

|
PROFESSIONAL COLOR LIGHT CONTROLLER

SM-328 »
The SM-328 professional color ight controller i1s keyboard program-
mable for ease of use It allows full control of intensity anc flash rate.
it has four separate channels with capacity of 1170 watts per channel
Total wattage capability 1s 4 68 killowatts. This s equivalent to 46 pcs
100wart ligh bulbs or 936 pcs. 5-watt colored bulbs and & sufficient
for the largest hails and auditorums

« Independent input signal control
« Prolessional styled control panel
« 4 independent oulpuls

« 4 independent dimmer controls

* Chaser speed controls

« Automatic chaser operation

« d presel chaser programs ;
« Clockwise chaser conlrol

« Anti-clockwise chaser conltrol Assembled & Tested: $. Mﬂ

« Match with any step-do
lransla;:rlve/ lrgm Ig 10 VZVAC Now: $139.00
SPECIFICATIONS

Input sensitivity (music mode) 100mv (music « program) 2V« Outpul power 1170
W per channel MAX 4680 W total » Power requirements 105 - 120 vV 60 Hz «
Dimensions 14 32 vade 9" high 3 19 deep

300 W HI-FI POWER AMPLIFIER (MONO)

TA-3600 AA A

The TA-3600 1s an extremely huigh power amplifier specif.cally

geslgned to reproduce the high dynamic range available on compact
[

Ithas low noise. high stabil-

ity low distortion. extended ”
frequency range and high ‘: -
etficeincy in a compact ;
package. Two of these units ‘.

v

with appropnate power
supplyand pre-amplifier are =
required for stereo repro- Complete: Kit: $79 00

duction Assembled & tested: $103.00

| SPECIFICATIONS Transtormer: $42.00

Power output 300 watts sine wave into 8 ohms. 540 watts music puwer into 8 ohms
» Frequency response 10Mz to 20 KHz « Total harmonic distortion Less than 0 05% =
Intermodulation distorhion Less than 0 05% + Sensitwity 1V me at 47K = Power
requirements 60 to 75 VOC at 8 amp + Dimensions 8 x 7/ x 27/,

PLEASE SEND ME A COPY OF THE FREE CATALOG

- |
<
N\

D
-l ~ =S4

Since

23D

1985 FREE CATALOG & INFORMATION (213) 888-8988
> ORDER OUTSIDE CA 1-800-423-3483 FAX (213) 888-6868

&  MARK V ELECTRONICS, INC.

\ Gives vou more selection on Electronic Kits, Power Amplifiers, Test Instruments and Professional Products.

VIOEO/AUDIO SURRCUND SOUND PROCESSOR

SM-333 AAAX

It has inputs for VCR. Video Disc and Compact Disc and canalso be
used with FM tuners tape decks and LP discs - in fact anything that
can be connected to your pre-amphifier

It also has front panel control of dynamic noise reduction DNR*
surround level. effect and ime delay up to 50 milhseconds

Rear panel outputs for front and rear stereo speaker amplifiers. The
unit may be purchased as a kit or fully assembled ready to plug in

SPECIFICATIONS

Frequency response 20 Hz to
20KHz « Total harmonic distor
tion. Front channel 0 05%« Rear
channel Lessthan 0 25% «input " K}
sgnal voltage 0 110 35V « Out
put Front channel 011035V
Rearchannel 6 6V +Detay ime 5
to 50 mitiseconds < Input im
pedance 47 K « Power

requumergs 100-120 VACJGZO Complete Kit: $62.00
Hy e imensions 1 -

wide 482 deep 21 fugh Assemhled&T.esled. spQ
- TM OF NATIONAL SEMICONDUCTOR CORP Now: $70.00

80W + 80W PURE OC STERED MAIN POWER AMPLIFIER
TA-802 AA

Modern circuit design utihzes full complementary power output and
ditferential cascode input stage. DC coupling provides superb transient
response. A special output circuit guards against short
circuts and overload operation £

SPECIFICATIONS

Power output 80 watts per channe!
into 8 ohms Total harmonic distor-
ton Less than 0 05° al rated power
Intermodulation distortion Less than
005 al rated power Frequency re
sponse DCto200KHz 0dB 3dB

1 watt Puwern;lequuem&ms 30VACx
2@ 6 amp May use Mark v model
001 transformer P C Board 8-12 x Complete Kit $45.94
5 x1-1/8 Heat sink 518 x2-58 x Assembled & Tested $59.72

3" (Each)

Rack Mount Metal Cabinets
with aluminium panel are

r Products. A Beginner AA Intermediate AAA Advanced % Fully Assembled

1 GHz MULTI-FUNCTION COUNTER
FC 1000A »

The FC-1000A is a multi-tunction 5 hertz 1o 1 GHz dual-range frequency
counler It can measure frequency penod and tofal events Readoul is a large
05 8 digit 7 segment LED display

It uthzes two crystal osciflators which can be individually calibrated for
maximum long term accuracy against a frequency standard such as
transmissions

Addihonal tealures include 3 valuable self-check mode and a two step input
attenuator

SPECIFICATIONS

Frequcny range 5 Hz t0 10 MHz
10 MHz 1o 100 MHz 100 MHz to
1000 MHz Resolution {(MAX ) 10
Hz 10 0 1 Hz depending on mea-
sure range Accuracy <« 1 digit. +
time base error Pernod measure
ment 0 25uS 10 10S Penod mea-
surement resolulion 10 to Assembled & Tested $179

10" seconds depending on gate ime Totalization measurement 1 Hzto 10
MH2 Tolahzahon display 99999999 Sensitivity 15mV 10 Hz 10 70MHz 30mv
70 MHz 10 100 MHz 15 mV 100 MHz to 1000 MH2 Input impedance 1
megohms 10 Hz (0 100 MHz (INPUT A) 50 ohms 100MHzt0 1000 MHz (INPUT
B) Attenuation X1 X10 Time base 10 MHzand 3 90625 MHz (+ 10ppm}) Hold
. Data hotd of last reading Selt check Counls internal 10 MHz time base Power
requirements 110 to 120 VAC. 60 Hz Dimensions 3 tugh, 9 69" wide 7 87
deep

100W OYNAMIC CLASS A MAIN POWER
TA-1000A A A

This well designed and stable amplifier teatures DC coupling
throughout and a fully complementary symmetry circuit topology
Itoperates in class Aat low and medium levels and gradually shitts
to class AB operation at high levels A pair of these amplifiers
provide 200 watts of super high fidelity sound reproduction

SPECIFICATIONS

Power output 100 watls nto 8
ohms 125 watts iafo 4 ohms
. Freuuenc¥ response 10H2 10
100 KHz « Total Harmonic Disto-

non Less than 0 008% » Signal to

noise rahio  Better than 80 d8 « ! 'l
¢ .
RN

Sensitwity 1V« Power require-
ments 35 to 45 VDC & 3
amp « May use Mark V Moel 003
transtormer « PCB Dimensions

538°x338"x1 2 *Healsink 5 13° Complefe Kit $59.69
x263 3 (Each) Assembled & Tested $80.58
120W MOSFET POWER AMPLIFIER (MOND)
TA-477 A A

o suitable for many projects This amplifier is designed specifically for low TIM distortion It
NAME nd most of our kit uses parallel MOSFET output transistors This 1s a very popular
a S ur kits. kit because of its supenor sound reproducing ability and high
o l ' s power reserve. BUILD TWO KITS FOR A PROFESSIONAL
ADDRESS . - STEREQ AMP!
I SPECIFICATIONS
_ A 1 H D Less Than 0007% y
cry We provide transform-  Power ouipu 120 valts rnto
| 8 ohms * Frequency response
ers for most of our Mark g Hz1020kHz. +0-04 0B+ Sen
' : siivity 1V » Power require-
STATE zIP I V amplitier kits. ments 55 VOC & 3 amps
May use Mark V Model 003 ]
AMPLIFIERS KIT ASSEMB. ) ) UENEINED Complete Kit $68.00
MooED OESCRIPTION — * Free gitt for any purchase during Christmas Season Assembied & Tested $85.00
TA-28MK2 Digifal Voice Memo A & 3000 MISCELLANEOUS KIT_ASSEMB.
TA-50A /B Mulli-Purpose Melody Generator A 1284 1720 MODEL DESCRIPTION
}:_?gng g"siw"cplzgﬂ}if m:l'zgvoa:mao':; :mn N ;g gg ;g ;“J Y238 3 Channel Color Light Controller AAA # $5120 $6500
TA-300 30W Mult-Purpose Sngle Channet Amp. & 2000 2900 W] iete g Eoudcpearell Lot oAl el Rk
1Y-35 FM Wireless Microphone A 1022
TA 302 60W Stereo Power Booster {w/case) % 70 00 2
1Y-36 AC/DC Quartz Oigital Clock A 1900 2620
TA-323A 30W X 2 Stereo Pre-main Amp A 2950 3835 1Y-38 Sound / Touch Control Swilch A 1200
}:'%é A ';5\2“;3:“/(“;;?332;}":";"‘2 Ada gg gg ;i gg TY-41MK V Infared Remote Control Unit (w/Case) AA A 2000 3500
1A-477 120W Moslel Povier Mono Amp A & 6800 8500 loyi2 Lot ET e el o 203!
TY-43 3 Oigital Panel Meter A 2900 3800
TA-800 80W + 80W DC Pre Main & Power Amp a A 60 92 7920 1v. A i}
TA-802 B0W + BOW DC Stereo Main Power ATp A A 4598 5972 iyt 20,StepsBar FPorAudiolevnC Selvaa SO o)
TA-B20A BOW « GOW DCL DC Pre-Main Stereo Amiy A4 039 4937 v et o oL e T 1 0R 21124
SM-222 7 Band HI-FI Graphic Equahizer A A A 26 80 38 80
TA-1000A 100W Dynamic Class A Main Pover Moio Amp AA 5969 8058 SM-328 4 Channel Professional Color Light Controller # 139 00
TA-1500 100W X 2 Class A DC Stereo Pre-Main Amp AAA 7370 9581 g
A-2200 Fet Super Class ‘A O Pre-Amp AAA 770 5824 SM-333 AudioMdeo Surround Sound Processor AAA # 62 00 70 00
: - SM-666 Dynamic Noise Reduction A 26 00 3400
| }::;gggf‘ a'atgloe"f"fg’lfl ‘&0 ?)3\:1%'38’;;','3: e‘:]':“gm;r R gg gg 10.000u/1 80 v Capacilor (Suggested for TA-3600 TA-477 TA-100A & "A-802) 2200
TA-2800 HI-FET IC Pre-Amp w3 way tone contro! A A 4890 6357 METAL CABINETS WITH ALUMINUM PANEL
| TA-3000 Stereo Simulator (For Mono TV or Any Mono Source) AA 2700 38 50 -
TA-3600 300W HO Hi-Fi Power Mono Amp A AA 7900 10300 '\:1(;ODE7L3 ? xvg x D AIAAYCHINTG S17A 1220 ;’;ZICE
— 1612 127 TA-2800 TA- -2200 16
POWER SUPPLIES KIT_ASSEMB. LG1684 4 16" 8  TA323A TA-377A TA-2200 26 64
T 0-15V 24 Reguiated O Power Supply (WCaselA Ad $89%50 LG1924 4 19 11', TA-802 TA-820A, TA-1500 TA120MK 2. TA-800. TA-1000A 3200
. P : 1 - g . TA-1000A TA-
e e N we TBE | S e s 22
TR-3558 0-30V 3A Regulated DC Power Supply A 1455 2076 = :
TR-503 0-50V 3A Regulated DC Power Supply A A 1575 2265 POWER TRANSFORMERS
| INSTRUMENTS KIT ASSEMB. MOOEL DESCRIPTION MATCHING PRICE
SM-43 3 . Multi-Functional Led O P M (w/ABS plastic case)a A $3450 S4300 33; 523 X ; g: DR }‘;28?, }2'_2%;’;3% ‘,:'_‘388""» U 5;? 38
SM-a8 A0 Hi-Precision 0P M AAA 3800 4800 003 40V x 2 6A TA 477 | 2700
SM-48A 2. Hi-Precision D P M (w ABS plastic Case) A A A 120 5200 004 24V %2 6A TA 120 MK 2 2100
SM-49 3> Mutti-Functional LCD D M P (w/Hold Funclion)A & 3600 4450 005 26V x2 3A TR-3558 1500
SM-100 150MC Digital Frequency CounterA AA 7900 9000 006 18V x 2 54 TR-355A 1450
FC-1000A 1 GHz Frequency Counter # 17900 007 53V x 2 8A TA-3600 . . 42 00

soe US P ea oe

MARK V E

0 Business & Showroom hours (Pacific Time
-A Mon thry Fri - 9 30 am 1o 500 pm
Sat 10

LECTRONICS, INC. Z 8019 E. Slauson Ave, Montebello, CA 90640 ===
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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 Q: this value gives a rea-
sonable compromise between the require-
ments for a high 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 1 and pin 4 of IC1
are made absolutely identical with P4. It is
possible, with the aid of a spectrum anal-
yser, 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 a frequency of 1 kHz 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-
ditions varies between 60 dB and 80 dB

The circuit draws a current of 10 mA
from the positive supply line and 5 mA

=1oma 12V
~—©®
E A2 E R13
[ 2
R1 +0ouT
pot=h i e
100
10V IC1
- CARRIER
" +CARRER  -OUT|2
J-O e GAIN
LM1496
GAIN !
~SIGNAL
BIAS V-
5 4
R10
e
from the negative rail. taken from pin 12, there is a similar out-
The phase shift between the input and  put, but shifted by 180° (with respect to
output signals is about 45° (output lags). that at pin 12), available at pin 6. u
Finally, although the normal output is (T. Giffard)

@ 2 @ SYMMETRICAL LOW-NOISE PREAMPLIFIER

The SSM-2016 differential audio preampli-
fier from PMI is primarily intended for
amplifying signals from low-impedance
sources (<1 k), such as a 150-ohm micro-
phone. If higher impedances are used, the
SSM-2015 is a better choice.

The circuit diagram of the preamplifier
is shown in Fig. 1, while the internal cir-
cuitry of the SSM-2016 is given in Fig. 2.

The amplification, o, of the preampli-
fier is determined solely by resistor RS and
is calculated from:

o = (R3+R4)/RS5 + (R3+R4)/(R6+R7).

With values as shown, this may be sim-
plified to:

o=103/R5+35.

With RS = 10 Q, the amplification is
thus 1000 (60 dB). Although the specifica-
tion of the preamplifier is hardly depen-
dent on the chosen amplification, it shouid
be noted that the distortion is slightly
lower at smaller amplification factors.

The external resistors have a large bear-

0—@ a.36v

100k|

P1
11 7 8 4

4V NULL1 NULL2 +Rg

IC1
SSM2016

T
Sod08t 11 o0—O a.36v
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10 kHz) with a load of 10 kQ and

ring on the quality and perfor-
mance of the preamplifier: class A, | 2
1% metal film resistors are there-
fore essential.

The input referred noise of the
IC is very low: 800 pV/VHz. In
view of the common-mode noise,
the values of resistors R1 and R2,
which determine the bias current,
must be chosen with care: they
should not exceed 10 kQ.

Capacitors C2, C3 and C4 are
compensating components. More-
over, the value of C2 has a decided
effect on the the bandwidth of the
amplifier: when it is 120 pF as
shown, the bandwidth is around
450 kHz (if the amplification factor
is less than 100, the bandwidth
may even be as large as 1 MHz).

Since the bandwidth is deter-
mined mainly by C2 and the feed-
back resistor, it is virtually inde-
pendent of the amplification: with
amplification factors between 3.5
and 1000, it varies from 1 MHz to
450 kHz.

Capacitor C1 provides addi-
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an output voltage of 1 V r.m.s.
When the load was reduced, this
figure increased to 0.02% at 1 kHz
and 0.035% at 10 kHz.

The slew rate was 10 V/ps. The
signal-to-noise ratio at an amplifi-
cation of 1000 and an output volt-
age of 1 V was 98 dB with the in-
puts short-circuited and 88 dB
with a source impedance of 600 €.

The common-mode rejection
ratio (CMRR) is high over the
whole audio range: 114 dB at
1 kHz and 108 dB at 20 kHz. This
means very effective suppression
of hum at the input.

The complete preamplifier
draws a current of 12-15 mA.

The offset voltage at the input
may be compensated with P1. Be-
cause of the high input bias cur-
rent of the opamp (up to 25 pA
max), an extra offset may arise at
the input with pseudo-differential
or asymmetric use of the inputs
that can not or hardly be compen-
sated with P1. The result of this is

tional decoupling of the inputs
and should therefore be mounted as close
to the input pins of the IC as possible.

The SSM2016 is capable of fairly high
output currents (min. 40 mA), so that with
a supply voltage of 18 V, an undistorted
signal of 10V r.m.s. is available across a

LOW CONSUMPTION MONOSTABLE RELAY

A monostable relay has two states: opera-
tive when a large enough current flows
through its coil and quiescent when no
current flows. A relay contact that assumes
a certain position after the supply voltage
has been switched on is required in many
applications, and, of course, many relays
operate in that manner.

However, most of these relays require
an energizing current of 50 mA or more
and that normally precludes a battery sup-
ply. The circuit presented here, which uses
a bistable relay, may solve that problem.

The contact of a bistable relay normally
remains in the position it is in after the
supply is switched off. The present circuit,
however, makes the bistable relay behave
like a monostable type, and that at a very
modest current.

When the supply voltage is switched

load of 600 Q. With higher supply volt-
ages, care should be taken that the maxi-
mum dissipation of the IC does not exceed
1.5W.

The prototype had an harmonic distor-
tion of not more than 0.006% (up to

on, C1 charges via D1 and the relay coil.
The current then flowing through the coil
causes the relay contact to assume one of
two positions. The forward drop across D1
ensures that the base of T1 in this condi-
tion is more positive than its emitter, so
that T1, and thus T2, is switched off.

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

904104 -11
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higher distortion.

Although the power supply suppres-
sion is about 100 dB, it is recommended to
decouple the supply lines well. u

(T. Giffard)

027

positive terminal of C1, while the base is
connected to the negative terminal of the
capacitor via R1 and the relay coil. This re-
sults in T1, and thus T2, switching on, so
that C1 discharges via T4 and the relay.
The current rhough the relay coil then
flows in an opposite direction and this
causes the contact to change over.

The bistable relay thus behaves exactly
as a monostable type with the advantage,
however, that the operational current is de-
termined by R1, and here amounts to only
130 pA.

To ensure reliable operation, the rating
of the relay coil should be 65-75 per cent of
the supply voltage. In the prototype, a 9-V
relay was used with a battery supply volt-
ageof 12 V. ]

(F. Hueber)

ELEKTOR ELECTRONICS USA DECEMBER 1990



S 26

023

The windscreen wiper interval circuit pre-
sented here is very compact and is note-
worthy for its use of two thyristors instead
of a relay. It has only two connections and
operates without any problems even in
conjunction with multi-stage wiper cir-
cuits.

The connecting wire between the wiper
motor and terminal 53 is cut and new con-
nections are made as shown in the dia-
gram.

When the interval switch, S1, is closed,
capacitor C1 charges via 1 and the wiper
motor. After a time set with P1, transistor
T1 switches on and triggers the thyristors.
The wiper motor is then energized via the
thyristors and D3 and sets the wipers into
motion. At the same time, C1 discharges
via D2 and the thyristors.

029

It happens frequently that the output cur-
rent of an operational amplifier is inade-
quate for the application as, for instance,
whent a small motor or loudspeaker has to
be driven. Normally, this is resolved by
adding an emitter follower to the circuit as
shown in Fig. 1. 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 +Ub. To that must be added the drop
across the base-emitter junction of transis-
tors T1 and T2.

The circuit shown in Fig. 2 (principle)
and Fig. 3 (practical) is a more appropriate
solution: it was designed specifically for
driving small motors. Since the output cur-
rent of the opamp flows through its supply
lines, the driver transistors may also be
controlled over these lines.

The value of base-emitter resistors R4
and R5 has been chosen to ensure that in
spite of the quiescent current through the
opamp, T1 and T2 are switched off.

Resistor R6 limits the output current of
the opamp. If the opamp is a type with
guaranteed short-circuit protection, R6
may be replaced by a jump lead.

The output voltage is only 50-100 mV
(collector-emitter saturation voltage of the
driver transistors) smaller than the supply

ELEKTOR ELECTRONICS USA DECEMBER 1990

After a short time, the
wiper stop switch connects
terminal 53 to the +12 V
line, so that the wiper motor
is energized via D4.
thyristors are switched off
because the voltage drop
across D3 plus Th1-Th2 is
then greater than that across

D4.

When the wipers reach
the end of their travel again,
the stop switch connects ter-
minal 53 to ground and this
enables C1 to charge again.

(E. Tienken)

WINDSCREEN WIPER INTERVAL

The

2x
Tic
126 |The
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POWER DRIVER FOR OPERATIONAL AMPLIFIER

voltage. When choos-
ing these transistors, it
is therefore essential to
take into account the
saturation voltage in
addition to the maxi-
mum current amplifi-
cation and power rat-
ing.

The value of the re-
sistors in an inverting
circuit are calculated
from:

oa=R2/R1
and

R3=R2/R1,
where a is the amplifi-
cation.

In a non-inverting
circuit (R1 between

BD438

Fre—————— |

904087 - 13
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the — input and earth and the input signal
connected to the + input of the opamp),
the amplification is

oa=(R2/R1)+1
and
R3<<Re,

Ré4<+o/+Ub  R5<-0.50/-Ub

R6 = Ub /Imax
where Re is the input impedance of the
opamps.

The circuit can be used with discrete
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Although we assume that most of our
readers are thoughtful drivers who do not
switch on their rear fog lights when closely

REAR FOG LIGHIT DELAY

S 27

(single) opamps only, because double or
quadruple types in one package share the

supply voltage pins.
The setting accuracy of the circuit in
Fig. 3 is better than 1%. |

(G. Pelz)

930

When it is necessary, or desired, to count
the number of days to a particular event or
date, the circuit here, which can count up
to 99, may be found a useful aid to keep a
check on how many days have passed.

The circuit is based on a Type SAB0529,
which counts on a 24-hour day basis. The
chip is reset automatically when the sup-
ply is switched on: an external RC net-
work is thus not necessary.

When switch S1 is open, open-collector
output pins I and H of IC6 go logic high 24
hours after the supply is switched on. At
that moment, the 24-hour timer is set back
by 1 via 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
the clock input (pin 1) of IC1. Only when
counter position 99 has been reached will
the output of IC5b go low and thus disable
th clock input of IC1 via IC4b. The counter
thus stops after 99 days and remains in
that position until the circuit is reset.

The circuit may be tested by closing S1
which converts the time base to a seconds
clock. In other words, the counter then
reaches position 99 after 99 seconds.

With the display on and S1 open, the
circuit draws a current of about 100 mA; in
the economy position (51 closed) this re-
duces to about 10 mA. L |

(M. Ruitters-Franssen)

931

followed by other traffic, since following your doing so) and thus slam on their

drivers for an instant think you are brak-
ing (although they have seen no reason for

WorldRadioHistory

brakes as well. This may often give rise to
a very dangerous situation, it is better to
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avoid such a potentially dangerous action
and install the rear fog light delay circuit
presented here.

Switch S1 is the on-off control for rear
fog lights L1 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 a delay of about
20 seconds, which is determined by time
constant R2-C1.

The gate of T1 may be given a bias by
preset P1. This provides compensation for
the initial period after the lights are
switched on and the lamps do not light,
because they need some hundreds of mil-
liamperes before they can do so. With P1
set correctly, the lamps will light, albeit
weakly, immediately the control switch is

932

The “portable battery charger” described
earlier in this supplement may be ex-
tended by a current 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 bat-
tery chargers not yet so equipped.

Transistors T1 and T2 and resistor R3
form a darlington that obtains a constant
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, be-
cause that charger already provides a po-
larity 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=I2R.

Transistor T2 must be fitted on a heat
sink, whose size depends on the number of
series-connected NiCd batteries and the
current flowing through them. n

(D. Oberye)
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closed. The gate potential is then equal to
the voltage at the wiper of P1 (bear in
mind that C1 is then still discharged).
Although the dissipation of T1 is a
maximum during the transitional period
(between switch on and the lamps lighting
brightly), the heat sink required is calcu-
lated on the basis of the dissipation when

the lamps light brightly. Normally, rear fog
lights are rated at 21 W, so that if two of
them are fitted, a heat sink Type SK59 (i.e.,
36.5x42.7x12.5 mm) provides ample cool-
ing. This type of heat sink is available
from DAU (UK) Ltd, 70-75 Barnham
Road, BARNHAM PO22 OES. n

(J. Ruffell)

CURRENT SOURCE FOR PORIABLE BAITERY CHARGER
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D2,D3 = green
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In many oscilloscopes, the most sensitive
range is 2-5 mV, although it is often possi-
ble to improve this to 1-2 mV by a variable
gain control. To obtain even better sensitiv-
ity, the present preamplifier, which has an
amplification of about 10 (20 dB), may be
found useful.

Because most oscilloscopes have a
bandwidth of 20 MHz or more, the ampli-
fier must, of course, have a slightly wider
bandwidth and that is achieved with a
Type OP260 opamp. This has a slew rate of
550 V/us (at an amplification of 10) and a
bandwidth of 40 MHz that is virtually in-
dependent of the amplification. The gain
vs frequency response is not so good, how-
ever: as may be seen from Fig. 2, where the
characteristics are given for a number of
loads. The hump in the curves depends on
the value of the feedback resistor, whose
optimum value appears to be 2.5 kQ.

The curves in Fig. 3 accord with differ-
ent values of R2/R8 for an amplification
factor of 10. Some experimentation with
the value of R2/R8 for different amplifica-
tion factors may be instructive. Bear in
mind, however, that the output impedance

PREAMIPLIFIER FOR OSCILLOSCOPES

increases from 20 Q to 225 Q over the fre-
quency range of 10 MHz to 60-70 MHz. It
is therefore important to keep all connec-
tions on the prototyping board as short as
possible and to connect all earth points to a
common ground via a separate, heavy
track. Also, do not use an IC socket.

An input impedance of 1 MQ was cho-
sen, which results in a fairly high level of
noise at the output (with open-circuit
input). This value may be reduced, since
otherwise the use of a 1:10 probe will be
inhibited, because that would give con-
stant problems with the noise. However,
when the amplifier is connected to a suit-
able source, the noise reduction is nor-
mally more than ample to obtain a good
trace on the screen.

Presets P1 and P2 serve to provide com-

S 29
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cuits. The inverting circuit may also give
problems because of the low values of R2
(R8) and R3 (R9).

The input bias current is typically
0.2 pA, while the input offset is about
3 mV (max. 7 mV).

In this type of circuit it is important to
use a well-regulated power supply. The
power supply suppression up to 10 kHz is
roughly 70 dB, and this reduces with in-
creasing frequency. Any noise or tiny rip-
ple on the supply lines would make the
application of the circuit as a small signal
amplifier impossible.

The circuit draws a current of about
14 mA. The slew rate, as with most
opamps, is asymmetric and may lead to
visible distortion of the signal when the
drive to the 560 Q resistor is high at the
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pensation for the d.c. offset and input off-  higher frequencies. n
set caused by R1 and R7 respectively. (T. Giffard)
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Although sales of gramophone record may
have slumped, there are millions of people
who still treasure their record collection.
Many record players unfortunately exhibit
two undesired side effects: rumble (noise
caused by the motor and the turntable)
and other low-frequency spurious signals.
The active high-pass Chebyshev filter pre-
sented here was designed to suppress
those noises. The filter has a 0.1 dB ripple
characteristic and a cut-off point of 18 Hz.
A note for designers: a passive filter with
the same characteristics was tried: a sixth
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