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Design and Verify Circuits. Fast.

Electronics Workbench
Y Version 3
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Complement Your Test Bench

Here’s why Electronics Workbench belongs on your test bench:
‘Wires route themselves. Connections are always perfect. And the
simulated components and test instruments work just like the real
thing. The instruments are indestructible and the parts bin holds
an unlimited supply of each component. The result: thousands of
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Analog Module includes:
= complete control over all component values
s ideal arnd real-world models for active

components electronics professionals and hobbyists save precious time and

« resistors, capacitors, inductors, transformers, money. Over 90% would recommend it to their friends and
relays, diodes, Zener diodes, LEDs, BJTs, colleagues. Electronics Workbench: the ideal, affordable tool to
opamps, bulbs, fuses, JFETs, and MOSFETSs design and verify your analog and digital circuits before you

« manual, time-delay, voltage-controlled and breadboard.

current-controlled switches

« independent, voltage-controlled and current-
controlled sources

= multimeter

« function gencrator (1 Hz to 1 GHz)

» dual-trace oscilloscope (1 Hz to 1 GHz) H /

* Bode plotter (1 mHz to 10 GHz) @ Features 'n ve’s’on 3

* SPICE simulation of transient and steady-state « new components include JFET's, MOSFETS,
response voltage-controlled and current-controlled sources

Fils Edt Circurt Vindow Felp [0t ][] ] and manual, time-delay, voltage-controlled and

Sttantencdd current-controlled switches

= realworld models for opamps, BITs, JFETS,
MOSFETs and diodes - over 100 models available

* MS-DOS version now supports up to 16 MB of
RAM for simulation of bigger circuits

« new Microsoft™ Windows'™ version available

» technical sup';:aort now also available on

SR Just £199!
bl vh et Electronics Workbench:

Digital Module includes: The electronics lab in a computer™

« fast simulation of ideal components
* AND, OR, XOR, NOT, NAND and NOR gates C 082 7 2 12 Py

+ RS, JK and D flipflops

*LED pn)bqs._ half-adders, switches and seven- ROBINSON MARSHALL (EUROPE) LTD.

segment displays 17 Middle Entry, Tamworth, Staffordshire, England B79 7NJ
« word generator (16 eight-bit words) Fax: (0827) 58533

« logic analyzer (eight-channel)
* logic converter (converts among gates, truth Shipping charges — UK £4.99. Al prices are plus VAT
table and Boolean representations) All trademarks are the property of their respective awners.

And now the best is even better - Electronics Workbench
Version 3.0 is here. It simulates more and bigger circuits, and
sets the standard for ease of use. Guaranteed!
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*30-day money-back guarantee.




Here is the news...

What's going on in the technology world
A news view from all points of the compass

Research World

Technical advances from around the globe.

Egg Patrol
EDITOR David Silvester plays mother hen and provides
Paul Freeman-Sear the eggnition for the hatch.

SUB EDITOR in Control

Helen Armstrong Say goodbye to erratic 12V drill speed.
Paul Stenning keeps things constant.

ELECTRON 1CS

ISSUE 5 VOLUME 1

DESIGN . :
and TECHNICAL The Evolution of Audio

ILLUSTRATION Amplifier Design

lain Houston Starting with the ever popular valve, John Linsley-Hood

charts the rise and rise of an important part of many peoples
CONTRIBUTORS everyday life.

Andrew Armstrong

Helen Armstrong Signal to Noise

Andrew Chadwick Another batch of correspondence from the post bag.
John Linsley-Hood

Mike Meechan Technoshop

Br iqn Padgett More offers and exchanges in our monthly team-up with The
David Silvester Technology Exchange.

Paul Stenning =
The Switcher Part 4

Professor Bob Stone
Mike Meechan looks at another optional extra - remote control.
ADVERTISING SALES

Gilly Martin
w0442 842069

P

Class A Power
Amplifier Part 2

This month Andrew Armstrong provides us with a power

supply and a few running modifications.

- REMAP Part 2

Technical help for the disabled. A report by Andrew Chadwick.

Hijaak Review

Paul Stenning puts Hijaak Pro under the microscope.

From Paper to PCB

Want to make your own PCBs? David Silvester takes you
through the steps required.

Virtually Real

Andrew and Helen Armstrong
report on the latest Virtual Reality
developments from the VR User Show.

iIdeas Forum

Where innovative ideas turn into inventions.

At Your Service

Quantum House The one stop ShOp for PCBs past and present.
I"ublishing Ltd.
PO BOX 600, BERKHAMSTED Future View
HERTS HP4 1NL Professor Bob Stone from Advanced Robotics Research Ltd.

TELEPHONE 0442 842069

grabs his trolley and races around a virtual supermarket.
FAX 0442 B42279
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n this \_‘_ll'rtua'l Reality edition of
EIA we look at what is on offer for
4 this emerging technology and

where it will take us in the future.
| am in no doubt that VR will succeed
as a form of amusement. Almost total
immersion into a computer generated
world will always be an attractive idea
to escape reality and to effectively
achieve the impossible in the quest
for adventure.
However, fears have been expressed
over the dangers of VR, where long
periods of i immersion could lead to :
the extension of those fantasies into
the real world, harming oneself and
others in the process. But then, that's
what they said TV would do.
The positive benefits of VR will make
it easier to visualise mechanisms
using 3D in molecular chemical
processes, prepare oneself for
specific activities like future football or
cricket matches or even racing
circuits and carry out remote
operations in space from the comfort
of earth

Virtual Shopping

Some say that teleshopping (buymg
from the TV screen) will not catch on.
If not, then maybe Virtual shopping
will. For many, an essential part of
shopping is to experience the act of
being there. If that is the case, the
social interactive nature of shopping
could be fulfilled using Virtual reality,
meeting virtual people but buying real
goods. Only time will tell.

Paul Freeman-Sear

Every care is taken when compiling the ine. However, the publishers cannot be
held legully responsible for errors in the magazine or from loss arising from those
errors. Any errors discovered will be published in the next available edition of the
migarine.

Electronics in Action is published on the third Thursday of the month pm‘cdirg the
cover date. The magazine contents remain the copyright of Quantum House Puhlications
Lid. Any rt:pmduuum rrqu]r:‘. written consent of Chuantum House Publications Lid.
All prices dinth i attime of going to press. The pablishers
orth 1e ddvertisers cannot be th. r\:spnmlh] for any variations in price or availability

after the magazine has gone 1o press,

Published by Quantum House Publications Litd., PO Box 600, Berkhamsted, Herts
HP4 INL. Newstrade distribution by Seymour, Windsor House, 1270 London Rd.,
Morbary, London 8W 16 4DH Tel: 081 679 1899, Reproduction by Island Graphics,
Chesham, Bucks. Tel: (494 773082, Printed by Wiltshire (Bristol) Ltd., Philip St
Bedminster, Bristol BS3 4D5. Tel: 0272 760076

Mitsubishi has announced an exciuswe
agreement with BIT (UK) Limited to

provide exceptionally fast and acourate

colour PostScript printing with the new
Zenographlcs Zscript 1.0 and SuperPrint

3.0 software. Included are Mitsubishi’ s i

a.dvan_ced full A3 bleed and A4 thermal
transfer and dye sublimation colour

printers. The printer and software

packages are available from Bit, the
UK’s Zenographics software distributor,
The compler.e pnntcr and Zenographics

'Roﬁwaxe‘pﬁckﬁg&\ tfi@i%forthe :

- G6710 full A3 bleed thermal transfer
and the SMIB,Mdye eublmmm'

Saperpruu 3.0 will wo;k for even
difficult products that normally requﬁ i
PostScript printers. ZScript 1.0 seﬁware. ,
runs an application and interprets

Europe
Discovers
Columbus

The Columbus handheld routefinding
computer will be one of the traffic auto-
navigation methods taking part in the
EC Drive Programme in 1994. Partly
funded by the European Commission and
partly by its participants all over Europe,
Drive 2 - the programme is now in its
second phase - aims to establish a Europe-
wide format for communicating road and
traffic information to organisations and
drivers. The BBC, Department of
Transport, British Telecom and the AA are
among the organisations taking part in the
trials, which include in-car navigation,



Nuclear
Safety On
Paper

The Health and Safety Executive
(HSE) has issued the second edition of its
Nuclear Safety Newsletter, published by
the Nuclear Safety Division of the HSE.
The four-page newsletter concentrates

pfovidmg even faster perfm‘m
Supchext prowdeq Snpe

relaying traffic data through the phone
network and RDS radio, Point of
Information touch-screen terminals in
motorway services and other aspects of
route-planning using electronics,
telecommunications and computing.
Columbus manufacturer Panstar plans
to use around 20 new Ford Mondeos,
supplied by Hertz Hire, for system trials
in the projected London/Paris corridor,
codenamed “Pleiades™. Trials arc due to
start in February in the Kent area.
Columbus will be specially adapted to
receive live traffic data from RDS radio,
and further modifications will allow the
computer to display and speak the tratfic
messages received so that the driver only
receives traffic warnings relating to his or
her journey. The driver will be offered an
alternative route to avoid hold-ups.

mainly on reporting the activities of the
Nuclear Installations Inspectorate,
investigating possible weak points in
safety measures. It aims mainly at
reassuring people working in the
industry that everything is being done to
keep watch on safety issues, in line with
the HSE’s brief. The newsletter reports,
for instance, that Trawsfynydd power
station in Snowdonia will be
decommissioned because metal welds
are turning brittle faster than expected,

, contrast, den51Ey az‘f
s and as well as mult;pl

and that Bradwell’s turbine cooling
intake had been blocked by seaweed and
mussels. The reactors were shut down
while pump strainers were cleared.
“Although the incident was rated as
having little nuclear safety significance,
it generated considerable public
concern”, says the newsletter.

The October newsletter carries
reports from May to September, and
cverything appears to be under control.
Would they tell us if it wasn’t? Nuclear
Safety Newsletter appears three times a
year free of charge from the Health and
Safety Executive - phone 0742 892345
or fax 0742 892333,

s R

The famous Avometer multimeter,
almost a legend in its own lifetime,
celebrated its 70th birthday in
December. Launched in 1923 as the
world’s first test meter with multi-range
facilities, the Avometer multimeter
earned its name (bestowed by inventor
Donald Macadie) from its Amps, Volts
and Ohms ranges - an imaginative move
which paid off in terms of memorability.
Not that the Avometer is anything
other than memorable. In continuous
production since 1923, with new,
extended models following - the
Universal Avometer in 1933,
mtroducing AC ranges; the Avometer
Model 7 in 1936, notably adding an
automatic cut-out in place of the fuse;
the robust Avometer Model 40 in 1940
to measure 3-phase voltages for the
power industry; the Avometer Model 8,
perhaps the most classic model, in 1948.
The heavy-duty black Avo housing
with its integral leather carrying-stap
became a mandatory symbol of the trade
for everyone involved in live electrical

70 Years
for AVO

ELECTRONICS in ACTION o FEBRUARY 1994
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(later electrical and electronic)
enginecring professionally or as a
serious interest. The company went
public as Avo Ltd. in 1957, one year
before the 1,000,000th Avo Model 8
was manufactured.

New models have continue to appear
as needs and modern components
change, but the Avo Meter has kept its
classic build, fondly known as one of the
few portable test instruments that can
double as a tool-stand and doorstop on
those awkward in-the-field jobs. We
wish Avo an equally successful 21st
century,

Information on the latest Avometers
can be obtained from:

Avo International, Archcliffe Road,
Dover, Kent CT17 9EN. Tel. 0304
202620. Fax 0304 241491.

Leeds
University to
hold an
Information
Technology
Day

BIT *94 is a one-day conference
bringing together over 500 students from
further and higher education institutions
throughout the UK with people from
research, industry and commercial
companies. Several other IT conferences
will run simultaneously in other parts of
Europe, and the sites will be liked in a
vidcoconference so that the debate can
be carried on in the proper style - live.

Following BIT, 200 delegates from
each country will fly to Toulouse in
France for a pan-European two-day
conference. This is the fifth IT
conference organised by the European
Conference on Advance Information
Technology (JETALI).

The 1994 theme is the buzzword of
the era, Virtual Reality, biased towards
its importance to business and industry.
The conference, which is already backed
by British Telecom, the National
Westminster Bank and KPMG Peat
Marwick, is looking lor involvement
from other companies and organisations,
Contact with researchers at University
level and committed technology students
will be one benefit of closer
involvement, especially for companies
looking to recruit IT staff in the future,

The Gadget Shop

Some of us just love
tinkering around with
electronic gadgets. There is
anew chain of shops to
fulfil that demand. Called
appropriately The Gadget
Shop here are one or two
items of interest.

Universal Remote
Control

A must for those constantly hunting
around for separate remote controls for
the TV, Hi-Fi, CD etc., this ingenious
device can store all the functions of the
others in one unit, Just place on of the
existing controls opposite it and copy
each function across. (Price 29.95)

Weather Station

This precision instrument measures
barometric pressure, comparing it to that
over the previous 24 hours and predicts
the weather using symbols to denote
cloudy, sunny, overcast and rainy. In
addition it can function as an alarm,
calendar and clock, making the perfect
desk accessory. Requires 4 AA batteries.
(£89.95)

Talking Calculator

Each time a key is pressed, the function
chosen is spoken out which helps to
double check calculations as they are
typed in. When the calculation is
complete the answer is also spoken.
Requires 2 AA batteries. (£14.95)

Battery Manager
Until recently it has been assumed that it
was unsafe to recharge ordinary general

purpose batteries which has resulted in
economic and environmental waste. This
battery charger is a safe and effective
alternative, (£29.95)

Circuit Board Stationery
All the items in this range are made from
genuine circuit boards which would
otherwise have been binned due to
technical imperfections. Each item is
therefore unique in its own right and the
range includes filofax and notebook
covers and clip boards. A good idea for
anyone into computers or electronics.
(Notepad £5.95; filofax £19.95)

Digital Pedometer

The world’s smallest digital pedometer,
this is bought mainly by joggers or
serious walkers which counts your steps
and converts it into the distance
travelled (switchable between walking
and jogging.) Simply clipped to a belt, it
also features a clock, top display for
easy readout and is weather proof.
Battery included. (£9.95)

For further information, please contact
Jonathan Elvidge (0482-871001)

[nformation about BIT *94, including
a list of sponsorship opportunities and
exhibition facilities, contact:
BIT *94 Committee,

School of Computer Studies,
University of Leeds, Leeds LS2 9JT
or call Steve Rowette (0532 335461)
or Nik Silver (0532 336798). 4
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Light and
Handy

Tinkering in the dark is not something
to look forward to if you have a
breakdown or a power cut to deal with.

Maplin are now offering two low-
cost items for difficult jobs. A 24-piece
ratchet screwdriver set comes in chrome
vanadium with broad-grip rubber-
padded handles housing a reversible
ratchet mechanism. The latched pivoting
mechanism allows the handle to be bent
at any angle up to a right angle to help
with leverage. The screwdriver is
designed to accept .25in hex bits, and an
adapter is supplied to hold .25in square
sockets. The set comes in 6 metric .25in
drive sockets, 6 imperial .25in drive
sockets, 4 flat-bladed hex-drive
screwdrivers and 6 crosshead bits - 3
Posidrive and 3 Philips.

For breakdowns is a rechargeable
torch-lantern which combines an amber
emergency flashing lamp, a powerful
halogen spotlight torch and a tluorescent
lantern with a selector switch for one or
both of the two 210 mm 6 watt tubes.
The sealed 6 volt, 3 amp-hour lead acid
battery is recharged by plugging into the
supplied charger and connecting to a

normal mains outlet. A battery charge
led on the lantern shows when the
charger is in use.

This is a handy, ergonomic-looking
lantern with many uses.

The offer price until 28 February for
the ratchet set (O/N CJ33L) is £7.95,
and for the rechargeable lantern (O/N
GW44X) is £8.95, both vat-inclusive,
from Maplin Electronics, telephone sales
0702 554161, or Maplin stores around
the country. €3

Multimedia
Comes To
Maplin

Maplin Electronics reckons that
Soundblaster, now in the Maplin
catalogue, is the most popular PC sound
card in the world. With over a million
already installed, Maplin has now
produced a Sound Blaster Multimedia
Internal Upgrade kit, comprising the
upgraded Sound Blaster Pro card, a CD-
ROM drive and a collection of CD-
ROM software. The upgraded card is
compatible with existing Sound Blaster
and Ad Lib software, but now has 8-bit
stereo and mono sampling and playback
with a variable sampling rate from 4kHz
to 44.1kHz. The internal 22-voice, 4-
operator OPL-3 FM synthesiser gives an
increased range of instrumental voices
and sound effects. The card has inputs
for microphone, stereo line in and CD
playback via the CD-ROM audio
interface,

The SoundBlaster Upgrade kit from
Maplin Electronics, telephone sales
0702 554161, or Maplin stores. &

EV Catalogue

If you haven’t already got it Electrovalue’s
'93-794 catalogue is available for only
£1.50 if you “phone 0784 442253 and
quote your credit card number and expiry
date or fill in the coupon in their ad

H

Let's Rip
it Up

ULTiroute GXR, from
ULTimate Technology is a
Ripup & Retry Autorouter.
This Windows based PCB
design package offers
customised control.
ULTiroute GXR 1s fully
supportive of Surface
mount devices.

The new versions 4.50 of
ULTiboard and 1.50 ULTicap are now
32 bit using a Windows compliant
DOS extender. The user can decide
whether or not to run in Windows,
without loss of performance. Also
included are features such as Global
Shape editing and expanded librarics.

ULTicap offers several automatic

: features which reduce editing time

these include Autowire, Auto Snap to
Pin, Auto Junction and Real Time
Electrical Rule Checking.

A utility called ULTihole speeds up -

the making of prototypes and it now
supports HP laser printers as well as
Postscript and HPGL plotters.
ULTimate Technology operates on
systems from DOS to UNIX and Sun
workstations.

H

ELECTRONICS in ACTION ° FEBRUARY 1994



NOILDV Ul SOINOYHLD3TT

Y661 AHYNYa3d

Technical Advances from around the Globe

Building high temperature
superconductor circuits
A new technique for building high-temperature
superconductor circuits is promised as a result of joint
research between AT&T Bell Laboratories and the State
University of New York. The technique uses electron-beam
apparatus to bore submicron holes along YBCO microbridges,
creating the weak resistive links required by Josephson
junctions.

In the past, creating such weak links in a controlled manner
to build HTS devices and circuits has been difficult. Previous
research focused on using grain boundaries of metal-
superconductor interfaces to create the resistive link, to mixed
results.

The YBCO microbridges are created by standard deposition
and photolithography techniques. Using the fine controls of a
scanning transmission electron beam to drill a series of holes
precisely defines the electronic properties of the junction. The
drawback of the technique is that it took the researchers from 5
to 10 minutes per micron (o create the junctions but dramatic
speed-up could be achieved with higher-powered beams. Other
advantages, such as the ability to pattern and tailor complex

Improved micromachines technology
T he prospects for micromachine technology have improved

now that researchers at Sandia Laboratories have built a power
source - a micromotor no bigger than a couple of DRAM cells.
The actuator consists of a hollow tube filled with liquid (water
in this case, although other liquids can be used) and a piston
with a cross section of 6 x 2 microns. A bubble formed at one
end of the tube by a polysilicon micro- bridge heater can be
made to propagate down the tube. The meniscus captures the
end of the piston and carries it along the tube as the bubble
expands. In essence, the motor is a tiny steam engine.

Two contact pads are connected to the heater element. When
voltage is applied, the liquid is heated to a vapour; the
displacement and speed of the piston can be controlled by
varying the voltage applied. Sandia said that piston displacement
measured on a vernier scale was greater than 20 microns,

The piston, a folded spring assembly, and the bridge are
formed from a polysilicon layer. An oxide is deposited,
followed by a second layer of poly that partially encapsulates the
piston and the channel in which the piston and heater reside.

Improving electro-luminescent displays
T he Advanced Research Projects Agency has established a

Phosphor Technology Centre of Excellence at the Georgia
Institute of Technology, as part of its high-definition display
initiative,

Arpa is providing an initial $10 million. The research is aimed
at improving low-voltage thin-film electro-luminescent displays,
field-emission display films and thin-films for cathode-ray tubes.
Other goals include the development of novel phosphor materials
as well as new device and array processing techniques.
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Centre of Excellence members include the American Display
Consortium, whose members are donating a total of $750,000;
the David Sarnoff Research Centre, and five universities.
Beneficiaries of the research could include the budding US
HDTYV industry, as well as manufacturers of vehicular
dashboard controls, medical instrument monitors, computer
displays, virtual environment displays and industrial process-
control panels.



AD/DA Conversion Card
12 Bit Res, 16 Channels /P From £ 45

Digital /O Cards 48 Programmable /O Lines
(3 Independent 16 Bit Counters) From £ 23

- oprpipontd

8 Port RS-232 Card with Software

N
% ‘\}l"r
e
Universal Programmer
(A11-3A) From £ 395

gouMb
B R

Voice Communications Card
Inteifigent Telephone Card FromE 175

PC Based Industrial and Lab, Data
Acquisition, Control and Measure-
ment, Instrument Cards

AD/DA Cards Interface Converters
Plus Accessories & Software Relay Output Cards
C.P.U. Boards RS 232 Cards
Device Programmers Single, 2. 4. 8. 16 Port
Digital I/O Cards RS 422 Cards

| EEE 488 Cards Single, 2.4, 8, Port
Industrial Chassis PC ROM Disk Cards

Industrial Control Cards Slot Extender Cards

Specialist PC & Multimedia Add-on Cards

PC - Telecommunication Cards

Fax Modem Cards
[ VISA | Voice Recognition Cards
Voice Digitiser Cards
Video/TV - PC - Video/TV Cards
Sound Cards
Components

Cases Monitors

Floppy Disk Drives Mother Boards

Hard Disk Drives Cache Controller Cards
From 40MB to 2.1GB Network Cards
Keyboards Tape Back Up Units

For further information, Product/Price List
Call Us On:

Tel: 0902 20267 Fax: 0902 28439
Roline Systems Ltd, Imex House,
Imex Business Park, Upper Yilliers Street,
Wolverhampton, West Midlands. WY2 4NU
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his project started as a chance

remark by a friend who has an

interest in the raising of game
bird eggs in a home built hatchery. He
had been using a lightbulb to warm the
hatching box but had found that
temperature control was erratic to say
the least. He had however raised a good
percentage of the eggs and was looking
for a better result next year if he could
control the temperature more efficiently.

-
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David Silvester plays mother hen and
provides the eggnition for the hatch

At this point I suggested that I could
construct a suitable control unit if he
was interested. Thus the project began,
but gradually I came to see that the same
circuit could have a wider use given
small changes to the heating elements
and in some cases the temperature
sensing circuitry.

The Works

The circuit uses one of the latest
semiconductor temperature sensing
devices. These devices allow a fixed
current to pass through them depending
on the absolute temperature of the
device. Since zero Celsius (0C) is 273
degrees absolute (273K) and the devices
pass one microamp per degree absolute
then at room temperature

i

the device passes just 5191 Sensbr details

under 300pA. This current

is independent of the voltage across the
device providing it has between 4 and
30V across, sufficient to put in it’s
linear operating range. The current is
unaffected by resistances in the leads to
the sensing element which is housed in a
standard TO92 or TO18 transistor case.
One of the leads in the transistor case is
not required and I assume is connected
to the device substrate thus the spare
lead may be left unconnected or
connected to the low potential, in this
case the voltage from P13. The sensing

limits are -25° to 105°C mainly due to
the package for the device. As the
temperature varies then the current
changes and this can be converted into a
voltage output with a simple op-amp
circuit.

Figure 3 shows the full circuit for
the controller, The temperature sensor
fits between P11 and P13 taking a
constant current of 273pA at 0°C at
which temperature it was decided that
the op-amp IC5b would have an output

i
|
i

Screened lead

i

of zero volts. At zero volts output and
with the inverting amplifier
configuration resistor R13 will not be
passing any current.

Thus to set the op-amp to zero at
0°C a current of 273uA is supplied by
the stabilised supply of R6, R10, VR2,
D1 and C5. As the sensor’s temperature
increases then the current through it
increases and the voltage at pin 6 of
IC5b tries to fall below zero volts.
However the action of the inverting

R R R~



amplifier is for the voltage
at the output to rise so that it
compensates for the error.
With R13 at 100K ohms the
output of IC5b rises at a rate
of 100mV/C so that 0°C is
OV output and 100°C is 10V
output, the full range of the
circuit as shown here. With
a simple output voltage from
IC5b representing O to
100°C a ten turn resistor
with a 0 to 10 scale on it was
used as the input device for
the set temperature. This
potentiometer needs to be
driven from a 10V stabilised
reference and this is
supplied by IC5¢ and it’s
associated circuitry.

Having the set voltage
and the actual voltage we
can get on to the control
circuit itself. From the centre
tap of the pot at P2 arrives a
voltage that is the
representation of the
required temperature in the
hatch box. From ICS5 pin 7
comes the voltage
representing the actual

e —
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temperature. Op-amp IC35a is
a differential amplifier that

takes these voltages and

outputs on pin 1 a voltage that is a
representation of the difference between
the set and required values. Without any
gain, the difference would still be at
100mV/'C rate, ie an error of 10°C
would give either a + or - 1V output
depending on whether the sensor was
hotter or colder than required. In this
circuit the amplifier is arranged so that
too high a sensor temperature causes

positive output from IC5a. Keep in mind
that the amplifier circuit around IC5a
does give gain, I shall come to the
reason for this soon.

The last amplifier in ICS is a simple
triangle wave oscillator based around
C8. In this circuit C8 is charged and
discharged alternately by the output of
the op-amp via the resistor R17. The op-
amp has only two output condition, full

on close to either + or - 15V rail. When
the output of 1C5d is at +15V then C8
charges through R17 up to the point
where the input at pin 13 exceeds that at
pin 12, Since the voltage at pin 12 is 1/3
of that at the output the op-amp flips at a
voltage of 5V on C8. At this point the
output of the IC flips to -15V. Now C8
discharges through R17 down to a
voltage of -5V on C8 at which point it
flips back to the original condition. Thus
the voltage across C8 rises and falls in
an approximately triangular manner, and
at a rate set by the values of R17 and C8.
In this case the frequency is set at SHz
approximately. The fact that the output
‘triangular’ waveform is curved due to
the exponential charge/discharge cycle
in no way affects the operation of the
device. This ‘triangular wave passes to
the comparator IC7. IC7 is set up so that
it receives the DC error signal from op-
amp IC5a and the triangular waveform.
Ignore the connection to IC7 on pin 6
for the moment. The comparator is a
pulse width modulator producing a low
output and therefore lighting the LED
and the LED in the opto-triac IC6 when
the voltage coming from the triangle
waveform is greater than that from the
DC error signal, If we assume a steady
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state where the DC error is zero then the
output from the comparator will be on
for half of the time and off for the other
half. If the sensor sees a lower
temperature then the output of the error
amplifier will go to a lower voltage, and
the LEDs will be illominated for a
longer part of the pulse width cycle.

The LED in IC6 fires the triac
controlling the heat input to the
hatchbox and as the sensor cools the
circuit will fire the triac more often to
correct the error.

We now come to the gain of the
error amplifier. With an input triangle
wave of +/- 5V and an error signal rated
at 100mV/'C, then the triac will be fully
on only if the sensor is 50°C below the
setpoint. With this situation the

the box temperature varies vastly and
the temperature in the box could vary by
+/-2.3°C. With higher error amplifier
gain this range could be cut but it could
produce temperature oscillation during a
recovery from say opening the box. The
error amplifier gain can be set to any
value depending on the ratio of R19 and
R21 to R12 and R22. The error
amplifier has a FET input device and
R19 and R21 can be increased in value,
up to any resistor value available. If |
the value of R12 and R22 is lowered
then the lower value of R22 will affect
the setpoint potentiometers linearity.
There remains one problem, caused
by the high switching speed of the triac
itself. If we allow the triac to fire at any
point in the mains cycle then by chance

extent. To allow direct connection to the

mains live there are two dropper
resistors R1 and R2. Anyone familiar
with the CA3059 will know that the chip
contains all of the components to build a
controller. The problem is that the
sensor will be directly connected to the
mains neutral. Now whilst this may be
satisfactory for some circuits and it is
shown used in that way in the data sheet
for the CA3059 it was not felt to be
good engineering practice and certainly
not safe enough for use by amateurs. In
this design everything is referenced to
the earth terminal. Isolation is provided
by the two opto-couplers. The CA3059
is wired so that at every zero cross, that
is at 100Hz, a pulse will light the lamp
in the opto-coupler IC3. This pulse will
be for a very short period
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where the mains voltage is
below +/-1.2V (referred to
neutral). This pulse turns the
transistor in IC3 on and
transistor TR2 off. IC7
(LM311) is an interesting
device in that it can be
disabled, ie the transistor
output of the device can be
forced into an open circuit
condition, and this occurs
when pin 6 is grounded via a
1K resistor. The switching of
TR2 forces this open circuit
condition to occur at all times
except when the mains voltage
is very close to zero. When
IC7’s output is open circuit,
the output triac cannot fire.
The input to IC7 will
determine when the triac
should fire. The switching of
TR2 will prevent this until zero
crossing time. The triac will
fire on every half cycle that
its voltage is above the error
amplifier voltage.
The main triac TR1 is

hatchbox would only heat up very
slowly and recover from opening the lid
in a similar slow way. To achieve much
more rapid heating the error amplifier
has gain so that the error is rated at
2.2V/'C thus the full on for the triac
condition occurs when there is an error
of around 2.3°C at the sensor. The gain
of the error amplifier is therefore 22
times and this seems to result in a stable
temperature in the hatchery box. By
increasing the gain of the error amplifier
the full on to full off situation can be
made to cover a smaller temperature
range. With the error amplifier range at
2.2V/°C, the power required to maintain

the triggering will occur when the
voltage across it is about 320V, the
highest voltage in the 240V AC cycle.
The triac rapidly turns on and results in
a very sudden increase in load current
which causes RF emissions into the
mains that interferes with other electrical
equipment. In this circuit the triggering
is synchronised to the point at which the
mains voltage crosses zero volts. This
results in a much lower RF emission
from the circuit.

Internal to the CA3059 device, 1C4,
is & power supply that runs from the
mains, using only the electrolytic
capacitor C6 to stabilise the DC to some

fired by the secondary triac in
the opto-coupler IC6. When IC6 LED
turns on, its triac turns on and fires TR1.
Resistor R14 only receives a very short
voltage spike and does not dissipate
much power. Tests have shown that R14
remains cold even with the power full
on and the triac firing on every half
cycle.

The heat producing load, the light
bulb in the case of the hatchery connects
from the live to the MT2 terminal of
TR1. Although the bulb is live all of the
time the circuit is safer since a failure of
the bulb will leave the TR1 circuit
unpowered. The whole circuit is driven
by a standard power supply unit of a
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centre tapped transformer
and bridge rectifier to give
about +/-20V. This occurs
from the 12V AC
transformer due to a
problem called regulation.
This leads to a higher output
voltage than expected when
the transformer is run at a
low load current. The 15V
supply only operates the op-
amp and the sensor and so
uses a very small current.
The 79L15 regulator would
be suitable for use here but
the +15V supply powers a
number of additional circuits
and although a 78L15 has
been used for IC1 it becomes
very hot. To increase
reliability usc a 7815
regulator in the TO220
package instead.

Construction

Whilst this project has been
designed for safe operation,
the constructor should
remember that the project

uses mains voltages. Neither
the author or the magazine
can accept responsibility for
any accidents that may occur due to
mistakes. If in any doubt as to your
capabilities do not attempt this project.
I started construction with the
building of the sensor assembly. The
AD592 is a typical TO92 package with
three leads on it. Take the device and
looking with the wires pointing towards
you and the flat of the D downwards,
the pin on the left is the sensor negative
terminal, see Figure 1. Bend the central
wire so that it lies along side the left

hand wire and cut to about 1/4inch long.

Take a length of audio coax cable and
cut back the outer sheath so that you
have about 1 inch of bared wire. Tin the
screen and cut back giving two wires
about 1/2" long. Bare the central
conductor for the last 1/4", tin, push
over a 1/4" length of shrink wrap tubing
and solder to the right hand pin of the
ADS592. Pull the shrink wrap over the
solder joint and shrink the tubing with a
heat gun. Repeat for the screen and the
other two terminals of the AD592.
Finally cover with a larger piece of
shrink wrap tubing. This part is very
fiddly so take your time. Fit a plug to
the far end of the coax and the sensor is
complete.

The main circuit board is easy to
build following Figure 2. If you prefer
to build the circuit in sections testing as

you go then you may like to build the
low voltage power supply around BR 1
first. For the off board connections I
recommend the use of terminal pins as
these make the final wiring easier.
Having built the circuit around BR1
make a lemporary connection to the
transformer and look for -15V across C4
and +15V across C3 with the central
terminal P4 as the ground. See Figure 5
for off board connections.

Moving on to the circuit around
IC4, you should find around 6V across
Cé6 and R1 and R2 get hot when
running. BE VERY CAREFUL this
circuit is at mains voltages. Check
carefully for solder bridges around the
IC or it will go up with a puff of smoke.
Take precautions when testing. If you
add IC3 and R3 then using a logic probe
or oscilloscope you should find a pulse
at 100Hz. With an oscilloscope do not
connect the probe screen to neutral, it is
dangerous and the repair bill to the
'scope may be expensive, use the Earth
pins only. You will see a very wobbly
trace due to the difference in voltage
between the neutral and earth lines and
on top of this a sharp pulse at 100Hz. It
is then reasonably simple to complete
the rest of the circuit. Those
components to the left of the ground
track through 1C3 and IC6 can have

mains on them so special care needs to
be taken in this section. The triac TR1
has a small twist vane heatsink mounted
below it and then screwed to the PCB. IT
you use the recommended BTA triac
then this contains internal isolation and
the heat sink can be grounded. You can
use almost any other 400V 4A or higher
triac in a TO220 case but then the
heatsink will be live.

Rather than use the sensor for
testing I calculated that a 47K resistor
across 15V would give a current that is a
temperature representation of about
45°C. The sensor costs a few pounds
whilst the resistor costs pence, the
resistor forms a safe option for initial
testing.

Take the case and cut the holes for
the ten turn pot, the input and output
mains connectors and the sensor
connector. I suggest the Euro type
sockets for the mains connectors and
have used an input socket that contains
a fuse in it. There is an LED on the
board and some constructors may want
to have this fitted into an additional hole
in the case, This may be helpful if the
heating element does not give off light
as is the case for our ‘bulb’ heater.

I should add a few notes about the
hatching box itself. This contains the
lamp as the heater a small electronics



bay cooling fan to blow air across the
bulb to keep the temperature even in the
box, similar to a fan assisted cooking
oven. The sides of the box need to have
two holes, one close to the fan inlet to
allow fresh air in and the other as an
exhaust. The inlet hole size 1s about 1/4
of the diameter of the fan.

Setting Up and Testing
There are only two potentiometers to be
set up for the circuit after the constructor
is certain that the board operates
correctly. Firstly, connect a voltmeter
across the off board connector P1
(ground) and P7 (higher voltage).
Adjust VR so that the reading is 10V.
This sets the voltage across the ‘set
temp pot’ and gives the range 0 to
100°C. With the 47K test resistor in
place move the dial of the ten turn pot
and check to see that the LED goes from
always on with the set temperature low,
through a phase where the LED flashes
at a fixed rate but with a decreasing on
time, to a point where the LED is
always off. Remove the 47K resistor
across the sensor connectors and fit the
wires to the sensor itsell. Put the sensor
alongside a thermometer and put the
voltmeter across P13 and the junction of
R19 at the end connected to 1C5b. After
the temperatures has stabilised set the
voltage across P13 and 1C5b output to a
voltage that works on the 100mV/C
scale, (20°C is equivalent to 2.0V). This
sets the calibration of the sensor circuit.
The sensor has guaranteed error limits
for the type used. This is less than 2°C
over the 0" to 100°C range, although
there are other more expensive versions
with better specifications.

User Modifications
This design may not suit the exact
requirements of the user, the prototype
being built to power a L00W lightbulb.
The triac is rated at 8A at 240V AC and
the ballast resistors are also for a mains
voltage of 240V. The unit can be used
without modification in Europe on 220V
mains whilst in the USA on 117V AC,
one of the two balast resistors R1 and
R2 must be shorted out to allow the
CA3059 to operate correctly. The unit is
triggered by mains zero crossing but
needs no modification for the 50 or
60Hz frequency difference.

As given here the unit is limited to
0 to 100°C by the sensor itself. If
required the constructor can modify the
sensor circuit to other types and
temperature ranges. The 3A fuse in the
main

input socket limits the output
current.
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'EX TECHNICAL BOOKS =

TELEVISION CHASSIS GUIDE.
Full cross reference for all models
Order MP-18. £5.95,

TELEVISION EQUIVALENTS
Lists models which are the same
Order MP-150 £5.95,

Hundreds of specific faults for
dozens of different makes and
models.

Order MP-205, £6.95,

TELETEXT REPAIR MANUAL.
Covers SAA range of boards.
Order MP-38. £6.95.

TELEVISION REMOTE CONTROL
CIRCUITS.
Dozens of Diagrams on many

remotes.
Order MP-167. £10.00.

TV POWER SUPPLY CIRCUITS.
Dozens of P.S. circuit stages.
Order MP-219. £10.00.

SCART EUROCONNECTOR
SYSTEM.
Comprehensive details of the system.
Order MP-21. £3.00.

P.C. HARD DISC DRIVE
REFERENCE MANUAL.
Comprehensive Drive Details.
Order MP-84, £5.00.

P.C. DIAGNOSTICS SOFTWARE.
Dozens of programs to aid you in
diagnostics of PC’s and Drives etec.
2 sets of 7 x 3.5” Discs per set.
Set 1. Order MP-250. £12.50.
Set 2. Order MP-251. £12.50.

FAULT LISTS FOR TELEVISIONS.

VIDEO
RECORDER
AND
CAMCORDER EQUIVALENTS.
Full Cross-reference guides.
Makes A-J. Order MP-217, £5.95.
Makes K-Z. Order MP-218. £5.95.

FAULT LISTINGS FOR VIDEO.
Lists Hundereds of Faults for
dozens of makes and models.

Volume 1. MP-206. £6.95,
Volume 2 MP-228 £6.95.

VHS VIDEQ RECORDER
PRINCIPLES.
Detailed guide on how it works.
Order MP-58. £3.95.

VIDEO TEST JIG.
Special cassette lets you operate
the machine in test mode.
Order VTJ. £15.00.

VIDEO HEAD CLEANING KIT.
Special kit with comprehensive
instructions on how to service heads.
Order VHCK. £4.00.

VIDEQ RECORDER FAULTS.
Unique repair guide for beginners,
Order MP-5. £3.95.

WIRE ANTENNAS FOR
H.F. OPERATORS.
THE aerial book for Amateurs.
Order MP-248. £5.95.

REEL TO REEL TAPE
RECORDER SERVICING.
Theory and circuits for repairs.
Order MP-201, £5.00.

TRANSISTOR RADIO REPAIR
GUIDE.
Comprehensive servicing charts.
Order MP-7. £2.50.

A selection from our range of books for the repair trade

RECORD PLAYER SPEED DISC.
Get your phonograph up to speed.
Order MP-8. £1.00.

SWITCH MODE POWER SUPPLY
I.C. TYPE TDA-4600.
Circuitry and operation explained.
Order MP-37. £6.00.

VOLTAGE REGULATORS,
STABILISERS
& POWER SUPPLIES.
Identification and specifications.
Order MP-9. £3.00.

CMOS DATABOOK.
Pinouts and circuits for 4000 series.
Order MP-10. £5.00.

TTL DATABOOK.
Pinouts and circuits for 7400 series.
Order MP-34. £5.00.

TRANSISTOR EQUIVALENTS.
Includes details on testing them.
Order MP-24. £3.00.

OFFICE EQUIPMENT
EQUIVALENTS.
Photocopiers & Fax machines
covered.

Order MP-200. £6.00.

TELEPHONE CODE LOCATION
GUIDE.
Find the Town from the Phone Code.
Order MP-19. £4.00.

MANUFACTURERS
EQUIVALENTS.
What makes are the same.
Onder MP-220. £3.00.

SERVICE MANUALS

available for most equipment.

Order TODAY using Access/Visa for immediate despatch.
All orders plus £2.35 Post and Packing. (Overseas £5.00)

The above selection are just a few of the Hundreds of Unique Repair and Data
Guides shown in our FREE catalogue - Yours for the asking.
Sent FREE with all orders or send 2 x Ist class stamps for your copy TODAY!

MAURITRON TECHNICAL SERVICES (EA)

47A High Street, Chinnor, Oxfordshire, 0X9 4DJ.
Tel:- 0844-351694. Fax:- 0844-352554.




DATA ACQUISITION WITH THE PC

SSCILLOVCE LIWE P — TiePie engineering manufactures a complete

Gégu"' p—— 4&” range of computer-controlled measuring instruments.
4,00 -1u.El Connecting these units to a PC (MS DOS 3.0 or higher)

2.0 1740 psec [33.3 results in a number of compre-  :iis siiiiiagrrieres

0.00 10,0 psee | ¢ hensive test instruments: ~* oscilloscope;
o = voltmeter;: 111111

-2.00 50,0 nsec |20.0 ¥4 TE T
e = spectrum analyzer;

i 0.2 sec |22 ~ frequency meter; -
-6.00 0.5 nsec |6.66 =~ ‘transient réééxéw»
8.0 1.0 nsec [5 o0 All measured data can be stored **" 7" s
L10.0 P o gg ns:g ¢ 6 on disk or run off Ifo‘r_ t_:locumentatlon‘ Bgcause of the
00 Tjsec) 2T 10.0 nsec many trigger possibilities, a variety of signals can be

20.0 nsec measured, while the powerful software enables a

ez (0 SH IE— I@SET |l 30.0 msec : multitude of measurements to be carried out in a
mmwwwﬂ gé i En straightforward manner. Application areas include:
' J service; medical research; automatic test systems;

MJWE-"T—]'MI ww research and development; and education.

LOW COST: HANDYPROBE

Connect the HANDYPROBE to the parallel printer port
of the PC and start the software. Measuring can be
carried out at once. The HANDYPROBE does not need
an external power supply. Some techmcal parameters:
0.5-400 V software
select input range;
one input channel;

8 bits resolution
(overall accuracy 2%);
A complete software
program consisting of
a digital

BEST PERFORMANCE: HANDYSCOPE

The HANDYSCOPE is connected to the parallel printer
port. This makes it possible to carry out measurements
with a laptop or notebook PC. Because of its high
resolution {12 bits), the HANDYSCOPE is a very accurate
instrument, The measuring rate is 100,000 samples/sec.
Either of the two channels can be set independently
over a range of 0.5-20 V {with a 1:10 probe up to 200 V),
The advanced software enables many measurements to
be carried out. Two probes (switchable 1:1-1:10) are
provided. The HANDYSCOPE is constructed as a small
table model with two BNC connectors.

The length of :

storage oscilloscope, thecable — & s o
spectrum analyzer, linking the

voltmeter and a PC and the

transient recorder HANDYSCOPE

is provided. is1.8m,

The HANDYPROBE is which can be

eminently suitable for extended

servicing and to 3.8 m.

educational purposes.

MULTIFUNCTIONAL: TP5008

The TP5008 is an interface card
that provides an analogue
output in addition to two input

VERY HIGH SPEED: TP208

The TP208 is an interface card
with a measuring speed of
2x20 Megasamples/sec

(8 bits). Phenomena shorter
than one millionth of a
second can still be
measured well.
The completely digitized
triggering ensures very
stable triggering with
many trigger _
possibilities. by Zoand
The TP208 has an é’f& g? 'wk‘“
input range of
5 mV/div to 20 V/div in 12 steps and an auto calibration
function. Since both channels may be sampled
simultaneously, phase differences can be measured
| very accurateiy Even single phenomena can be
measured since each channel has a
32 KByte memory. Comprehensive £ 595

‘:";‘?Zﬁf Il prices are exclusive of VAT and P&P)

channels. This output in
combination with the two
inputs may be used for the
setting up of a complete
control loop. The output ___
may also beusedasa ~
function generator.

The TP5008 has a
resolution of 8 bits

and a sampling rate

of 200,000 samples/

sec (200 kHz). The input range may be set to 0.5-20 V
full-scale deflection. The output range covers 1.25-2.5 V.
The TP5008 is fitted with BNC connectors and is
delivered complete with a user manual and software.
Separately available are 1:1-1:10 probes sy

and 1:100 oscilloscope probes. £ 197

\\\\\ #

. software is provided.
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Inte rested? Then write or fax for a FREE demo diskette to

INSTRUTEK (UK)

28 Stephenson Road
Industrial Estate

St Ives, Cambs PE17 4WJ
England

Telephone (0480) 460028
Fax (0480) 460340
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Ever been frustrated by your 12V drill
speeding up and slowing down?
Paul Stenning’s latest project will help you

keep your sanity.

ne problem with the smaller

PCB drill machines is that the

speed drops rapidly as the
load increases. This can be overcome
to some extent by increasing the
supply voltage, however the off-load
speed is then too high.

The speed controller in this

article overcomes this problem by

raising the voltage to the drill as the
load is increased. The unit uses a
basic Pulse Width Modulation (PWM)
regulator to reduce the power
dissipation.

This unit was designed for the
Expo Reliant drill. This popular low

cost tool is ideally suited to light duty
use,
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<C) 1993 PAUL STENNING

ESE =5

|R3

12

The controller can power other
small PCB drills, as well as other
devices containing small 12 Volt DC
motors, although some changes to
component values may be necessary.

Construction

The circuit is assembled on a single sided
PCB, 126mm x 56mm. The component
overlay is shown in Figure 2. There is
nothing out of the ordinary about the
PCB construction, the components are
fitted in the usual size order.

A small heatsink may be fitted to
TRS5 il desired. This runs cool in normal
operation, but will heat up if the output is
short-circuited until the fuse blows.

R15 will run warm in normal
operation and should be mounted a few
millimetres above the surface of the PCB.
The 2 Watt power rating suggested in the
parts list should be regarded as a
minimum.

The prototype was built in a plastic
case, 190mm x 165mm x 68mm, see parts
list for details. Check the dimensions of
the transformer before buying the case.

A suitable template for the front panel is
shown in Figure 4, this may be

]| 2 Pom,
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] W AF
Mains
Input
_I....l
12 |0 12
- " Q

i
i

TR0t b 00

o Mz

r

Drill Qutput

photocopied and fixed to the front panel
with clear self-adhesive vinyl.

The internal layout can be seen in
the photographs and the interwiring is
shown in Figure 3. No mains fuse or
switch were fitted on the prototype for

simplicity, however a 3A fuse was fitted
in the main’s plug.

Testing
Ensure that main’s connections within
the unit are well insulated for safety. Set
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VRI fully anti-clockwise and VR2 fully
clockwise. Connect the unit to the
mains and switch on. Connect the PCB
drill to the output terminals.

As VRI is turned clockwise, the
speed of the drill should increase. Set
this control to about one quarter, then e -
load the drill lightly by placing a finger _
against the chuck. Note how much the : L e

G
b
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drill slows. : H v
Now gradually turn VR2 anti- g‘iﬁ
clockwise. The speed of the drill will b ' o
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increase a little. If the drill is lightly e P
loaded again, the speed should remain SEV B
more constant.

If VR2 is set too far anti-clockwise
the speed control will have little effect
and the drill speed may pulsate. The
suggested position for VR2 is a little
more clockwise than halfway.

The unit is now fully tested and can . L
be put into use. ! :
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: astic case used for the _
prototype is made by Bafbox, and

available from RS/Electromail, stock
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POWER AMPLIFIER MODDULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-13 INCH STEREO RACK AMPLIFIERS

OMP MOS-FET POWER AMP ERS
HIGH POWER, TWO CHANNEL 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *ind power supplies with two foroidal Iransiormers * Twin L.E.D. Vu melers %
Level conlrols * llluminated on/olf swilch % XLR connectors * Standard 775mV inputs * Open and short circuit
proof * Latest Mos-Fels for siress free power delivery inlo virlually any load + High slew rate * Very low
distortion * Aluminlum cases + MXF500 & MXF300 fan cooled with D.C. loud: thel P i
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 "xH3"':" (2U)xD11"
MXF400 W18 "xHS5"." (3U)xD12"
MXFG00 W19 "xHB" " (3U)xD13"
MXFS00 W19 "xH5%" (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXFG00 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

| [OMP X03 STEREO 3-WAY ACTIVE CROSS-OVER,

Advanced 3-Way Sterso Aclive Cross-Over, housed in a 19" x 1U case. Each channal has three level controls:
bass, mid & top. The removable front fascla allows access to the programmable DIL swilches to adjust the
cross-over frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24dB per octave. Bass Invert switches
on each bass ch |. Nominal 775mV inp iput. Fully compalible with OMP rack amplifier and modules.

Price £117.44 + £5.00 P&P

STAMPED FOR CATALOGUE *

o %
4) 5.A.E,

Sl RTINS GRS SUPPLIED READY BUILT AND TESTED.

These modules now enjoy 8 world-wide for quality, iability and at a realistic price. Four
modals are avallable to suit the needs of the professional and hobby market |.e. Industry, Leisure, instrumenial and Hi-F1
eic. When comparing prices, NOTE that all medels include toroldal power supply, integral haal sink, glass fibre P.C.B. and
drive circuits to power a compatible Vu meter. All models are open and shorl circult proof.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Oulput power 110 watis
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor =300, Slew Rate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity 500mV, S.N.R.
-110 dB, Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Outpul power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor =300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Inpul Sensitivity 500mV, S.N.R.
=110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Oulput power 300 walls
R.M.5. into 4 ohms, frequency response THz - 100KHz
‘b -3dB, Damping Factor =300, Slew Rate 60V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.M.R.
~110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/u$,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.M.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 walls
R.M.S. into 2 ohms, 725 watts R.M.5. Into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Faclor =300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeasl Protection, S d
Anti-Thump Delay. Size 422 x 300 x 125mm.
PRICE £259.00 + £12.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIOMS:

* ECHO & SOUND EFFECTS*

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu melers, MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with talk-over
switch, 6 Channels with Individual faders

inputs:- 3 turntables (mag), 3

following
mics, 5 Line for CD, Tape, Video etc.

Price £144.99 + £5.00 P&P SIZE: 482 x 240 x 120mm

PIEZO ELECTRIC TWEETERS - MOTOROLA

Join the Piezo revolution! The low dynamic mass (no voice coll} of a Piezo tweeter produces an improved

these units can be added lo existing speaker systems of up to 100 watts {more if two are put in serles. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
. TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for
{* bookshelf and medium sized HI-F| apeakers. Price £4.90 — 50p P&P.
TYPE ‘B’ (KSN1005A) 3';" super horn for general purpose speakers,
disco and P.A, systems etc. Price £5.99 + 50p P&P.
TYPE 'C' (KSN10164) 2"x5" wide dispersion horn for quality Hi-Fi sys-
& tems and quality discos etc. Price £6.99 + 50p P&P.
TYPE 'D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency

resg retained extending down to mid-range (2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.
TYPE 'E' (KSN103B4) 3%" horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi moni tems etc. Price £5.99 ~ 50p P&P.
LEVEL CONTROL C onar d ting plate, level control
and cabinet input jack socket. B5x85mm. Price £4.10 + 50p P&P.

transient response with a lower distortion level than ordinary dynamic tweaters. As a crossover is not required |

STANDARD - INPUT SENS 500mV, BAND WIDTH 100K Hz.
AL EQUIPMENT COMPATIBLE) - INPUT SENS

PEC {
T775mV, BAND WIDTH 80KHz. ORDER STANDARD OR PEC.

| LOUDSPEAKER LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.
EMINENCE:- INSTRUMENTS, P.A., DISCO, ETC

ALL EMINENCE UNITS 8 OHMS IMPEDANCE

8" 100 WATT R.M.5. MES- 100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.

RES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
10" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 PaP
10" 200 WATT R.M.5. ME10-200 GUITAR, KEYB'D, DISCO, VOCAL, EXCELLENT HIGH POWER MID.
RES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 99dB. PRICE £43.47 + £2.50 P&P
12" 100 WATT R.M.5. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
RES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 ~ £3.50 P&P
12" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A., VOCAL, STAGE
MONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P
12" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MID.

RES. FREQ. 5BHz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P
12" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
RES. FREQ. 47THz, FREQ. RESP. TO 5KHz, SENS 103d8. PRICE£70.12 + £3.50 PAP
15" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.

RES. FREQ. 46Hz, FREQ. RESP. TO SKHz, SENS 99dB. PRICE £50.72 + £4.00 P&P
15" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.

RES. FREQ. 38Hz, FREQ. RESP. TO 3KHz, SENS 103dB. PRICE £73.34 + £4.00 PAP

EARBENDERS I, STUDIO, IN-CAR, ETC|
ALL EARBENDER UM 8 OHMS (Except EBS-50 & EB10-50 which are dus| impedance tapped i@ 4 & 8 ohm}

ibl FLIGHT CASED LOUDSPEAKERS

A new range of quality loudspeakers, designed to take advantage of the latest
speaker technology and enclosure designs, Both models utilize studio quality
12" cast aluminium loudspeakers with Tactary fitted grilles, wide dispersion
constant directivity horns, extruded aluminium corner protection and steel
ball corners, complimented with heavy duty black covering, The enclosures
are fitted as standard with top hats for optional loudspeaker stands,

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

ibIFC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
ibl FC 12-200WATTS (100dB) PRICE £175.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

IN-CAR STEREO BOOSTER AMPS|

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 — 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
L. 400 WATTS (200 + 200) Sterso, 400W

i Bridged Mono
@ ALL POWERS INTO 4 OHMS

§ Features:
B & Sitereo, bridgable mono # Cholce of
high & low level inpuis * L & R level
controls * Remole on-off * Speaker &

protection

"

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH

5
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.
RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" SOWATT EE10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.
REIS. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE£13.65 + £2.50 P&P
L B . PRICE £30,39 + £3.50 PAP
12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 PAP
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5%." GOWATT EBS-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCO ETC.
RES. FREQ. 63Hz, FREG. RESP. TO 20KHz, SENS 92dB.
6%:" GOWATT EB§-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.
8" BOWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PR
10" SOWATT EB10-80TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98dB. PRICEL16.49 + £2.00 P&P

PRICE £0.99 + £1.50 P&P
PRICE £10.89 + 1.50 PAP
ICE £12.99 + £1.50 P&P

RANSMITTER HOBBY KIT:

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
AW TRANSMITTER B0-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP,
PRICE £14.85 ~ £1.00 PAP
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 48mm, SUPPLY 9V BATTERY.

B.K. ELECTRONICS

UNITS 18 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TH.
Tel:0702-527572 Fax.:0702-420243
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here is, unfortunately, a

continuing divergence between

the approach and attitudes of
most audio system design engineers and
the views of Hi-Fi journalists and a good
proportion of up-market Hi-Fi users. By
and large the designers, like most
practical engineers, tend to rely on
calculations based on theory, and
explore the performance of their designs
by performance tests and other
measurements. On the other hand, the
journalists and their more with-it readers
mostly suspect the validity of
measurements, which they feel, like
opinion polls, can be made to give any
answer which is required. They tend,
therefore, to rely on judgments of
technical excellence and assessments of
sound quality made by a select band of
knowledgeable critics.

I read Hi-Fi magazines, though not
as many, or as thoroughly as I should
because of my rather sceptical
viewpoint. I have noted the current
views of their correspondents and
contributors, and the ideas in
(temporary) vogue, some of which I
think are just plain daft, while others
give me cause to stop and think, and
wonder whether there really might be
something in what they say.

My problem is I suppose, that long
experience of audio systems and circuit
design has made me cynical about
innovations. I have seen, or heard, a lot

Part 1
The early
valve years

by John Linsley-Hood

of it before, and I often suspect ulterior
motives. For example, if Joe Bloggs
advertises some super new connecting
wire, or freshly re-labelled component,
at ten times the price you first thought
of, he will obviously extol its virtues as
persuasively as his command of
adjectives or his understanding of user
psychology will allow.

Similarly, if a Hi-Fi journalist hears
of some new idea in equipment design
or use, especially if it is likely to prove a
bit controversial, he will want to publish
details in his journal, since it will help to
sell more copies. It is obvious, also, that
his write-up will have to be favourable;
if it isn’t, end of story; though if he feels
it may prove to be a lemon, within the
effective memory span of his readers, he
will build in some small let-out phrase
among his praise.

In reality, the progress of consumer
audio - from the crystal and cat’s-
whisker, to the modern stereo FM

receiver, or from the simple battery
operated amplifier, driven by a Rochelle
salt crystal pick-up, ploughing its way
along the spiral groove of an emery
powder loaded 78rpm shellac disk, to
the modern transistor amplifier driven
by a digital compact disk - has been one
of continuous and dramatic
improvements.

I sometimes contemplate the effect
a 1993 technology demo. would have on
a 1933 listener recently woken from a
sixty year sleep. I suspcct he would not
agree with some of the more reactionary
Hi-Fi pundits that modern Hi-Fi gear
lacks the warmth and musicality of the
old.

Battery operated valve
amplifiers

For myself, I cut my electronic teeth, as
a schoolboy on simple, battery operated
amplifiers of the kind I have shown in
Figure 1, operated from a 2 volt
‘accumulator’, and a 120V HT dry
battery, available most cheaply from
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was 0.5 watts, at about
10% distortion - though
amplifier distortion
tended to be thought of as
just a fact of life in those
days and was largely
ignored. The distortion
:  would mostly be second
harmonic, which was not
i too unpleasant to listen
to, but there would also
{  be about 2% of third. The
distortion due to V1 was
probably less than 0.5%,
again mostly second
harmonic.

The most obvious
effect of these harmonic
components was to make
the amplifier sound a bit
shrill, so a capacitor C4
was connected across the
primary of the LS
transformer to mellow it

down a bit. At the 17k

Marks and Spencers!

The gramophone pick-up [ used,
like most of my friends, was a
‘Cosmocord’ crystal type, in which a
postage stamp sized sandwich of
crystalline Rochelle salt was caused to
twist along its length - and thereby
generate an output voltage by
piezoelectric action - by the wiggling of
the gramophone needle as it followed
the undulations of the groove.

The output voltage one could get,
on the louder passages of the record,
was of the order of 1 volt RMS and the

s

frequency response, due mainly to the
record characteristics, began to fall off
beyond 1KHz, though crystal and stylus
resonances helped improve the flatness
of the frequency response up to about
3-4KHz. Generally, some kind of
electrical roll-off was used anyway
above about 5KHz to try to reduce the
loud hiss caused by the record surface.
The maximum rated power output
from the KT2 output beam-tetrode, a
high quality output valve which had not
long been introduced at the time of my
1939 Marconi-Osram valve catalogue,

load impedance of the

output transformer, the HF roll-off due
to C4 would start at around 1-2KHz.

Inevitably with battery operated
equipment, there was always a choice
between sound quality and HT battery
life - since the 2 volt filament supply
came from a rechargeable lead-acid
battery, one didn’t worry about this too
much. HT batteries were expensive and
at a 10mA total current, the HT battery
life would be about 50-100 hours. If one
increased the output valve bias from the
recommended 4.5V level, one could
increase battery life at the expense of
reducing the output

e
g

ci

Input. O——]}—

0.1uF

0 + 350V. 150mA

—O LS output 3R.
¥ TR2
’—?"% Q/P Trans.

+—O LS. ov.

owv. O

power and worsening
the distortion. So if
one was entertaining
friends, one would set
the bias at 4 bit lower
voltage.

Mains
powered
amplifiers.

The availability of
mains operated valves,
and for me as a
schoolboy, the courage
to use them, allowed
the design of much

¢ more powerful

. amplifiers. This could
be up to 10 watts or
more from a pair of

O ov. KT61s, used in push-

i pull. In addition to
§ giving a larger power
i output, push-pull
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operation of the kind used in the circuit
shown in Figure 2, cancelled most of the
second harmonic distortion. What was
left was mainly third at a much lower
level - say 1% at full output power. This
last point is important, since the
distortion in most valve amplifier
designs will decrease with output power,
so that at typical listening levels the
distortion would probably be below 1%.

A small practical problem with
push-pull systems was the need to drive
the control grids of the output valves
with a pair of anti-phase inputs. A pair
of signals of this kind was most easily
obtained from a coupling transformer
with a centre-tapped secondary winding,
such as TR1 in Figure 2. The use of yet
another transformer in the signal line,
the output transformer was unavoidable.
It tended to limit the performance of the
design, and prevented the use of overall
negative feedback to reduce distortion
and increase bandwidth of the circuit.

The bandwidth available, and the
distortion produced by a circuit of this
kind depended entirely on the quality of
the coupling and output transformers.
By popular repute, Ferranti - an
electrical engineering firm, in those
days, made the best, and these
commanded a good price in the second-
hand radio component shops.

O +Vee.

VWWhV—
L)
e

25
O Output 1
p————{|——00utput 2
O OV.

With good quality transformers,
a bandwidth of 100Hz-10KHz
was practicable, and the THD at
| KHz would probably be less
than 1%. However, this would
worsen to perhaps 3-4%
towards the ends of the audio
passband. The lower the step-up
or step-down ratio of the
transformer, the better it would
usually be, so 15 ohm speakers
became more popular.

Some local negative
feedback was often used, for
example via R4/C4 and R7/C6,
to reduce the third harmonic
contribution of the output

Input. 0—|

ov.

R4

AAAA
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c1

0.1uF
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1M0

valves, but some HF roll-off
components, such as C7 and C8, would
also be added to camouflage this defect.
A problem with all multi-stage
amplifiers was caused by signal voltage
feedback along the supply lines. It was
not, then, as widely appreciated as it is
today, just how much such unwanted
feedback of signal components could
worsen the circuit distortion level:
mainly it was only noticed at all when it
was large enough to cause LF oscillation
- known as ‘motor-boating’ because of
its sound. HT line decoupling elements
such as R2/C2 in Figure 1, and R3/C3 in

Figure 2, were added to lessen the
likelihood of this problem.

At the cost of an extra valve, and
some increase in circuit complexity, it
was possible to make a ‘phase-splitter’
stage which would provide the necessary
pair of anti-phase signals to drive the
output valves without the use of a push-
pull input driver transformer. This
immediately gave a substantial
improvement in circuit performance.
Various types of phase-splitter could be
used, of which the simplest and crudest
was just to incorporate an additional

amplifier stage, shown in Figure 3a. The
gain could be adjusted by a preset input
pot. so that the two outputs were the
same in size. Although popular, this
wasn’t really a good circuit, since
attenuating any signal, and then
amplifying it again added needless
distortion.

Alternatively, this gain adjustment
to make the two drive signals the same
in size could be achieved automatically
by the use of negative feedback, in the
‘floating paraphase’ layout I have shown
in Figure 3b. This had the advantage
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that, since V2 operated with nearly
100% negative feedback, this stage
generated a negligible amount of
distortion. Other popular layouts were
the ‘long-tailed pair” circuits of Figure
3c and the split load driver stage of
Figure 3d. This last design also added
very little distortion, and was the circuit
adopted by D T N Williamson in his
classic 15 watt Hi-Fi valve amplifier of
1947-8. However, since this stage
operated at unity gain, it would generally
require a pair of further gain stages
between the phase-splitter outputs and
the output valve inputs.

I have shown, in Figure 4, an
amplifier circuit of my own, dating from
1950-51, using a pair of high gain
pentode small signal gain stages, of
which the second, V2, was a ‘floating

paraphase’ phase splitter circuit. Local
negative feedback was applied via R16/
R19 and some 15dB of overall NFB was
also used, from TR1, via R23 and R2. 1
had no way of measuring THD at the
time, but I would guess that it had about
0.4%, at its 25-30 watt maximum output.
I was very chuffed by its performance,
and my friends also must have liked the
sound since several of them pleaded
with me to make them one too.

The performance of any amplifier
of this kind depends on the primary
inductance, and leakage inductance of
the output transformer, and though quite
a lot of firms made “Williamson’ or
equivalent output transformers, they
were dear, and I had therefore tailored
the circuit design of my amplifier so that
I could use the good, but much less

expensive, “Wharfedale’ equivalent.

Inevitably, I built a proper
Williamson amplifier a year or two later,
winding the output transformer myself,
to the constructional details given by
‘DTN’ in his articles, which had been,
by that time, reprinted by *Wireless
World’, (the journal in which DTN’s
articles had originally been printed), as a
small booklet. I probably wouldn’t have
done this but for the fact that I met an
elderly (and relatively wealthy)
gentleman who had bought a
‘Williamson output transformer kit’,
complete with wire, laminations, and all
the other bits and pieces, but had then
lost the courage to complete the job, and
so was willing to sell me the bits at a
bargain price.

For the record, and because there is
a high degree of contemporary interest
in amplifiers like the ‘Williamson’,
(which, privately, I still think to be the
best of the bunch), I have shown the
original Williamson circnit in Figure 5.
The brief specs. for the ofp transformer
were: Primary load impedance = 10k,
Primary inductance = 100H (min.),
Leakage inductance = 30mH, (max.),
Primary winding resistance = 250 ohms,
(max).

The “Williamson® amplifier
established the 0.1% figure for THD at
maximum output which has remained the
criterion for *Hi-Fi’ amplifier
performance. In addition it offered a
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bandwidth of 2Hz - 100KHz, an excellent of the ‘ultra-linear’ output transformer increase in quality and performance,
figure for a valve amplifier, even by layout, in which the screen grids (or partly in response to the designers
@ today’s standards. sometimes the cathodes) of the output sharpening their skills, but also to
The “Williamson® circuit had several valves were taken to additional tapping significant improvements in related
m features which are beginning to attract the points on the primary winding. This fields, such as better LS units, using two
w interest of modern circuit designers, such generally allowed about twice the output or more drivers, and ‘LP’ records.
(:g as the unbypassed cathode bias resistors, power for the same HT voltage compared ‘In particular, the LP record offered
?‘6 to provide local negative feedback, and to the 15 watts given by the triode most people a signal source with a wider
=< the exclusive use of non-polar capacitors, connected KT66s used by Williamson, bandwidth, and a better signal to noise
> but its successtul use of about 26dB of ratio than anything previously available,
i overall NFB was undoubtedly the major Progress in other audio while the growing use of good quality
reason for its superb performance. fields. ‘magnetic’ pick-up cartridges, and
There were other comparable designs So far, the designs shown, from Figures agreed recording characteristics meant
around at the time, mainly using variations 1 and 2, to those in 4 and 5, all show an that circuit designers began to take the

requirements of record replay

c3 Cc4

£
i
1

equalisation seriously, with the aim of
achieving a flat replay frequency
response from 30Hz - 20KHz. I have
shown a contemporary gramophone pick-
up input equalisation stage in Figure 6.
So far, all of the design and product
improvements had brought about a
clearly audible gain in sound quality, and
there was little feeling amongst the music
Output loving fraternity that anything might be

+ 250V.
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.

amiss. However, into this cosy
environment crept the junction transistor,
and all of a sudden, doubts arose about
the whole basis of ‘Hi-Fi’ and I will look
<Ro at this event in the next part of this series.
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A "HART AUDIO KITS-YOUR VALUE FOR

HART KITS give you the opportunity to build the
very best engineered hifi equipment there is,
designed by the leaders in their field, using the
best components that are available.

Every HART KIT is not just a new equipment ac-
quisition but a valuable investment in knowledge,
giving you guided hands-on experience of modern
electronic techniques.

In short HART is your 'friend in the trade' giving
you, as a knowledgeable constructor, access to
better equipment at lower prices than the man in
the street.

You can buy the reprints and construction manual
for any kit to see how easy it is to build your own
equipment the HART way. The FULL cost can be
credited against your subsequent kit purchase.
Qur list will give you fuller details of all our Audio
Kits, components and special offers.

AUDIO DESIGN 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed
amplifier is the flagship of our range, and the ideal
powerhouse for your uitimate hifi system. This kit
is your way to get £K performance for a few tenths
of the cost!. Featured on the front cover of
‘Electronics Today International’ this complete
stereo power amplifier offers World Class perfor-
mance allied to the famous HART quality and ease
of construction. John Linsley Hood's comments on
seeing a complete unit were enthusiastic:- "The
external view is that of a thoroughly professional
piece of audio gear, neat elegant and functional.
This impression is greatly reinforced by the
internal appearance, which is redolent of quality,
both in components and in layout.” Options
include a stereoc LED power meter and a versatile
passive front end giving switched inputs using
ALPS precision, low-noise volume and balance
controls. A new relay switched front end option
also gives a tape input and output facility so that
for use with tuners, tape and CD players, or
indeed any other ‘flat’ inputs the power amplifier
may be used on its own, without the need for any
external signal handling stages. 'Slave’ and
‘monobloc’ versions without the passive input
stage and power meter are also available. All
versions fit within our standard 420 x 260 x 75mm
case to match our 400 Series Tuner range. ALL six
power supply rails are fully stabilised, and the
complete power supply, using a toroidal trans-
former, is contained within a heavy gauge
aluminium chassis/heatsink fitted with IEC mains
input and output sockets. All the circuitry is on
professional grade printed circuit boards with
roller tinned finish and green solder resist on the
component ident side, the power amplifiers
feature an advanced double sided layout for
maximum performance. All wiring in this kit is pre-
terminated, ready for instant use!

RLH11 Reprints of latest articles....
K1100CM HART Construction Manual..

LINSLEY HOOD 1400 SERIES
ULTRA HIGH-QUALITY PREAMP

Joining our magnificent 80 Watt power amplifier

now is the most advanced preamplifier ever of-

fered on the kit, or indeed made-up marketplace.

Facilities include separate tape signal selection

to enable you to listen to one programme while

recording another, up to 7 inputs, cross record-

ing facilities, class A headphone amplifier, can-
- cellable 3-level tone controls and many other use-

ful functions, all selected by high guality relays.

For full details see our list.

LINSLEY HOOD "SHUNT FEEDBACK' R.LA.A.
MOVING COIL & MOVING MAGNET
PICKUP PREAMPLIFIERS

Modern, ultimate sound systems are evolving
towards built-in preamplifiers within or near the
turntable unit. This keeps noise pickup and trable
loss to a minimum. We now offer two units, both
having the sonically preferred shunt feedback
configuration to give an accurate and musical
sound, and both having the ability to use both
moving magnet and moving coil cartridges.

Kit K1500 uses modern integrated circuits to

A achieve outstanding sound quality at minimal cost.

The very low power requirements enable this unit to
be operated from dry batteries and the kit comes
with very detailed instructions making it ideal for the
beginner. K1500 Complete kit with all components,
printed circuit board, full instructions and fully
finished case.. ... B67

Instructions onl)r
Kit K1450 is a fully discrete component |mplementa—
tion of the shunt feedback concept and used with the
right cartridge offers the discerning user the ul-
timate in sound quality from vinyl disks. Can be
fitted inside our 1400 Preamp, used externally or as
a standalone unit. It has a higher power require-
ment and needs to be powered from our 1400 Series
preamplifier or its own dedicated power supply.

K1450 Complete Discrete Componen. RIAA Phono
Preamp.... .--£109.58
Factary Assembled and Tested... ..£150.58

K1565 Matching Audio Grade Power Suppiy with
potted toroidal transformer and limited shift
earthing system...

Factory Assembled and Tested
U1115 Power Interconnect Cable..

SPECIAL OFFER
PRECISION Triple Purpose

TEST CASSETTE TC1DD.
Are you sure your tape recorder is set up to give its best?
Our latest tiple purpose test cassette chacks the three most
important tape parameters without test equipment. Ideal
when fitting new heads.
A prolessional quality, digitally mastered test tape at a price
anyone can afford,

Test G TC1DD.

Our price only £10.99.

DISK-COUNT Classical CDs.

Top Quality, Full Digital (DDD) Compact Disks of the great
classical favourites.

Like everyone else we didn't like the idea of paying silly prices
for CDs. After a long search we have now located a source
of top quality classical recordings at prices that make you
;;ew the quality - until you try them! Send for our list of

S,

5 CDROMs
Like music CDs these have overpriced for some time but
with low prices of CD ROM drives the multimedia revolution
is with us now. Send for our list of titles. Most popular up to
now have been *Too Many Typefonts® with 514 TrueType
fonts along with 393 ATM and lots of others.

"Shareware Qverioad" with over 6100 programs extending
1o 550MB and “Kodak Photo CD Access”. The first two are
only £12.95, the Kodak only £24.

Send or ‘phone for your copy of our List {50p) of these and many other Kits & Components. Enquiries from Overseas
customers are equally welcome, but PLEASE send 2 IRCs it you want a list sent surface post, or 5 for Airmail.
Ordering is easy. Just write or telephone your requirements to sample the friendly and efficient HART
service. Payment by cheque, cash or credit card. A telephoned order with your credit card number will

get your order on its way to you THAT DAY,

Please add part cost of carriage and insurance as follows —INLAND Orders up to £20 - £1.50,
Orders over £20 - £3.50. Express Courier, nexi working day £10.
OVERSEAS - Please see the ordering information with our lists.

MONEY ROUTE TO ULTIMATE HI-FI

TECHNICAL BOOKSHELF
Mgdem Bocoks. Selected to represent the state of the art
today.
"THE ART OF LINEAR ELECTRONICS."
J.L. Linsley Hood.
Just Outt Hot off the Press, the definitive electronics and
audio book by the renowned John Linsley Hood.
This 300+ page book will give you an unparalleled insight
into the workings of all the types of audio circuits. Leam
how to read circuit diagrams and understand amplifiers and
how they are designed to give the best sound. The virtues
and vices of passive and active components are exam-
ined and there are separate sections covering power sup-
plies and the sources of noise and hum. As one would ex-
pect from this writer the history and dervation of audio
amplifier circuitry have an entire chapter, as does test and
measurement equipment.
Capiously illustrated this book is incredible value for the
amount of information it contains on the much neglected
field of linear, as opposed to digital, electronics. Indead it
must be destined to become the standard reference for all
who work, or are interested in this field.
SPECIAL OFFER.
With each book purchased you may request a FREE ex-
tended index, written by the author, exclusively from HART.
O-THOB-D868-4.....cc0imiiirrimrinrinerinsnsinsiiassisnsesianns £16.95
Don't forget most of our kits have reprints of articles by John
Linsley Hood that you can purchase separately.
"THE ART OF SOLDERING"
A Brewster.
Absolutely essential reading for anyone who ever picks up
a solderng iron. Written from knowledge gained in a lifetime
in the field, this is the first book ever solely devoted to this
essential and neglected skill for all electronic enthusiasts,
Covers averything from the correct choice of soldering iron
and solder to the corract procedures to follow with many
illustrations and practical exercises.
D-B5935:324-3. i
“AUDIO" F.A. Wilson.
320 pages. 178 x 111. Publ, 1985
BP111"AUDIO" by F.A. Wilsor....

£3.95

AN INTRODUCTION TOLOUDSP RS & ENCLOSURE
DESIGN" V Capel.

160 pages. 178 x 111, Publ. 1988

BRI vy i i B S S S £2.95

“LOUDSPEAKERS FOR MUSICIANS" V Capel

176 pages. 178 x 111. Publ. 1981,

BRI L s £3.95
"HOW TO USE OSCILLOSCOPES &OTHERTEST
EQUIPMENT" R. A, Penfold.

112 pages. 178x 111, Publ. 1989

Classica fram the "Galien By
"THEWILLIAMSON AMPLIRER."

D.T.N. Wiliamson.

In April 1947, Wiliamson's power amplifier, using excellent
quality push-pull output valves, a speclal output trans-
former, and a highly filtered power supply, became an over-
night success. The author takes the reader deep into his
design considerations, offering practical advice on how to
build the units plus concise instructions on setting up the
new amp. A cult classic.

1947, Reprinted 1990, 40 pages.

DROB2A-TDNB-dccviu s cainiin s iuitisinss s bk disitisisi i £4.95
LOUDSPEAKERS; THE WHY AND HOW OF GOOD
REPRCDUCTION.

G.A.Briggs

This easy-to-read classic, last revised in 1949, introduces
the reader o concepts such as impedance, phons and
decibels, frequency response, response curves, volume
and watts, resonance and vibration, cabinets and baffles,
homs, room acoustics, transients, crossovers, negative
feedback, Doppler and phase effects, and much more. A
provocative survey of the right questions about sound re-
production.

1949 reprinted 1990. 88 Pages. 215 x 140
0-9624-1913-3......cceemiimminrmsmrisssnseassansmsnsesssaisessnsed £6.95

" ACONCISE ADVANCED USERS GUIDE TO MS DOS"
N. Kantaris.

144 pages. 198 x 130. Publ. 1982
BP264

£3.95
“A CONCISE USERS GUIDE TOMS DOS 5"

N. Kantaris.

144 pages. 198 x 130. Publ. 1992,

BP318
"MAKING M5 DOS WORK FOR YOU"
N. Kantaris & P.R.M. Dliver

160 pages. 198 x 130. Publ. 1893
BP325

£4.95

£4.95

"A CONCISE USERS GUIDE TOWINDOWS 3.1"
N. Kantaris.

160 pages. 198 x 130. Publ. 1892,

BP325

QUALITY
AUDIO KITS

24 hr. SALES LINE JALLPRICES
INCLUDE
UK/EC VAT

(0691) 652894
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A selection of your views and thoughts

Switch to Audio question I have is this. Why choose a 1K
Firstly, congratulations on the new input impedance? The SSM2412 data
publication. It really is very good indeed shect specifies the distortion with a SK
and seems to cover my particular interest . load and the graphs bear out the fact 1K
(professional quality audio) very well, K Ioad will increase the

Just a note about the correcti tortion at 1KHz from 0.001% to
“The Sw1tcher” pm] t-pu ) ut 0.02%. Admittedly thlS is

H be a compa.rable increase
"t lower levels. I realise

; choice, rather than

(say) 4K7.

 While ’'m in
it-picking mode
ere, the Distortion
raph for the
SM2412 printed as

Output Bus

LM833a

10uF . (Page23) hasa

curve up from the
bottom labelled R
ov 2k, V,_ =10V RMS
should read R

=10V 3MS
the correction, i.e. the missing Apart from that I w1sh you ver
connection symbols. I assume the idea success with this new venture, I
was to provide a 1K input impedance to will certainly be buying every iss
the LM833 op amps being used as now on and as soon as I can affo
output buffers, however your ‘The Switcher’ is one praje;ct | will
“correction” shows no connections to definitely be building. My :
the busses, whereas I guess one resistor 44 ran out of line level mputs qeveral
should be connected:to the Left Output

1K l_ ' 'misprint...these;_cond.

years ago, and bcfm:e you ‘mention the
intrinsic dl stortion pf%ent ln the Quad

Robin Evans & /

Mike Meechan replies:
I shall answer the points you h
raised (or otherwise) in the order that
you have posed them. Yes, the

oonecbonsimddbambeenaswu
haveshownm m#:me

around the 5 or 1(
mark, although noise
does increase slightly. -
with larger values of "~
resistance. In my
defence, even with
1K, distortion was
below the
measurable limits of
the audio test apparatus which |
used.
However, I'll eat a generous
portion of humble pie and say that |
shouldn’t have worsened distortion




performance unduly with this
carelessness. Well spotted, sir.

Finally, thank you very much for
the very generous praise - all of it ill-
deserved - which you heaped upon
me in the opening paragraphs. You
might be interested to know that
forthcoming hi-fi/pro-audio projects
include The Alchemist (a Moving
Coil preamp) and the Equaliser, a
1U high 2 channel mic/line preamp
with High Pass Filter, 4 band
parametric equaliser and Pan and
Fade facilities.

ireless Guitar

tugly;ng for a,

Such is the popularity of a project
tike this that your wish is our
command. Look out in next month’s

rnagazmes on hand
éT’o"mm in the

“or exxperimente; would like more
projects to: huild fault finding in
electronic circuits especially digital,
such as clocks, timers, burglar alarms,
PIR sensors and of course not forgetting
Ideas Forum.
N R Dobson
South Shields
Tyne and Wear

Shocking Stuff

After all other engquiries have ended in
disappointment, I am advised to write to
you direct seeking your valid assistance.
As a youngster, 60 years ago, | was
given an Electric shocking machine
powered by a low voltage torch battery,
The overall measurement would not
have exceeded 6" with a coil diameter of
a little over 1". A knurled thumb screw
adjusted to make and break action and a
hollow tube could be extended from the
centre to increase the power of the
harmless shock.

I also recall about forty years ago,
kits to make this type of machine were
freely available from electrical shop.

I would very much like to make one
of these for my young grandsons, and
have the use of several engineering

" machines to make a worthwhile model,

but I am unable to find either a plan or

kit, (I would prefer a plan) which would
“ allow me to proceed. Is there any way

you could assist please.
G Hall
Sunderland
Tyne & Wear

My how times have changed and
indeed only in such a short space of
fwenly years. | speak of ethical and
cultural changes. Looking further
back, Victorian society used
electrical treatment - there was no
shortage of magazine adverts
claiming to cure all sorts of ills.

| can even remember in my
youth in the 60s making a shocking
machine from the ‘Meccano

3% CDWinners

Electrikit’ instruction book (The kit
must be worth a few bob now!) and
taking it to school to excite my
colleagues. But now everything has
changed, the curiosity and
fascination has gone in what
electricity can do to the person.
Remember Tesla was fascinated in
what effect electricity had on the
person. He also went to great
lengths to show that AC electricity
was ‘safer’ than DC.

But rather like Mercury being a
bad substance and banned from use
in schools, society has placed a very
different emphasis on electricity as a
‘potential killer'.

Getting back to your point Mr
Hall, these devices are easy to
construct and still to this day, the
principle of transformer induction is
being taught in schools. You will find
such diagrams as electric bells,
ignition coils and induction coils in
any school Physics text book as they
still form part of the curriculum.

Whilst | would applaud anyone
for wanting to understand how
electromagnet induction works and
to put it to good use, | would
certainly not want it to be abused.
That is the black side. On the
positive side, we all learn by
experience and receiving a ‘safe’
electric shock would tell us what a
shock is and how bad it could be.
The difficulty here is how safe is
safe, for we are all slightly different
in our makeup and so tolerance
levels can be very different? -Ed

ELECTRONICS in ACTION @ FEBRUARY 1994

We received a heap of entries to our Kodak Photo CD
player competition and not many of you got the
answers wrong, so sorting out who went

in the hat was easy. Thank you to all

those who entered.

Mr F.R. Stephens from

Worthing in Sussex

and Mr J.M.G. Davies

from Ferndown in Dorsetl.

Well done to both of you

and we hope you enjoy your players.
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Special Offer

@ Special Offe

pecial Offer

Special Offer

Electronics in Action in
association with Tsien (UK) Ltd.
is pleased to be able to offer
you the chance to buy
BoardMaker 1 at a specially
reduced price. Professional
PCB design for less of your
hard earned cash.

¢ at Electronics in Action
know the importance of a well
designed, logical PCB. We
also know how hard it can be to achieve
this goal. That's why we have teamed up
with Tsien (UK) Ltd. to offer you the
chance of purchasing BoardMaker 1 at
the exclusively reduced price of £60.00%
- a saving of £35*. To take advantage
of this not-to-be missed offer all you have
to do is collect the two special tokens
(token no.1 is below and token no.2 will
appear next month) and post them to
Tsien with a cheque or postal order for
the correct amount next month. So be
sure to keep this token safe until then.
*Prices exclude VAT

il

Worth £17.50 when redeemed (with
token no.2) against BoardMaker 1

m—————————

BoardMaker 1
Specifications

Cursor

Cross hair or target cursor with imperial
or metric display and absolute or
relative read-out

Auto via

Vias are automatically placed when you
switch layers. Layer pairs can be
assigned by the user

Block support

Groups of tracks, pads text and
symbols can be block manipulated
using repeat, move, rotate, kill and
mirroring commands

SMD support

Top and bottom layer component
placement. Any SMD symbol can be
rotated and mirrored to suit particular
layout orientations

Arcs | Circles
Arcs and circles up to the maximum
board size can be drawn

Ground plane

Areas of copper can be filled to provide
a ground / power plane or localised
copper fill. Design clearances around
existing tracks and pads are
automatically respected

Manual

A concise, illustrated User Guide and
Command Reference with full cross
referencing and index

Layers
8 signal layers, 2 silk screen layers

Maximum PCB
17 x 17 inches

Resolution
2 thou nominal

Tracks

User definable from 2-531 thou.
Automnatic 45 degree track chamfering
as well as 90 degree and any angle
corners

Pads

User definable diameter and hole size.
Multiple pad shapes including circular,
square, oval and rectangular. Pad
matrix facilities allow rapid placement
for SMD's and PGA's

Symbols

1000 symbols per layout. Symbols can
be moved, rotated, repeated and
mirrored, whilst maintaining
connectivity. Standard libraries are
provided for through hole and surface
mount devices.

Libraries

New symbols are created graphically
and library independent PCB design
files ensures symbols can be updated
and exported without cumbersome
library maintenance

DRC display

When routing tracks you can see a
continuous graphical display of the
design rules

Grid sizes
Separate visible and snap grids. 7
placement grids from 2 thou to 0.1 inch
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Bringing the world closer together

lectronics in Action in co-

operation with The Technology

Exchange Ltd, the international
technology matchmaking service based
in the UK, brings you each month a
selection of technology partnership
opportunities to which you are invited to
respond.

The Technology Exchange, which
was formed in 1985 as a not-for-profit
technology sourcing service to industry,
holds a biannual ‘Technoshop’
Technology Transfer Fair at Heathrow
Airport and several ‘Techmart’ Fairs
overseas for the United Nations
(UNIDO).

For this issue of Electronics in
Action, we are presenting a series of
offers of licence, joint venture and
patents rights for sale from organisations
in 34 countries.

If you would like to have an
introduction to any of the sources of the
offers describes in these profiles, please
write to the The Technology Exchange
quoting the reference number at the head
of the entry and giving full contact
details for the contact person in your
own organisation and your requirements
for a new product or process
development.

The only cost associated with this
process is a simple £10 plus VAT
introduction fee for each entry to which
you respond. For this we will send you
full contact details for the source of the
offer and invite them to send you more
detailed information about their offer.

The code letters at the head of each
offer indicate the stage of development,
type of offer and the type of organisation
making the offer as indicated in the table

Each entry is preceded by a
reference number and letters indicating
STATUS, OFFER and SOURCE.

Please respond directly to:

The Technology Exchange Lid
Wrest Park

Silsoe

Bedford

MK45 4HS

or Fax: 0525 860664

Phone: 0525 860333

The payment of £10 plus VAT
(£11.75) per item should be sent
with your requests.

505055 G
Electromagnetic radiation
transducer

Transducers transform invisible
electromagnetic radiation into the visible
one. They can be used in opto and
micro-electronics for the laser system
and electron microscope tuning, for
visual evaluation of light spot uniformity
and as gamma - radiation dose meters.
Luminescent composition, operating in
clearance and reflection mode is the
base of visualisers.

605120 WL G

Magnetic valve-type reactor

is a high power inductive reactance,
smoothly regulated in its value by
magnetic biasing of magnetic circuit
with direct current. The reactor magnetic
circuit is of a special transformer type
design which cores operate in high
saturation conditions. The cores
incorporate mains, control and the
converter transformer windings in one.

105254 FLG

Automatic system of heat moisture
treatment control for concrete
products

A multichannel temperature controller
RTM-3 is a digital regulator on
microschemes of H 561 series with
programmes generation. RTM-3