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EDITORIAL

#Welcame to the third edition of the
new style ‘Elecironics’. Many people
have taken Ihe lime and {rouble fo write
to meaboul the new format, most of
which nave been exceedingly
complimentary! Afew adverse
comments were also received, these
are being looked into and hopeiully
will be resolved. In {his issue we
fealure the start of a new weather
stalion project which should bean
enjoyable project for many people to
build, it would also make an excellent
schools project for the kids! The first
part shows how to construct wind
speed and wind direction indicators.
Alsoin this issue, we have the follow
on boards for ihe digital record/
playback system; This project has
already proved to be very popularas
can be seen in thie letiers page, which
shows justacouple of the leiters
received aboutit: Oiher 'goodies’ to
logk for inlhisissue includean
RS232/TTL converteranda digital
panel meter. I'm sure you'll find many
items of interest to you in this edition,
and | hope you enjoy your copy of
‘Eleztronics’ as much as I've enjoyed
putting ittogether. Until nexttime, read
onand enjoy!
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WIND SPEED
& DIRECTION
INDICATORS

1 Ba your own Bill Giles by
building these suparb wind
speed and direction
manitoring sysiems.

' BOB'S INI
CIRCUITS
7

B Useful and ingenious
circuits from Bab Penfold.

DATA FILE:
LM13700

i Versatile dual
transconductance
operational amplifier.

/) convenen

i Make leval shifiing
problems athing of the past
withthis new version ofa
popularand useful project.

30 eheL eeren

i Display your digifs with
ihis multi-purpose panel
meter.

PLAYBACK
MODULE &
EPROM
PHOGHAMMEH

W Expansion modules for our
incredibly popuiar Digital
Record & Playback Module.
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THE FIRST
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il The next episode in the
histary and development of
loudspeakers.

2 4 MAPLIN
COMETO
NOTTINGHAM

§Visit Maplin's newest
regional shop!
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B Finding outabout
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Part 4
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by J.M. Woodgate B.Sc.(Eng.), M.LE.R.E., M.A.E.S., M. Inst. S.C.E.

The Frantic Seventies

The eighth decade of the century
Saw an enormous amount of activity in the
loudspeaker field. This occurred both in
the laboratory and the theoreticians' ivory
towers, as well as in the grimy
marketplace. However, the science and
the exploitation were often going in quite
different directions.

The decade opened with a strong
public interest in quality audio. Support
forthe London Audio Fair had been great
enough in 1889 to warrant a second event
at Olympia in 1870, and this was a
considerable success, with plenty to
interest both the high-fidelity enthusiast
and the general public. A contemporary
commentator noted that the lecturers at
the Fair's seminars were virtually
unanimous in supporting the natural
reproduction of live music as the goal,
although it was noted that an American
manufacturer's (JBL) demonstrations
were much too loud and suffered from
deliberate bass and treble boost. The
company still adopts the same measures,
and must at least be given credit for
consistency! By contrast, Bell and Howell,
showing the Acousiic Research AR4x,
ARG and AR3 earned praise for a realistic
demonstration. KEF demonstrated a new
‘Cadenza’ loudspeaker with a 200mm
bass unit and a passive radiator. Leak
showed a group of three models with
‘sandwich' diaphragm drivers; and
Wharfedale introduced two new models
the “Triton' and ‘Aston’. A little cloud
appeared on the horizon, though, in the
form of two models from Sansui, one of
the first Japanese companies to try the
difficult British hi-fi (as opposed to
hi-volume) market. Sansui always
seemed to be more sensitive to the
individual reqmirements of the British
market than other Japanese companies,
possibly as a result of the poor reception
which these initial offerings received.
This was partly due to the design
problems of their very shallow cabinets
and partly to the unacceptable ‘purple
prose’ with which the products were
described. A few omnidirectional
loudspeakers were shown, but their
defects were well-explained in the
technical press and they did not long
survive. The most fiercely promoted of
these products was the Sonab, featuring a
2

Photo 1. Goodmans Audiom 12P-D, a typical
300mm bass driver for sound reinforcement
or electronic musie,

personality cult based on the designer
Stig Carlsson. A British magazine review
came to unfavourable conclusions on
build quality, stereo imaging and general
performance.

Papers Galore

That the '70s were a very busy
period is shown by the fact that the Audio
Engineering Society has found well over -
forty of its Journal papers from that
decade worthy of including in its
Anthologies of papers on loudspeakers.
Early papers from the period include
Klipsch on modulation distortion and
Barlow on the sandwich cone developed
for Leak. These were followed by
Richard Small on constant-voltage
crossover networks and the inspired
reprnting of Neville Thiele's ten-year old
work on the theoretical design of vented
boxes. More work on crossover design
was published by Ashley and Kaminsky,
and by G.L. Augspurger, whose
trenchant comments on the weirder U.S.
loudspeaker patents are always worth
reading. All these were published ina
single year (1970).

Quadra-PHONEY

Not content to continue giving the
public what is o clearly siill wanted, the
industry began in 1871 a Gadarene rush
into four-channel sound, goaded by CBS
with its 'SQ' system. It is to be hoped that
this sort of thing couldn’t happen again,
because it is understood that one doesn't
introduce new gizmos until the sales of
existing products begins to sag.

Unfortunately, there are grave sians that
We are going to see a similar fiasco over
the sound side of HDTV, because most of
what has been learned about stereo and
directional sound fields, culminating in
the ‘Ambisonics’ theories and system,
since 1970 is being studiously ignored in
favour of impracticable three and five-
channel systems originating in Germany
and Japan.

As far as the public (and, indeed,
uncommitted manufacturers) were
concerned, total confusion reigned, as
'5Q" was followed by 'Q8', 'CD4’ and a
host of other, incompatible systems. The
initial success of ‘SQ" was founded solely
on hype, and, apart from the fact that it
was not a satisfaciory system, the major
problem of how to accommeodate four
loudspeakers in the average room was
never addressed, let alone solved. A
couple of years of this nonsense was
enough to produce a swift collapse of the
market and of public interest in audio,
Other, marginally unhelpful promotions
were an omnidirectional design released
by Radford in 1971, in the face of the
accepled defects of the concept, and a
‘bi-directional’ loudspeaker, the
‘Dimension 8' from Goodmans in the same
year. When acknowledged reliable
manufaciturers produce unacceptable
products, it is not surprising that
confidence generally is jolted. Siill, it
takes time for disillusionment to spread,
and two more years were to elapse
before the bubble well and truly burst,

Photo 2. Veiw of the cone of the Goodmans
Audiom 12P-D, showing the central ‘whizzer’
and dust-cap.
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The Time Dimension

1971 saw the publication of Richard
Heyser's work onloudspeaker signal
arrival times. It has already been
mentioned (Part 3) that Heyser's papers
are often difficult to comprehend, but
there is no doubt that the work cast a new
light on many unsuspected defects of
existing designs, and pointed the way to
improvements. In effect, Heyser showed
that a loudspeaker may not begin to emit
sound at the instant the signal is applied,
and that any delay is a function of
frequency (and perhaps amplitude as
well). This publication was followed by a
paper by Small on simplified
measurement of loudspeakers at low
frequencies. Another important paper
was ‘The sound field in home listening
rooms’ by Allison and Berkovitz. The
well-known influence of the room on the
sound of a loudspeaker had been
resistant to analysis because of
complexity. This paper did not resolve
that problem but indicated, perhaps,
directions to the start of a path along
which a solution might be found.

Photo 3. A German-made ITT 125mm bass
driver fora small high-fidelity system,
having & modified polystyreneconeanda
neoprene surround.

Punting Towards
the Weir

The 1872 London Audio Fair was
marred by squabbling between
manufacturers, resulting in several going
ofi to play by themselves, thereby
benefiting nobody. Clearly, sales were
still so good that they had time to waste in
internecine argument. Meanwhile,
elecirostatic drivers were undergoing a
revival in the USA, either along or in
combination with electrodynamic units in
full-range systems. There was not so
much new in Britain: most manufaciurers
were struggling to keep up with demand.
Nevertheless, designs were improving as
the work of Thiele and Small became
more widely known.

Secrets of the

Closed Box

Richard Small published his
theoretical analysis of closed-box
systems in 1972, and these papers, while
expounding the theory, also relate
directly to practical measurements and

April 1988 Maplin Magazine

Photo 4. A Japanese 90mm full-range driver
inanin-car‘pod'enclosure.

design techniques. Counsequently, the
new theory could be quickly applied by
designers all over the world, and a
general increase in periormance
resulted. Small showed that a closed-box
system behaves as a high-pass filter, and
its performance can be predicted in
many respects, provided the drive unit is
not driven into non-linearity and that the
enclosure is substantially free of panel
resonances. This latier subject was
ireated in a paper by J.K. Iverson,
published in the following year.
Meanwhile, Arthur Bailey produced a
transmission-line design for home-
construction, and Stan Kelly published an
exhaustive survey of current
loudspeakers and technologies in
‘Wireless World'. This included a table of
products, over 200 in all, ranging in price
from £8 to £380 each.

Ribbons Again

That new product ideas were not
entirely sacrificed to the satisfaction of
demand for ‘more of the same' was
illustrated by the development by Fane
Acoustics of a twin-ribbon tweeter,
launched in January 1973, and intended to
replace the ‘lonofane’ (see Part 2). The
two ribbons were horn-loaded and the
driver would handle 30W above 1700Hz,
producing a sound pressure level at the
horn mouth of 115dBSPL. Interest in audio
was still enough in 1973 to support both
Sonex in spring and an Audio Fair in
autumn, as well as Harrogate asa
specialist high-fidelity exhibition. At
Sonex, IMF launched a transmission-line
system with a supplementary active
sub-bass driver, and Gale Electronics
introduced the distinctive GS401 closed-
box system. This contained two 20cm
bass drivers, a 10cm mid-range and a
19mm dome tweeter. This product
achieved most notice because of its
unusual styling, with a black centre-
section and chromium-plated end pieces.
Philips, in September, launched a
loudspeaker system with motional
feedback derived from an accelerometer
mounted in the centre of the bass driver
cone. There was a great deal of
misguided promotional ballyhoo
associated with this product, which did
Philips' uncertain image as a hi-fi

manufacturer no good at all, and
obscured the real merits of the product.
At the Audio Fair, KEF introduced the
first version of their R104 system. This
was a 3-way design, with an elliptical
bass driver, a coupled 20cm bass/mid-
range (!) and a dome tweeter. This
product benefitted from the computer-
aided design techniques pioneered by
KEF, in which driver and system
responses are measured digitally. This
allows extensive analysis of the results,
which can, with care, be more accurate
than those obtained by analogue
methods, and gives the capability of
matiching drivers and dividing networks
S0 as to control system response with a
decibel or so at any frequency.

Vented Boxes

1973 saw the publication of Richard
Small's extension of Neville Thiele's work
on vented box systems, which also
reviewed work by other authors since
1961. D.B. Keele suggested methods of
measuring important low-frequency
performance characteristics in the near-
field, under normal room conditions.
After the storm of papers in the early
years of the decade, it is not surprising
that the number of new publications was
reducing later.

Photo 5. An Audax 19mm dome tweeter,
similar to that used in the up-dated
Wilkinson DIY design.

Crisis Year-1974

The year opened with complacency
evident in the industry, and it closed with
overt panic in many minds. Sales volume
plunged alarmingly for many companies:
the usual autumn upturn was delayed
until November and was far below
expectations in volume terms. Top-class
high-fidelity fared better, as it usually
does, because the clientele is much less
fickle. The Harrogate show was bigger
than ever, with 80 exhibitors, and began
to sufier from the insensitive approach to
demonstrations that was already marring
the London events. However, the
innovations were largely outside the field
of loudspeakers.

Hide in the
Back Room

In spite of, or perhaps because of,
the market mayhem, more papers were
published in 1974. H.D. Harwood, then of
the BBC, discussed motional feedback,
clearly having been provoked by the
Philips product. He disclosed that
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1971 saw the publication of Richard
Heyser's work on loudspeaker signal
arrival times. It has already been
mentioned (Part 3) that Heyser's papers
are often difficult to comprehend, but
there is no doubt that the work cast a new
light on many unsuspected defects of
existing designs, and pointed the way to
improvements. In effect, Heyser showed
that a loudspeaker may not begin to emit
sound at the instant the signal is applied,
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neoprene surround.

Punting Towards
the Weir

The 1972 London Audio Fair was
marred by squabbling between
manufacturers, resulting in several going
off to play by themselves, thereby
benefiting nobody. Clearly, sales were
still so good that they had time to waste in
internecine argument. Meanwhile,
electrostatic drivers were undergoing a
revival in the USA, either along or in
combination with electrodynamic units in
full-range systems. There was not so
much new in Britain: most manufacturers
were struggling to keep up with demand.
Nevertheless, designs were improving as
the work of Thiele and Small became
more widely known.

Secrets of the

Closed Box

Richard Small published his
theoretical analysis of closed-box
systems in 1972, and these papers, while
expounding the theory, also relate
directly to practical measurements and
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Photo 4. A Japanese 90mm full-range driver
inanin-car‘pod' enclosure.

design techniques. Counsequently, the
new theory could be quickly applied by
designers all over the world, and a
general increase in performance
resulted. Small showed that a closed-box
system behaves as a high-pass filter, and
its perfiormance can be predicted in
many respects, provided the drive unit is
not driven into non-linearity and that the
enclosure is substantially free of panel
resonances. This latter subject was
ireated in a paper by J.K. Iverson,
published in the following year.
Meanwhile, Arthur Bailey produced a
transmission-line design for home-
construction, and Stan Kelly published an
exhaustive survey of current
loudspeakers and technologies in
‘Wireless World'. This included a table of
producis, over 200 in all, ranging in price
from £8 to £350 each.

Ribbons Again

That new product ideas were not
entirely sacrificed to the satisfaction of
demand for ‘more of the same’ was
illustrated by the development by Fane
Acoustics of a twin-ribbon tweeter,
launched in January 1973, and intended to
replace the ‘Tonofane’ (see Part 2). The
two ribbons were horn-loaded and the
driver would handle 30W above 1700Hz,
producing a sound pressure level at the
hom mouth of 115dBSPL. Interest in audio
was still enough in 1973 to support both
Sonex in spring and an Audio Fair in
autumn, as well as Harrogateasa
specialist high-fidelity exhibition. At
Sonex, IMF launched a transmission-line
system with a supplementary aciive
sub-bass driver, and Gale Elecironics
introduced the distinctive G5401 closed-
box system. This contained two 20cm
bass drivers, a 10cm mid-range and a
18mm dome tweeter. This product
achieved most notice because of its
unusual styling, with a black centre-
section and chromium-plated end pieces.
Philips, in September, launched a
loudspeaker systern with motional
feedback derived from an accelerometer
mounted in the centre of the bass driver
cone. There was a great deal of
misguided promotional ballyhoo
associated with this product, which did
Philips' uncertain image as a hi-fi

manufacturer no good at all, and
obscured the real merits of the product.
At the Audio Fair, KEF introduced the
first version of their R104 system. This
was a 3-way design, with an elliptical
bass driver, a coupled 20cm bass/mid-
range (!) and a dome tweeter. This
product benefitted from the computer-
aided design techniques pioneered by
KEF, in which driver and system
responses are measured digitally. This
allows extensive analysis of the results,
which can, with care, be more accurate
than those obtained by analogue
methods, and gives the capability of
matching drivers and dividing networks
S0 as to control system response witha
decibel or so at any frequency.

Vented Boxes

1973 saw the publication of Richard
Small's extension of Neville Thiele's work
on vented box systems, which also
reviewed work by other authors since
1861. D.B. Keele suggested methods of
measuring imporiant low-frequency
performance characteristics in the near-
field, under normal room conditions.
After the storm of papers in the early
years of the decade, it is not surprising
that the number of new publications was
reducing later.

Photo 5. An Andax 19mm dome tweeter,
similar to that used in the up-dated
Wilkinson DIY design.

Crisis Year-1974

The year opened with complacency
evident in the industry, and it closed with
overt panic in many minds. Sales volume
plunged alarmingly for many companies:
the usual autumn upturn was delayed
until November and was far below
expectations in volume terms. Top-class
high-fidelity fared better, as it usually
does, because the clientele is much less
fickle. The Harrogate show was bigger
than ever, with 80 exhibitors, and began
to suffer from the insensitive approach to
demonsirations that was already marring
the London events. However, the
innovations were largely outside the field
of loudspeakers.

Hide in the
Baclk Room

In spite of, or perhaps because of,
the market mayhem, more papers were
published in 1974. H.D. Harwood, then of
the BBC, discussed motional feedback,
clearly having been provoked by the
Philips product. He disclosed that



P.G.A.H Voight had patented a bridge-
derived velocity-feedback arrangement:
in January 1924, ten years before Black
and Nyquist put negative feedback ona
sound mathematical basis. Sykes (1926)
patented feedback from an auxiliary
voice-coil or a microphone, while Trouton
(1928) derived velocity and acceleration
feedback from capacitive sensors.
Harwood was generally sceptical of all
the claims for feedback systems, except
the reduction of non-linearity distortion at
all but the highest levels. However, he
endorsed the accelerometer, used in the
Philips system, as a preferred device for
deriving the feedback signal. ]. Dinsdale
published a series of articles on the
design of (high-fidelity) horn systems,
while the problems of living with them
(and their designer) were well
expounded by Heather Dinsdale. Jimmy
Moir produced a definitive text on
Doppler distortion (see Paris 2 and 3),
while Rank Radio (the once and future
Wharfedale) announced the
development by Dr. Peter Fryer of laser
holographic techniques for investigating
cone break-up and other mechanical
motions. To round off the year,

H.D. Harwood produced a study of the
non-linear behaviour of air in enclosures,
and R.F. Allison published work on the
interaction of the loudspeaker with the
room boundaries.

Magnetic Liquid

The following year, 1975, opened
with the disclosure of ‘ferrofluid’ by
Phillips Research Laboratories. This
suspension of magnetic ferrite particles
in a stable, heat-resisting oil, soon
became useful in controlling the motion
of tweeter voice-coils, and keeping them
cool. Many attempts to use the fluid in
bass drivers resulted in the designer
acquiring a red face, underlying a black,
spotied one! Sony showed a pair of exotic
loudspeaker designs with carbon fibre
composite cones, one model witha
price-tag of £1500. Minimum-phase
designs also began to appear, from
Technics and National Panasonic initially,
and Bang and Olufsen. At the Berlin
exhibition, several motional-feedback
designs were shown, but the technique
did not survive for much longer. It is,
however, about due for a revival!

Conventional Audio

In March 1975, the 50th Convention
of the Audio Engineering Scciety was
held in London, and more papers were
presented on loudspeakers than on any
other subject. Topics included bass
driver design, the application of
holography, new measuring techniques
and the Bang and Olufsen minimum-
phase 3-way design. In a second session,
Mike Berman and Lawrie Fincham
presented initial papers on the digital
measuring techniques developed at KEF.
Several papers dealt with the properties
and defects of enclosures and crossover
networks. At the 52nd Convention, in
New York, R.F. Allison presented a
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second paper on listening rooms.

Halfway through the decade,
business was not good and the painful
withdrawal from the 4-channel fiasco was
underway. At the same time, very much
more was understood about practically
all aspects of design than even five years
before.

Risen Sun

By 1876, Japanese brands were
well-established in Europe, both in
high-fidelity equipment and in ‘cooking’
audio, represented by the ‘music centre’,
But there was no general acceptance of
Japanese-designed high-fidelity
loudspeakers, and loudspeakers for
music centres were often made in Britain,
mainly because the economics of
shipping from Japan were unfavourable.
Uncertainty in the industry led to the
ill-fated HEDA combined television,
audio and domestic appliances
exhibitions at the NEC, in which serious
audio was eclipsed by other, high-
powered interests, Even Harrogate was
uninspiring, the only notable item being
the number of linear-phase’
loudspeakers on show.

Phasing up to Facts

In the literature, there was much
discussion on the meaning and
importance of the phase-response of
loudspeakers, and methods of achieving
any desired response. Prominent
contributors were H.D. Harwood and
James Moir, both extremely sceptical of
the importance of controlled phase-
response on the basis of theoretical
analysis and experimental support.
However, others such as Michael Gerzon,
K.A. Hodgkinson and S.K. Pramanik were
quite definite that phase-response needs
to be controlled. There was agreement
that inter-channel phase-differences in
stereo systems are significant, but that is
(usually) a separate matter. The
supporters of phase-response control
produced cogent criticisms of
experiments that gave negative results,
mainly based on the premise that tests
using programme material that has
already been scrambled in phase in the
recording process are unlikely to show
up any defects in the loudspeaker under
test! Harwood also published a valuable
survey of less-familiar defect
mechanisms in loudspeakers, in
‘Wireless World' of May 1976, and this
article should be required reading for all
loudspeaker designers. Possibly the most
significant AES paper was one by
S.H. Linkwitz on active crossover
networks, which drew attention to the
need to take into account the phyiscal
separation between drive-units. Another
paper, by L.].S. Bradbury, developed a
theory for the behaviour of fibrous filling
materials in enclosures.

Stagnation

The first half of 1977 was not a good
time for the audio industry, and things did
not improve much, later in the year. One
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product which did excite some interest
was the cylindrical 2-way system,
marketed by Jim Rogers as the JR149.
This used thin sheet steel for the
enclosure, which was sufficiently stiff and
non-resonant by virtue of its shape. The
end-caps were also metal, and were
made non-resonant by stressing with an
axial tension rod. This year was also
notable for the emergence of the
mystical, or ‘musicality’ school of audio,
which is still being so viciously exploited
(in terms of cables at £30 per metre, for
example!). Peter Baxandall attempted to
nip this unwelcome development in the
bud (‘Wireless World', November 1877),
but there has clearly been too much
vested interest behind the movement for
it to bé easily scotched. Proponents
would do well to remember that ‘You can
fool all the people. . .!

DIY,ina Listening
Room, with Three

Drivers, on Impulse!

‘Wireless World' also published an
interesting design for a DIY bookshelf
loudspeaker, by J.H. Wilkinson. This was
notable for its quite complex crossover
design, with 4th-order characteristics.
Jimmy Moir returned to the typewriter
with an article on the interaction of
loudspeakers with rooms, stressing the
differences in room-mode excitation that
occur with the loudspeaker in different
positions, and the relatively modest
subjective effects of room-boundary
reflections, except those from a boundary
close behind the enclosure, under normal
conditions. He also drew attention to the
fact that, in balancing the frequency-
response of the loudspeaker, the
designer will have had to make
assumptions about where and how it will
be mounted in the room, and should
disclose those assumptions to the user!
Otherwise, excessive or insufficient bass
response is all too likely, Audio
Engineering Society papers included one
by Erik Baekgaard, describing the elgant
‘Filler Driver' 3-way system design
developed by Bang and Olufsen, while
Fincham and Berman produced their first
definitive paper on the use of digital
techniques for the measurement of
loudspeakers. This involves the
measurement and digital storage of the
impulse response of the unit, followed by
the calculation of the amplitude and
phase responses by means of the inverse
Fourier transform. It is an inherent
assumption that the whole system has a
linear amplitude response. Minor
departures from linearity do not,
however, have a disastrous effect but
must be allowed for, as must other
departures from the ideal conditions. It is
notable that, whereas defzcts inan
analogue measurement may have subtle
effects (and therefore pass unnoticed),
defects in a digital measurement are
liable to have profound effects (such as
superimposing a wave, or even a
comb-filter response) on the results
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obtained. When all, or most, of the
problems have been solved, the
technique is very powerful. At a public
demonstration of the method in a hotel
bedroom, it proved possible to reduce
the amplitude of the test pulse so that the
response was hidden in noise, and then
average out the background
(foreground!) noise over 60 tests, so that
quite an accurate result was eventually
obtained. Pointless, but an indication of
what could be done with this powerful
tool.

Raving over Reviews
1978 opened with a disturbance,
promoted by several manufacturers
declining to submit products for review
by subjectivist reviewers. While part of
this problem, that of reviewers acting as
consultants and then, apparently
independently, reviewing the products
they had helped to design, was settled to
some extent, but the subjective
movement suffered no real set-back, and
flourishes still. The controversy rumbled
on throughout the year, until everyone

was bored with it, and resolved very little.

This argument largely overshadowed the
new product introductions, which were in
any case relatively few and none were
reyolutionary.

Barlow, Linkwitz,
Adams — and more

Linkwitz

Papers and articles published in
1978 continued to indicate the amount of
commercial and private research which
was going on behind the scenes. D.A.
Barlow wrote on coloration due to
resonances, and how they may be
eliminated, while S. Linkwitz produced a
series on system design for ‘Wireless
World'. This used active delay and
crossover filters, the latter being of the
‘Butterworth-squared’ type, now known
as ‘Linkwitz-Riley filters. These have the
considerable advantage of a 4th-order
rate of cut-off (24dB/octave), with a flat
total amplitude response and give an
acceptable vertical directional response.
The system consisted of a sub-woofer
and two two-way satellites, using KEF
drive-units. No doubt capable of high
performance, the electronics part was of
quite significant complexity, having some
34 op-amps involved. Glyn Adams (later
of Band W) produced an AES paper on
computer-aided design of systems, while
Linkwitz also wrote on passive
‘Butterworth-squared filters.

The Second Hi-=Fi
Revolution

1979 saw the second serious attempt
to sell high-fidelity ecuipment to the
mass-market. Prompted by Japanese
manufacturers, most of the mass-market
suppliers (which effectively meant colour
television manufacturers) began to offer
high-fidelity products, with varying
degrees of expertise. There isan
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astonishing difference between selling
television, or even ‘cooking’ audio, and
selling hi-fi, as many people found - the
hard way. Some of the offerings were
good, but inexpertly marketed, while
some did not warrant any special effort in
that direction! Loudspeakers are
undoubtedly the most difficult products to
get right, and nothing offered by the
newcomers to the market will have given
amoment’s concern to the established
suppliers. Public reaction was in the
nature of polite interest, rather than wild
enthusiasm, but a respectable volume of
sales was achieved, and disillusionment
created by the quadrophony fiasco
seemed to have vanished. Philips and
Sony, of course, were working hard on
Compact Disc. Most of the loudspeaker
products were smallish two-way systems,
but some larger ones, often 3-way were
also evident. Another development was
the growing interest in in-car equipment,
with better cassette machanisms and
higher amplifier powers. Some truly
astonishing loudspeaker designs
emerged, some of which were even more
astonishing when listened to! Others
were quite good.

What the Papers
Said

That not everyone was willing to buy
‘off the peg’ was demonstrated by the
publication in ‘Wireless World' of an
updated version of Wilkinson's bookshelf
system with its exotic passive crossover.
A new enclosure, with non-parallel walls
was introduced, together with a new
tweeter and associated equaliser, the
original driver being no longer available.
James Moir offered a review of the effects
of system directivity on sound quality,
without introducing any new insights, and
wrote up a new method of measuring
sound power, which has not, it appears,
been widely adopted for loudspeakers

Lw— e S —

Figure 1. 'Brittain' loudspeaker layout for
optimum stereo image showing the area of
good sterso imaging.

useful paper (November), confusingly
titled ‘Loudspeaker Athletics’, giving
guidance on using Thiele alignments with
drivers that may, at first sight, seem to
have unsuitable characteristics. Since this
applies to the majority of the lower-cost
drivers (which have too high a Q), White's
paper could be very helpful. Lawrie
Fincham wrote on the extensive use
made by KEF of computer measurements
and data collection in the production
testing of drive units and their close
matching for high-quality systems. Daniel
Queen wrote on loudspeaker radiation
patterns for stereo. This latter subject had
not received anything like the attention
that it should have, and the truth of the
matier is even today not widely known.
Queen's paper deals mainly with
experimental results, although there is
some analysis, and both he and Kates (in
the following year, so really a matter for
Part 5) did not refer to the work of Brittain
and Leakey (published in ‘Wireless
‘World' in May 1858!), which first
indicated that, for stereo perceptible
elsewhere than ‘on the white dot' (i.e, at
the centre, well in front of the
loudspeaker base-line), a controlled and
rather narrow directional response is
required at all frequencies, AND the
loudspeakers should each be aimed at
the opposite end of the listening area (i.e.,
pointing inwards quite sharply), see
Figures 1 and 2. It is astonishing that this

Figure 2, Optimum directional response for stereo loudspeakers (after Brittain), Nearly all
direct-radiator loudspeakers are much less directional.

but is often used to measure the noise
power output of machinery. In the AES
Journal, .M. Kates wrote on cabinet
reflection effects, and A. Rosner on
current disco system techniques.
Predictably, loudspeakers were
considered the most critical and difficult
elements. J.N. White produced a most

second simple fact, easily verified with
practically any system whether the
directional responses are correct or not
(provided that the loudspeaker systems
are not completely omnidirectional), is
either not known, or not accepted,
universally! Why don't you try it, if you
haven't already?
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Please apply in writing to:-

Mr. L. F. Bowman.
Maplin Electronics plc
Maplin Complex,
Oak Road South,
Benfleet,
Essex SS7 2BB
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Photo 1. The wind speed cups,

Introduction

Meteorology, or the study of
phenomena of the atmosphere (the
weather to us!), miust be the one particular
science that most'of us ‘dabble’ in. Pet
theories involving corns on toes, squeaky
knees and back ache, have heralded
weather condinons throughourt history and
I suspect that the old rhyme about ‘red
skies and shepherds® is a familiar one to
many people]

One thing for sure is that the weather
can’t be easily changed, but it can be easily
measured - with suitable instruments of
course - and the first part of this project
covers the constructon of a wind speed
sensor (anemometer) and a wind direction.
sensor. Part two will have details of the.
decoder and display electronics and will be
published in a future issue.

There are various methods by which
wind speed can be measured and common
systems, such as this one, are based on
revolving cups as can be seen in Photo 1.
Each cup. behaving like a sail, catches the
wind and being connected to a central
shaft they spin faster or slower according
1o forces exerted hy the wind. Also
connected to the shaftis a coded disc, as it
revolves sensing electronies translate
rotation into frequency. Unfortunately
wind speed is rarely constant and tends o
gust in short bursts. Due to such side
effects as friction, mass and inertia, the
rotating parts cannot instantaneously
follow changes in wind speed, therefore;
the final result is an average wind speed
indication.

Wind direction relies on the dme
honoured weather vane principle,
whereupon an arrow shaped pointer is
allowed 1o revolve laterally with the wind.

A 1ail fin tends to block the clear passage of |

moving air and is therefore forced into a
position of least resistance. The arrow tip
is weighted, as can be seen in Photo 2, 1o
damp the otherwise continual oscillation
that would ensue in strong winds and also
points to where the wind is going to - not
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Phaoto 2. The ..uwd d:recnan arrow’.

from whence it came! In similar fashion to
the wind speed sensor, the position of a
coded disc is electronically sensed and
translated into a 4 bit binary code. This
system is capable of registering any one of
sixteen points of the compass at 22.5
degrees resolution.
Circuit Description

The printed circuit board GD96E is
used for both wind speed and wind
direction projects, as is the code disc
GD97F. All of the electronics shown in
Figure | are utilised in the wind direction
project, compared with the much reduced
wind speed circuitry of Figure 2.

To simplify design, construction and
(the ever important) cost. diffuse scan opto
sensors SN 1-5 are used to detect variations
in reflected infrared field strength. In
Figures 3 & 4 you can see that the sensor
actually has both I'R-emitier and
phototransistor in a single package; objects
placed in the field of view will either
absorb or reflect infrared energy from the
emitter which is then detected by the
phototransistor. A black, non reflective,
surface absorbs much of the infrared
energy whilst a white surface will reflect it.

The code disc, shown in Figure 5, has

ﬁve rings printed in black and white
sections, with the outside ring being a
‘strobe’ aud the inner four rings coded in
binary form. Sensors SN2-5 are placed
around the PCB in such a way thata
unique 4-bit binary code is produced for
every 22.5 degrees rotation of the code
disc. Although this tvpe of arrangement
allows for very easy construction it has
drawbacks due to variations in device
manufacture, disc surface reflectivity and
‘extremely accurate alignment is required
for each sensor. Unless all four sensors can
be made to generate an output signal at the
same time; then the codes produced will be
‘incorrect. These problems are overcome
by first squaring up the analogue
waveform at the sensor output with
schmitt trigger 1C1 and then storing the

voltage level in 4 quad d-type latch IC2. As
the disc rorates, sensors SN2-5 produce
théir voltage levels first and then a ‘strobe’
pulse, from SN (Figure 6) and the outer
disc ring, latches data at the four output
pins p7 to pl0. The data remains stable
here until the next ‘sirobe’ pulseis
produced from the disc being rotated
again, thereby latching in the next set of
data. Codes produced are in the usual
binary form 0000 to 1111. The remaining
IC1 inverter is not used on the wind
direction project, but is used to shape
analogue pulses connected 1o pin p5 from
the wind speed PCB, pin pl on Figure 2.
Only SN, R1 and C1 are used for this
circuit (R2 is omirtted and replaced by R9

on the wind direction PCB) and the +3V
supply comes from the 5V regulator RG1
output, pin p2.

Constructing the Wind
Speed Module

For general hints on module
assembly, please refer to the constructors
guide supplied with the kit. On this
module only, most of the circuit board is
not used and Figure 7 shows the few
components required to complete this
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Figure I. Wind direction circuit.

project. Fit the three links as shown, insert
pins pl to p3 and mount R1 and C1.
Before inserting SN, refer to Figure 4 and
identify the short cathode (k) lead 4:

Figure 3. Sensor aperation.

position the sensor so that the cathode (k)
Iead enters into a PCB hole also marked
with a *k’ and solder one of the leads onto
the board. Adjust the sensor until it is

standing square and 9mm above the board,

as shown in Figure 8 and Photo 3 - if the
sensor is standing too high, such as the
rear one of the two shown in the
photograph, then it will foul the code disc!
Solder the remaining three leads in place.

10

.

Photo 3. Mounting sensors on the pcb.
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Photo 4. Completed wind speed pcbh.

wireends. Insert IC's 1 & 2 into their
sockets and mount all five sensors, SN1 to
SNS3, taking note of the precautions as
stated on the wind speed module. The
finished module is shown in Photo 5.

General Details

Basically, the two sensor housings are
identical, see Figure 10, except for the
external cup and vane fittings. The sensor

Infra red emitler
2

A

Photolransistor
Colleclor Emitter

- "I
{‘\

W

short lead —¢

iz
%a

;

K Cathode Anocde
Viewed from the base

Photo 5. Campleted wind direction pch.

housings are fitted onto each end of a
mounting bar and the assembly is clamped

onto a suitable mast (not supplied in the
kit).

Mounting Studs

Cut two 45mm lengths from the 2BA
studding as shown in Figure 11, fita 2BA
nut onto one end, remove any grease and
oxidation present with abrasive cloth and
solder the nut to the stud. You require one
of these for each sensor housing. Once the
stud has cooled down, insert it into the
cenire mounting position of a bottom
housing, from the inside first. The screw
head should fit into the hexagonal
moulding and you may need to file away
some of the solder in order to achieve this.

Housing Assembly

At each end of the support mounting
bar there are three holes. Position a bottom
housing, with its protruding 2BA stud
inserted into the ceritre hole, so that the
locating spigot then fits into the outside
hole, see Figure 12. The remaining holes
should now align with each other and this
is where the connecting cables will be
fitted. Now fit the 2BA shake washer and
nut, shown in Figure 13 & Photo 6, and
tighten carefully to avoid cracking the
plastic or distorting the bar. The end caps
are fitted later - after wiring up - and they
prevent water from entering. Equally
important, the caps stop wind from
blowing through the tube and emitting a
noise like a steam train - just what your

Figure 4. The OPB706B sensor.
April 1989  Maplin Magazine
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neighbours like to listen to halfway

through the night! |

Shaft and Bearings

From Figure 14 yvou can see that the
shaft has a long and a short end. The
longer end takes the code disc mounting
assembly and the short end fits into either
the cup mounting assembly or the weather |
vane mounting assembly. Place one of the
miniature ball races over the short end of
the shaft as shown and pusht up to the
end. Now fit a cup mounting or pointer
shaft mounting over the shaft and bearing,
see Figures 15 and 16, and lock the

To wind direction PCB
P2 P3 P35

t

+5V OV Signal ‘
IN IN OuT 1

Pzi‘ooé [LK “@Psm

P3
+@ i

MAPLIN
| GDO9GE

MAPMET

W/S/DIR

COMP SIDE |

Fit 3 links, 3 pins, SN1,R1 and C1 only on
wind speed version. |
| |

Figure 7. Wind speed component layout.

assembly together with an M3 shake
washer and nut. You will need a pair of
long nose pliers for this fiddly job! Tighten
the nut as much as possible and check that
the ball bearing can still be freely turned.
If you can turn the mounting whilst
holding the shaft still, then the nut needs
further tightening, but do NOT over-
tighten as the thread will be stripped from
the nut. Adhesive supplied in the kit can
be mixed and poured into the cup/pointer
mounting recess and will prevent the nut
from parting company with the shaft; it
will also prevent the assembly from being
taken apart again, therefore only do this
once the complete system is up and
running correctly!

Tep Housing

Place the remaining bearing onto the
central moulding as shown in Photo 7 and
the sectioned view of Figure 10. Push
down on the bearing until its flange is
firmly seated onto the plastic; if it will not
go, widen the hole entrance very slightly
with a craft knife. Now insert the shaft
assembly into the top housing, from the
outside first, and push uniil the outside

OPBT70EB ‘
9mm |
|

Compaonent side 1 !
| 1

PCB W W

Pin11 Black White Black White Black White Black
av

Figure 6. SN1 outpus signals.

Photo 6. Mounting a bortomn housing onto the support bar.
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¥ z J
= -
4
=
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Figure 8. Mounting sensors onto pch.

12

Figure 9. Track and layout of the pcb.
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ball bearing pops heme. There should now
| be 22mm of long-end shaft protruding
| through to the inside.

B, iy

Code Disc

Identify the encoder coupler
moulding and place it over the shaft as in
Figure 17, plage the code disc onto the
coupler with the printed surface facing you
- see Photo 8 - and press i1t both items
together. Fit the coupler plate and an M3
shake washer and nut to lock the assembly
- Top housing together. To prevent the nut loosening up
when in use, a small blob of adhesive can
be put onto the end of the shaft before final
assembly.

ab e el Ve

Encoder

'.i
b
|
|
:
§
J |

| Le——Bottom housing

} Wind Speed Cups
Sensor PCB Three cups?see Figure 18, are fitted
into the cup mounting and they are held in
place with the cup mounting plate and 3 x
No.4 x 3/8" self rapping screws. See Figure
15 and Photo 9. At this stage of the

Figure 10. General sensor head layour.

1mm

=
il
I

2BA nut

5

b

CUTTVTITIRCTEYVNTY

Run solder over the
top of both nut and
stud

45mm

<+——2BA stud

VIRV Y

‘L-

Place a 2BA nut
| Cut 2 pleces onto lhe stud

45mm long Solder the nut
I to the stud

Figure 11. Making the fixing studs.

BEEE
S

Figure 12. Locating the sensor head on the bar. Phaoto 7. The ball race in position.
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Photo 8. The cade disc in position.
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Figure 13. Fixing the sensor head to the bar.
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Photo 9. Fixing the wind speed cups.
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assembly, vou may wish to pour the
adhesive into the cup mounting in order to
bind the shaft, nut and plastic moulding
firmly together before fitting the plare.

Pointer Shaft

With reference to Figure 19, you will
need to drill 8 2mm diameter hole in the
pointer shaft at the tail fin slot end, which
should line up with the pre-drilled hole in
the tail fin once both items are assembled.
Secure the assembly with an M2 x 10mm
screw, washer & nut. At the opposite end
of the shaft, score the surface with a craft
knife in order to allow any air trapped
inside the pointer to escape while the shaft
is being inserted. Apply adhesive inside
the pointer hole before inserting the shait.
The pointer shaft is now placed in its
coupling recess and the pointer shaft plate
is placed over the top, as Figure 20 and
Photo 10: Position the shaft with the tip of
the pointer set approximately 180mm from
the centre of the plate (this distance may
have ta be altered later to counterbalance
correctly). Secure the plate with 4 x 2mm x
10mm screws. '

Module Mounting

The module is placed over the six
pillars in the bortom housing moulding and
can be retained with either small blobs of
adhesive over each of the 6 PCB holes or by
re-moulding the head of each pillar witha
warm soldering iron. T would advise you to
ensure the module is tested and working
correctly before permanently fixing the
modulesin place!

|
Bearmg—————-f_ﬁ

Shaft —— =

Bearing ———FQ

Figure I4. The axle shaft.
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WIND DIRECTION INDICATOR PARTS LIST
PARTS LIST WIND SPEED HARDWARE -
" : . Top Housing 1 (YT67X)
RESISTORS: All 0.6W 1% Meial Film :
R2.4,57.89 100k 6 (MIOOK)  Shaft _ L (L77])
R3.6 330R 2 (M330R) Ball Race Bearings 2 (JL78K)
Encoder Coupler 1 (JL79L)
CAPACITOR Coupler Plate 1 (JL8OB)
Cl 10pF 16V Minelect 1 (YY34M) Wind Cups 3 (YT7IN)
Cup Mounting 1 (JL81C)
SEMICONDUCTORS Cup Mounting Plate 1 (JL82D)
ICI 40106BE 1 (QW64L)
IC2 74HC175 1 (UB45Y) =
RGl pATSLOSAWC 1 (QL26D) WIND DIRECTION HARDWARE
MISCELLANEOUS Top Houting 5, o (Y167X)
SNI-5 OPB706B s (UK81C)  BottomHousing i (ETEEY)
P.C. Board 1 (GD96E) ~ Shaft , 1 UL77])
DIL Socket 14Pin 1 (BL1gY) =~ Souplerflate 1 (JL.80B)
DIL Socket 16 Pin 1 (BLISV) gﬁig::; Shaft } i?;{gg‘é;
Constructors Guide 1 (XH79L) "Tail Fin 1 (JL84F)
OPTIONAL Pointer Shaft Mounting 1 (JL85G)
Test LED RED LED 4 (WL27E) Pointer Shaft Mounting Plate 1 (JL86T)
Test Resistor 680R 4 (M680R)
Multicore 6-way Cable AsReg (XR26D) MISCELLANEOUS
= . . - 2BA Brass Studding 1 (FW13P)
e I Do e, M2 Shake Proof Washer 1 Pkt (LR6IR)
Order As LM88V (Wind Direction Kit) Price £17.99 M2 Shake Hroof Washee LIkt (BEBE)
The following items are also available separately: ZB_;'\ §hake Proof Washer 1 Pkt {BFZ“B}
Sensor OPB706B Order As UK8IC Price £2.15 M Nut LSk (ERS9E)
Wind Sp/Dir PCB Order As GD96E Price £3.99 -'2\;33;*}3; S ‘&’“ﬁfﬁéﬁ
Code Disc PCB Order As GD97F Price £3.85 Self Tapping Screws No. 4x34" 1 Pkt (BF65V)
Isobelt M2 % 10mm 1 Pkt (JDIZN)
}’YAIIT:I]?SSEIESETD INDICATOR Isobolt M2 < 6mm 1 Pkt (JD11M)
Mounting Bar 1 (YT70M)
RESISTOR: 0.6W 1% Metal Film Mast Clamp 1 (JL87U)
Rl 560R 1 (M560R) End Cap 2 (JL8BV)
Bubble Pack Adhesive 2 (FL45Y)
CAPACITOR
Cl1 10 F 16V Minelect 1 (YY34M)
MISCELLANEOUS The above items are available as a kit:
SN1 OPB706B 1 (UKSIC) Order as LM90X (Wind Hardware Kit) Price £29.95.
P.C. Board 1 (GDY%6E)
Code Disc 1 (GD97F) The following items are also available separately:
Pins 2145 1 Pkt (FL24B)
Constructors Guide 1 (XH79L) Top Housing Order As YT67X Price 80p
Bottom Housing Order As YT68Y Price 80p
OPTIONAL Shaft Order As JL77] Price £1.80
Test LED RED LED 1 (WL27E) Ball Race Bearings Order As JL.78K Price £3.45
Test Resistor 630R 1 (M6SOR) Encoder Coupler Order As JL79L Price 60p
Multicore 6-way Cable As Req (XR26D) Coupler Plate Order As JL80B Price 60p
Test Resistor 22k 1 (M22K) Wind Cups Order As YT71N Price 50p
Test Resistor 47k 1 (M47K) Cup Mounting Order As JL81C Price 60p
Test Transistor BC357 1 (QQ16S) Cup Mounting Plate Order As JL82D Price 45p
Pointer Shaft Order As YT69A Price 95p
The above parts, excluding Optional items, Pointer Order As JL83E Price £2.50
arc available as a kit: Tail Fin Order As JL84F Price £1.45
Order As LM87U (Wind Speed Kit) Price £9.99 Pointer Shaft Mounting Order As JL85G Price 60p
The following items are also available separately: Pointer Shaft Mounting Plate Order As JL86T Price 60p
Sensor OPB706B Order As UK81C Price £2.15 Mounting Bar Order As YT70M Price £3.45
Wind Sp/Dir PCB Order As GDY96E Price £3.99 Mast Clamp Order As JL87U Price £1.,25
Code Disc PCB Order As GD97F Price £3.85 End Cap Order AS JL88V Price 18p
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a
Guitar Headphone
Amplifier

This simple amplifier is intended for
guitar practice purposes. It has a low
power output stage which is suitable for
use with medium impedance headphones
(the type widely sold as replacements for
personal stereo units). These offer good
efficiency, but mostly have a wide
frequency response and quite low distor-
tion. In fact they generally offer remark-
able audio quality for their price. Their
lightweight construction makes them
easy on the head and ears in prolonged
use. This amplifier can be built to suit
high or low output guitar pickups. It
incorporates a simple ‘fuzz’ effect which
generates ‘soft’ clipping. This gives what
is generally accepted as a more musical
effect than the harsh hard clipping
produced by many home construcior fuzz
effect units.

IC1 acts as the preamplifier, and this
is a standard operational amplifier invert-
ing mode circuit. The voltage gain is
controlled by negative feedback network
R1-R4, and the specified values give a
nominal voltage gain of 20dB (ten times).
This should give the unit adequate
sensitivity for operation with even the
lowest output pickups. However, if
necessary the gain can be boosted
slightly by making R4 a little higher in
value (say 1M). Rather than a lack of gain,

From Robert Penfold

Guitar Headphone Amplifier.

it is more likely that the unit will prove to
be too sensitive if it is used with a modemn
pickup having a high output level. There
is then a risk of IC1 being driven into
clipping and producing severe distortion.
In order to avoid this, if the unit is to be
used with high output pickups the value
of R4 should be reduced to 47k. ICI then
merely acts as a unity gain bufier stage.

The ouiput of IC1 is coupled to the

volume control by C4. Most electric
guitars have a built-in volume control, but
in order to obtain optimum noise per-
formance the guitar's volume control
should be set at maximum and the volume
should be controlled using RV1. The unit
does not include any tone conirols, but
this is not too important as they are also a
feature of most electric guitars. The
output amplifier is another operational
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Guitar Headphone Amplifier Circuit.
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amplifier circuit, but this time it uses the
non-inveriing mode. The LF411 specified
for the IC2 position is a high performance
bifet device, but it has been selected for
this circuit simply because it has output
characteristics that seem well suited to
driving medium impedance headphones.
It gave good vclume when tried with
several pairs of medium impedance
headphones, but some other operational
amplifiers (e.g. the LF351) were less
successful. I would not recommend the
use of alternative operational amplifiers
in the IC2 position of this circuit.

The ‘soft fuzz' effect is introduced by
closing S1, so that D1 and D2 are added

into IC2's negative feedback circuit. This
gives what is a conventional clipping
amplifier, except that D1 and D2 are
germanium diodes and not silicon types.
Whereas silicon diodes require a for-
ward bias of about 0.6 to 0.65 volis before
they will conduct, and thereafter they
conduct very heavily, germanium diodes
start to conduct at a much lower voltage.
Also, they turn on much more gradually.
This gives a good ‘soft’ clipping effect
and a good 'fuzz' sound. When the fuzz
effect is switched in, R8 is shunted across
R7 so that IC2's voltage gain is boosted.
This ensures that there is sufficient gain
to give reasonably strong clipping. It also

compensates for the increased feedback
introduced by the diodes, and the drop in
volume it would otherwise introduce.

The headphones are driven from the
output of IC2 via d.c. blocking capacitor
C17, and results will probably be best if
the phones are wired in series (i.e. ignore
the earth tag.and connect the other two
tags to the output of the amplifier). The
current consumption of the circuit is only
about 5 milliamps under quiescent condi-
tions, and two or three milllamps more
than this at high volume levels. A PP3 size
9 volt battery is adequate as the power
source, and the unit can be built into a
‘pocket’ size case if desired.

Morse Regenerator

Morse code is generally accepted as
being the best mode of operation to use
when band conditions are really bad. An
experienced operator can read a weak
code signal through very high noise
levels. What can defeat a lot of operators
is when there are a number of morse
code signals within the passband of the
receiver. This can produce a very
confusing jumble of tones. A lot of people
use some form of automatic morse
decoder these days, and these are often
not very good at sorting out the required
morse code signal from the noise, or from
adjacent channel interference.

Some receivers overcome these
problems by having highly selective if.
filters for c.w. reception, or a narrow
bandwidth audio filter. However, these
features are absent from many short
wave sets. It is not too difficult to add an
‘out-board' audio filter, or to use the
interesting alternative of a tone regenera-
tion unit. The basic idea of a regenerator
is to have an audio oscillator which is
keyed on and off by the received c.w.
signal. Although the audio input signal
may be heavily infested with noise, the
regenerated output signal is the output
from the keyed oscillator, and is totally
free of noise.

Morse Regenerator.

Units of this type can be based on a
filter plus rectifier and smoothing circuit,
or a phase locked loop. It is the latter that
forms the basis of this circuit. The input
signal is taken from the tape recorder
output of the receiver, or the headphone
socket if no recorder output is available.
If using the headphone socket, be careful
not to advance the volume control so far
as to overload the unit. TR1 acts as an

|

input amplifier, and a certain amount of
filtering is also provided here. The ability
of the circuit to pick out just the required
signal is mainly due to the selectivity of
the phase locked loop though.

This is the NES87 (IC1) which is
specifically designed for tone decoding
applications. It includes a form of
synchronous detector. The v.c.o. is used

to control an electronic switch which is
st '
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turned on during positive half cycles. The
input signal is passed through this switch,
and when lock is achieved only positive
half cycles will be passed. These are
smoothed and used to drive an open
collector n.p.n. output iransistor. Of
course, if lock is not acheived, the switch
will pass a mixture of negative and
positive pulses, and the smeothed output
signal will be insignificant. Thersfore, the
output stage only switches on when lock
is achieved, and the high degree of
selectivity required for this application is
achieved due to the namrow lock-on
range of the NE567. The centre frequency
is a little over 1kHz, and due to the narrow
bandwidth of the unit, tuning needs to be

very accurate (as it does with any highly
selective c.w. filter).

The output of IC1 is used to control
lLe.d. indicator D1, and a simple phase
shift type sinewave oscillator which is
based on TRl and has an operating
frequency of about 1kHz. The input signal
and the output of the oscillator are
combined at a simple mixzer stage built
around IC2. The input and oscillator
volumes are controlled using RV1 and
RV2 respectively. When searching for
stations the input signal must be set at a
reasonably high wvolume, but once a
signal has been accurately tuned-in RV1
can be backed off. It can be set right
back so that the input signal is completely

muted if desired, but most users prefer to
have the input signal still audible in the
background.

The output of the unit will drive most
types of headphone at good volume. With
low and medium impedance types it is
usually best to use series connection of
the phones, but parallel connection may
be better with high impedance types. The
current consumption of the circuit is
about 14 milliamps under quiescent
conditions, and something approaching
double this figure during the periods
when it is locked onto an input signal. A
fairly high capacity battery (such as a PP9
type) is therefore needed in order to
power the unit economically.

TTL Logic Tester

This logic tester is simple enouah to
be built as a probe style tool, but it is
fairly comprehensive in its analysis of the
test point. It gives indication of static low,
static high, pulsing, and illegal logic
levels. The status of the test point is
indicated by four Le.d.s. The unit is only
intended for use on 3 volt TTL logic
circuits incidentally. It provides loading
that is approximately ecual to one LS TTL
input.

ICla acts as a buffer stage at the
input of the unit, and it drives Le.d.s. D1
and D2. These indicate logic 1 and logic 0
levels respectively. Many test points in
logic circuits are not conveniently at
static levels, but are switching to and fro
between the two logic states, often at a
high frequency. Low frequency switching
of the test point will be indicated by D1
and D2 flashing visibly, However, the
switching rates of logic circuits are such
that the flashing of the le.d.s will be so
fast as to be imperceivable by the human
eye. Both D1 and D2 will then appear to
be switched on, with one being brighter
than the other if the input signal spends
more time at one logic level than the
other. This is a useful feature as it gives a
rough guide to the mark-space ratio of
the input signal.

If there is a very strong bias towards
one logic level, one Le.d. will seem to be
switched on at full brightness while the
other will not light up noticeably at all.
This can give the mistaken impression
that the test point is in a static state. This
problem is overcome by the inclusion of
a simple non-retriggerable monostable
multivibrator. This is based on IC2 which
drives le.d. indicator D3 from its Q
output. The input of IC2 is driven from the
output of ICl. Input pulses trigger IC2
and flash D3 for what is only a fraction of
a second, but D3’s on time is quite long
enough to ensure that clear indication of
an input pulse is provided.

TTL logic circuits should have a
minimum logic 1 voltage of 2 volis, and a
maximum logic 0 potential of 0.8 volis.
Input voltages of between 0.8 and 2 volis
are therefore invalid and should generate
an error indication of some kind. It could
happen that an invalid input voltage
would result in D1 and D2 both switching
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Logic Tester.

on at something less than full brightness,
with D3 not switching on and showing
that this was due to an illegal input
voltage rather than a pulsing signal. In
practice things can not be guaranteed to
work this way, and ICla might tend to
switch one way or the other even with a
non-valid input voltage. To guard against

this a window discriminator circuit has
been included in the unit. This detects
input voltages of much more than about
0.8 volts but somewhat less than 2 volts.
This circuit is based on IC3 and has IC1b
to combine the outputs of the two
operational amplifiers and drive led.
indicator D4,
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Power for the unit could be derived
from its own power supply or batteries,
but with this type of equipment it is
generally much more satisfactory to tap
off power from the circuit under test. The
current consumption of the circuit is
around 25 milliamps. Table | summarises
the Le.d. states for various types of input
condition, and should prove to be helpful
when first using the unit.

INPUT Static Static Low Freq. High Freq. Invalid
STATE Low High Pulse Pulse Voltage
D1 OFF ON FLASHING ON-OFF - ON-OFF
D2 ON OFF FLASHING ON-OFF ON-OFF
D3 OFF OFF FLASHING ON or FLASHING OFF

D4 OFF OFF QOFF OFF* ON

+* Note that with a high frequency pulsing signal D4 may switch on dimly. This is due to
inadeguacies in the switching speed of IC3 and does not indicatea fault at the test point.

Table 1. Summary of input conditions.

TTL Logic Pulser

The increasing dominance of logic
circuits has led to the introduction of new
types of test equipment where conven-
tional instruments proved to be inadequ-
ate. A logic pulser is a good example of a
piece of equipment which falls into this
category, and it could reasonably be
regarded as the logic equivalent of an
audio signal generator. An audio signal
generator is usually of limited value when
testing digital circuits. Sinewaves are of
no use for driving logic inputs, and
squarewaves have their limitations (even
if the signal generator can be set for an
output level that can drive logic inputs
properly). Ideally what is needed is a
logic pulse generator that permits an
output signal to be generated that has any
desired highlow periods, with each one
being individually adjustable.

Unfortunately, a good crystal control-
led pulse generator covering a wide
range of pulse times is a fairly complex
and expensive piece of equipment.
However, for many purposes something
much more basic will suffice. This pulser
unit has six switched durations, with
separate duration controls for the high
and low periods. The available times are
approximately lIps, 10gs, 100us, 1ms,
10ms, and 100ms. Thus, if a waveiform
consisting of a 1us pulse every 10ms was
required, it would simply be a matter of
setting the high control at 1us and the low
control at 10ms. This simple method of
operation enables a useful range of
frequencies and mark/spacé ratios to be
provided. The unit has complementary
outpuis so that test circuits which require
a two phase clock signal can be
accommodated.

Logic Pulser.

The circuit is a form of ‘ring
oscillator, and it is based on two 74121
monostable multivibrators. They are used
in the negative edge triggered mode and
have their inputs and Q ouiputs cross
coupled. As the output pulse from the first
monostable ends, it produces a negative
transition that triggers the second one.
The second monostable then produces
an output pulse, and when this ends it
produces a negative transition that trig-

gers the first monostable. This process
continues indefinitely with the monost-
ables continually retriggering each other,
and a form of oscillation being produced.
The high output period is controlled by
1C2, while IC1 sets the low output period.

Both monostables have the same
timing circuit, which consists of two fizxed
resistors wired in series and six switched
capacitors. The six switched capacitors
provide the unit with its six preset
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highllow output periods, but obviously
this system does not give the same
degree of accuracy that is obtained from
a crystal controlled circuit. However,
pulse times should be accurate to withina
few percent, which is good enough for
most purposes. The exception is the
100ms setting, where the high tolerance
of the electrolytic timing capacitor com-
promises accuracy. Tantalum capacitors
should be used for C7 and C15 if optimum
accuracy is required. If desired, by using
seven or eight way switches additional

pulse times of 100ns and (or) 1s could be
obtained. These would require timing cap-
acitors of 10pF and 100uF respectively.

Although very plausible in theory,
‘ring’ oscillators often fail to operate. This
is due to the lack of any initial impetus to
get the circuit up and running, In this case
R3 and C9 provide a trigger pulse at
switch-on to an otherwise unused trigger
input of IC2. This ensures reliable starting
of the circuit,

Current drain from the 5 volt supply
is about 40 milliamps. The unit could be

powered from a small 5 volt mains power
supply, or from a fairly high capacity 9
volt battery by way of a 5 volt regulator.
Ancther possibility is to use four AR size
nickel-cadmium rechargeable cells,
which will give a supply voltage which is
close enough to the required 5 volt level.
These cells- can be fitted in a plastic
holder and connected to the circuit via a
standard PP3 style connector. In many
cases it will probably be possible 1o
simply tap off the 5 volt supply from the
circuit under test,

]
AF Signal Source

Two popular forms of audio test
equipment are signal generators which
provide sine and sguarewave outputs
over a wide frequency range, and signal
injectors which have some form of pulse
Or squarewave output at a fixed frequen-
cy. A good quality AF. signal generator
is certainly a real asset for the electronics
workshop, but an instrument of this type
is too costly and complex for those who
will only undertake occasional audio
testing. On the other hand, a signal
injector is a bit too basic for much audio
testing. The output is generally fized and
at quite a high level, makiny it difficult to
check for something like a slight lack of
gain in a circuit. Distoriion can not be
readily detected either, as the square-
wave signal produced by a signal injector
contains very strong harmonics. Trying to
locate a faulty stage that is producing
clipping is impossible using this type of
test signal as the input signal is effectively
clipped already!

For those who consider a signal
generator to be beyond their needs but a
signal tracer to be inadequate for their
purposes, the obvious compromise
choice is an AF. signal source. This is
effectively an audio signal generator, but
having fixed frequency operation and no
squarewave output. A unit of this type can
be used for most types of audio testing,
the obvious exception being that it is of
no use for frequency response testing. It
can be used as an audio signal injector
though, and the ability to set the output at
any desired level ensures that an
appropriate output level can be selected
for any piece of audio equipment. If a
microphone preamplifier only requires
an input level of 10 millivolts r.m.s., then
that is the signal level you use. There is
no need for overloading of the equipment
and the misleading resulis this can
produce. The high quality sinewave
output signal will readily show up any
clipping. You do not even need an
oscilloscope - monitoring the output ‘by
ear will readily show up any clipping (or
practically any other form of distortion
come to that),

This audio signal source is based on
the usual Wien bridge oscillator with
thermistor stabilisation. This is not exactly
the latest thing in modern technology,
and it is a type of circuit that has been
used extensively for many years now. On
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The A.F. Signal Source,

the other hand, despite its simplicity it is
not easiy bettered. Low distortion is
assured by the use of a bifet operational
amplifier as the basis of the unit. Also,
unlike most other forms of gain stabilisa-
tion, the thermistor type provides what
for most practical purposes can be
regarded as zero distortion. It is also very
effective at stabilising the output level
against changes in output loading. In this
case the output level is approximately 2.8
volts peak to peak (1 volt rm.s.).
However, RV1 is a variable attenuator
which can be used to set the output at any
level from zero to this maximum figure.
There is also a three step attenuator, and
S1 can be used to reduce the output by a
factor of 10 or 100 if desired. This can
make it much easier to accurately set the

desired output level when a low ampli-
tude output is required.

The operating frequency of the
circuit is approximately 1kHz. With only a
single operating frequency it obviously
makes sense to choose one at roughly the
middle of the audio range, and lkHz
would seem to be the obvious choice.
However, if desired the outpuit frequency
can be changed by altering the value of
C3 and C4. The output frequency is
inversely proportional to the value of
these components (e.g. doubling their
value halves the circuit's operating
frequency).

The current consumption of the
circuit is only about 3.5 milliamps, and a.
small (PP3 size) 9 volt battery should give
many hours of use.
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MORSE REGENERATOR
PARTS LIST

RESISTORS: All 0.8W 1% Metal Film

R1S 1M

R2,10,12 4k7

R3 4T0R

R4 B20R

R3S “12k

R6 10R

R78 6k8

R11,14 47k

RI13,16 5k6

RV1z2 10k Log Pot
CAPACITORS

Cl 100uF 10V Axial Electrolytic
C2.8,13,15 100nF Polyester

c3 22nF Polyester

C4,14 470nF Polyester

Cs 22nF Ceramic

C6,9,16 2u2F 100V PC Electrolytic
c1 1uF 100V PC Electrolytic
Cl10,11,12 10nF Polyester

Cl7 100uF 10V PC Electrolytic
SEMICONDUCTORS

IC1 NES67

IC2 pAT41C (8 pin)

TR1,2 BC549

D1 Smm Red LED
MISCELLANEQOUS

SK1 3.5mm Jack Socket

SK2 Standard Y% inch Jack Socket
S1 SPST Ultra-Min Toggle

Bl 9 Volt (PP3 size) Battery

DIL IC Holder 8-pin
Battery Connector
LED Holder

PO B DO BO we b b e LD PO

e e 7 R R

03—

e - R S =

(MIM)
(M4KT)
(M470R)
(MB20R)
(MI12K)
(MIO0R)
(MEKS)
(M4TE)
(MBESE)
(FW22Y)

(FB48C)
(BX76H)
(BX72P)
(BXB0B)
(BX018)
(FF02C)
(FFO1B)

(BX70M)
(FF10L)

(QHBSA)
(QL22Y)
(QOI5R)
(WL27E)

(HF82D)
(HF31Y)
(FHSTF)
(FMOSF)
(BL17T)
(HF27E)
(FM38R)

GUITAR HEADPHONE AMPLIFIER
PARTS LIST

RESISTORS: All 0.6W 1% Matal Film

Rl 4Tk

R2.3 22k

R4 410k

R586 100k

R7 560R

R8 180R =
RS kT

RV1 22k Log Pot
CAPACITORS

Cl 10uF 10V Axial Elecirolytic
Cc23 1uF 100V PC Electrolytic
C4 4uTF 63V PC Electrolytic
C5 330nF Polyester

Cc67 100uF 10V PC Electrolytic
SEMICONDUCTORS

1C1 LF351

1C2 LF411

D12 OAs]

MISCELLANEOUS

SK1 Standard Jack Socket
SK2 3.5mm Stereo Jack Socket
Bl 8 Volt (PP3 size) Battery
51 DPDT Ultra-Min Toggle
s2 SPST Ultra-Min Togale

Battery Connector
DIL IC Holder 8-pin
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DO e et DD

(M47K)
(M22K)
(M470K)
(M100K)
(MBSE0R)
(M1BOR)
(M4KT)
(FW23A)

(FB48C)
(FFOIB)
(FFO3D)
(WW47B)
(FFI0L)

(WQ30H)
(QY27E)
(QH72P)

(HFS1IY)
(FE20W)
(FKE625)
(FHISH)
(FHSTF)
(HF28F)
(BL17T)

AF SIGNAL SOURCE

PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

Rl12 3k3

R3.5 18k

R4 1kB

R6 k8

RT 680R A

R8 B8R

RS 6RB

RV1 1k Lin Pot

CAPACITORS

Cl 100uF 10V Axial Electrolytic

C25 100uF 10V PC Electrolytic

C34 10nF Polyester

SEMICONDUCTOR

IC1 LF35IN

MISCELLANEQUS

THI R53 or RAS3 Thermistor

51 3-way 4-pole Rotary Switch

s52 SPST Ultra-Min Togale

SK1 3.5mm Jack Socket

Bl § Volt (PP3 size) Battery
Battery Connector

TTL LOGIC PULSER

PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

R1 4 12k

R235 2k2

R3 470R

CAPACITORS

Cla 100nF Ceramic

C2,10 100pF Ceramic

C311 InF Polyester

C4,12 10nF Polyester

C5,13 100nF Polyester

C6,14 1uF Polyester

C71,15 10uF 50V PC Electrolytic
Cs 1uF 100V PC Electrolytic
SEMICONDUCTORS
IC12 74121
MISCELLANEOUS
51,2 6-way 2-pole Rotary Switch
DIL IC Holder 14-pin
TTL LOGIC TESTER
RESISTORS: All 0.6W 1% Metal Film
R1248 4T0R
R3 gk8
RS 3k3
RE 1k
R7 820R
CAPACITORS
Cl 4udF 63V PC Electrolytic
c2 100nF Ceramic
SEMICONDUCTORS
IC1 T4LS00
1C2 74121
1C3 LM358
D1.234 Red LED
MISCELLANEOUS
LED Bezel

DIL IC Holder 8-pin
DIL IC Holder 14-pin

e b = B DO

D B =

el el

Ll - o]

= 03 DI DO 0O DI DO DO

e BT

e N

PO e 1

(M3K3)
(MI6K)
(MIKS)
(MBEB)
(MB80R)

(MERS)
(FWOOR)

(FB48C)
(FF10L)
(WW?23G)

(WQGOH)

(FX625)
(FFI6H)
(FHOTF)
(HF82D)

(HF28F)

(MIZK)
(M2K2)
(M470R)

(YR7S5S)
(WX56L)
(WW22Y)
(WW29G)
(WW410)
(WWB53H)
(FFO4E)
(FFOIB)

(QXT3Q)

»

(FF74R)
(BL18U)

(M470R)
(MEKB)
(MaK3)

(MIK)

(MB20R)

(FFOSD)
(YR75S)

(YFOOA)
(QX73Q)
(UJ34M)
(WL27E)

(FM38R)
(BL17T)
(BL18U)
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Nottingham castle.

City of Lace,
Legend and Maplin!

Nottingham is world famous for its
exquisite lace, and connections with the
legendary folk hero, Robin Hood.
Situated in the East Midlands, the city is
easy to reach by road, via the M1 or by
rail using the Inter-City service. The
Maplin shop in Nottingham is one of the
newest additions to their chain of
regional shops, and its opening fulfills the
requirement for a source of electronic
components and accesories in the area.

Nottingham has such a lot to offer, it
is really worih an ‘outing’ for the day, take
the family and let them wander round the
city centre while you spend your time
browsing through Maplin's extensive
range of products. The self service layout
allows the customer to see exactly what
he or she is buying, ideal space to allow
sizing up of different items to make sure
everything will fit 'in the box'| If you have
a query on the suitability of an item, the
friendly, helpful and knowledgeable stafi
are always ready to give assistance. The
computerised stock system ensures the
best availability of parts. A good tipif you
are travelling some distance is to
telephone the shop first and check that
the items you require are in stock.
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Sights to See!

What's on ofier to the visitor to
Nottingham? In short a lot!l When 1 arrived
for the day, to visit the shop, I quickly
decided a trip back was definitely in
order, there is such a lot of things to do
and places to see. A quick visit to the
Tourist and Information Centre will
provide all the information, leaflets and
maps you will need to plan a fun day out.

There is plenty of heritage and
legend to find out about in Nottingham.
To most people, the most famous of all
outlaws will spring to mind; Robin Hood
and his band of merry men, fighting the
Sheriii of Nottingham. Visiting the Castle
and Sherwood Forest is sure to conjure
up pictures of the medieval feuds in
anyones imagination. The city centre
museums will provide views of life gone
by, capturing the day to day activities in
the breweries, industry and textile mills.
A new addition is Green's Windmill and
Science Centre, which was once the
home of George Green, one of the 18th
cenfury's greatest mathematicians, who
was admired by Albert Eienstein. I
wonder what he would have thought of all
the high technology devices now so
readily available at Maplin? The
controversial writer D, H. Lawrence, was
bom in the nearby mining town of
Eastwood, his birthplace isnowa
museum, set out in his memory.
Newstead Abbey was the home of Lord

/ Maplin ELECTRONICS

Maplin's new Nottingham shop.

Tuesday 17th January and within the first
week started drawing large numbers of
customers. Maplin shops frecuently
attract customers from 50 miles or more
away, and the Nottingham shop is no
exception, word spreads fast. It just goes
to show that the reputation of Maplin for
excellent service, a wide range of quality
goods and low prices is no idle boast.

The shop is easy to reach by road,
rail or local bus and is situated on the
north east corner of the city’s ring road
just a few minutes from the city centre,
and can be found at 86-88 Lower

Byron for almost 20 years and for anyone
who enjoys the romance of classical
poetry it is worth a visit, the beautiful
grounds provide an ideal place fora
picnic too. Nottingham is of course
famous for its lace making, and visiting
the numerous shops, lace centre and lace
hall is bound to be popular with the
ladies. Every October, Nottingham
becomes host to the 3 day spectacular,
Goose Fair. The fair dates back to the
13th century, where geese were sold,
hence the name. Old Edwardian
roundabouts sit side by side with the
latest thrilling, spinning (and stomache
churningl) rides in this 18 acre spectacle
of noise and colour.

The Maplin shop opened on
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Shop staff: Andy, Ricardo (Manager), John and Kevin.

Parliament Street. Parking is quite good,
free outside the shop or in adjoining
streets, alternatively there is a car park
nearby between Brook Street and Lower
Parliament Street. If you are coming by
road on the M1 take junction 25 (from the
south) or junction 28 (from the north), by
rail the shop is just over half a mile north
of the railway station.

Behind the Counter!

The Manager of the Nottingham
shop, Ricardo, isnot a new face to
Maplin, he has been with the company
since 1984, when he joined as a Junior
Sales Assistant, It wasn't long before he
siarted to climb up through the ranks and
within three years, he became Assistant

Manager at the Southend branch in
Wesicliff-on-Sea.

Maplin shops require a special type
of shop manager, because not only must
they be able to run the shop in an efficient
way, ensuring maximum customer
satisfaction, but also have to have a good
working knowledge of electronics and
know how to help solve customers
problems. Ricardo certainly has these
qualities, he explained the background to
his skills; "When I was at school, I wanted
to get a job in electronics, unforiunately
the careers teacher got things mizxed up
and I ended up with a job in a high sireet
retall chain selling domestic elecirical
goods! Not what I wanted at all. However
this turmed out to be a blessing in
disguise, the experience and training 1
got took me up to assistant manager
level. I then went onan MSC course to
study City & Guilds Electronics, which
has got a good practical base rather than
just theory. After qualifying, 1 joined
Maplin, where I suddenly discovered that
the skills in sales and experience in
electronics, complemented each other
perfectly.” Since 1884 he has worked at
Hammersmith, Birmingham and
Manchester shops. He also helped lay out
the Bristol and Birmingham shops,
Ricardo moved to Nottingham in
November and started shop fitting in
December. I asked what sort of reaction
the customers gave when the shop
opened, he replied: "The customers were
really pleased we were open and said
things like; ‘Great, about time too !', It's
good to see the items before buying’,
‘Great for getting advice', things like that.”
His hobbies and activities include; karate,
electronics, radio controlled boats, roller
skating, computers, musicand
decorating his house. Working with
Ricardo, is John, the Assistant Manager,
whose background is in electronic sound
equipment, His qualifications are in
electronics, computers and electrical
engineering. He's a semi-professional
musician and plays keyboards and lead
electric guitar, as well as building his own
audio gear, The Sales Assistanis are
Kevin, Andy and Tim. They have
experience in electronics and are keen

Continued on page 31. 25



Postwar: The 700-
Type Telephone

In 1908 there were just half a million
telephones in the UK. Twelve years later
there were a million, and twelve years
after that, two million. The number of
telephones has been rising at 7% or so
each year since anyone first bothered to
count them, and it's still growing at the
same steady rate (Figure 1).

By 1946 the Telephone 332 was more
than ten years old, and the Post Ofiice
decided that technology had advanced
far enough to make it worthwhile to start
work on a new design. Even if the
periormance of the new telephone
proved to be no better than its predeces-
sor, new manufacturing metheds (such as
printed circuits) should guarantee that it
would cost less to make, and this was
becoming increasingly important. More
than 2 million telephones had been
added to the UK network since the 332
first saw service. A new telephone design
could be expected to last for at least
fifteen years — until, say, 1965 — and by
then there could easily be 10 million
telephones in the country. So it was clear
from the outset that one of the main
design aims must be to keep production
costs as low as possible.
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by J.K. Hearfield Part 5

Bell's first telephone
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Figure 1. The number of telephones in Britain doubles every 12 years.
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Transmission Testing

The first prototypes of the new
telephone did not appear for some years.
It proved unexpectedly difficult to de-
velop a better microphone, and then just
as difficult to be certain that the new
telephone really was better than its
predecessor. The problem came down to
this: how can the transmission perform-
ance of a telephone be judged objective-
ly? What does ‘better’ mean?

nicely with the subjective results. This
meant that engineers could predict how
people would feel about changes in this
one parameter without needing to mea-
sure their reactions each time. The same |
technique allowed different exchanges
and even different induction coils to be
compared, and greatly reduced the
amount of speech testing required.
Next, the idea of a ‘conversation’ was
boiled down to its essence. The talker
was made to read a fixed list of a
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Figure 2. The Transmitter Inset No.13 was used, despite its highly non-linear frequency response.

Telephones obviously exist so that
human beings can communicate with
other human beings. This being so, a
goad test should be to arrange for two
sirangers to hold a conversation using
first one type of telephone and then
another, and get them to compare the
two. Personal bias could be removed by
using a sufficiently large group of
subjects. The trouble is, human beings
are zall so different. Some people talk
much more loudly than others, some are
slightly deaf (though they may not know
it), and some prefer to talk as much as
they can without really listening. To get
meaningful results it would be necessary
to use many hundreds of people from all
over the country. Besides, the sending
and receiving characteristics of tele-
phones depend on the line conditions.
The type and length of line between the
telephone and the exchange can make a
big difference; even the type of exchange
matiers. Collecting and processing suffi-
cient data simply to decide between one
finished design and another would be a
huge undertaking. It boggles the mind to
think of using this exercise as a routine
testing tool.

Yet design engineers need a way of
assessing how close they have come to a
finished product. There must be an
objective definition of what they are
trying to achieve, and an agreed set of
tests - a yardstick - that can be applied to
their design to see if the target has been
reached.

To bridge the gap between subjective
and objective, the first step was to
compare peoples’ reactions to a change
in, say, line length with some other
parameter that can be measured in the
laboratory. It was quickly found that the
dB loss at certain frequencies correlated
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thousand or so nonsense syllables, whilst |
the listener wrote down what he (or more |
often, she) thought was said. The need for
a large group of people was removed by
using specially-trained talkers who could
maintain a constant voice level and speak
at a fixed distance from the microphone.
The ‘articulation tests’ were done in
acoustically-dead rooms, of course, and
various levels of room noise were
simulated using loudspeakers.
method of subjective assessment re-

This |

mained standard for many years. | myself

took part in one such test in the late
1860's, and a weirdly uncomiortable
experience it was too, rather like being
the only one at a seance. “Is anybody
there?" I kept wondering.

Ariiculation testing was used to estab-
lish the maximum length of each type of
local line which could be used to link a
telephorne to its exchange and still give
accepiable speech performance. To
make life simpler for the line planners,
the limit was expressed notin dB butas a
Transmission Equivalent Resistance
(TER), measured in ohms. As such it sat
easily beside the signalling. limit, also
expressed in ohms, which specified the
maximum line length at which dial pulses
could still be recognised unambiguously.
(Dial-pulse distortion became unaccept-
ably high at a line length much shorter
than that at which the bell would no
longer ring or the microphone feed
current became too low, because of the
pulse-rounding effects of line capaci-
lance.)

Sensitivity

A telephone will only work properly
when the cable linking it to the local
exchange is short enough to be within
both the signalling limit and the TER limit.
Telephones close to an exchange are
straightforward: the short distance allows
the use of thin, high resistance wire.
Those customers who live on the fringes
of an exchange area however pose more
of a problem. The line planners must
ensure that the cable serving them is just
adequate to meet the maximum safe
resistance and TER limits for their
telephones. This can be very expensive,
because not only is it necessary to
provide a much longer cable run, the
cable itself must have lower resistance

Photo 1. Telephone 706,
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per unit length; in other words, it must use
thicker wire. If the TER limit could be
increased, cheaper cable could be used,
and perhaps also fewer new exchanges
would have to be built. .

So the second major design aim for the
new telephone was to make it much more
sensitive. The Telephone 332's 660 ohm
TER limit was to be increased by 50% to
the nice round figure of 1,000 ohms.

There was only one possible way of
increasing sensitivity - the transducers
had to be improved. The standard
microphone at that time was the Trans-
mitter Inset No.13, and work began trying
to design a better one. Unfortunately,
although the carbon-granule microphone
was obviously far from perfect (Figure 2),
it was the result of many years of
centinual refinement and the technology
had advanced almost as far as it was ever
going to get. It might have been possible
to achieve a smoother frequency re-
sponse, but not significantly greater
sensitivity.

It was a different story with the
earpiece - the receiver, as it was called.
STC engineers abandoned the traditional
approach and came up with a new idea
(Figure 3). The key concept in the
‘rocking-armature’ receiver is that the
diaphragm — the bit that moves the air,
like a loudspeaker cone — need not and
indeed should not itself be part of the
magnetic circuit. Separating and optimis-
ing these components resulted in a
receiver having good sensitivity in a
reliable, low-cost package. The frequen-
cy response of the new design (the 4T) is
compared with that of its predecessor
(the 2P) in Figure 4.

(] o

Transmission Circuit

Given at least one better transducer, the
next step was to redesign the induction
coil in order to trade-ofi the greatly
increased receiver sensitivity for smaller
but more balanced improvemerits in the
performance of the complete telephone
(Figure 5). The induction coil is there to
couple energy from the microphone to
line, and from line to the earpiece, without
at the same time allowing much direct
coupling straight from microphone to
earpiece. By correctly choosing the turns
ratios of the three windings and the
impedances of the transducers, it is
possible to improve both the send and

WMWMMWW

receive sensitivities of the telephone.

The iransmission circuit of the new
telephone is shown in Figure 6. The
instrument was known as the Type 700
(perhaps because even then the Post
Office knew it would still be around in the
1970's) and it looks superficially very like
the 332's tragsmission circuit (Figure 7).
The induction coils are however quite
different, see Table 1.

The lower winding resistances reduced
the intemal losses - not much, but every
little helped. Changing the turns ratios
required the balance impedance to be
different, though as was the case in the
332, the balance components were when
possible used for other jobs as well.
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Fignre 4. The new Receiver Insert (4T) was more sensitive than its predecessor (2P), and had a

flatter frequency response.
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Figure 3. Construction of the ‘rocking armature’ receiver Type 4T

compared to the earlier Type 2P.
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Figure 6. Transmission circuit of Telephone 700. ‘ |
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Figure 7. Transmission circuit of Telephone 332.

o - o
Dialling Circuit

Dialling poses certain special prob-
lems of its own. The Dial-Ofi-Normal
contacts must provide a low resistance
path for the current pulses whilst at the
same time ensuring that the earpiece is
short-circuited (to prevent loud clicks
from being heard). A resistance-
capacitance suppression network must
be connected across the dial contacts,
because the line current flows through
large inductors (at the exchange end)
and breaking the current in an inductive
circuit would otherwise cause sparks at
the dial contacts. The values of resistance
and capacitance cannot be chosen
arbitrarily. They affect the make-to-break
ratio of the pulses received by the
exchange, and so the ‘spark quench’
circuit used in the Telephone 700 had to
be similar to that of the 332, the telephone
it was intended to replace, which used 30
ohms in series with 2uF (Figure 8). The
induction coil itself was pressed into
service as the 30 ohm resistor, along with
the 1.8uF bell DC blocking capacitor.
The original plan had been to keep this
capacitor at 2uF, but it ended up 10%
smaller so that both it and the 0.9uF
capacitor demanded by the balance
network would both fit into the same can.

Transmission

Performance

Prototypes of the new 700 telephone
were given an in-house field trial as PBX
extensions in selected regional Post
Office buildings. (A PBX is a Private
Branch E=xchange - that is, a small
exchange serving usually just one build-
ing and owned by the company that owns
or occupies the building.) Users were
almost unanimous in finding them too
loud, pariicularly on internal calls. This
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Figure 8. Dialling circuit of Telephone 700.
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Figure 9. Transmission circuit of Telephone 706, showing the regulator.
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| Figure 10. Simplified transmission circuit of the Telephone 706, The regulator reduces
sensitivity by shunting the transmission circuit when the line current is high.

| Components marked * have low resistance at high line currents and negligibly high resistance

| when line current is small.
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was an unexpected problem: the new
telephone had been deliberately made
more sensitive in order to improve
performance on long lines, but on short
lines — and PBX lines are invariably very
short — it was now too sensitive. Some
inexpensive way had to be found to
reduce the sensitivity on short lines only,
and ideally to make the sensitivity
independent of line length.

The answer lay in the realisation that a
short line has high line current as well as
low loss: both are aspects of the same
thing. Cwrrent-dependent resistors ex-
isted, so in principle line current could be
used to control the telephone's perform-
ance automatically. Interestingly, when
the French PTT were faced with this
problem they chose a quite different
solution — each telephone installed was
individually adjusted by the installer to
make its line current fall within certain
fizxed limits.

The final transmission circuit, modified
to include a regulator, is shown in Figure
9. This design variant became the
standard production 700-type telephone,
and is known as the Telephone No.708. In
the mid 1950's, when the Type 706 was
launched, it was still considered unneces-
sary to give a product a name. There was
only one standard telephone, and anyone
wanting a telephone got that one, so what
would be the point of naming it?

In the regulator circuit, line current
flows through R1. When the current is
small — on long lines - the voltage drop
across R1 is too small to forward-bias the
(selenium) diodes, and the regulator does
nothing. If the current through Rl is
sufficient to turn on the diodes, the
requlator effectively switches two sepa-
rate shunting resistors (plus the diodes)
into the circuit and so makes the
telephone less sensitive (Figure 10). The
effective resistance of the diodes de-
pends on their degree of forward bias,
which in turn depends on line current.
The circuit is symmetrical to allow for
inadverient line reversals.

The sensing resistor Rl in series with
the microphone adds extra loss to the
circuit, even when the requlator is
ineffective on long lines. To minimise the
loss, the value of R1 is arranged to be just
a few ohms at low currents, rising to a few
tens of ohms at high currents. This
behaviour is characteristic of light bulbs,
and in fact RI is just a special type of
under-run light bulb. However, to cope
with situations in which the last ounce of
sensitivity must be squeezed out of the
telephone, the regulator was mounted on
a separate plug-in printed circuit board
with connector pads at each end; by
plugging the board in the other way
round, the regulator could be shori-
circuited.

The effect of the regulator on perform-
ance was dramatic. Most people find a
1dB change in level only just perceptible,
so the graphs of Figure 11 are really
demonstrating that the send, receive and
sidetone levels have all became almost
independent of the line length for lines

30
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Figure 11. Adding a regulator to the basic 700 circuit improved all aspects of performance on

short lines,
Coil No. 27 (332) Coil No.30 (700) |
Line winding 2600 turns 1220 turns |
| 35 ohms 15 ohms
Balance winding 800 turns 666 turns |
30 ohms 10.5 ohms
Receiver winding 1800 turns 420 turns
75 ohms 1.5 ohms
Turns ratios 1.4:0.4:1 2.9:1.8:1

Table 1. Comparing the induction coils of the 332 and the 700.
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from zero up to 2 miles long or more.
Circuit Diagram =
The complete circuit of the Telephone

No.706 is shown in Figure 12. Apart from 1= Requator
the regulator, the circuit seems to include Eowf ==

much the same components as the
Telephone No.330, which was discussed
in the last article, and in fact the prototype ASTIC
700-type telephones were built into
300-type cases. The differences are quite
minor: the 700-type handset cord has 4
wires instead of 3, because the transmis-
sion circuit was cheaper that way, and the
700-type lacks the 300-type's O0.1uF
microphone bypass capacitor (which had
turned out ot to be essential after all). The
major differences between the two
telephones do not really show up on their
schematics, though. Virtually every com-
ponent was improved io make it work
better and more reliably at lower cost, and
the result was a design which was still
being manufactured twenty years later.
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Features

* Amplifiers Very Closely Matched

* Wide Supply Voltage Range (+2V to +15V)

* High Impedance Buffers

* PCB available

Introduction

The LM13700 is a dual
transconductance operational
amplifier featuring low
distortion and a wide dynamic
range. The package contains
two transconductance op-
amps which share a common
power supply input but are
otherwise completely
separate. Two high
impedance buffers, designed
to suit the dynamic range of
the op-amp are included in the
package. Figure 1 shows the
IC pinout and Table 1 shows
the electrical characteristics of
the device.

32

Voltage
Controlled
Filter

A transconductance op-
amp such as the LM 13700 can
form the basis of a versatile
voltage controlled filter (VCF).
The LM13700 is particularly
suitable for use ina VCF
circuit as the required buffers
are included in the IC. Figure 2
shows the circuit of a basic
voltage controlled low pass
filter; this circuit acts as a unity
gain buffer below the cut-off
frequency. Above the cut-off
frequency the circuit provides

* Voltage Controlled Filters

* Voltage Controlled Amplifiers
* Voltage Controlled Oscillators
* Sample and Hold

Paramelers Operating  Minimum
Conditions

Pawer Supply Vollage =2V =15V

Differential Input Voltage +5V

Input Offset Vollage labe Suh 0.4mV amv. -

Fonward

Transconduciance (gm)

gmiracking

Peak Cutput Voltage:

Unloaded, labe

Positive

Negative —12v

Common Mode Range =12V

Input Resistance 10k

SlewRate Unity Gain
Compenzaled

Nale: Above specificationsbased on Supply Voltage =15V, Amplifier Bias

Current {labe) 50014, Operating temperalure 25°C and pins2 & 5open circuit

{unless specified).

Typical Maximum

6700x8  G600uS

0.3d8

13000u:8

+12V +14.2V
—14.4V
=135V
26k
50V/us

Table 1. Electrical characteristics of LM13700 transconductance op-amp.
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‘__5] INPUT

DIODE
15| gias

‘Ml +INPUT
13|—IHP|JT

12| OUTPUT

11|+\'

Controlied
Oscillator

Effective voltage
controlled oscillators can be
realized using the LM13700.
Figure 5 shows an example of
a voltage controlled oscillator
circuit that will produce both
square and triangle wave
autputs. The frequency of the
oscillator is determined by the
, . amplifier bias current (Iabc)
Voltage controlled oscillator. - : A ;?S;‘dmlﬁelm .ﬁgﬁn
component values shown in

Figure 2. A typical voltage controlled low pass filter. Figure 4. A typical voltage controlled state variable filter.
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hold.

triangle’squarewave oscillator.

Figure 5. Example of a voltage controlled

F3

m L[l [
Im}' il
o

P2 P4
=1 =10V

Figure 6. A typical peak detector and hold circuit.
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V¢

approximately 2Hzand
200kHz. The output amplitude
of the oscillator is effectively
determined by the value of RS
and the magnitude of the
amplifier output current. Itis
important that the differential
input voltage does not exceed
=5V; if this voltage is
exceeded, the inputs will
zener, resulting in distortion of
the waveform.

Peak Detect

and Hold

Figure & shows the
diagram of a typical peak
detector and hold circuit using
the LM13700; this circuit

TIPS

detects the peak voltage of the
signal and holds this value for
alength of time determined by
the value of capacitor Cl. The
circuit uses IC1b to turn on
ICla whenever input voltage
(Vin) becomes more positive
than output voltage (Vo).
Pulling the output of IC1b low
via diode D1 prevents Cl from
charging any more and
therefore effectively holds the
output voltage constant until
Cl discharges.

IC Power
Supply

@

- | Requirements

The LM13700 IC requires
a split rail power supply and
.| will operate over a wide range
of voltages between =2V and
=15V. It is important that the
supply is adequately
decoupled in order to prevent

the introduction of mains
derived noise onto the supply
rails. Decoupling close to the
IC is also important as this
helps to prevent any instability
that may occur. For optimum
performance a regulated
power supply should be used.
The IC current consumption is
very much dependant on the
application in which the

device is being used but is-
generally no more than a few
milliamps.

Printed Circuit
Board

A high quality PCB with
printed legend is available to
aid the construction of three
simple circuits using the
LM13700. The circuits that may
be built using the PCB are a
voltage controlled state
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Figure 7. Combined circuit to which the PCB is designed.

variable filter, a voltage
controlled triangle/
squarewave oscillator, and a
peak detector & hold circuit.
| Any one of the three
circuits may be constructed
using the same PCB. A
combined circuit diagram of

in Figure 7 for reference

was used to design the PCB,
the track layout of which is
shown in Figure 8.

Figure 9 shows the circuit
diagram of the voltage
controlled state variable filter;
this circuit operates froma

~ single rail supply and may be

powered from a wide range of
voltages between 4V and 30V
“(maximum). Power supply
connections are made to
| PI(+V)and P3(0V). An input

the three applications is shown

purposes; this is the circuit that
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Figure 9. Circuit to build the VCF.
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signal is applied between P4 &
P12 and the filter produces a
bandpass output on P§, witha
low pass output on P8. A
control voltage (30V
maximum) applied between
P5 and OV determines the

| operating frequency of the

filter (see Table 2).

The circuit diagram of the
voltage controlled triangle/
squarewave oscillator is
shown in Figure 10; the power
supply requirements of this
circuit are similar to those of
the state variable filter (4V 1o
30V single rail supply). A
triangle wave output is
available on P6 with a
squarewave output on P8. The
operating frequency of the
oscillator is controlled by a
voltage (30V maximum)
applied between P5 and 0V.

Figure 11 shows the
diagram of the peak/hold
circuit; this circuit operates
froma =4V to =15V, split rail
supply only. Power supply
I connections are made to
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Voltage Controlled state variable filter:

Power supply vollage 30VDC

Currentdrain 10mA e
Bandpass filter centre irequency 20Hz-20kHz (variabie)
Low pass fiiter cut-off frequency 20Hz-20kHz {varniable)
Rolloff 6dBperociave
Loadimpedance 10kl

Maximum input voliage 1Vrms

Voltage controlled triangle/squarewave oscillator:
Povwersupply vollage agy

Currentdrain 10mA.
Outputfrequency 20Hz-20kHz {variable)
Loadimpedance 10RO _
Output voltage 5V peak fo peak (with 30V supply)
Peak’hold circuit:

Power supply voltage +15VDC

Cumentdrain 8mA

Maximuminpul voltage BV peakto peak
Loadimpedance 1k0

Table 2. Specification of prototype circuits.

P1(+V), P2(0V) and P3(-V).
The input signal is applied
between P4 and P3 and the
output is taken between P8
and P10. Connecting P7 to P14
‘holds the output voltage level
constant until CG discharges.
The output can be reset to 0V
by connecting P15 to O0V. For
some applications a directly
coupled input may be
required and in this case a link
should be fitted in place of C4.

Figure 12 shows some
typical performance
characteristics for the
L.M13700 and Table 2 shows
the specification of the
prototype circuits built using -
the PCB.
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Figure 10. Circuit to build the oscillator.
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Figure 11. Circuit to build the peak and hold.
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Input ottset valtage (mv)

Auk

(a)

Ampiafier bizs cumrant "A.BCI

Input offsot curient (A}

(b)

ABC }

01

Quiput distartion (1)
-

oo
0

(c)

Tranuconductance (gm) = (uS)

(d)

Amplilies tras cunmlllaacl

Input resiatapee (MEG 1)

AmpSfisr bias current “.l._El:l

(e)

Figure 12. (2) Input offset
voltage , (b) Input offset current,
(c) Distortion vs differential
input voltage, (d)
Transconductance vs amplifier
bias current, (e) Input resistance
vs amplifier bias current.
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VOLTAGE CONTROLLED FILTER

Ccs 3n3F Polylayer i (WW25C)

PARTS LIST B :
miconductors

Resistors: All 1% 0.6W Metal Film IC1 wA741 1 (QL22Y)
R1,2 27k 2 (M27K) 1c2 LM13700 1 (YHB4U)
R37810,12 18k 5 (MI8K) DIl Not Fitted
R4.5,11 1k 3 (MIK)
RS 15k 1 (M15K) Links
RS, 14 5k6 2 (M5K8) LK1 Not Fitted
RI3 Not Fitted : LK2 Fitted
RI5 Not Fitted LK3 Not Fitted

LK4 Not Fitted

LK5 Not Fitted
Capacitors
o] | 1:F 100V PC Electrolytic 1 (FFO1B) Miscellaneous
c23 1004:F 35V PC Electrolytic 2 JLISV) P1-6,8-14 Pins 2148 1Pkt (FL24B)
C4 9u2F 100V PCElectrolytic 1 (FF02C) DIL Socket 8 Pin 1 (BL17T)
C5,7 100nF Polylayer 2 (WW4l) DIL Socket 16 Pin 1 (BL19V)
cs 3n3F Ceramic 1 (WXT4R) PC Board 1 (CE08G)
| C8,10 47uF 50V PCElectrolytic 2 (JL16S) Constructors Guide 1 (XH79L)
VOLTAGE CONTROLLED G s HEldut )
OCILLATOR C8,10 47uF 50V PCElectrolytic 2 (L16S)
PARTS LIST 5 NotEined
Resistors: All 1% 0.6W Metal Film Semiconductors _
R126 27k 3 (M27K) IC1 nAT741 1 (QL22Y)
R3 Not Fitted IC2 LM13700 1 (YHB4U)
R4 4k7 1 (M4KT) D1 Not Fitted
RS FitLink ;
R7 Not Fitted Links 3
R8,14 5k6 2 (MBK6) LK1 Not Fitted
R9 Not Fitted LK2 Not Fitted
RI10 Not Fitted LK3 Fitted
Ril Not Fitted LK4 Fitted
R12 Not Fitted LKS Fitted
R
R;g :JE: Fitted : M0 Miscellaneous

P1-3568-14 Pins2145 1Pkt (FL24B)
Gapacitars DIL Socket 8 Pin 1 (BLITT)
Cl 14F 100V PCElectrolytic 1 (FFOIB) DILSocket 16 Pin ! (BL18V)
c23 100uF 35V PCElectrolytic 2 (L18V) PCBoard : 1 (GEGSG)
Cé Not Fitted Construciors Guide i (XH73L)
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PEAK/HOLD CIRCVIT C9 Not Fitted
PARTSLIST i Het e
Resistors: All 1% 0.6W Metal Film Semiconductors
Ri Not Fitted IC1 Not Fitted
R2 Not Fitted IC2 LM13700 : 1 (YHB4U)
R3 Fit Link DI IN4148 1 (QLBOB)
R4 4k7 i {M4K7 E
RS 1k 1 Mik)  Links ;
R6 Not Fitted LK1 Fitted
R7 Fit Link LK2 Not Fitted
R8 Not Fitted LK3 Fitted
o LK4 Fitted
RY Not Fitted e itted
RI0 Not Fitted : Not Fitted
i itted -
gg gg:gged Miscellaneous _ o
RI3 2Tk 1 (M27K) P1-46,7,8-15 Pins2145 = 1Pkt  (FL24B)
R14 Not Fitted DIL chkei 16 Pin I (BL 18V)
Constructors Gujde 1 (XH79L)
Capacitors .
Cl Not Fitted
C23 100uF 38V PC Elecirolytic 2 (JLisv) The following item is available,
C4 2p.2F 100V PCElectrolytic 1 (FF02C) but is not shown in our 1989 catalogue:
C57 100nF Polyester 2 (WW4iU) LM13700(1) PCB Order As GE06G Price £4.20
C8 104<F 80V PC Electrolytic 1 (FFC4E)
Cc8 Fit Link
VARIOUS FOR SALE CIRCUIT DELINEATOR PROGRAM for

REALISTIC DX10L receiver LW/MW 15510
30MHz, price £20. Sharp pocket compater,
PC1245 with manmal £15. S-DE-C beard (lot
£3). Corzact: Mr. Haldway, 20 Wherwell
Road, Gotldford, Surzey.
SURPLUS digital and analogue com
connectors, etc, forsele Send SAE forlst
M Dean 187 Cartmell Drive, Habon, Lesds,
150AP,
OCTAL RELAY BASES for sals, 20peachor 3
for S0p. Plesse enclose S A E 10 R Bennat 4
Ozk Road, Dibden Purlisn, Somthampton, 504
SPL
GOODNANS 18 inch speaker £30. Callars
tarscriptor £25. Advance desk calculstor 25,
Early service sheats £10. Ssrgrove onigina!
P.C. receiver £75. Intaresting historical tams,
send S AF for Bet 5 Soathcomt Avenue,
Bexhill TNI93AR
TELEQUIPMENT D52 OSCILLOSCOPE.
Draal beam Tek (04552) 72120 (Woking
Surrey)
FLANT MONITOR. Will warn you whenup
1o 4 plants nead watering. Requires box,
probes, plugs and battery, Details are given,
£7. Jason Young, 2 Woodsids, Doddingion,
March, Cambs, PEISOSE.
AUTO TRANSFORMER. Bating 1000 Watts.
Voltage tappings 0-200-220-240 3nd 0-105-110-
U5, Sze approx. 130 x 110 x 130mm. Weight
apprax. TEg. Virtually new, very good
condmion £27 ano Tel (0542) 580388
(Stocktonon-Tees)
LED's. Green (YY483) Epeachand Bed
(¥745Y)Bpesch SsndS AT to William Goss,
Traxx S B i=gh Gardens Sc=pt
Hants SOI ZTH
MAPLIN PA SYSTEM. Ready built and
wotking. Uzed cnly ance. Complete witha
Hills picrophons. £17 inc. P & P. Contace Mr
Pinder, 4 Wham Hey, New Longton, Preston,
FR&4XT
MAPLIN MULTI-FUNCTION DISCO
MIXER. Goosd condition, sil! with instruction

CLANSSIFIED

place
&dvertisemmant in this section, hars’s yoar
chance 1o teil Mapiin's S5.000 cusiomers
what you want to buy or sell ortelithem
abgnt your ciul's activitiss — ebeglunly
free of charge. We will pablish as many
advartisements as we havespace for. To
give s axr chave of the Hmited space. we
il print 30 words free of charge.
‘Thereafter the charge is [0p per word,
Pizase pote thet only priveia individuals

stricdy prohibued in the Mapin
Magezina

at 150 sach Pleses gand rspliesto Box
Numbers to the address balow.

FAyment necesmry to- Classifieds,
Maﬁﬁaﬂ,k&m 3, Rayleiph Essax
555

Potentiomaters - 28p. 555 timer IC=- 24p.
Verohoard - 28p. Lots more. Crder nowar
ssnd S A E forlist P&P T5p. Also low cost
electronic kiis with fres repair service.
Ordersto: S Lord, § Stubleng Brink Hebdan
Bridge, HXT LR,

MUCH SOUGHT AFTER p=ir of Nationa!
Panasonic NPTIOX speaker cabinets Sway,
with grilles, still boxed £35. Tel (077Z) 740001
crwritz to P, Rherne, 33 Malthonss way,
Penwortham, Preston, PRI SHE.
OSCILLOSCOPE SERVICE MANUALS:
Telequipment, D3R, D43 D 52 551,543,
S5-51B/E, Servisoope Minor, Tekronix
oscillpscope mann=!s 503, 515K, 5454, T40AN,
f8 S0 sach 5.]. Avstin 8 Gresnwood Avence,
Chinngr, Oxfordshire, OX3 4HN.

RAY NUCLEONICS GEIGER COUNTER £38.
Heathkit V-7AU elecronic multimetar £25
Mapiin wordmaker computerspeach

book. fost over 12 monthe old. £75, or will
swap for any dicco Hohting equipment Tek
(5407) 720938,

MONITOR TUBE. Cotron FDM 17, Perfectly
Eat, & inch Hi-Ees, with potentiometars: Worth
over £1,000 offers arcond £500. Never used
Comtarct Martin on ((G44) 427583 evening=s.
MAPLIN R'C SYSTEM (27MHz). Unfinishad
project Comprising: Tx (LEKSSE), Rx (LESEL),
PWM {LX34]) and Servo Driver Maoduls
(LE45Y) Al bail (Tx and Fx tested). AlzoT S
meter. E30 ono, Tel B31-333-2163.

QUALITY KEYLESS CODE LOCHS. Offsrs
135 or over, to r=ize money for Stsfiord Desf
Cinb's paw mini bes. Contact Mz P. S Boult,
Foom 3, 11 5 Vincents Road, Doncaster, South
Yorizhite, DN1 2LE

38

yith £25. Criot & Elsktor Iogic probes
15 pach TV soumnd tuner £6. Tal (3507) 556025,
CLEARING OUT. He=thlit valve volmmster,
mode] IM-13U, as new, offers, Other itemy
pans'etc. phone for Es. Tel 0312290087
(Ediintmrah).
200 CHANNEL HANDHELD SCANNER
RECEIVER. PRO-32 five months old, boxed,
excellent condition. Offers in regionof £125. B
L Wright, T Weston Rise Caister on-S2a,
Grest Yanmouth, Norfoll. NR30 SAT.
VALVES abamt 200, 21l good, most bozed,
SomsTars types. £40 the It Tel larcing
755204
VIDEO ENHANCER (FKen Multi) csed-once
£20. TTL logic probe £5. CMOS logic probe
£5. Hitachi B'W 9 inch monitor, video npat
£15 Tel (U702) 451850

will be permiined (o advenise. Fot the next fssue your advertisement
C: 33l or rade advertising is it b in our hends by 3rd Apit 1983
BRAND NEW COMPONENTS: FOR SALE Gzrrard 40! transcription deck,

SME 3005 aom, share carridge all fimed in
heavy woodan cabinst £20 M. Ssunders. 7
Prumciiff Eoad, Thurnby Lodgs, Leicestar.
Zm FM BAND HELD TRANSCEIVER
CTI1600, == rew, never vsed on Tx, only Bx
Flus charger £100. Digit=! molrimster,
unwantad present, worth over £30, acoept £20.
Tel (D702) 461893

EPSON FX-80 printer. Serial znd Parallel
interface linla nced £133 Also 8 inch crange,
metal caes VDU for £33, Call Patey on (U730)
E5500 (evening=)

WIRE STRIPPERS, 12V, with E7.

BEC mico. Idesl for =mall profects and
Thystrated notes- Send S A E forsamplaand
information P.B. Helzdon, 32 Bums Cresceyy,
Chalmsiord, CM201S.

TEXAS TI-894A computer 18k RAM, manns?,
progiams, games, joystcks, PSH,, speach
synchesizes. £25tha lot. Tel (09Z5) BZ5426
(ehter&pm)

MUSICAL FOR SALE

CONN MARTINIQUE MODEL 644.
Prohahiy the best classics) organ avallabls
today. I late, solid walrmt shog
consola 51 x 6] x 23 47 speaking stops. Leshie.
Pipes availahls Could deliver. £2250ona
Tel(0S83) 612348,

BTX 957 TRANSMITTER: Allows cordiess
perfonmance of slecric guitar’keyboard.
Used with domestic audio squipment £24
Serd S AE fordetaile R Arnderson, 10
Newbiggin Crescem, Tullibady, Clacks, FEI0
ZRT.

AMPEX 05 ireh 8 Track; new heads Has
varions spoeds. Also W & A 16 x 18 miver,
fully modular, 4 zuxiliaries (all switchzbla), 3
band switchable EQ. Both mechines very
sawrdy, but in need of anention, £300 each. Tel
(0552) 744313 (Lasds),

WANYTED

WANTED. Any TV servicing booksor
m=nusls, or snything to do with TV Good
price paid. Tel 0802-213450 (Nottinglam).
WANTED. Usar insructions for Panasonic
NVTO0 vides recorder. Will buy or barrow if
passible. . Parish, 2 Collyers Close, Hurworth,

Antex 12V scldering iren £6. CECO modal H
tc. fron 150Wr240V £10.Ni-Cad battery
charger £6 Telaquipment D34 mains/battery
oscilloscope £500. Miss LR Muminrd Tel
D1-553-8014.

COMPUTERS FOR SALE
AMSTRAD PC. 640k RAM, 20MBHD, 8057
Coproc, Colmon, printer, Quick Basic Vi,
Macoro B=sem 5. Commanplos, Nol Syst
Ansfyser, First Ed, Pull Tasword 2, Comnand
Plus Syst, & vols TechSys detalls Bvols
Suppan details. Offers? Tel 0352-75856.
SHARP MZE0B compater, twin disk drives,
expansion board. Epson FX-80 printes,
mantsls, clob books, disks, stc 700 ovne
Tel 01-536-1030.

AMSTRAD CPC-84 irluding mouss, steren
Empiifier and 80+ m=agarines, books. etc.
Gantes includa Outrun, Paperboy. Utilities
include Image systemand other music = an
programs. Waorth arcand £45). Ssll for £200
ono. Coptzct S. Yousaf, 137 The Crescem,
Sisugh, Berks, SLI 217

Dariington, Co Durkam DL 7FS Phone
0325-720831.

WANTED. Software {or Dragon 32 and Tardy
Commurers. Also address of Dragon User
magzrine Write to Kevin Sheppard 2
Craylord Boad, Aiv=aion, Derby.

WANTED. Circut dizgram for Sanyo Batamax
video recorder VIT 8500, Any help greatly
appreciated, plezss wnts oS Higgine 3
Woesdsida Foad, Hally Hall, Dudley, West
Midlande DYZ0UA

WANTED. Hardhook/circult dizgram for
Telequipmant 8518 Oscilloscope. | H Cales,
15 Bilford Averms, Worcesier, WR3 8H]. Tel
((=205) 58818

WANTED. Parts for Fhillips resltorasltaps
Tecordsr modal K4430, Tel 018007838

HAS ANYONE vs=d the Maplin Badio Conrol
System, like to swap nojes and idaz? Or
genars! redio comrol/alectronica ML
Saupders, 7 Drumciiff Boad, Thomby Lodge,
Leicesier, LESSLH

WANTED. Early books shout radin control of
modets and mode] aaroplane engines Pre
1970, Call Pater on (075)) 52504 (svenmos)
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s SSUES A YEAR!

There are 6 tremendous reasons why you should subscribe to Electronics — The Maplin Magazine

% Everyissueissenttoyouassoonasit's # Minimum advertising space means
printed, post free. more pages for youtoread.

*# Packed with interesting and novel projects % Still far cheaper than the ‘Monthlies’,
that you can build with all components most of which are now £1.30 or more
easily available. perissue.

# Many features on electronics subjects * Sixtimes a year means a50% increasein
to keep you up-to-date with latest articles and projects for you toread
developments. and build.

Tosubscribe just send a cheque/postal order for £6.00, made payable to Maplin Electronics, to P.O. Box 3, Rayleigh,

Essex SS6 8LR. OR you can take advantage of our offer of two free issues by completing the coupon below and agreeing to pay
by Credit Card or Direct Debit. The two free issues offer only applies if you use one of these two methods of payment. Simply fill
inthe ‘Payment by Credit Card' or 'Payment by Direct Debiting Mandate' and return it to Maplin. Every lime, about 1 month
before your subscriptionis due, we will send you a letter giving details of the subscription rate for the next year and telling you the
date on which we will charge your Credit Card or debit your bank account. If you do not wish to continue your subscription, you
have until that date to let us know, and we will then cancel your authority to bill your Credit Card or cancel your mandate.
Otherwise, if you do nothing, your subscription will continue. The authority or mandate you give us does not allow us to charge
anything other than the Maplin Magazine subscription. The benefit to youis thatyou no longer need to remember to re-new your
subscription or send off any more cheques or postal orders. Paymeni is made automatically.

— 9%
TAKE THE NEXT TWO ISSUES OF THIS MA GAZINE FREE!!

Because wa're so cerfain that once you've seen the Mapiin Magazine you'll want to continue to recsive it, we're offering to send you the nexi two issuss iree of charge
with absolutely no obligation to continue. Just illin the delails below and i after receiving twoissues you do notwish to continue, justlet us know atleastcne month
beforethe nextissue is due and we will cancel your subscription. The two free issues will be yours to keep whatever you decide. Ilyou already have a subscription, fill
inthe details below and we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the thirdissue is due, we will
charge you £6.00 for the next six issues, unless you have cancelled, Thisofferis not available to those already paying by Direct Debit or Continuous Credit Card or
{hosewho have slopped payment by either method within the last two years. Please start my subscriplion with issue 32.

* PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT *

PAYMENT BY CREDIT CARD. Please charge my Credit Card Account Access D Visa [j American Express D Mapcard D

| authorise you until further notice in writing to debitmy CREDIT CARD AccountNo.

accountwith £6.00 and in future, with any amounts which, after nofification, I LIS ) [ (Y [T (OO SR OO i 0 () [
MAPLIN ELECTRONICS PLC may debit thereto in respect of my subscription Signatura Data

totne Maplin Magazine.

OR
PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics plc, P.0. Box 3, Rayleigh, Essex SS68LR.
Direct Debit payment optionis only open to customers with bank accounts in the UK including Channel Isles, Isle of Manand N, Irgland.
Piease note: Instructions cannotbe accepted to charge Direct Debits to a Deposit or Savings Account.

Bank Sort Cods Bank Account Numbsr lauthorise you until further nofice in writing to charge my account with you any
T o gl g gl g | amounts which MAPLIN ELECTRONICS PLC may debit thereto by Direct
Debitin respact of my subscription to the Maplin Magazine.
Iwillinform the bank in writing if | wish to cance! this instruction.

|understand that if any direct debitis paid which breaks the terms of this
instruction, the bank will make arefund.

Mams of Account to ba debitad

ThaManagsr Segnature Date
& 2

Enter your address and Maplin customer number, if known.

PostCods
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By Chris Barlow

* Operates from Single +5V Power Supply y
* Meets all RS-232C Specifications

* Normal or Inver e Logic

* Two Dﬂve and Two R

Specification of Prototype

PowerInput: +5V
Quiescent Current: 5mA
TTL Input Low: <+2V
TTLInputHigh: >+3V
Max. +3V
TTL Output Low: ov
TTLOutput High: +3V
RS232 Input Low: <i.2V
RS232 Input High: >1.7V
R5232 Maximum Input: =30V
RS232 Maximum Quiput: =10V Max.
_ (Off Load)
RS232 Output Resistance: 3000
R5232 Output
Short Circuit Current: +10mA
Maximum Baud Rate: 19,200Bd
Propagation Delay: 0.5us
Instantaneous Slew Rate:  30v/p
Transition Region Slew Rate: 3V/ps




c3 .
22uF 1 22uF
(0 e LT
= Voltage Doubler " -
22uF 4 OQutputs
I:.ﬂ’—s' +10V to —10V 6 =1ov
c4
Voltage Inverter in“':
GND

Off (Normal)
Non-Inverting
Non-Inverting
Non-Inverting
Naon-Inverting

On (Inverse)

Inverting
Inverting
Inverting
Inverting

R5 on pin 5. The remainingresistors, R1, 6,
7 and R10 are used to pullup the second
input of each gate, in this mode the NOR
gates actas non-inverting buffers.
However, if any of the control inputs are
taken to ground (logic 0) that gate will now
actas ari inverling huﬁer. Four'PCB

to make this mode change assimple as
possible. See Table 1.

PCB Assembly
The PCB suppliedinthekitisa
smgle-sxded [ﬁbre glass type, chosen for

ml
=f

g

:

CIrE S N

|




making certain thatall the pins go into their
socketsand the pin one markeris at the
notched end.

This completes the assembly of the
PCB and you should now check yourwork
very carefully making sure that all the
solderjoints are sound. Itis also very
important that the solder side of the circuit
board does not have any trimmed
component leads standing proud by more
than 3mm, as this may resultina short
circuit. Further information on soldering
and assembly techniques can be found in
the ‘Constructors Guide’ included in the
kit.

Testing

All the tests can be made with a
minimum of equipment. You will need a
digital, oranalogue multimeter and a
regulated +5V power supply capable of
supplingupto 100mA.

Thefirsttest is to measure the
resistance on the power input pinof PL1.
With the meter leads either way round on
pins 1 and 8, a reading of greater than
5000 should be present.

Next, selecta suitable range on your
meter that will accommaodate a 100mA DC
current reading and placeitin the positive
power line (pin 1 of PL1). Connect your
+5V power supply and switch on, a
current reading of approximately 5mA
should be observed.

Now set your multimeter to read DC
vols. All voltages are measured with
respectto ground and should notexceed
= 10V. When the unit is powered up the
voltages present on the ‘Minicon’ pins of
PL1 and PL2 should match the pattern
shownin Table 2.

Wiring

The RS232 standard states that “The
use of short cables (each less than
approximately 50 feet or 15 metres) is
recommended; however, longer cables
are permissible, provided that the load
capacitance does not exceed 2500pF”.
Baud rate and cable length can be traded
off, high baud rates can be used on short
cable runs while an longer cables a lower
baud rate will maintain a negligible bit
error. The maximum cable length {ora
given baud rate is determined by several
factors, including the capacitance per
metre of the cable, the slew rate of the
driver under high capacitive loading, the
receiver threshold and hysteresis.

Atypical set up using asingle module
is given in Figure 4, this will provide the
necessary data and contral signals for most
applications. If more control lines are
required, then a second module may be
added, see Figure 5. The abbreviations
used are as follows:

TD = Transmit Data

RD = Receive Data

Rl = Ring Indicator

RTS = Request To Send

CTS = Clear To Send

DCD = Data Carrier Detect
DTR = Data Terminal Ready
DSRS = Data Signal Rate Select
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Figure 3. PCB Layout

Inputs
Outputs

(o] Pin
pL2 No.
o 8 i ~DTR 20
I
a‘rsmld —>0sAS 23
=1 Ground 7
TD & i 5
cTs = 2
b ] ™ 2
5V 1 419 ce1s s
Power 7 10 =ATS 4
Input L J
(0] o

R5232C/TTL Converter Module

L

RS232C
Inputs
and

Outputs

Figure 4. Single Module Wiring

View on the PCB.
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TTLPL1 $3-4 ON/OFF $3-4 OFF
PL2 PL2 i o
PIN FUNCTION oy | B [UNKPIN[LNKPIN f o
4TO7 | 4TO9 B s Growd 7
5 RD 3
TD
1 POWERINPUT +5V crs+—32 e o
“.1.5., 1 RTS 3
2 OUTPUT 1 ‘RY’ ov +5V ov +5V Power > ,
3 OUTPUT2'RZ | ov | +5v | +5v [ ov o 2 2 i
Inpats RS232C/TTL Converter Medutas Bkt
4  GROUND oV ] e [ oitpats
5 INP IET: +5V
5 utT1°m 3 OPL' 520
6 INPUT2 T2’ +5V Gesomd >t 1
DSAS 8 - : OTR 20
— oTR 511 Dce 8
7 GROUND ov M [N = £ a2
oco 2 ~ 0 . psps 23
8 GROUND 1% v
L Input a
RS232C PL2 $1-2 ON/OFF $1-2 OFF o - o
&3 £1.2 PL1 PL1
PIN FUNCTION ON OFF LLNT!BHSN LLN%’;N Figure 5. Dual Module Wiring
POWER . =
1 eutiouTeuT #aV
2 DTR +10V
3 DSRS F10V
; VOLTAGE DOUBLER I
* oureur =0y
5  GROUND ov
6 OUTPUT1TI" | +10V | =10V | +10V | —10V
7 INPUT 1RV ov
8 GROUND ov )
9 INPUT2‘RY oV
10 OUTPUT2°T2" | +10V | =10V | =10V | 10V
11 GROUND oV
VOLTAGE INVERTER
12 oureur =10V
" Table 2. Pin Functions
RS232/TTL CONVERTER Minicon Latch Housing 8-3Way 1 (YWai)
‘Minicon Latch Housing 12-Way 1 (YW24B)
PARTS LIST Minicon Terminals 2 Pkis (YW25C)
DIL SocKet 14-pin 1 _ (BLIBU)
'RESISTORS: All 0.6W 1% Metal Fiim DIL Socket 16-pin 1 " (BLISV)
Ri-10 10k 10 (M10K) P.C. Board 1 (GDAa3B)
RI1L,13 2k7 2 (MIKT) Constnuctor’s Guide 1 {(XHTSE)
-ggaclmns : _ e OPTIONAL
1 O0nF Minidisc =~ (YRT5S) i ‘Threaded Spacer M3 1Pz :(ram)
23457 22uF 18V P.C. Electrolytic ] (FF06G) Isobolt M3 x 6mm 1 Pkt
: Isoshake M3 1Pkt '(Bmx)
SEMICONDUCTORS Fapaties Isonut M3 1Pkt (BFE8N}
1C1 74HC266 1 (UB7IN) :
ic2 MAX232C 1 (FDS2R)
=tnl |l sreaalbat: A complete kit of all pans, excluding Optional items, is available:
'MISCELLANEOUS Order As LM15S (RS232'TTL Conv MKk2 Kit) Price £12.95
51234 DIL Switch SPST Quad 1 (FV43w) The following item is also available separately,
PL1 Minicon Latch Pl 8W 1 (YW13P) but is not shown in our 1989 catalogue:
PL2 Minicon Latch PI 12W 1 (YW14Q) RS232/TTL Converter PCB Order As GD93B Price £2.50
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Exploxing

by Graham Dixey C. Eng., M.LE.R.E.  Part 7

Introduction and
Circuit Description

The ‘reflex’ receiveris a clever way
of apparently getting something for
nothing! What the reflex action actually
achieves is to make one of the stages of
the receiver perform two separate
functions in sequence. In the case of a
three-stage receiver, as in this
parficular design, it behaves as if it
actually had FOUR stages. A quick
glance at the circuit diagram of Figure 1
will identify quite readily the three
conventional stages of a TRF or
‘straight’ receiver. The first stage built
around TR1 is quite clearly an r.f. stage,
since its input is inductively coupled to
a tuned circuit which is, in fact, a ferrite

rod aerial. The second stage, TR2, is
obviously an audio driver supplying a
signal to the bases of the output
transistors, TR3 and TR4, in the final,
audio power output, stage. Which
stage, then, is providing the reflex
action, and how?

The answer is, the first stage, and it
can be understood by considering the
functions of the components that
comprise that stage.

For a start, the base bias for TR1 is
provided, in the normal way, by the
resistive potential divider, R1 and R2,
the d.c. path to the base of the transistor
being from the junction of R1 and R2
through the negligible resistance of L2.
Resistor R3, bypassed by C4, is also part
of the bias arrangement, again quite

conventional. But what of capacitor C3
and diode D1, and which component in
the circuif forms the collector load; is it
L3 or RV1? The clever answer is, that it
is both! This is where the reflex action
arises.

The modulated AM signal, coupled
into the base of TR1 by L2 after being
tuned in by L1 and VC1, is amplified by
TR1, the amplified signal being
developed across the r.f. choke L3
(which has a high reactance at radio
frequencies); none of this signal is
developed across RV1 since the latter is
bypassed by C5 (low reactance at radio
frequencies). The amplified r.f. signal is
now passed through the low reactance
(at radio frequencies) of C3 to the diode
D1 which acts as a diode detector. The
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Figure 1. Circuit of the receiver.
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combination R1 and C2 form the time
constant for the diode detector so that
the recovered audio signal now appears
across C2, the latter having a fairly high
reactance at audio frequencies. Since all
of this is taking place in the input
circuit of TR1, the latter now acts as an
amplifier again, but this time for the
audio signal. This second time round
(so to speak), the collector load is RV1.
This is because L3 has a low reactance
at audio frequencies while C5 has a
high reactance - the very opposite of the
case when we were considering the r.f.
signal.

The potentiometer RV1 is, of
course, the volume control so that any
desired proportion of the audio signal
can be tapped oif and fed to the audio
stages. RV1is decoupled by C5, the
latter forming a high-pass filter with
R4, to remove any residual radio
frequency voltage.

The above description shows that
TR1 is operating both as a radio-
frequency amplifier and as an audio-
frequency amplifier, the actual function
of the stage relative to the signal being
automatically determined by the
frequency-conscious nature of some of
the components, notably L3, C3 and C5.
The audio output voltage from this
stage is more than capable of driving
the output stage to full output in areas
of good reception.

From the volume control onwards
the circuit is fairly conventional.
Capacitor Cé couples the audio to the
base of the driver TR2. Bias for this
stage (with d.c. and a.c. negative
feedback) is provided by R5 and Ré6.
The preset RV2 is used to set the
standing current in the output stage
(described later). The power output
capability is not very great but is more
than adequate for a small personal
receiver and, in areas of good signal
strength, will certainly require the
volume control to be turned down!
Because of the relatively high output
impedance of the complementary
output pair, TR3 and TR4, a 64 ohm
miniature speaker is used.

Construction of the

Receiver

The availability of a custom PCB
makes this a straightforward project
and one that a beginner can tackle with
complete confidence, given some
previous experience in clean and neat
soldering and the ability to identify the
various components correctly. While
there is no actual kit of parts, all
components required are available from
Maplin and most are fairly non-critical
anyway. For example, while the first
stage, TR1, is specified with a BC107,
there is no reason why a BC109 should
not be used instead; in fact the extra
gain may be useful in lower signal
strength situations.

One component that can be
difficult to find these days is the r.f.
choke. However, a Maplin component
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(in fact a miniature 4.7mH r.f.c.) is
available - see Parts List. One minor
word of caution if ordering this
component; it looks just like a slightly
tubby 4.7k 5% resistor - including all
the colour bands of the latter
component! So, if after identifying all
other parts, that is what appears to be
left, then that is your choke! I mention
this because traditionally the wave-
wound type of choke identifies itself
quite readily whereas the appearance of
this particular component, if taken out
of context, is actually somewhat
misleading.

Brass spindle

13 Y2in spacer

vet ji:ﬁ__'—/ﬁf

M2-5 20mm boll

Figure 2. Extending the shaft of VCI.

The tuning capacitor VC1 will have
to have its shaft extended in order to
take a normal tuning knob. The way in
which this is done is shown in Figure 2,
the required parts being as specified.
Grip the shaft of the capacitor with
pliers while carefully tightening the
screw and DO NOT use an over-length
screw for this or the capacitor may be
damaged. If there seems to be
insufficient thread to secure the spacer,
file a millimetre or so from the length of
the spacer but do not overdo it.

There should be no real problems
with the PCB construction if normal
care is taken. The fully assembled PCB
is shown in Photograph 1.

The Ferrite Rod Aerial

The main winding, L1, consists of
about 55 turns, close-wound, that is
adjacent turns touching. In this design 1
have specified a heavy gauge of
enamelled copper wire, as this is
self-supporting and does not need any
adhesive tape to hold it in place.
However, it can be wound, with
equally good resulis, using ordinary
PVCinsulated stranded equipment
wire, using pieces of insulating tape to
secure the ends. A few turns, say three,
wound around the first winding, at the
‘earthy” end, forms the coupling coil L2.
This can also be secured with insulated
tape. In my own design, shown in
Phetograph 2, the coupling coil is
secured by twisting up its lead-out
wires and sliding a short length of PVC
sleeving over them. If the main
winding1s wound with the heavy
gauge of enamelled copper wire
specified, it is better to make the
connections to it by cutting and
scraping the ends clean and soldering
on short lengths of flexible wire, rather
than trying to solder the rather stiff
wire directly to the PCB pins.

Setting Up and Testing
Assuming that the PCB is fully
assembled (and checked carefully for
dry joints, shorted tracks, eic.), and the
connections to the aerial, speaker and
battery have been made, the moment of
truth has finally arrived! Before
switching on, the preset RV2 should be
rotated to the fully anti-clockwise
position. A milliammeter, on the
100mA range, should be connected in
series with the positive supply lead.
With the power now switched on, but
the volume control at minimum, this
meter will probably indicate a small

Phaoto 1. The fully assembled PCB for the reflex receiver.
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Photo 2. The ferrite rod aerial for the receiver. Note the neat appearance obtained by winding L1 with heavy gauge E.C. wire. L2 consists of three
turns of flexible equipment wire held securely with a piece of sleeving. Flexible wires are used for lead-outs for L1.
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Figure 3. PFB track and legend.

Photo 3. The fully assembled TRF reflex receiver. Continued on page 63.
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The squarial receiving BSB and a Grundig 60cm ofiset parabolic dish
receiving Astra.

Pictures From Space

One of the biggest revolutions in
broadcasting has just hit the UK,
Satellite TV. Although the reception of
satellite TV pictures is not new, it has
up to now besn out of reach of a iot of
pecple. The previous generation of
satellites were equipped with low
power transmitters (20W) and could
enly be received using large (1 1o 1.6
matrg) dishes, the cost of the equip-
mant was in the order £1,000 plus, for
a remolely sleerable system (the
steering system allows the dish to be
re-gligned to a different satellite). With
fhe newer generation of satellites,
equipped with higher power transmit-
tars, reception will be possible using
much smaller dishes (55 to 80cm) or
even using the flat 25cm 'Sguaral
publicised by BSB. The competitors in
the UK market, Astra and BSB are
each fighting to win support of the
public. At Maplin, we shall keep you up
to date with news of developments and

give unbiased information on technical
superiorities or shoricomings. A re-
cently released report by ’‘Logica’
entitied ‘Satellite Television Recsivars
— The European Market, reveals that
the predicted (cumulative) sales of
individual satellite recsiver systems in
the UK, will bs between 80,000 to
170,000 systems by the end of 1989
and & to 8.5 million by the end of 1996.
The report suggests that Sateliile
Television Receivers (STR's), will be
priced at £250 for PAL recejvers, rising
to E300 with the introduction of
PALCRYPT encoded transmissions.
This price should drop to around £130
by mid 1992. ASTRA will ba transmit-
ting in the PAL format, whilst BSE will
use D-MAC. To enabls subscription
fess to be levied, transmissions may
be encoded, there are thres encryption
standards; PALCRYPT, EUROCY-
PHER and EUROCRYPT, these en-
coding systems would be used fo
prevent unauthorised receplion of
broadcasts.

Dotty Displays

Panasonic anncunce the state of the
art in information display modules. The
16 x 16 dot matrix modules have bean
designed using the very latest ASIC
chip technoiogy driver circuits. They
are constructed using suriace mount
technolegy and contain fewer compo-
nents so as to be more compact and
price compstitive than conventional

boards. The modules are available in
3, 5 and 8mm LED dot sizes, The
Panascnic dot matrix displays are
capable of running at video speeds
(20MHz) and are available in mono
and tricolour combinations for custo-
mised applications. The displays can
be used to show text and graphics, and
potential markets include dispiay
panels in shopping arcades, sports
arenas, production lines and airports or
slations.
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State of the Art Information Display Modules.
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UK Frequency
Allocation Chart

The radio frequency bands allocated to
amateur, commercial and industrial
users in the UK can be seen at 2
glance on a colour coded bar char
prepared by the DTI's Radio Com-
munications Division and published by
HMSO. Freguencies from 1kHz to
60GHz are coverad by the chart, which
is divided into primary and secondary
users. The main users shown are
broadcasting, fixed sarvices, mobile,
amateur, meleorological, radio loca-
tion, navigation, astronomy, space,
and various maritime, asronautical and
satellite bands. The 'United Kingdom
Radio Frequency Allocations Chart' is
published by HMSO; ISBN 0 11
514837 7, price £2.50. Enquiries; Tel.
01 215 4751.

camera and monitor. Eitime belisves
that the system has great potential in
medical operations, pernaps transmit-
ting X-Ray plates, for research pur-
poses and to assist mainienance and
security procedures.

Meanwhile, the much heralded
videophone — a method of capluring
still images which can then be transmit-
ted by the public telephone network to
a remole deslination. Several systems
have been submitted for PTT approval,
including the Panasonic WG-R2 visual
telecommnications unit, which is ex-
pecled to be markeied at about £200.
However, the respective marketing
teams could face the same initial
problems faced by Bell. How do you
make the first sale when no ons else
has the facility?

‘Electronics’ suggestion: market twin
systems in the same package.

More On HDTV

As we reporied in the lasl issue of
‘News Report, the US is getting
alarmed about the possible lead being
established in high definition television
(HDTV) by Europe and Japan. No less
than sixteen leading US firms, includ-
ing IBM, DEC and Apple have gol

logether to draw up a business -«

development plan. The companiss
involved are hoping (hat they will be
awarded a broadeast channel service
contract which can be licensed fo
major user companies.

Quantum Leap For TI

Having highlighted the Texas Instru-
ments introduction of the worlds
fastest programmable logic device in
our last issue, Tl is now claiming a
world first in Quantum Tunnelling
Transistors in Galliium Arsenide. This is
not a method of speeding up the
construction of the Channe! Tunnel, but
a quantum leap in transistor technolo-
gy. With critical dimensions 100 times
smaller than conventional transistors,
the device operates on fundamentaily
different principles, known as quanfum
mechanical effects, which dominate
the behaviour of matter and energy at
dimensions of 0.02 micron (20 bil-
lionths of 2 metre) and below. Still at
present a laboratory development,
future chips incorporating quantum
effect transistors might contain 100
times more functions in the same
space and consume far less power
than today’s davices. One day, says Ti
we might see a laptop supercomputer
that runs on fiashlight batteries!

IBEM Breaks The Chip
Speed Record

Maore world speed records have been
broken by IBM, who have developed
Complimentary Metal Oxide Semicon-
ductar (CMOS) circuits with paris that
are 300 times thinner than a human
hair - anly ene quater of a micron wide.
A micron incidentally is one millienth of
a melre. The lransistors used in Lhe
IBM circuits can swilch on and off
some 30 billion times a second. As a
result, logic chips in the 90's could
have about 1 milion logic circuits
compared to 100,000 today. In compu-
ter memaory terms, such small dimen-
sion quarier micron transistors  wiil
make possible CMOS memory chips
with a capacity of 256 million bits of
information.

Geiiing The Picture

A method of sending frozen TV
pictures by facsimile has now been
developed by Eltime Vision Systems.
Tha system interiaces vides, fax and
computing technologies. The Videofax
which has been tested on such
equipment as IBM, Cannon, Amstrad
and Olivetti PCs, makes use of 2 vidso

Global Network

Progress, it seems, is being made in
establishing a single international
video communications standard — but
don't hold your breath yst. According to
GPT Video Systems, the aim is to

. enable the user to interconnect his

video eguipment with anything from a
videophone 1o a large scale video-
conference system. So far creafing the
standards has involved over 100
man-years of research sinca 1983, The
new recommendations are due o be
approved by the CCITT in 1830, but it
is uniikely, says GFT, that any pro-
ducts will emerge into the market place
before 1891 at the earliest. High Tech
does not always mean Fast Tech it
sesms.

Getiting The Right
Number

That exira digit to be added (o London
telephane numbers, which we revealed
in the last issue, looks like being 070 or
081. A decision apparently has to be
made soon if London is not to run out of
phone numbers. Meanwhile, more
changes are on the way if tha Brussels
Bureacrats have their way. The plan is
to standardise emergency telephone
numbers throughout Eurcpe. The days
of 589 could be numbered. But on a
more practical note, did you know that
BT operales a special ‘midnight line
service” which allows free calls within
the UK. The snag? The quarterly rental
is £200. .

Box Clever

Vanderhoff Buisness Systems has now
intreduced a Smart Box which will
allow mulli line users to switch from BT
to Mercury for long distance and
international calls. Operating savings
of between 10 and 15% can be
achieved. The cost of the Smart Box is
£200 and thers is an annual subscrip-
tion of £8. The price sets this unit aside
for medium to heavy users ol long
dislance communications.

Sign In Please

ROCC Patern Recocgnition has pro-
duced a technology which accurately
differentiates between trus and false
signatures. For all practical purpases,
signatures can now bes elsctronically
verified for personal identification and
authentication. The system works by
deriving a numerical code from a
minimum of six sample signatures. The
numerical code is then either printed
alongside the signalure box on a
chegque or encoded in the magnetic
sirip on a piastic credit or identification
card. The company claims that the
system is around 95% accurate in
dealing with forgeries where the forger
has not seen the true signature.
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by Alan Simpsen

There must be something perverse
about an industry which insists on sticking
unintelligible labels on to new levels of
technology. Such is very much the case with
VAD, which even when translated probably
leaves much to be desired. VAD's, or Value
Added Data Networks have been defined by
no less an authorify than Michael Naughton,
who heads the consultancy Applied Network
Research, as being the adding of extra value
to the national telephone service.

Never slow to hedge their bets British
Telecom presents two definitions. “A VAD
adds value to raw data” and the even less
wholesome “The manipulation of
information”. However BT obviously spent
some additional time thinking the matier
through - or hired a new copy writer - and
came up with a fully comprehensive
definition, “A VAD is a telecom service which
can be said to add value if it offers the user
something beyond the point-to-point
transmission and switching of voice or data”.
Therefore, both BT's Prestel viewdata service
and Telecom Gold electronic mailboxes are
VAD's because they interconnect compuiers
via the telephone network and supply a range
of information, banking, shipping and
electronic mail services.

Coniusion however dogs not rest solely
with British Telecom. It took the Depariment
of Trade & Industry several years to come up
with the term VANS (Value Added Network
Services). They then discovered they had got
the name wrong and it was back to the
terminology drawing board before emerging
with VAD's - a name many network industry
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commentators believe manages fo combing

an image of a floor cleaner or some
contagious disease.

VAD's as BT confirm, emerged almost
s a by-product of the Information
Revolution. It was, it seems, a case of a closs
encounter of the computing and
telecommunication kind. Not that BT is
complaining. There are already more Telecom
Gald mailboxes registered in the UK than
there are telex subscribers. This is perhaps
only to be expecied as ielex are normally
limited to just a few per organisation while
maiiboxes could be distributed to many
users. The DHSS alone claim to have some
5000 Gold mailboxes.

A History of VAD’s

It was BT who launched what is
generally regarded as the world’s first Value
Added Network, PRESTEL in 1979. This
provided access fo an information service by

means of the public telephone network, amy.’
set and a home computer. But it soon became
clear that BT had chosen the wrond target,
and before long, the marketing thrust was .
moved from the home user to that of the
business user.

VAD's have a particularly short history
arriving a year after PRESTEL nad been
introduced. The DTI issued ifs first VAD
licenses in October 1982 and early operators
included AGB Cable & Viewdata, the SWIFT
bankina network, the airline SITA system and
Midland Bank's Travinex travel service as well
as, of course, BT's viewdata service.
Computer bureaux selling computer time can
also be counted as early VAD suppliers. Many
such bureaux make use of Packet Switch
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Stream networks in order fo provide fast and
gasy access o a central computer or to act as
an interiace to a more remote computer
installation.

It was generally agreed that the format oi
the original licence was over rigid, attempting
to embrace everything from system
interfacing to network support and
management. As a result the DTI, prompted
no doubt by governments liberalisation
policies, relaxed the rules as a means of
encouraging the growth of VAD's,

In particular, the new rules attempted to
define the role of the telephone network
carner—at present limited to British Telecom,
Mercury Communications and the
independant Hull (now Kingston) Telecoms,
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:;'}!us the Cellnet and Vodafone cellular radio

networks. The DTI also defined the role of the
non-carrier network suppliers, such as [BM
and ICL (part of STG) together with the
increasing number of specialist groups
providing financial information services. At
the same time the government announced
that no further carrier licences, domestic or
international, would be issued before 1990.

In the US however, free networking
competition flourisnes. The privately owned
telephone companies have long besn
permitied to lease lines for the transmission
of computer daia fo anyone who is prepared
to pay for the facility. In many cases, those
lzased lines were then used to provide
specific services to users which were not
available from the main telephone service
suppliers.

UK regulations are expected to move
towards the US system at which time it will
become possible for users to rent, lease or

resell ielephone lines from carriers. At this
I' point, telecom networks may not need to add
value to the services being made available.
Looking even furiner ahead, total
dereguiation could be on the UK cards.

{ As a result of this encouragement, UK

| network service revenues are expected to
i \ grow by a factor of 15% per month to over
H" £1000m by 1991. One year later when the

| | European trading barriers are due fo be

escalate. With several European couniries
~oving towards partial deregulation of their
~ telecom monopolies, VAD's are sat to
become a major feature of European telecoms
f operations.

international VAD
o
Assignments
Although the government has signed
agreements between the UK, the US and
Japan which allows private operators to
compete with public international carriers for
the provision of VAD's using private leased
lines, many industry observers fear that
Japan could dominate world markets if given
nalf a chance. Already the Japaness VAD
market is by far the fastest growing sector in
Japan, but such UK operators as ISTEL, who
are praviding Electronic Data Interchange (a
| service which supposedly eliminates much of
| the current company paperchase mouniains)
| between car plants in the UK and Japan, and
| INS Tradanet who are providing international
| links into the US and Japan, are capturing
some of the VAD action.
According to British Telecom, the
potential variety of VAD operations and

-1 %owe:ed VAD opera'ions are forecast to




services is limited only by human
imagination. With VAD operations benefiting
from the steady introduction by national and
international carriers of ISDN (Integrated
1Service Digital Networks) services such as
“Electronic Fund Transfer and Paint of Sale can
be'expected 1o show considerable growth.

Vunguurcl Set the

Awareness Scene
~ Towards the end of 1986 the
government funded a VAD awareness
campaign called VANGUARD. This was
spnnsarad by such mega VAD players as BT,

- JIBM. INS, ISTEL and a leading clearing bank.

This.group incidentally callectively controls

- most of the UK private and public networks
services. It was ANR's-Michael Naughton -
wiio the industry is tipping to be voted “VAD
personality of the year™ - that was responsible
for getiing the o1l Vanguard initiative up and

- running. Since: the unch’ Michael Naughton
estimales that the awareness of VAD's among
Senior company managemeni has risen by
overd0%.

MNo mwaw of comms technologies is
cumplat& withodt some reference to
\_standards "Thie Elropean Commission is keen
1o ses commsstandards agreed and the

_ mlegratmn of a full scale information service
miarket. The chosen standard is 0S! (Open
System Interconnection) with the IBM
- propristary standard SNA (Systems Network

Architecture) providing positive interiace’

The Players

Not so much a major player but more the
captain of the team, BT who fhrough its
Dialcom Group operation, have pin-pointed
tnree major user areas: EDI, Electronic
Messaging and on-line information
databases. A somewhat wider view is taken
by IBM who could well qualify as the team
vice capiain. The IBM Managed Network
Services embracs 3 host of VAD operations
including links to the Celinet and Vodafone
cellular networks.

Digital Equipment, also jockeying for a
top player role, are hoping to dominate the
VAD financial operations arena. A further keen
player is Midland Bank whose FASTRAK VAD
service aims to provide their subsidiary
Thomas Cook with some 4000 travel outists
over the next few years in addition to
supplying such financial services as home
banking.

FASTRAK in effect pigoy-backs on the
banks’ own extensive nationwide network
using spare capacify. Let’s hope that this
spare capacity doesn't become stretched and
priorities have to be given to the bank aver
VAD operations. Otherwise we could find
ourselves having to wait longer at the local
travel agency to confirm our bookings.
Further members of the players ieam include

tie McDonnell Douglas/GEISCO partnership,
INS and ISTEL.

-Accarding to Michael Naughton, main
users of VAD s are likely to come from
banking. insurance and finance sectors.
Other targeted activity areas spotlighted by
Michael Naughton include manufacturing,
textiles.and clothing, wholesale food and
distribution, local government, construction
and traﬂSpu'rL In factany company witita
heavy messaging trafiie requirement or negds
irequent on-line access to an industry or
general information database.

Into the VAD Future

For us end users, the mosi visible sign
of VAD operations are such network aclivities
as credit eard authorisation sysiems and
iravel reservation procedures. But before
long, we can expect to see developments
which enabfe the linking of PC's to a VAD
network, not just for PRESTEL but access to
corporate databases, plus electronic mail
links to telex and facsimile.

But it is not all good news for the VAD
movement. The Federation of Microsystems
Centres who have upwards of fwenty local
business centres, have moved oui of BT Gold
into BT facsimile. With fax equipment costs
falling, the Group are finding it more cost
efiective to zapp messages around their
centre network by fax rather than electronic
mailboxes.

(Ll Ll

MAPLIN’S TOP
TWENTY KITS

Do you Enjoy your work?
Or would you prefer to
Work at what you enjoy?.

If vou are an electronics enthusiast and looking for an
interesting career with a future, Maplin has the answer.

THIS LAST ORDER
MONTH DESCRIPTION OFKIT CODE
1 (1) e Digital Watch ES18U
2 (2) ¢ LiveWire Detector LK&3T
3 (3) o 150W Maosfet Amplifier LWS1F
4 (4) & Partylite LwazB
5. (18) = 15WAmplifier YQ43w
6. (7) = CarBatteryMonitor LK42V
7 (5} = LRProx.Detector LM13P
2 (9) - SirenSound Generator LM42y
9. (B) = USonicCarAlarm LK75S
10. (10) 4% PWM Motor Driver LK54J
11. (11} ¢ CarBurglarAlarm LW78K
12. (8] < BWAmplifier LW36P
13. (16} =« MiniMetal Detector LM3s0
14, -} = WattWatcher LM57M
15, [} = Roulstte LMB7X
16. (18) = SlowCharger LM39N
17. (13) = 27MHzReceiver LKS6L
18. =) = SimpieMelody Generator1 LM43W
19. -} « IRRemoteSwitch LMBSA
20. (17) = CarDigital Tacho LK73L

KIT DETAILSIN
PRICE PROJECTBOOK
£2.00 Catalogue
£335 14 (Xa14Q)
£19.95 BestofE&MM
£3.95 BestofE&MM
£6.50  Catalogue
£6.95 Bestof E&MM
£9.95 20 (XA20W)
£395 26 (XA28D)
£17.95 15 (XAI15R)
£9.95 12 (XAI2N)
£B.95 4 (XAD4E)
£6595 Catalogue
£4.95 25 (XA2Z5C)
£388 27 (XA2T7E)
£1485 29 (XAZ3G)
£5.95 25 [XA25C)
£895 13 (XA13P)
£2.50 26 (XAZ6D)
£17.95 Catalogus
£13.95 BestofE&MM

Over 150 other kits also available. All kits supplied with instructions.
Thedescriptions above are necessarily short. Please ensure you know
exactly what the kit is and what it comprises before ordering, by checking the
appropriate Project Book mentioned in the list above - see page 55 for details.

TITIIIIIG I IO S

We currently have vacancies for

TECHNICAL SALES STAFF

in LONDON, SOUTHAMPTON and READING

These vacancies are being created as a result of the Maplin
expansion program and offer real prospects up to and
including Branch Management.

Both junior and experienced people will be considered. A
knowledge of sales, although an asset, is not essential. But,
to become part of the team vou do need 10 be self motivated
and have a cheerful personality. Applicants should also be
smart and have a knowledge of electronic components.

We offer excellent working conditions and job security, plusa
good salary with commission and a realistic pension scheme.
Apply in writing enclosing CV to: David Snoad, P.O. Box 3,
Rayleigh, Essex. Or for further information, ring 0702
554135,

If vou are secking an interesting career in a Hi-Tech
environment then contact us.

NOW!
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Part 7 by Graham Dixey C.Eng., M.LLE.R.E..

Infreduction

The previous article in this series
dealt with the basic principles of the
operational amplifier and discussed some
of its basic ‘configurations’. In this article
we shall look at a small but useful, as well
as interesting, selection from the wide
range of applications that it can be used
for.

As a Pulse Generator

It is possible to make the Op-amp
generale square waves using just four
extra components, three resisiors and one
capacitor. This type of circuit is a form of
‘relaxation oscillator’ known more com-
monly as an ‘astable multivibrator’. Iis
circuit is shown in Figure 1. Rl and Cl
form a RC time constant that determines
the frequency of oscillation. The pair of

R1

=
741

— i Output
_,.> |
jnz
i
1

AL

o= R3

Figure 1. Astable multivibrator.

resistors R2 and R3 form a potential
divider across the output, so that whatever
the potential (and polarity) of the output
voltage at any instant, the voltage fed back
to the non-inverting input will be a given
fraction of it; for example, if R2 was 9k and
R3 was 1k, then 1/10 of the output voltage
would be applied to the non-inverting
input. With this type of circuit the output
voltage is always either near to the
positive supply voltage value (known as
positive saturation) or the negative supply
voltage (known as negative saturation). At
the same time, the voltage on the inverting
input will always be varying, since it is
some point on the curve of voltage/time as
the capacitor is charging either towards
the positive supply voltage or towards the
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negative supply voltage. Thus the circuit
operates as follows.

Suppose that the capacitor is at this
moment uncharged and that the output is
in positive saturation (i.e. close to the
positive supply voltage, V.). The voltage at
the inverting input is OV while that at the
non-inverting input is a positive voliage
whose magnitude is determined by the
values of R2 and R3; suppose that these are
9k and 1k as suggested just now. Suppose
also that the output voltage is + 14V, Then
the voltage at the non-inverting input will
be ‘one tenth of this value’, i.e. +1.4V. The
fact that this voltage is positive and that the
phase-shift from this input to the output is
zero degrees means that the output is
stable until something happens to upset
the situation.

This 'something’ occurs when the
rising voltage at the inverting input
reaches 1.4V also. At this point the two
inputs are equal and, in theory anyway,
the output falls to zero volis. What
happens in practice is that, as the
capacitor voltage just exceeds +1.4V
(even by a fraction of a millivolt), the
output switches from positive to negative
saturation. This is because the voltage at
the inverting input is now ‘more positive'
than that at the non-inverting input and,
since there is a 180 degree phase-shift
between this input and the output, the
voltage at the latter reverses in polarity.
This reversal of output polarity means that
the voltage fed back to the non-inverting
input will now be —1.4V. The capacitor
voltage, which was previously an increas-

ing positive one, will now reverse in
direction, ‘aiming towards' the negative
supply voltage. It is not too diificult to
predict what will happen when it reaches
—1.4V! The circuit will switch over again.
These cycles repeat indefinitely, causing
a continuous square-wave to be gener-
ated.

The frequency of the square-wave
can be calculated from the fact that the
time between switching instants (the time
of half a cycle), known as t,, is equal to
RLCLIn[1 + (2R3/R2)]. The frequency is
equal to I/2t.. R1.Cl is the product of the
timing components; In stands for the
natural logarithm (base &).

For example, if R1 = R2 = 100k, R3 =
22k and C1 = 100nF, the calculated result
gives a frequency of 137Hz. Try it and
check this calculation. Then, using either
these values or your own, compare the
calculated and measured values obtained
by heoking up the circuit and proving that
it really does work. Using a CRO, look at
the waveforms at both inputs and at the
output. It is useful to use the d.c. input
facility on the CRO and to sketch the
waveforms to actual voltage and time
scales. The waveforms at the two inputs
should be compared with each other and
with the value of fed-back voltage
calculated from the values of R2, R3 and
the magnitude of the output voltage.

Figure 2 shows this circuit adapted to
produce a 1Hz TTL compatible square-
wave. The frequency is determined by the
circuit constants as before. The output
amplitude can be set to the required value

R1

= C1

R3
i o

I~

+15V

Adjust for TTL
level (5V Max.)

D1
1N4148

Qutput
JLML

——0 0y

Figure 2. TTL 1Hz pulse generator.
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by adjustment of RVI1. The diode Dl
prevents large negative excursions at the
base of the emitter follower.

As a Menestable
Multivibreator

A monostable circuit, as the name
implies, has one stable state only; this is
the one in which it normally resis. It has to
be triggered to go into the other state,
known as the ‘quasi-stable' state. It
remains in this latter state for a period of
time determined by the time constant
provided by a RC combination. A circuit to
perform this function is shown in Figure 3,

| 100nF
| Qutput
f LT
Trigaer
Input

verify the truth of this graph. Also other
values of R2 can be tried, e.g. 100k, 470k,
to obtain longer time intervals.

Figure 3. Monostable multivibrator.

For a monostable to remain in its
stable state, some bias must be provided.
In the figure this bias is obtained by taking
the inverting input to a negative potential
whose value is determined by the
potential divider R1 and R3, For the values
shown this voltage is about —1.4V. This
means that the output of the Op-amp is
normally held in positive saturation
(because of the 180 degrees phase-shift).
To trigger it, either a positive pulse or a
square-wave (which will be differentiated
by R3 and C1) has to be applied. When it
is, the output switches to negative
saturation, immediately coupling back a
large negative voltage to the non-inverting
input, via C2, the eifect of which is to hold
the circuit in the new state. However, since
this large negative voltage also exists
across R2, a current will now flow in the
latter so that C2 will charge up, its
left-hand plate rising exponentially to-
wards 0V. When it reaches the same value
of negative voltage as exists at the
inverting input (—1.4V), the output switch-
es back to positive saturation; in other
words the circuit returns to the stable
state.

The time constant of C2 and R2
determines the length of the quasi-siable
time and there is a linear relation between
time and these quantities. The time taken
for the circuit to recover after triggering
must depend upon the bias applied by R1
and R3 as well, so that instead of quoting a
formula for quasi-stable time, a graph
(Figure 4) is given, that shows how, for the
circuit of Figure 3, the correct value of
capacitor can be chosen for time periods
up to 50ms. The circuit can be tried out
with a number of different values of C2 to

52

Value of C2 (uF)

Figure 4. Graphical relation between C2
(in Figure 3) and output pulse duration of
monostable circuit.

What is the efiect of re-triggering the
circuit before it has recovered? If the
explanation has been properly under-
stood, the answer should be obvious.
Practice will, of course, prove the truth,
one way or the other.

As a Generator of

]

Sinewaves

An amplifier together with a suitable
feedback circuit can be used to generate
sinewaves. Of those possible, the twin-tee
and Wien networks are of particular
interest. Figure 5 shows an Op-amp
combined with a twin-tee network to
generate audio-frequency sinewaves.

around the loop and this circuit meets that
requirement. The Op-amp (using the
inverting input) provides 180 degrees, the
twin-tee network, at the selected frequen-
cy, provides the other 180 degrees. There
is a loss in the network, of course, as there
always is in any oscillator but this is
compensated for by the amplifier gain.
The frequency at which this happens is
given by:

f= 142w RC)

To ensure that the generated sine-
wave does not contain too much distortion
some means must be employed to prevent
the circuit from oscillating too hard. In this
circuit two methods are used. The preset
2k§5 resistor (part of R/2) 'detunes’ the filter
slightly and should be adjusted for the
best waveform. Also a portion of the
output, picked off by RV1 and R3 and
applied to the inverting input by diode D1,
is used to help stabilise the output
amplitude. RV1 should also be adjusted
for optimum quality of output. The oufput
obtainable with the circuit shown is about
B.5V peak-to-peak.

This type of oscillator is useful where
there is a need for just one, or perhaps a
few spot frequencies. Varying the fre-
quency continuously is awkward because
it means varying three quantities simul-
taneously, e.q. the resistors R and R/2. The
values given for the filter components in
Figure 5 give an operating frequency of
approximately 400Hz. An alternative oscil-
lator that can be made continuously

R R
— 3 {1 1 B
lzgn (39k) & 1N4148
+—ik HJ §
{10nF) == ac (1onF)
(20nF) 544
\' o Output
RV1
(18k) 10k
Fl}z ~y
R1 R2 R3
(2k5) 10k [l]wk 1k
- o OV

Figure 5. Twin-tee 400Hz oscillator.

Even for those not familiar with this
network the reason for its name should be
obvious. It is actually a combination of
low-pass and high-pass tee-type filters
which together, if the values are correctly
chosen, will have a ‘notch’ characteristic,
selecting one frequency at the expense of
all others. Thus positive feedback, re-
quired for self-oscillations, will occur only
at this f[requency. Positive feedback
implies a total of 360 degrees phase-shift

variable with greater ease is the Wien
bridge type.

The Wien network, shown in Figure
6, consists of a series RC combination
together with a parallel RC combination,
the values of R and C usually being the
same for both, though they don't have to
be. This network has the characteristic
that, at a particular frequency, the
phase-shift is zero degrees with a loss of
3:1. The input would be applied across the
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Figure 6. The Wien bridge network.

whole network and the output taken
across the parallel RC combination. It
would seem that the obvious way to use it
would be as a feedback network between
the input and output of an amplifier whose
gain was 3 times and whose phase-shift
was zero degrees. However, it is rarely
used in this way because a practical
oscillator must not only generate oscilla-
tions but must have automatic control of
their amplitude, especially as the oscilla-
tor frequency is changed. Otherwise the
output may increase to a level where
unacceptable distortion occurs or the
oscillations may cease altogether.

This automatic control of amplitude is
achieved by using the Wien RC combina-
tions as the two arms of a bridge, the other
two arms being formed as iollows. One
armisa fired resistor but the otherarmisa
non-linear resistive device, normally a
thermistor. The bridge is arranged so that,
when the circuit is oscillating properly,
there is a small out-of-balance voltage
across the opposite junctions of the bridge
(Figure 6). This provides the input to a
high-gain amplifier, the Op-amp. The
bridge ‘supply’ is the oscillator output
voltage. Thus, any change in the latter
causes a change in the current through the
non-linear device. As a result its resist-
ance changes and the bridge ‘out-of-

balance' wvoltage either increases or
decreases, resulting in a greater or lesser
input to the amplifier, and a change in the
amplifier output in such a direction as to
restore it to the correct value.

There are various ways of providing
the non-linear element. If the expense can
be justified then the use of an R53 N.T.C.
thermistor gives the most effective solu-
tion, but this type of thermistor is very
expensive. If used it substitutes for Ra in
Figure 6. An alternative is to use a low
current lamp (less than 50mA current
rating together with a suitable voltage
rating) in place of Rb in Figure 6. This is
obviously quite a cheap solution. Another
possibility is the one shown in the full
Wien bridge oscillator circuit of Figure 7.

In this circuit the non-linear device
consists of two diodes, connected back-
to-back, again an inexpensive answer. A
preset resistor is connected in parallel
with these diodes so that the bridge can
be balanced so as to give a good
waveform at the output. Otherwise, there
is nothing remarkable about the circnit.
Frequency control is achieved by means
of the twin-gang potentiometer, each
section of which has a certain amount of
fizxed resistance in series with it. This is
essential to avoid the oscillator ‘dying’
when it tries to produce infinite frequency
as the potentiometer resistance
approaches zero, at one end of the wiper
travel! As stated previously, the bridge is
supplied from the oscillator output and the
‘out-of-balance’ vollage from the bridge is
applied between the two inputs of the
amplifier. An output conirol, RV4, is also
provided. With the values shown in the
figure the frequency range obtained
should be from about 220Hz to 1kHz. With
the same R and C values in both halves of
the Wien network, the frequency is equal
to 1/(2 = RC).

As an Active Filter

The function of any filter is to
separate out a frequency, or band of
frequencies, from a much wider frequen-
cy spectrum. For example, a low-pass
filter will pass all frequencies below a
particular ‘cut-off frequency: a high-pass
filter will do the same for frequencies
above cut-off and ‘band-pass’ and ‘band-

stop' filters pass or reject whole bands of
frequencies. It is also possible to select or
reject a single frequency. Various com-
binations of L, C and R can be used to
make filters and, if these ‘passive'
quantities are combined with amplifica-
tion, the result is an ‘active filter’,

A filter of this type is shown in Figure
8. It makes use of the properties of the
twin-tee network, not to generate a
sinewave of a particular frequency as was
seen in Figure 5, but to give selective
amplification to one frequency. To do this
the network is connected as a feedback
path between the output and the inverting
input. What we then have is an inverting
amplifier whose gain is determined by the
impedance of the twin-tee network
divided by the input resistance. Since the
impedance of the twin-tee network is a
maximum at a frequency equal to 1/(2 =
RC), then the gain of the circuit will be a
maximum at this frequency. The selectiv-
ity of this circuit can be improved in two
ways, by using the preset shown in the R/2
branch to ‘tweak' the response and by
including a ‘bass-cut’ capacitor, Cl, equal
in value to 2C in the twin-tee network. The
‘centre frequency’ for the values given is
about 400Hz. It is well worth while
experimenting with this circuit, plotting
the amplifier output against frequency and
trying the effect of tweaking the response
as just mentioned. Naturally an electronic
voltmeter or a CRO will be needed to
measure the output voltage.

As aPeak Signal
Detecior

While voltmeters for measuring a.c,
are invariably ‘mean-sensing, r.m.s. cali-
brated’, there is sometimes a need for one
that will register peak or even peak-to-
peak values, regardless of the waveform.

The circuit is shown in Figure 9 and
employs two Op-amps, ICl which is the
peak detector itsell and IC2, a voltage
follower to buffer the output for any
connected load. Diode D1 determines
which' peak of the waveform is being
measured and, with the polarity shown,
will measure positive peaks. Reversing it
allows it to measure negative peaks
instead. The circuit works as follows.

c -L RV3 = R R
100nF 10k Wo1r ZNp2z } -
1N4148 | 1N4148 1Bk 18k
RV1 C. C
10k I i
R 22nF 22nF
IR B 2anr
1K 741 c1 R 4
iy 741
L] . i 4
| > : 44nF 10k IE o
RV2 Inpul R oy Output
npu B ulpu
10k c R3 RV4 2
R2 }R = 100nF [] 3ke 10k f]-—° o T 25 [ Jiok
1k T o
= o0V
‘ o0V
Figure 7. Wien bridge oscillator 220Hz - 1kHz. Figure 8. 400Hz twin-tee selective amplifier.
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I switch S1 is closed capacitor Cl can | |
be assumed to be discharged. The only | ‘
way that Cl can now acquire a charge is |
through the diode D1, switch 51 then being D1
open. A positive going voltage at the 1N4148
non-inverting input, even an extremely - LA
small one, will cause the diode to conduct, l l ™~ 12 ‘
because of the very high gain of the c1 St 241
Op-amp. The capacitor will charge up to | Output
the highest voltage applied to it and will IC1 2
allow this value to be read. Over a period , 2
of time there will be a leakage of charge |
since the input impedances of the |
Op-amps, while being very high, are not | |
infinite. The circuit can be reset at any |
instant by closing S1. = l

In Figure 10 the same principle is
extended to measure peak-to-peak values
of any wavelorm; it doesn't matter whether
the two peaks are equal or not. Two peak Figure 9. Peak voltage detector.
detectors, of the type of Figure 9, are used. —
One measures positive peaks, the other
negative ones; note the polarity of the two
diodes, D1 and D2. The two outputs will be
in antiphase to each other. To obtain their
‘sumn’, it is only necessary to feed them into
a ‘subtractor circuit! If the two peak
voltages are V1 and —V2 respectively, the l I -

subtractor will produce the result, V1 — ci Asta H1 ndas | B2 Ra

(=V2) = V1 + V2, the peak-to-peak value [ s
of the input. IC3 is the subtractor circuit. |
ic2 o=, )

R1 GND
A Practical Application imput 10K | I ) 2 Qusit
for an Op-amp i : L2 g

Finally, a really practical application 1§§r ?S1h o]
for an Op-amp a ‘frost alarm' for a car (or T
even a greenhouse?). The circuit for this is
shown in Figure 11. GND GND
It is back to the Op-amp astable
multivibrator with this circuit. RV1 and C1 ‘
|
|

Vi

form the timing components that deter-
mine the frequency. Rl and R2 set the
potential at the non-inverting input.
However, an extra component has been
added, a N.T.C. (Negative Temperature
Coefiicient) thermistor, Thl. This has a
resistance that 'increases’ as the tempera-
ture ‘decreases’. Since it is wired in
parallel with Cl, the latiter tends to
discharge through it. The lower the
resistance of Thl the more of Cl's charge
it 'steals’. But if the temperature is low \

|

|

Figure 10. Peak-to-peak voltage detector.

enough, the resistance of Thl will become
quite high and C1 will be able to charge
fast enough to allow the circuit to oscillate.
The oscillatory oufput, amplified in a
push-pull stage, drives a speakertogivea
clearly audible wamning of the presence of
frosty conditions. The square-wave drive
to the speaker is not the sweetest sound, R2
which lends emphasis to the warning! If [ a7k ggg
used in a car, the thermistor can be wired

on the end of a lead and should be
positioned low down at the front of the
vehicle. The actual temperature at which
the alarm operates can be set by
adjustment of RV1, using the ice-box or
freezer of the domestic refrigerator as a
guide.

The above selection of circuits should
provide enough material for experimenta-
tion, until the next time when we shall
unravel the mysteries of the unijunction
transistor.

(156

Figure 11. Frost alarm for car. *Chosen to suit Thl, adjusted to equal Thl at ‘Alarm’ temperature.
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DID YOU MISS THESE ISSUES?

Project Book 1 Temperature Gauge. 10°C-100°C,
LED readout Pass The Bombl Pass-The-Parcel with a
difference. Six easy-to-build Projects on Veroboard.
Car bstt. monitor; Colour snap game; CMOS Logic
Probe; Peak Level matar; Games timer: Multi-colour
pendant

Order As XA01B (Maplin Project Book No. 1)

Price £1.00 NV

Project Book 2 Digital Multi-Train Controller.
Cantrols up to 14 model trains. Home Security
System. Sixindependantchannals.
Order As XA02C (Maplin Project Book No. 2)
Price E1.00NV.

Project Book 3 Radar Intruder detector. 20 metres
range, may be used with our security system. Remote
Contraol for Train Controlier. Remote control by infra-
red, radio or wire.

Order As XAD3D [Maplin Project Book No. 3)

Price £1.00 NV.

Project Book 4 Telephone Exchange. Upto 32
extensions on Z2-wirelines. Frequency Counter. Sdigit
DFM, 10Hz - B00MHz range. Ultrasanic Intruder
Detector. Areas up to 400 square feet can becoverad.
Order As XAQ4E (Maplin Project Book No. 4)

Price £1.00 NV.

Project Book S Inverter. 240V AC 60W from 12V
car battery. Central Heating Controller. Cptimissd
perfarmancewith this advanced system. External
Horn Timer. Exterior intruder alarm. Panic Button.
Add ontoour Homs Sacurity System. Model Train
Projects. Add onto our Multi-Train Controller.
Interfacing Micro processors. How tc use parallal
I'Q ports, with circuits.

Order As XA05F (Maplin Project Book No. 5]
Price E1.00 NV.

Project Book 6 VIC20 & Z2X81 Talkbacks. Speech
synthesis projects. Scratch Filter. Tunable active
circuit ‘reclaims’ scratched records, Bridging Module.
Convenstwo 75WMOSFET amps to one 400W full
bridge amplifier. Moisture Meter. Findsdampinwalls
and floors. ZX81TV Sound and Normallnverse
Video. TV sound and inverse video direct. Four Simple
Veroboard Projects. Portable Sterso Amp; Sine
Genearator; Headphone Enhancerand Stylus Organ.
Order As XADEG (Maplin Project Book No, 6}

Price £1.00 NV.

Project Book 7 CMOS Crystal Calibrator. For
amateur radio receivercalibration. DX'er's Audio
Processor. Improved sound from Communications
Receivers. Sweep Oscillator. Displays AF fraquancy
response on an oscilloscops screen. VIC20 and ZX81
Interfaces. AS232 compatahla.

Order As XA07H [Maplin Project Book No. 7)

Price E1.00NV.

Project Book B Synchime. Simulates bells. gongs
andotherchiming sounds. Dragon 32 R5232Modem
Interface. Plugsinto ROM expansion poart. Codelock.
Pragrammzble etecironic lock. CMOS Logic Probe.
Digital display shows logic states. Minilab Power
Supply. Versatile unit for the test bench. Dragon 32110
Ports. Two B-bit ports. Doorbeall for The Deaf. Flashing
lampattracts attention.

Order As XA08J (Maplin Project Book No. 8

Price £1.00 NV.

Project Book 9 Oric Talkback. Speech synthesiser
forthe Oric 1. TDA7000 FM Radio. Complate FM
receiver an&chip. Nine Projects! Personal Steree
Bynamic Noise Limiter; Logic Pulser; TTLRS232
Convener; Pseudo Stereo AM Radio; and more.
Order As XAD3K (Maplin Project Book No. 8)

Price ET.OONV.

Project Book 10 Spectrum Easyload. Halps cassatie
loading with the Spectrum, 80m Receiver. Simple SSB
direct conversion receiver. Fluorescent Tube Driver.
8V 12V forcamping and caravanning. Auto-Waa.
Automatic was-waa effects unit. Digi-Tel Expansion.
Expands Maplin Telephone Exchangeto 32
extensions Dragon 32 Extendiport. Makss the
Dragon's cantridge socket more accessible.

Order As XA10L (Maplin Project Book No. 10]

Price E1.00 NV.

Project Book 11 Mapmix. Six channel sudio mixer.
Xenon Tube Driver. Xenon flash tube moduls with
strobe. Enlarger Exposure Meter. Simple inexpensive
toal for the darkroom. 8 Channel Fluid Detector.
Check eantrol fiuid lavel inup to 8 containers. Servo &
Driver Module. Servo mechanism with driver modufs
kit. Mk Il Noise Reduction Unit. imoroves signalinalse
ratio of tapa recordings. Motherboard for The BBC
Micro. Gives essy accesstopons.

Order As XATIM [Maplin Project Book No. 11)

Price £1.00NV.

Project Book 12 ATTY Unit. Tha TU 1000 receives
transmits Radio Teletype; connects tocomputer via
RS232 Computadrum. Use your computer as a drum
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synthesiser. Light Pen. Drawaoniothe TV screenor
sglect manu options. PWM Motor Drive. Bevessible
model motordriverfor&Vand 12V,

Order As XA12N (Maplin Project Book No. 12)

Price £1.00 NV.

Project Book 13 Explosive Gas Alarm. Flammiable
gasdetector. Musical Announcer. A doorbeilwitha
difference. Mains Controller. An add- on farthe
8-Channel Fluid detector.

Order As XA13P (Maplin Project Book No. 13)

Price £1.00 NV.

Project Book 14 Live Wire Detector. Invaiuablesid
forthe handyman. Trundle. Theline follower robot as
featured on Channel 4. 4-Channal PWM Controller.
Digital central of motors and servos. Display Driver
Module. How to us= gur LED bargraph display ICs
Control-A-Train, Full ineniz control of modsl trains.
Order As XA14Q (Maplin Project Book No. 14)

Price E1.00 NV.

Project Book 15280 CPU Module. Expandabla CPU
basadcontroller, Ultrasonic Car Alarm. Siop car
thieves. Active Crossover. Includes matched output
poweramplifiers. Guitar Equaliser. Sp=cifically for six
string eleciric guitars, Fabulous Five, A sslection of
interesting circuits.

Order As XA15R [Mzplin Project Book No. 15)

Price E1.00 NV.

Project Book 16 Floedlight Controller. Both power
supply-and mains switching unit forine Infra-red
Intruder Detectar Kit. Mains Tx/Ax Data
Communications System. Sendsorreceivesdatavia
themains wiring. 16-Channel Logic IC Testar.
Simultaneously displays logic states for any logic IC of
upto 16 pin-outs on your escilicscops.

Order As XA16S (Maplin Project Book No. 16)

Price £1.00 NV.

Project Book 17 Vidso Digitiser. Interfacea TV
camera to your computer. Mixing It. A comprehensive
range of sudio amplifier modules. Hobhyist's
Temperature Cantroller. General purposz2 electionie
mains power thermostat. Play Aleng Mixer. Play
along to your favourite records and tepes on yourown
instrument.

Order As XA17T [Maplin Project Book 17)

Price £1.00 AV.

Project Book 1B Westher Satellite Receiver. Display
regional wasthersystemson your TV or menitor.
Mixing It Part 2. Mono'stereo Hi-Z micinput, mixsr
and lineamplifiers; VU headphonedriver. Stepper
Motor Driver. How to build and start using the Stappsr
Motor Kit featuredin the Catalogue. Amstrad
Expansion System. The Magolin Amstrad External
ROM Card System for the CPC 464, CPC 664 and 6128.
Sealed Lead Acid Battery Charger. Special high
stability output with automatic trickle chargemoda for
sealed lead acid batteries. Fantastic Five. Verocboard
projects comprising HF tremelo unit, crystalchecker,
clapswitch, low—Z chmmeter, snooze timer.

Order As XA18U (Maplin Project Book 18]

Price E1.00 NV.

Project Book 19 Active Aerial and Aerial Tuning
Unit. Get more from SW. Amstrad Expansion System.
6x8-bit parallel 'O card and PSU. ADA Digital Echo.
RAM based low costeche machine. Mixing It. Mixer
Modules' PSU

Order As XA19V (Maplin Project Book No. 19)

Prite £1.00 NV.

Project Book 20 Weather Satellite Dacoder.
Displays output from Satellite Recaiveron TV or
monitar. Infra Red Proximity Detector. Shortrangs
heatarmovement detector. Fibre-OpticLink. Sends
AFsignalsoverupic 20m of fibre-opticcable. Low-2
Microphone Pre-amp. For 200-850f) mics plus gain
adjustment.

Order As XA20W [Maplin Project Book 20)

Price £1.00 NV.

Electronics|ssue 216 Channel Burglar Alarm.
Develop & complete security system. Six Circuits.
Bass Fuzz, Voice-Over Unit, Noise Gate, Envelape
Tremolo, ATTY Decoder and Scratch & Rumbile Filter
on veraboard. Notch Filter. AF processor for
communications receivers. 12V Public Address
System. 10W perchannel from car battery. Tungsten
Lamp Controller. AC ohasecontrol far mainsfamps.
Order As XA21X (Maplin Magazine Vol 6

Issue 21) Price 85p NV,

ElectronicsIssue 22 MIDIInterfacing Techniques.
Cannect MID! instruments to the VIC20 or CEMES. Hi-
Fi Speakers & Enclosures. Twa high quality
loudspzaker cabinet designs. Keypad for Z80CPU. At
Isst a keypad T & ROM for the 780 CPU kit. 4%2 Digit
Counter. Versatile basic counter moduie to 42 digits.
Weather Satellite Down Canverter Part 1. Asrial &
freq. convener for MAPSAT Recsivertatunaintothe
Meteosat satellite. Mini Cireuits. Verchoard Audio

Leval Tester, Sound Triggerad Flash, In-Circuit
Resistance Meter, |'R Audio Isalatar.

Order As XA22Y (Maplin Magazine Volume 6
Issue22] Price BSp NV.

Electronics lssue 23 MAPSAT Frame Store =1.
ZB0B CPU controller. Serva Tester. Proportional servi
tester. Weather Satellite Down Converter Part 2.
Channel Switching Unit. Capacitance Tester. 5
ranges, 3digit display. More Mini Circuits. Movement
alarm, Stepper Motor Driver, Fink Noise Genarator,
Optical Port Data Link, 'Metzl Pedal’.

Order As XA23A (Maplin Magazine Volume 6

Issue 23] Price B5p NV.

Electronics Issue 24 Nuclear Radiation M

Alpha, Beta, Gamma & X-ray giegercounter. VHF Pre-
Amp Module. MAPSAT VHF pra-amp. External Horn
Programmable Timer Update. Modifying the moduls
foruse with other than the Maplin Home Security
System. MAPSAT Frame Store =2. The Vides
Graphics Card. VHS Video Alarm. Battery powersd
poriable movement alarm builtinto a VHS Video
Caszsstie

Order As XA24B (Maplin Magazine Valume 6

Issue 24) Price B5p NV.

Electronicsissue 25 Track side Rapid Charger.
Maodel radio control car ni-cad battery pack charger
using 12V car battery as power source. Slow Charger.
Mains powerad trickle charger for modal cars.
Temperature Module Expansion. Relay switch board
anii serial to parallel converter add-ons. Disco
Partylite. High quality, 3 channai party lights. Mini
Metal Deteclor. Detecis ferrous and some nan-
ferrous metals such asiron wall boaed nails or brass
screws. Tester for Electrical Domestic Appliances.
Check the safety of any new appliznce before youplug
itinto the meins. Bob's Mini Circuits. A puisedspead
controller, atrain controlier & an electronic lock
Order As XA25C (Maplin Magazine Volume 7

Issue 25) Price 85p V.

Electronics Issue 26 1kW High Power MosTet
Amplifier. Superb amp primarily aimed st use in halis,
auditoriums, elc. Simple Melody Generator. Versatile
musical project with four tunes avajlabie. Multi-Tune
Generator, Built around the UM34114 giving 16tunes
etc. Siren Sound Gnnzratnr C-vesd different types of
siren noises. Prog Uszaful
musicians gid.

Order As XA26D (Maplin Magazine Volume 7

Issue 26) Price 85p NV.

Electronics Issue 27 TDA 7000 FM Radio Mkl
Completeradio kitincluding case. 3-Way
Loudspeaker System. 20 litre passive radiator cabinat
design. Watt Watcher. Checktosesif youare
overdnving your speakers. Morse Code Practice
Oscillator. Learn Morse Code the practical way with
this exceliznt praject. Noise Generator, Mzake as much
naiseas youwant with this useful piece of test gear.
Bob's Mini Circuits. Stareo Bararaph, Stereo VU
Mater, Simple Fibre-opticlink, Serial-Paraliel
converter and = Games Timaer.

Order As XA27E (Msplin Magazine Volume 7

Issue 27) Price 85p NV.

Electronics Issue 28 Direct Conversion Receiver.
Listen to speech or morse codefrom 10 mstresic 160
metres. 2Way 16litre Loudspesker System. Anoiher
in ourseries of popular loudspeaker cabinet designs.
Bob's Mini Circuits. A MIDI thru box, scapacitance
meteradaplor, & crystal calibrator and a transistor
t=ster

Order As XA28F (Maplin Magazine Volume 7

Issue 28) Price 85p NV.

Electronics Issue 29 1kW High Power Mosfet
Amplifier Hardware. Round off this super project from
Issue 26 by ‘boxing up' the unit. Electronic Roulstte
Wheel. Super fun project for the whole family. Laser
and Controller. Marvellous 2mW laser with FSUand 3
motorised mirror add-on unit with cantraller.
TEAZ000 PAL Colour Encoder. Bullding block praject
based on the TEAZ000 chip. Data File: LM3B6. In depth
lookat this useful low voltage power amplifier.
Order As XA28G (Maplin Magazine Volume 8

Issue 29) Price £1.00 NV.

ElectronicsIssue 30 Digital Record & Playback
Module. Records spesch digitally and allows playback
atthetouch of a button. Video Dubber & Switching
Unit. Links up several VCR's. 4 Way Speaker Switch
Box. Allows connection of up to 4 pairs of speakerste
your Hi-Fi. Audio & Video Modulatar. Allows
connection of video equipmentto a narmal TV.whean
direct connection is not possible. Bob's Mini Circuits.
Accentsd Matronome, Reaction Tester, Basic Noise
Gate; Electronic Die. Data File. In depth look at the
LM1875 audio power amplifier.

Order As XA30H (Maplin Magazine Volume 8

Issue 30) Price £1.00 NV.
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Reviewed by
Gavin Cheeseman

Introduction

The SM-43 Digital Panel Meter is one
of the new range of kits from Sound
Master Electronics, marketed by Maplin.
In its most basic form the SM-43 will
provide a digital readout of voltage up to
200mV, with provision for extra on board
components, allowing operation on any
one of eight different current and voltage
ranges.

My first impression of the kit was that
of a high quality product which is very
well presented. | thought that the quality
of the PCB was very goad and | found the
large, 15mm high red seven segment LED
display quite impressive! A plastic case is
provided in the kit to house the display
and electronics and | think this really adds
a professional touch to the finished
product. The kit comes complete with a
comprehensive instruction manual giving
full information on how to build and test
the panel meter. The circuit (Figure 1) and
PCB layout (Figure 2) diagrams are
included in this review for reference
purposes.

Construction
~Inaddition to the parts supplied, a
soldering iron, some solder and a few
simple tools are required to build the kit.
A multimeter is also needed when
aligning the finished module. Before
attempting any construction | think it is
always a good idea to spread the
components out on a table and check
them against the parts list to make sure
that they are correct; if all is well, then
construction may commence. |
recommend that the parts are fitted in the
order suggested in the instruction manual
as this takes the sizes of the various
components into consideration and is
usually the easiest method. The SM-43
can be constructed for operation on any
one of nine different voltage and current
ranges with full scale deflections ranging

from 199.9mV to 199.9V and 199.9uA to Range (FSD)

1.999A. The kit contains all the

compenents necessary for operation on 199-9mV N.F. L N.F. 390R 10k
the 199.9mV range; however, if operation 1.099V NF. 10M ™ 2k L

on one of the other ranges is required this
may be arranged by fitting resistors of the 19-99v N.F. 10M 100k 390R 10k

appropriate value (notsupplied) as 3
explained in the instruction manual and 189:0¥ N.F. 10M 10k S90R 10k

shown in Table 1. It is nice to see that IC 199-9uA 1k L N.F 390R 10k
sockets are included in the Kit; the use of

these helps to prevent any damage that 1-988mA 100R L N.F. 390R 10k

could occur due to soldering the IC's 19-99mA 10R L N.F. 390R 10k
directly into the PCB and also makes IC

removal much easier should this be 199-9mA iR L N.F. 390R 10k
necessary at any time. Whilst fitting the 1-999A 0-1R [3w) L N.F 390R 10k
capacitors, | noticed that 200nF (instead

of 220nF) capacitors had been supplied; Table 1. Various resistor values required for different ranges. NF equals Nol Fitted and L equals Linked.
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LED OISPLAY

this doesn’t make any difference. Care is

needed when fitting the carbon preset as it :

is relatively fragile and easily damaged if
stressed in any way. As supplied, the LED
display is mounted on its own separate
PCB; this is connected to the main PCB by
a link comb which consists of a number of
wire links separated by a plastic spacer. |
think the use of a link comb is a good idea
because it is somewhat easier to fit than
individual links and also if fitted properly
adds to the neatness of construction.
When cutting the link comb, as shown in
the instruction manual, pleasemakesure
that you leave the correct number of links
on the comb! In addition to the links made
using the link comb, there are six other
links to be fitted. Insulated wire has been
supplied in the kit, instead of the BTC type
mentioned in the instruction manual.
When fitting these links, cut the wire to
the appropriate length and stripa few
millimetres of insulation from the ends of
the wire; the links may then be fitted in the
usual way. Brackets, nuts and bolts are
supplied in the Kit to fix the display PCB to
the main PCB. | suggest that you do not
install the finished module into its case
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untill
aligned.

Power Supply

A 5V DC regulated power supply
which is capable of delivering at least
100mA is required to power the panel
meter. If you are using a mains operated
power supply, itis important to' make sure
that its output is adeduately decoupled, as

the introduction of mains derivéd noise
onto the supply rail could produce

erroneous results. The panel meter can of
course be powered from a battery supply,

~ but its relatively large current drain must

be taken into consideration when
choosing batteries!

Testing and Calibration

Before applying any power to the
panel meter, it is a good idea to inspect

| your work to make sure that the
- components are fitted correctl{ and to

check that there are no prablems with the
soldering; in particular make sure that the -
semiconductors and electrolytic

capacitors are the right way round. Itisa
good idea to measure the resistance
between the power supply pins (pins 3

and 6) using a multimeter, to make sure
that they are not short circuit.

I used an edge connector (Maplin
stock code |B64U) to make the external
connections, as this makes the installation
and removal of the panel meter somewhat
easier than if the wires were soldered
directly to the PCB. Please note: The edge
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to 90mA maximum. i should of course be
remembered that the current consumption
is very much dependant on the number of
segments that are liton the LED display-

Housing the Meter

Once everything is working
correcily, after the panel meter has been
calibrated, itican be installed in its
housing, see Figure 3. The PCB slidesiinto
the guides in the plasticcaseand is
secured using the bracket and fixing
screws supplied. A cardboard mask is
included in the kit, for the purpose of
masking the tracks on the display PCB and
this is positioned around the LED display.
The plastic screen is then clipped into
place in front of the display; some care is
needed while doing this as the lugs on the
screen are easily braken if excessive force
is used. | found the finished panel meter

@]

<

Figure 2. PCB layout.

connectar is NOT supplied in the Kit. If
you use an edge connector please double
check that itis fitted the right way round
and that all wiring is correct as shown in
the manual; in particular please ensure
that you connect the power supply leads
the right way round otherwise severe
damage could result! The position of the
decimal point on the panel meter display
is not an automatic function. In order to
select the desired decimal point position,
it is necessary to connect pin 8 of the
SM-43 edge connecior to either pin 16, 17
or 18 as explained in the instruction
manual; this should be arranged so that
the decimal pointis placed carrectly for
the range that has been chosen. When
power is applied to the pane! meter, the
display may show some random numbers
if the input terminals are left open circuit;
however, if the input terminals are shorted
together 000 should then be displayed. In
order to calibrate the SM-43, a multimeter
and a suitable voltage or current source
are required; methods of prﬂducmg
suitable sources are shown in the
instruction manual. | found that the
formulae shown in the manual only give a
rough approximation of the level of
voltage or current produced by the
source, so the panel meter should be
calibrated against a multimeter for
accurate results, The SM-43 is calibrated
by adjusting VR1 until the panel meter
readings agree with those of the
multimeter. In addition to displaying the
magnitude of measured voltage or
current, the SM-43 will also indicate its
polarity. Ii the input pins of the pane!
meter are connected to the calibration
source with reverse polarity, a negative
symbol should show to the left of the
display indicating this fact.
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I'was pleased to see that a precision
voltage reference diode had been
incorporated in the design of the panel
meter as this keeps the basic level of
accuracy and stability relatively high.
Although the basic accuracy of the panel
meter is very good, it should be borne in
mind that the accuracy of the reading is
still very much dependant on the
precision of the multimeter with which the
SM-43 has been calibrated and to a lesser
extent the ambient temperature.

I measured the current consumption
of the SM-43 and found it to be around 85

looked quite impressive once it was
housed in its case. One useful feature of
the SM-43 is that the alignment preset
(VR1) ean be accessed througha hole in
the back of the case; this facilitates any
final adjustments once installation is
complete and makes any periodic
alignment much simpler. You will need to
exercise care when adjusting VR
because it is quite fragile and easily
damaged if too much force is used!

It is worth poeinting out that in order to
fitthe edge connector, when the meter is
installed in its case, it is necessary to

Maplin Magazine Apni 1983



remove the edges of the bottom two
plastic pillars on the rear of the housing.

Applications

I think the SM-43 could be of use in
many different applications where a
display of voltage or current is required
and it is also possible to use the meter in
conjunction with other external circuitry,
to display quantities such as resistance or
frequency. It would be interesting to
experiment with an external resistor
network to enable a series of voltage or
current ranges to be selected:; remember
that the position of the decimal point must
also be switched to suit the selected
range. When using current shunts to
provide different ranges, remember to
make sure that the power handling
capability of the shunt resistor is sufficient

FCE Furs woww

Figure 3. Case assembly.

to dissipate any heat produced, otherwise
overheating could take place.

| also found that a useful feature of
the SM-43 is its very high input resistance
when operating on voltage ranges (around
T00M(}; this means that the meter
produces negligible loading on the circuit
being tested, making it generally
unnecessary to take the resistance of the
meter into consideration when making
voltage measurements. When used on a
current range, the resistance of the meter
is basically dependant on the value of the
shunt resistor (R1). It is worth keeping in
mind the fact that this meter should not be
used in situations where the input voltage
or current is likely to exceed full scale
deflection (FSD), for the range in use, as
damage could occur. If you are using an
external resistor network to provide a
selection of switchable ranges, | suggest
that you start the measurement on the
highest range and switch to lower ranges,
as appropriate, when you have an idea of
the magnitude of the quantity that you are
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Flastic screen

measuring; this helps to avoid the
passibility of exceeding the FSD on any
range.

Conclusion

| was quite impressed with the
presentation of the SM-43. In particular, a
lot of thought has been put into the look of
the final product. The quality of the parts
was generally good and the finished meter
performed weil when tested. | found the
SM-43 a pleasure to use and hope vou
have a similar experience if vou decide io
build the kit. As always | would like to
thank Maplin Electronics for providing the
review sample.

The SM-43 Digital Panel Meter Kit from Sound Master
is available from Maplin Electronics:

Order As LM70M (DPM Kit) Price £24.95
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by Jeff Scott Part 4

Even the most casual electronics 2.8 —a'=3"""¢ is any real number except 1, y = b*is called
hobbyist must, at some time. fee! like ) an exponential function with base b.
designing his own circuit or at least modifying For example: 3'° — 3° For example Iet us plot the cure for y = 2%
some aspect of circuit performance. For ‘ ) x 05 15 25 —-05 —15 -25
instance, fired of watching a multivibrator =3it-3 2" 1.414 2.828 5.656 0.707 0.354 0.177
flick lights on and off at a fixed pace, one may ) :
wonder how to alter the timing. Immediately =3 ‘
one is faced with the equation: | ) . ‘ .
| 3. (@) =a" | , |
T=tloge {[v \fzv i | For example: (8%)° = 8° |
1+ ¥2 |
x Y x
Where V, and V, are the mulfivibrator | 4. 2% = vV @

voltage, tis the product of resistor and ‘ . '
capacitor, Tis the interval of half the . 32 |
waveform shown in Figure 1. We shall see ‘ For example: 4 —

later how to solve equations with logarithms

[ 1
to the base e. | =¥y & ‘

‘ Figure 2. Grapholy = 2,

=93 ' The curve is shown in Figure 2 and is
| called an exponential curve. An interesting
: | = exponential that occurs in everyday life is the
| ]"l-l ' | exponential to the base e. The numbere is
= = : The order of the operations is not approximately 2.71828. Just like the value of
Figure 1. Interval T of a digital waveform. | important. It can be cuﬁed first and the | @ \j.rhictj relates the circumfierence qf acircle
~ N taken afterwards! | toits diameter and does not have af exact
Another useful application of Square root . g
mathematics to electronics is in the use of - :i:ﬂ: the quantity e does not have an exact
decibels. It will become clear why it is 4 Tables exist for values of * where x can
_permnss:hl_e to add or g{tjhb!racl decibel values — (64) "2 be a positive or negative number, 2 small
SR s Iaganmms: ted b sample is shown in Table 1. Alternately a
Napié?trrs?l?lfjﬁ:ggsqur;ate ?ﬂsi"é";“ Ry -8 scientific calculator with an e* key can be
: : : . alculate indivi lues.
“logarithams are numbers invented for the - used to calculate individual values
more easier working of questions in | 5. a =1 |
arithmetic and geometry . . . by them all e x & e' y gt gt
troublesome multiplication and divisionsare | For example: 5° = 1 02 1.0202 9802 10 27183 3679 |
avaided and performed only by addition = 04 1.0408 9608 1.1 30042 3329
instead of multiplication and by subtraction 6. a _—1—,- 06 1.0618 0418 12 33201 . 3012
instead of division. The curious and laborious a 08 1.0833 9231 13 36893 2775
exiraction roots are also performed with great s 14 40552 246
ease”’. Since logarithms operate on the For example: 4 |

10 1.1052 9048
powers of the value in question, indices are a

= | 11 1.1163 .8958 1.5 44817 2231

good place to start. - el A2 11275 8869 16  4.9530 2019

. I 13 11388 8781 1.7 54739 1827

Indices | 14 11503 8634 18 60497 1653

If we have a number of the form a*, xis =1 19 66859 149
called the index and can be a whole number 64 [ | .15 1.1618 8607

or a fraction. The six laws of indices are; 06 11735 8521 20 73891 1353

| Exponents A7 11853 8437 21 8.1662 1225

1L % ah=g= t Power functions like x°, x* are of the 18 11972 8353 2.2 9.0250 1108

.~ form x° where the power is a constant. If we ‘ 19 1.2092 8270 2.3 9.9742 1003

For example: 2 x 2° ‘ interchange this to b* where the power is B 24 11.023 0907

=27 variable, we have an exponential function_ If b |
60 ' April 1989  Maplin Magazine



.20 1.2214 8187
21 12337 8106 25 12182  .0B21
22 1.2461 8025 2.6 13464 .0743
.23 12586 .7945 2.7 14880 .0672
24 12712 7866 2.8 16445 0608

29 18174 0550
25 1.2840 7788
26 1.2696 7711 3.0 20.085  .0498
27 1.3100 7634 3.1 22198  .0450
.28 13231 7558 3.2 24532 0408
29 13364 7483 33 27.113 0369

34 29964 0334
30 1.3499 7408
A1 13634 7335 35 33115 .0302
32 137711 7261 36 36.598  .0273
33 13910 7189 3.7 40.447 0247
34 14050 7118 38 44701 0224

3.9 49402 0202
35 1491 7047
36 14333 6977 4.0 54588 .0183
37 14477 8907 4.1 60340  .0166
38 14623 6839 4.2 B86.686 .0150 |
39 14770 6771 43 73700 .0136

44 #1451 123
40 14918 6703 |
41 15068 6636 4.5 90.0i7 .0iM1 |
42 15220 6570 46 99484 .0100 |
43 15373 8505 4.7 109.95 00810
A4 15527 6440 4.8 12151 .00823
45 1503 gape S A s
A6 1.5841 8313 5.0 148.41 00674
A7 1.6000 .6250
A48 1.6i61 .G618B
48 1.6323 6126
50 1.6487 6065
B0 1.8221 5488
.70 2.0138 4966
80 2.2255 4493
80 24596 4066

Table 1. Exponential funclions.
ax
| 1 2 3 |

Figure 3. Graphofe*and e ™.

Using the tables. graphs of e*and e
can be drawn as in Figure 3. Forvalues of x as
low as 3 the graph climbs rapidiy towards
infinity.
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Examples of exponential growth or
decay are:

1) Current increasing in an inductive circuit.
i=1(1-efY

Where | Is the instantansous current at
time t, | is the final current value, Lis the
inductance, and R is the resisiance
associated with the inductor.

2) Current decreasing in an inductive circuit,

j =l

Where i is the instantaneous current at
time i, | is the initial current, Lis the
induciance, and R is the resistance
assaciated with the inductor.

3) Capacitor discharging.

—4ER

g=AQe

Where q is the charge aftertime t, Q is
the initial charge. C is the capacitance of the
capacitor, and R is the resistor through which
the capacitor discharges.

4) Electrical resistance changes with

‘temperature according to the law.

R =Roe®

Where R is the resistance at 0°C, R is
the resistance at t°C, a is the coefficient of
resistance. Let us look at some numerical
examples.

If the current i flowing in an inductor is
1A after 1 second and the inductor has a
resistance of 9 ohms and inductance of 3
henrys, calculate the final current?

i =1(1-g™
1=1(1-e79
1=1(1—¢79

From the tables: e 3= (.0498

In order to draw the graph of the rising
current, a few points need o be calculated.

Atl = 0 the current 15 0 since,

i =1.05(1—¢e79
=1.05(1-1)
=0
Att = = the current is 2A since,
i =105(1—e7)
=1.25(1—-0)
=1.25

Att = L/R (the time constant) the current has
risen to 0.63 of its final value.

05(1—¢7)
05 (1 — 0.3679)
.05 (0.6321)
66424

nmnp II
O - -

We now have the following values:

t ] 033 1.0 =
i 0 066 1.0 1.05
i Amps
i
|
|
|
0 X — + T
B RiEs t saconds 1

Figure 4. Growth of current in an inductor.

A graph is shown in Figure 4, Let’s move
on to another example.

Find the instantaneous current after 0.4
seconds when current is switched off in an
inductor of 3 henrys and 9 ochms resistance.
The initial current is 2A.

|=le
_ —{9:<0.4)3

=2¢"? (from the tables e~ 2 is 0.3012)
= 2 = 0.3012
= (0.6024A

In order io draw a graph of the
decaying curve, more instantaneous values
need o be calculated. We know thatatt =
0, the current is a maximum of 24, sincei =

e l=2x1=2
Att==i=2e""=0

At = LR (called the time constant) the
current has decayed by 0.63 of its initial
value.

i=2e"" .
=2 x 0.3679
=0.7358A

0 02 033 04
t seconds |

Figure 5. Current decay in an induclor.

Since at t = /R = 3/9 = 1/3 seconds the
current has already fallen by 63% of its initial
value, we need to calculate more values
around this time.

t 0
i 2

0.2 033

0.4 =
1.08 0.73 0.60 D

A graph is shown in Figure 5.
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Logarithms

Suppose in the preceding equations we
knew all the values except one in the mdex
For instance:

=g~

Ii we knew all the values except L, one
method of finding L would be to take
logarithms of both sides. We have seen how
power functions have the form x%, x° etc.
where the index is a constant. We have also
seen that exponential functions have the form
b*, where the index is now the variable. The
inverse of these exponential functions are
called logarithms.

An example will help clarify this:

10 is10]
100 is 102
1000 s 10°

So the logarithm of 10 to the base 101is 1
the logarithm of 100 to the base 10is 2
the logarithm of 1000 to the base 10is 3

In this manner we are operating on the
power alone. If we operate on the powers
then by the rules of indices we add and
subtract powers instead of multiplying or
dividing.

For example:
102 % 10° = 10°

We can now see that since decibels are
logarithmic ratios we are quite justified in
adding and subfracting them instead of
multiplying and dividing.

For instance, if an amplifier has a gain of
1.000.000 followed by an attenuator of 100:

log 1,000,000 = 6 Bels
log 100 = 2 Bels
Overall gain 6 — 2 =4 Bels

The general definition then of 2
logarithm is if y = b* then x = log ;Y. We
have dealt with the base 10 but any base is
permissible.

For instance, find log ,8:

Since x = log ;8

then2* =8
21:23
andx=3

Sothelog.8is 3.
Another example. Find log 5625:
As before x = log 5625

then 5" = 625
5°=5
X=4

The logarithm of 625 to the base 5is 4.
Suppose the figure does not lend itself easily
to whoie powers as above, then ready tables .
to the base 10 or a calculator may be used.

For instance, solve forxin 2* = 5.
Taking logarithms of both sides to the base
10, |ngm Z= |Bgm 5
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(Now log o 2" may be writtenas x log ;2 as
we shall see later).
¥xlog 2=10045

Xx=Iog 45
00452

= 0.699
0.301

=2.322

Properties of
Logarithms

Let us [ook at some common properties
of logarithms:

1) logs MN =
Letloga M =
logsN=y

Then MN = b* b*

log, M + logy N

= p"7* from the law of indices.
In logarithmic form:

logy MN = x+y

Therefore, log, MN = log, M + log, N
Hence the justification in adding dacibels to
obtain power gains.

2) logy M = logzM — logy N
N
As beforeletM = b*
N=1p"

Then M = b*

N b¥
= b*¥ from the law of indices.
In logarithmic notation:
logsM=x—y

N

Therefare, logs M = logs M — logs N
N

Hence the justification in subtracting decibles
when there is an electrical power loss.

3) logs N*=alog. N
By definition, if logy N =
then N = b"
Raising each side by the power of a.
N* = p*
In logarithmic form:

log, N* = ax
Therefore, logs N* = a logs N

4)logs1=0

Letlogy1 =x

Then b* =1

From the law of indices, if b* = 1

Thenx=10
Therefore, log, 1 =0

5)logyb =
Letiogs b =x

By definition, b*=b
Then x must equal 1
Therefare, log, b =1

in words. the logarithm of any number to the
same base as the number, is ong.

6) log, 0 — —=
Letlog, 0 =x
By definition. b* =0

If b is a positive real number then x has to
tend towards negative infinity.

Forinstance, 272 = 0.25

272 _g54x10°7
10
0-5 /
o -
1 2 3
| -0-5
—1-04

Figure 6. Graph of y = log, x with x — zero.

Figure 6 shows & graph of y = log 55"
showing that as x tends to 0, y tends to minus
infinity.

For instance, logn 2 = 0.3
log;3 0.2 = -

Although the graph is drawn for
logarithms to the base 10, the same curve
resuits for logarithms to any base.

Changing the base of a logarithm can be
undertaken gradually as in:
log, ¢ = (log; b) (log, C)

Orimmediately as in logy a2 = 1
log. b

Natural Logarithms

We have looked at exponentials to the
base e. Logarithms to the base e also exist,
called hyperbolic, Napieran or natural
logarithms, and abbreviated In. Logarithms lo
the base 10 are abbreviated lg.

As before, ifinx =y
Thene’ = x

Natural logarithms are more suited to
the natural laws of growth and decay and
thereiore tables have been compiled for easy
reference. Aliernately, a scientific calculator
has an In function kay.

Using the preceding formulae it is also
possible to convert from log to the base 10
into log to the hase e.

log; ¢ = (log; b) (log, )
cross-multiplying, log. ¢ = log. ¢

log.b
Substituting e for b and 10 for a:
Inc=lgc
lge
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But, logygeis logyp2.718 = 0.4343
Solnc= lgc
0.4343
=2.302610y

Therefore the natural logarithm of a
number can be obtained by multiplying the
logarithm o the base 10 by 2.3026.

We are now in a position {o solve:

i =le "™ (tofind L).

Where i = 0.6024A
|

=2A
t = 0.4 seconds
R =9 ohms

0.6024 =2 E—i_ii.i G4
03012 = E—S oL

Now we can take logs to the base 10 (or
) of both sides. Taking log to the basz 10
first:

1005 0.3012 = —3.6logp 2
L

—0.5211 = —3.6 =% 0.4343
L

L = 3 Henrys as before.

Taking log fo the base e and remembering
thatlog.e = 1.

—1.189=-3.6

3.
L

L = 3 Henrys as before.

Conclusions

And so we return to what started it all in
the first place, solution of the equation:

T=tloge( V. )
Vi +V2)

This is now easily solved in the light of
the information in the preceding fext.

It can also be seen how one area of
mathematics supporis and re-inforces
another area. For instance, although indicas
are not of direct relevance here, it was a good
starting point for many of the proofs on
logarithms.

Even a modest command of
mathematics gives the electronics technician
or hobhyist greater freedom to explore and
exploit electronics.

Exploring Radio continued from page 46.

reading, perhaps 4-3mA. It is possible
to switch now to the next range down,
say 30mA FSD. Preset RV2 should be
rotated clockwise until the
milliammeter reads 10mA. This is the
correct standing current for the
receiver. This is the only setting-up as
such required. The meter can now be
disconnected.

If it happens that a suitable meter
is not available, it will probably be
reasonable, after initially setting RV2
fully anti-clockwise, to then rotate it
about a quarter of its full travel in a
clockwise direction. This should give a
reasonable though not necessarily
precise value of standing current.

All that remains now is to advance
the volume control and tune in your
favourite station! In the unlikely event

that no reassuring sounds issue forth
from the speaker, some fault-finding
will be called for. Typical values (expect
slight variations in practice) of d.c.
voltage levels are given on the circuit
diagram. These were all measured with
a 20k/V meter on the 10V d.c. range.
Any faults will almost certainly be
found to be due to poor quality
soldered joints, including bridged
tracks with excessive solder, or
components either incorrectly placed or
in the wrong polarity (e.g. diodes).

A Schools Project

This receiver design has been
extensively tested by numerous
students who have built successful
models. The lavout is largely non-

critical, there is no alignment to be
done, and only the one setting-up
procedure. It is always a source of great
satisfaction to students to make
something that actually does something
and, even in these days of
sophistication, there is genuine
pleasure in building a radio receiver
and then putting it to use. Details of a
case design are not included but the
average constructor will have little
difficulty in making a suitable housing
tor it. Where woodwork is on the school
curriculum it is possible that this
project could even be made the subject
of an ‘integrative assignment’, the
cabinet being given extra appeal by
being made in the traditional ‘30s’
fretted and polished style. It's a thought
anyway. "

] " SEMICONDUCTORS

TRF MW REFLEX RECEIVER TRi2 Eir 5 (@sa1)

P AR TS L I ST TR3 BC337 1 (QBasY)
TR4 B(327 1= {QBRAW]}

RESISTORS: All 0.6W 19 Maetal Film i D1 OA%) 1 {QH7IN)

R1 270k 1 (M270Ky | D2 IN4148 1 {(QLBOB)

R2,6 47k 2 (M47K)

R3.8 1k 2 {MIK) MISCELLANEOUS

R4 1k7 1 (M4K7) L2 Sea Text = i

R5 120k 1 {(MI120K} L3 Choke 4.7mH 1 (LIK8OB)

R7 47R 1 (M4TRY Pin 2145 1Pkt (F1.24B)

R9 680R i iM6S0R) PP3Battery Clip 1 {HF28F)

R10,11 2R2 2 {M2R2) Speaker o4R 1 (WE57M)

RV1/51 4k7 Switch/Pot Lin 1 {FW41il) Knob Ki14B 2 {FK39N)

RV2 220R Hor. Encli Preset 1 {UF98G} EC Wire 0.9mm 20 SWE 1 Reel (BL26D)

Farrite Rod 810 1 (YGZ0W)

CAPACITORS : M3 Spacer Yzin 1 Pkt (FG34M)

Ci.8 100uF 25V PC Electrolytic 2 (FF11M) IsoboltM2.5 20mm 1Pkt (JD15R}

c2 InF Ceramic 1 {WX68Y} Printed Circuit Board 1 {GE15R}

C3 470pF Ceramic 1 (WXeail)) Construciors Guide 1 {XH79L)

C4 47pF 25V PC Electrolytic 1 (FEOS]}

s 1InF Ceramic 1 (WX77 1} The following part is available,

ChH 100nF Polyester 1 (BX7EH) but is not shown in our 1989 catalogue:

C7 220pF Ceramic 1 (WXa0Q) Order As GEI15R (TRF Reflex PCB)

VC1 Min AM Tuner 1 {FT78K} Price £3.79
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Figure 1. EPROM programmer circuit.

In the last issue of ‘Electronics’
construction details were given for a
Digital Record and Playback module -
based on the UMS5100 IC - whereby speech
could be digitised, stored in RAM and
replayed again. The 32k static RAM
supplied with the kit allowed for a
maximum of 20 seconds record/play time,
but had the disadvantage of ‘toral amnesia’
once the supply voltage was removed. This
is of no consequence unless the stored data
is permanently required as part of another
system, such as an alarm or car
annunciator. Therefore, two additional
projects have been designed: an EPROM
programmer for 8-32k devices and a
Playback only module, which is a much
reduced and simplified version of the
Record/Playback module.

ner ¢

'fhe programmer circuit diagram,
given in Figure 1, is able to program 8k o
32k EPROM’s inserted into SK2 and also
to play them back from the programmer
Apnl 1989 Maplin Magazine

card. Slide switch S1 selects the ‘mode’
required: either PROGRAM in position 3,
PLAYBACK in position 2 or RECORD/
PLAY FROM RAM ONLY in position 1
(see Figure 2). Switches S2a-d are preset
according ta the type of EPROM being
used, as can be seen in Table 1 and

Figure 3.

With a simple programming sysiem
such as this, fast burn algorithms are
obviously out of the question and a
20ms/50Hz (10ms burn) pulse has o be
used. If a 32k EPROM is used, it will have
a maximum of 20 seconds speech time, but
will take 32768 x 20ms or 10.92 minutes to
program! Therefore, it is impossible to
program the EPROM directly while
recording speech. The approach here is to
set S1 to position 1 and record data directly
into RAM as usual; S1 is then set in
position 3 and the UM5100 made 1o
re-play. The UM5100 now addresses the
EPROM via A0 to A4, see Figure 1, and
RAM data is also applied to SK2 via the
D0 to D7 data bus. For successful

PCH Select positions
GDaaw
/ 51
of:Eo| @
=TT =
R11
s1

__Record & playback
from RAM only

ofll ]o

__Playback from
EPHOM only

51
o[l ]o
s1

o[ lllo

— Program EPROM

Figure 2. Select mode.
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EFROM S52a S2b S2c S3d S1 SELECT
T4

g‘:::: £ 1 1 2 7:6 Al 3 modss
23C128 -

=S 2 F 4 2 3 EFROM program

DT

and

N )
L
»

RAM r=oplzy

Vce.BV 1 A 2 Vee.5V

PGM 1 B 2 Ala

Ce.ov 1 G2 PGM

vpp2wv (| 1- D 2 || vpp.i2sv

Figure 3. S2 functions.

programming, the address and data buses
must be stable before the 10ms burn pulse
is applied. RV2 on the rec/playback
module is removed and replaced by RV1
and R3 on the EPROM card: both
resistors determine the UM5100 clock
pulse output at PL1 pin 28, RV can be
adjusted for record and playback clock
speeds between approximately 18us and
80us, whereas R3 is only in circuit whilst

programming and fixes the clock to 2.5ms.

Clock pulses are inverted by IC1 and
further divided-by-eight at IC2, which
generates the 10ms burn pulse at S1a and
S2¢. LED LD1 is only operative while
programming and actually monitors the
burn pulse via pulse strercher circuit IC1,
D1 and C1. Waveform timing
relationships are given in Figure 4.

RV2, RS, R7 and S2d determine the
voltage out from regulator RG1 (Vpp) at
either 12.5 or 21V - 1o suit the program

voltage requirement of the EPROM in use.

RG2 is biased for 6V output for EPROM
tvpes that need a Vec of 6V and a 5V rail is
derived from the volt drop across D2.

Construction

Refer to the EPROM Extension Parts
List, constructors guide and Figure 5. All
components are fitted onto the legend side
of the PCB except for R12, RG1 and RG2
{shown dotted); these three items are

‘mounted. with heatsinks, onto the back

face of the PCB.

Identify the eleven resistors R1 toR11
and insert them into the board. Mount
diodes D1 and D2, 1aking note of their
cathode markings, and insert both
polarised capacitors C1 and C3 correctly.

Looking on the rear

Solder these components and cut off the
remaining wire ends.

Mount the three IC sockeis, RV1,
RV2 and dil switch S2; these too can now
be soldered 1o prevent them from falling
out whilst S1 and LD1 are being fitted.
Remember 1o identify the anode (A) and
cathode (K) legds of LLD1 before insertion!
Finally, fit C2 and re-check the
components and soldering. _

Inserta 12mm M3 bolt through the
hole just below S1. from the component
side, and tightly screw on an M3 nut. Now

e t————————— 20ms ————={ f=25Hz

A0 cp
(pt1-pI5) 18
Burn cp
pulse 5 ts———10m s ——==
(514)
] | I
] I :
I
cp
(pl1-p28)
1 2| 13] |4

3| |a| |5 1=400Hz |

Figure 4. Programming timing.
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Figure 5. Layout of programmer pcb.
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| ‘ ' | CORRIGENDA!
M3nutl— | | ‘ The Digital Record and
; ﬁ Heatsink Playback Module article in

| ™ Feb-Mar 1989 vol. 8 issue 30 of
: ‘Electronics’ states that either an
| Do ek 8k byte CMOS Static RAM
: (SRAM), type 6264, ora 32k
4"“"“—-1 - byte CMOS Static RAM
rEP‘:=- (SRAM), type 62256, can be
o RG2 @ D=—p3 nut ' used in the module. Thisis NOT
— 8| the case, only the 62256 may be
: used (a 62256 is supplied with
e, fi _— | thekit). Links LK2, LK3 &
il Bg— "3 X 12mm L.K4 should all be MADE as
| b s l.l o stated in Table 1. The references

to these links in this follow-on
| ' | | articleonthe EBROM
J module however,
Figure 6. Mounting RG2. does still apply.

position regulator RG2 over the bolt, from
the solder side as shown in Figure 6, with
the chamfered edge facing ourwards and
away from the board; the legs are bent at (‘1‘:0

right angles 4mm away from the plastic

body. Spread a laver of heatsink

compound over the RG2 tab and fit the

vaned heatsink and M3 washer and nut.

Solder RG2 from the opposite,

component, side (between R8 and R12). ‘
|

—

| Heatsink |
|
Hfmﬂ R12 The EPROM
/ [ programimer
i r mounted into the
(q_l Rec/Playback module.
[

PCB e l 2mm ‘
| k—w w 3 3 | |
| f |

Component legend side

via SK1 pin 24 to switch 81 and IC2 and
‘ RV2 isreplaced by RV1 and R3 on the

EPROM module, as previously mentioned

Figure 7. Mounting RG1 and R12. ‘ i -

: 7 e in the circuit description.
Next, fit the rectangular 3W resistor R12 ‘ HAHE s it
on the same side as - and just below - RG2; 3 D Nun_:: RV2 aI_'d LK1 will have < be
allow 2mm clearance between the resistor = replaced if t_he red playback module is to
and PCE and solder both leads from thie ' be used again without the EPROM module
same (track) side. The plastic TO92 ‘ I htted!
regulator RG1 is also mounted from this D L
side, but first it should be fitted into the |
clip-on heatsink and then both RG1 and |
heatsink are inserted into the PCB as G2 B 2B
shown in Figure 7. This time. solder both ' | s1
heatsink legs and the three RG1 leads from P | | | l /
the front component side and remove | o) _%!
excess wire ends. When complete the back Ri2)| &= T
mounted components should resemble | g
those shown in Figure 8. RG1 Sst Max Min | ser

; | vpp d Ra( @)R\H rac!p}ayback
RCC/PIHYbaCk MOdu.le voltage —Min  —"Max
Modifications RO
A 2x 15 way socket (SK1) is fited to sK1 ! | -Clo:l- ‘“};V:‘,I;w

the component side of the Record & | | oo
Playback module (board number GD88V) .‘_F_CB = | ‘
and this is where the EPROM module r A | I I I ] | | | | | ]
plugs in. Solder the thirty terminal pins on e [ | | GDBOW
SK1 to this board and also remove RV2 Recdi Buiplrtedy i | |
and wire link LK1, if fitted earlier. LK1 : |
previously joined the UMS5100 READ line Figure 8. Inserting programmer into rec/ :
to the RAM IC5. Now READ is extended playback module. Figure 9. Testing the programmer.
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Programmer Testing

Plug the programmer card into the
rec/playback module SK1, orieniated such
that the track solder side faces inwards -
towards the UM3100. Place S1 in position
1 (towards the top edge of the programmer
card) and ensure all four switches on §2 are
in position 2 (towards SK1). Connect a
24V DC power supply and amplifier as
shown in Figure 7 of the previous article
and withoutr an EPROM fitted at this
stage, turn on the supply and connect a
voltmeter to one of the 0V pins and Vpp at
resistor R9 as shown in Figure 9. Adjust
RV2 for a reading of 12.5V 10 12.8V
maximum; this is the Vpp for all six
EPROM’s recommended for use in Table
1. Some EPROM'’s require a higher Vpp of
21V. and in thar case set S2d in position 1
and check for a voltage reading between
20.5V and 21V. Either of these Vpp's can
be re-adjusted from RV2 as required.

A. Record into RAM only

A. Playback from RAM
B. Playback from EPROM
C. Program EPROM from RAM

GDaav
Rec/p-back

Figure 10. New functions of S1 and S2.

Test the Vee supply on EPROM
socket SK1 pin 28 for a voltage of 5V 10
5.3V and with $2a in pesition 1, Vee
should be 5.8V 0 6.2V (this test can also
be made from D2). The various voltage
readings will obviously vary slightly from
those given here, according to component
tolerances and meter accuracy, elc.

With S1 still in position 1, record
some speech by momentarily connecting
pins 11 & 12 (record) together and
speaking into the microphone and then
check the playback from RAM is alright.
RV1 on the EPROM card now sets the
record and play speed, see Figure 9.
Table 2 shows what links are required to
be fitted on the rec/playback module, to
suit the memory devices being used. One
important point to remember: if the
EPROM to be used is smaller in memory
size than the RAM fitted, then fit links
LK2-4 to suit the EPROM - not the RAM!

The Playback Module.

52
1=s—pos—2
A
2764 (27CB4)
g Bk Eprom
27128 (27C128)
C 16k Eprom
All 3 modes
D
52
1=—pos—a2
A
8 Eprom program mode only
27256 (27C258)
¢ 32k Eprom
D
52
1=—pos—e2
- | B
I I B8 32k Eprom playback &
RAM rec/play modes only
M
- | B

Figure 11. Selecting EPROM type.

Otherwise the EPROM will be re-
programmed 2 or 3 times over and all data

Memory Size LK2 LK3
Bk UNMADE  UNMADE
16k UNMADE MADE
32k MADE MADE

Memory Size LK4 Time
Bk MADE 5 SECS
16k MADE 10 SECS
32k MADE 20 SECS

lost.
QHEHQEH @ O
S 2] 2
Fit

SK1

GD8BvV
Rec/p-back

Table 2. Selecting links on the rec/playback module.

68

Programming

Initially do not fit any EPROM, but
test the programming function first. Refer
to Figure 11 and Table 1 and set up the
four dil switches S2a-d to suit vour
EPROM. The top drawing shows settings
common to 8k and 16k devices, but the
other two drawings refer to the 32k
EPROM set for: programming is S2a-d in
position 2, or playback is S2¢ set to
position 1 only. It may be found necessary
to set S2a in the Vee = +6V position for
some 32k tvpes (check the manufacturers
data sheet first!). Place S1 in position 3
(Program EPROM ) and momentarily
connect pins 9 and 10 (playback) together.
The contents of RAM are ourput ata much
slower speed, due to the EPROM
programming timing requirements, and
this results in a sequence of bleeping and
popping from the audio amplifier. During
programming only LED LDI should be
on, although LD1 on the rec/playback
module may also flicker as well. If you
have access to an oscilloscope, then the
various timing waveforms in Figure 4 can
be checked.

At the end of the programming
sequence LLD1 will go out. You can
calculate the time taken to program an
EPROM in minutes by: memory size (in
bytes) x 0.02/60 and times vary from 2.5 to
11 minutes according to the EPROM type.

Turn off the power to the modules
and insert your EPROM. Re-check §2
settings, place S1 in position 1 and power
up the modules again. Record some
suitable information in RAM and then
program the EPROM by switching S1 1o
position 3 and starting the playback/
program sequence as mentioned earlier.
Once programming is complete, place S1
(and S2¢ if applicable) in position 2 to
playback (verify) from EPROM only.
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ERRANAAEARTR

+5¥ DISTTRL T PIN B <5V
;:u: 2 = 12}‘ IC) FIN 4 =& ﬁ;i
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o ® OISR 12PN 7 BV L
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Figure 12. Playback module circuit.

Playback Module

Pre-programmed EPROM’s can be
played back only from this module. The
rec/playback module was not designed for
taking EPROM’s in the RAM socket (IC3)
and a much simplified module (no
programming or record facilities) is
available for playback only. The circuit
diagram for the playback module, Figure
12, is very similar to that of Figure 2 in the
previous article (refer to issue No.30).
Connecting pins 5 and 6 together places
the UM5100 in playback mode and the
EPROM fitted in SK1 is enabled (IC3 pin
32) and accessed over the address bus A0
to Al4. Data from the EPROM is then
READ by the UM5100, on D0 to D7, and
changed from digital data to an analogue
signal (D to A conversion) at IC1a. Clock
pulses and unwanted conversion noise
signals are removed by the low pass filter
IC1b, ready 1o be connected from pin 1
(output) and pin 2 (0V) to the input of a
suitable amplifier. The average signal
output from pin 1 is about 30mV.

Construction

Assembly of this module is very
straightforward and no difficulties should
be encountered. Refer to Figure 13 and fit
siX veropins into pin 1 to pin 6 positions -
inserted from the track solder side first.
Push home with a hot soldering iron and
solder in position. Identify and mount the
resistors, diodes and capacitors; C3, 6, 8
to C10 are polarised electrolytics and

April 1989 Maplin Magazine
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Figure 13. Layout of playback peb.

EPROM 1 L2 T Rememsar
B UNMADE  UNMADE mazs F‘;"‘
1 UNMADE  UNMADs waps ";'f:
Er MADS M2DE UNMADE e

|

Table 3. Selecting links on the playback module.

must be fitted correctly. Mount the three
ICsockets and SK1, solder all components
in place on the board and remove excess
wire ends. Insert TR1, RV1 and assemble

the regulator RG1, as shown in Figure 14.
Determine the type of EPROM 1o be used
with this module and fit the appropriate
links from Table 3. Note that for 8k (2764)
types the diode D2 will have to be
removed. Solder all remaining components
and inspect for faults and mistakes.

Playback Module Testing

Fit the UMS5100, 74HC133, LF442
and EPROM into their sockets and
connect up the module as shown in Figure
15. As the 5V supply is regulated ‘on
board’ you will require a power supply of
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i
M3bolt—

N e 7 oy
| P2 P1 ! P4 P3

LH side view

aD
M3nut— i
! GDa7

Audio = OV opP2
oufput oP1
GD87U
PSU »——O0V——7=0P4
min
7-5VDC &—m— 3y H=0P3 K3
=

LK2
=

PS5
O—
-3 SR
Fast PB S}’ playback
RV1(@) | Sel playback
speed
Slow,
K A

LK1 D2 See table 3

Figure 14. Mounting RG1 on playback board.

at least 7.3V DC connected with +V to pin

3and 0V to pin 4. Connect a suitable
power amplifier to pin 2 (0V screen) and
pin 1 and short circuit pins Sand 6
together. Pre-programmed speech data

should be heard from the amplifier and the

‘pitch’ or replay speed can be increased by
rotating RV1 anti-clockwise (or clockwise
to decrease). Maintaining the short circuit

Figure 15. External connections to playback module.

between pins 5 and 6 will cause IC3 to
repeat continuously until the connection is
removed.

Using the Digital Speech
System

There are numerous applications for

effect. For example alarm systems could
incorporate several playback modules,
with different pre-recorded messages or
warnings for setting up and alarm
conditions. Seat belt or verbal fuel and
speed warnings could be installed in motor
vehiclesand perhaps a telephone
answering service could be based on this

the speech system 1o be used to good

PIAYBACK MODULE PARTS LIST

RESISTORS: All 0.6W 1% Metal Film

R1,6.7,11,13 10k

R2,3 12k

R4,5,8,9,10 47k

R12 3k3

Ri14 220R

R15 100R

RV1 4k7 Hor Encl Preset

CAPACITORS

Cl1.7 10nF Polvlayer

C2;3 4n7F Polylayer

C4 33nF Polylayer

Cs 1.F 63V Minelect

Cé 10p.F 16V Minelect

C8.,9 47uF 16V Minelect

C10 100u.F 16V Minelect

SEMICONDUCTORS

TR1 2N3708

D1-5 IN4148

IC1 LF442

12 74HC133 -

1c3 UMS160

RGI1 78MO5UC

MISCELLANEOQOUS
DIL Socket 8 Pin
DIL Socket 16 Pin

SKT1 DIL Socke: 28 Pin
DIL Socket 40 Pin
Pin 2145
TCWire0.71mm 22swg
Isobolt M3 » émm
Isonut M3
P.C. Board .
Constructors Guide

OPTIONAL

Sl Push Switch

B ¥ L B LV i ]

—

1Pkt
1Ree!
1Pkt
I Pkt

1

1

(M10K)
(M12K)
(M47K)
(M3K3)
(M220R)
(M100R)
(UH02C)

WW2sG)
{WW2eD)
(WW35Q)
(YY31])
(YY34M)
{YY37S)
(RASSK)

(QR32K)
(QLS0B)
(QY30H)
(UB30H)

(UJ48C)
(QL2SF)

(BL17T)
(BL19V)
(BL21X)
(HQ38R)
(FL24B)
(BL14Q)
(BF51F)
(JD6IR)
(GDS7U)
(XH79L)

(FHS9P)

The above items, excluding Optional, are available in a kit:
Order As LM85G (Playback Kit) Price £14.95
The following item is available separately:
Playback PCB Order As GD87U Price £6.50

system?

EPROM EXTENSION PARTS LIST

RESISTORS: AH0.6W 1% Metal Film (unless specified)

R1 470R
R2,5 4k7
R3 180k
R4 10k
R6 Ik
R7 56k
RS S20R
R9,10  220R
R11 15k
R12 68R 3W Wirewound
RV1,2  4k7 Hor Enclosed Preset
CAPACITORS
CL,3 10, F 50V P. C. Electrolvtic
C2 100pF Ceramic
SEMICONDUCTORS
D1 IN4148
D2 1N4001
LDi LED Red
RGI LM317LZ
RG2 LM317M
IC1 74HC132
1C2 74HC4024
MISCELLANEOUS
Printed Circuit Board
SKi 2 x 15 Edge Connector 0.156in
S1 4 Pole 3 Way Slide Switch
52 DIL Switch SPDT Quad
. Vaned Heatsink
Heatsink 92F
DIL Socket 14 Pin
SK2 DIL Socket 28 (Turned Pin}
Isobolt M3 X 12Zmm
Isowasher M3
Isonut M3
Silicone Grease Tube
Constructors Guide
OPTIONAL
2764 EPROM
27C64 EPROM
27128 EPROM
27C128 EPROM
27256 EPROM
27C256 EPROM

(M470R}
(M4K7)
{M180K)
(MI10K)
(MIK)
(M36K}
({MB20R)
{M220R}
(M15K)
(WESR)
(UH02C)

[ R e L e el el el =

(FFO4E)
(WXS6L)

bt B

(QLSOB)
(QL73Q)
(WL27E)
(RAS7U)
(RAS6T)
(UB29G)
(UF01B)

bt ot ettt

(GD89W)
{JB63T;
(FH38R)
{XX29G)
(FL38N)
{HQ79L)
(BL18U)
{F]68Y}
(BF32G;
1Pkt (JD76H)
1Pkt (BF58N)
1 (HQOOA)
1 (XH79L)

1 (QQUYK)
1 (UH43W)
1 {YHR8V}
1 (UH9D)
1
1

e e i i R

1Pkt

(QY758)
(UH44X)

The above items, excluding Optional, are available in a kit:
Order As LM86T (EPROM Ext. Kit) Price £14.95
The following item is available separately:
EPROM Exi. PCB Order As GD89W Price £5.99
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Reviewed by Robert Ball A.M.I.P.R.E.

% Infra-red Remote Control Unit for
Armchair Conirol

* 12-band Equaliser/Spectrum
Analyser

* Manual or Automatic Room
Acoustics Adjustment :

* Four Memories to Store and Recall
Equaliser Set-ups

* Full Monitoring and Dubbing

Maplin Magazine April 1989
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Figure 1. Baxandall lone control response.

Intreduciion panel, allowing full
A quick glance through the ot your Tavoisite

Entertainment section of the 1989 Maplin

catalogue reveals one of the latest additions WIlﬂf j

to their range of hi-tech audio products; the Imits si

XM01B Computer Graphic Equaliser with
Remote Control.

This superb graphic equaliser features a
host of functions to satisfy the most
discerning of music listeners, who demand
flexibility of their Hi-Fi without having to
resort to 'diving round the back’ to move
plugs around.

The equaliser has twelve bands of
adjustment on each channel to allow you to
tailor the sound of your Hi-Fi to just how you
want it, this means you are able to
compensate for deficiencies in room
acoustics. The average front room is
invariably far from ideal in terms of the
perfect listening environment, with a mixi
of hiard walls and soft furnisnings whic
10 ‘colour’ the sound.

Most equalisers are adjusted i
front panel with a set of slide poteqfiol
the position of which shows grapfi
equalisation curve; hence the
Equaliser. The XMO1B differs j
adjustments ars made by ug
cut) buttons and the eq

amplitudes of the
The best pii
controls is fram |

| Dimensions : 170 x 64 x 19mm thick

larger speakers (again modern technology is
playing an imporiant part in continuing to
imprave the sound of small speakers). At
some frequencies some objects may even
vibrate, this is because the sound source is at
the natural resonant frequency of the object,
and quite often shows up as a door to a room
vibrating. This can happen at suprisingly low

olume levels and is very annoying!

Specifications

MAIN UNIT

Frequency Response : <20Hz to 1 50kHz

Total Harmonic Distortion : 0.009% at 1V
RMS. 20Hz to
20kHz

Signal to Noise Ratio : 90dB (IHF)

Overall Gain : 0dB

Input Impedance : 50k

Output Impedance - <6000

Centre Frequencies : 25Hz, 40Hz, 63Hz,
100Hz, 160Hz,
250Hz, 500Hz,
1kHz. 2kHz,
4kHz, 8kHz, 16kHz

| Bandwidth : 1 Octave
| Conirol Range : = 10dB :

Level Indicator Sensitivity : 750mV
Spectrum Analyser Sensitivity - 130mV
| Pink Noise Output Level 150mV

Dtmensmns 420 x 88 x 220mm deep
Optimum Signal Level (for lowest noise &
distortion) : 1V to 3V RMS

| Power Requirements : Two AA size

batteries (not supplied)
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For these reasons, a simple tone control
system is not selective enough, what is
needed is finer control of narrower bands of
the frequency range. This is where the
graphic equaliser comes into play, it basically
consists of a number of frequency selective
networks, each of which are tuned to allow
adjustment of a narrow band of frequencies.
As with normal tone controls the same
boost/cut arrangement applies. The greater

the number of bands or sub-divisions the
finer the degree of control. With this
arrangement compensation can be applied to
the signal to boost or cut the necessary areas
to achieve as near a flat response as possible.
Figure 2a shows the response of the equaliser
when set ‘FLAT". Figure 2b shows 6dB
boost/cut at 100Hz. Figure 2c shows 6dB
boost/cut at 1kHz. Figure 2d shows 6dB
boost/cut at 8kHz.

It must be said, hiowever, that setting up
the equalisation should be done carefully to
avoid making things worse than they were to
start off with!

Golden Rules of
a_ o
Equalising
Afew ‘golden rules’ apply to equalising
for room and speakers:

dB
10
5 i ¥
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Figure 2b. 6dB boosUcut af 100Hz.
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1) Set up the equipment properly and spend
as much time as possible on sensible
positioning of the speakers, so as to get the
sound as good as possible BEFORE any
equalisation is applied. Read the makers
recommendations on positioning the
speakers, i.e. floor, wall or bookshelf, also
moving the speakers a matter of a few fest
can make the world of difference.

2) Set the tone conirols to flat and turn off the

April.1988  Maplin Magazine

loudness button if your ampiifier has one, this
is s0 that the equaliser is not ‘fighting” the
tone controls.

3) Start with the equaliser set flat and make as
small adjustments as is necessary, avoid
having very high levels of boost or cut, this
will sound very unnatural.

4) Don't try to get the impossible out of
speakers! Trying to get a pair of small
booksheli loudspeakers to sound like 18 inch

Monitors by applying 2 lot of low frequency
boost s likely to produce a sound which is
muddy and could even damage the speakers/
amplifier. The same applies with the very high
frequencies.

Confrols and Facilities

The XMO1B is solidly built and
attractively styled with a black anodised
aluminium front panel. There are 26 main
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function buttons and 12 boost/cut buttons, all
of which are soft-touch and have a nice
positive feel, each of the function buttons are
fitied with an LED to indicate its operation.
The XM01B is more than just a graphic
equaliser; it features a real time spectrum
analyser, which allows you to examine the
frequency conient and amplitudes of the
signals it is processing. This is displayed on
the dual function LED display, which is
configured as 14 columns of 11 segment
bar-graph arrays. Each array consists of 5
green, 1 yellow and 5 red LEDs. The two
outermost displays show the overall signal
levels of the left and right channels, whilst the
remaining twelve show either the equalisation
settings or display the spectrum of the signal.
The display is graduated in 1dB steps for the
Ieve! indicators and in 2dB steps from -10dB
to +10dB for the equaliser display. The unit
nas an internal Pink Noise generator which,
with the addition of 2 micraphone (not
supplied), allows the acoustics of your room
to be analysed. To enable quick recall of
different equaliser settings the XM01B has
four memaries to store the settings. As the
equaliser has the facility for two tape decks,
dubbing between machines is also possible.
The rear panel has six pairs of phono sockets
to allow connection to an amplifier and two
tape decks. The rest of the case is fabricated
in steel and finished in semi-matt black.

As well as the main power on/afi switch,
the front panel has the following controls:

Line Tape Swilch

This switch selects either the main Line
Input, in which case the LED in the switch
shaws green, or the Tape Input, in which
case the LED shows red.

Tape 1/2 Swilch

When the above switch is set to Tape,
this switch selects whether the input is Tape 1
or Tape 2. [fitis Tape 1 the LED in the switch
shows green, if Tape 2 the LED shows red.
This switch also selects whether dubbing is
from Tape 1 to Tape 2 (LED shows green) or
Tape 2 to Tape 1 (LED shows red).

EQ Rec Swilch

When pressad this switch puts the
equaliser in the circuit to the tape output,
otherwise the recording is unaffected by the
equaliser settings.

Monitor Swilch
This switch allows the recording being
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made to be monitored through the system
without affecting the recording, this is of
particular use on three head machines so that
the off-tape signal can be checked.

Pink Noise Swilch

This switch turns on the internal Pink
Noise generaior, the output of which is routed
to ine Line Output sockets. |f 2 microphone is
now plugged inta the 1/4 inch mona jack
socket on the front panel, the equaliser can be
adjusted to compensate for the acoustics of
the room.

Mic Swilch

When this switch is operated the input to
the microphone is displayed on the spectrum
analyser.

Display Sensitivity Switches

Two switches, one to adjust up and ong
to adjust down the relative sensitivity of the
display, so that low or high level signals can
fill the display. The setiing has no effect on
the output signal.

Graphic/Spectrum Switch

When switched to Graphic the display
shows a bar which will move up and down in
response to pressing the boost/cut canirol on
each of the 12 channels. In Spectrum mode,
the display acis as a spectrum analyser.

Left Channel Switch

Pressing this switch forces the display to
show the most recent setting of all the bands
on the left channel and any adjustments now
made {o the boost/cut controls will only affect
the left channel. If no adjustment is made, the
display automatically refurns to Spectrum
mode after 10 seconds (unless the Graphic/
Spectrum switch is set to Graphic).

Right Channel Switch
As above but for the right channal.

L = R Swilch
As above but for both channels
simultaneously.

Memory Swilch

When pressed, the LED in the switch
flashes and when in this condition the current
levels of the equaliser seitings can be storad
by pressing one of ihe memory preset
switches. The indicator on the memory
switch will then extinguish. If no memory
preset is pressed, pressing the memaory

switch again cancels the function, and the
LED extinguishes.

M1-M4 Swilches

Fodr switches, one for each memory.
Pressing the switch recalls an equalisation
setting. To store equaliser setfings, press the
memaory switch first.

Flat Swilch
Pressing this switch sets all bands to flat
(0dB).

Reverse Switch )
This swiich reverses the equalisation
characteristic.

Mute Switch

Pressing this switch instantaneously
mutes the output, for example, when
answering the telephone. Press again, to
restore the autput.

Dimmer Switch

The brightness of the display can be
varied by pressing this switch, so as to suit
daytime or evening light levels. »

Peak Hold Swilch
With the display in Spectrum mode, the
highest level of each band will be held.

Aulo EQ Switch

With the Mic and Pink Noise switches
settoon, and a microphone connected,
pressing this switch forces the equaliser to
automatically set up the correct egualisation
curve to give a flat frequency response in the
room. =

As well as all these features. a hand held -
remote control unit enables the following
functions to be adjusted from your armchair:
Main level up or down, each of the 12 bands
hoost or cut, left channel switch, right
channel switch, L = R switch, powear on/ofi,
memory swiich, M1 - M4 switches, graphic
specirum switch, mic switch, pink noise
switch, display sensitivity up or down, muie
switch and auto EQ switch.

This fabulous Graphic Equaliser is
available from Maplin Electronics at £199.95,
their order code number is XMO01B.
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Supercondudlvny

Superconductivity
by Jonathan L. Mayo

With the by-fine The threshold ofa
new lechnology and the statement
“The most revolutionary developmant
in electronics technology since the
transistor and taser’, this book is
written' in an easy-to-follow terminology.
wihich covers the full specirum of
superconductivity and superconductive
applications. This book explains the
properties of superconductivity,
describing what it is, what it can and
cannoido, as well as ifs advantages
and drawbacks. The most recent
advances are included (high-
temperature superconductivity) and a
thorough history is provided to help you
fully understand and appreciate the
science,

It discusses the present and future
impactof the applications of
superconductivity in the areas of:
power systems —electric lines,
generalors, and molors, electronics —
nigh density, high spead integrated.
circuits; science and medicing —
canlaining fusion reactions and
increasing the power of pariicis
accelerators, and medical imaging
syslems; and transportation —
eleciromagnatic trains and electic cars.
It explores ihe future of
superconductivity, inciuding advanced
research and applications,
interational efforts and competition,
and govermmental influences.

Italso provides a comprehensive
glossary of terms.

1988. 144 pages, 188 x 234mm,
illustrated. American book.

Order As WS30H
(Superconductivity) Price £10.00NV
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Synthesizers for
Musicians
by R. A. Penfold

Despite the increasing dominance of
electranics in music, il's not necessary
to have a degree in electronic
engineering to get the most out of your
synihesizer. Musicianship and original
ideas are still of utmosi importance. On
the other hand, a musician who ignores
the facilities offered by elsctronicsis
missing outon tremendous music
making cpportunities. Modem
synthesizers are extremely complex,
but they mostly work on principles that
are not too difficult to understand. If

you want to go bayond using the
factory presets or the random poking of
buttons, this is the book for you. It
covers the principles of modam
synthesis - linear arithmetic as used by
Roland. phase distortion (Casia),
Yamaha's frequency modulalion, and
sampling - and then describes how the
instrumants are adjusted to produce
various fypes of sound - strings, brass,
percussion, etc. The theoretical side of
synthesisis freated in an easy to
understand way - the technical
information being resiricted to what
you need fo know to use your
instrument effectively.

1889. 167 pages, 138 x 215mm,
illustrated.

Order As WS32K (Synths for
Musicians) FPrice £6,95NV
CD-ROMs:

Breakthrough in
Information Storage
by Frederick Holiz

CD-ROMSs are a braakthrough in
information storage, they are making a

dramalic impact on computer slorage
and on our modern technological
society. The application of compact
discs to the music indusiry was
revolutionary - and naw that revolution
is overtaking the personal computer
industry as well. This book provides a
comprehensive overview of this new
technology - how CD-ROM disks work,
why they are useful, and what's
available. Highlighted are: the
capabilities of single CD-RCMs 1o
store vast amounts of information and
to repeatedly refrieve data without
degredation; new drives from Toshiba,
Reference Technology and Sony are
featured; the companies who are
izading these systems; and the
opinions of indusiry leaders on the
future of opfical disc technology.
1988. 215 pages. 187 x 235mm,
illustrated. American book.

Order As W533L (CD-ROMs)
Price £11.60NV

NEWNES GUIDETO

T\/ T
_vJDEo

TECH r'rmma

Eugene Tr undle

Newnes Guideto TV
and Video Technology
by Eugene Trundle

This book represents a breakthrough in
terms of value-for-maney technical
information. Based on two of the most
popular Technical Guides, this new
edition brings tegether in depin
accounts of television and VCR
technalogy. In twenty one chapters,
over 250 illustrations and 400 odd
pages, the technicalities of telsvision,
video and allied equipment are lucidly
and consisely explained for the benefit
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of technicians, students, laymen and
others. Coverage is wide and deep,
extending from the cameralens via
videolape signal processing and dack
managament to the very latest TV
screen technology. Along the way we
look at space satellites,
microcomputers and such practical
matlers as videorecorder servicing and
maintenance. Eugene Trundle, a
practising video and TV engineer, has
aknack of conveying highly technical
informatian in the form of a ‘good read’.
Itis well demonstrated here.

16988. 432 pages, 128 x 185mm,
illustrated.

Order As WS34M (Guide TV/Vid
Tech) Price £8.95NV

An introduction to
Loudspeakers and
Enclosure Design

by V. Capel )

There is more to building a
loudspeaker enclosure than just fitting
acouple of speaker units into 2 box.
There are many types of enclosure and
drive units, each having thair own
fealures, good points and snags. This
book explores these, and in particular
examines the whys and wherefores so
that the reader can understand the
principles involved and so make an
informed choice of design, oreven
design loudspeaker enclosuras for him
or herself.

Crossover units are also explained, the
various types, how they work, the
distortions they produce and how tu
avoid them.

Finally, there is a step-by-step
description of the construction of the
Kapellmeister loudspeaker enclosure,
a design that involves novel features
which overcome many of the
disadvantages of more conventional
types. [lis a transmission line speaker
that has remarkable stereo imaging, an
uncoloured musical sound, occupies
minimal floor space and is inexpensive
to build.

1988, 148 pages, 111 x 178mm,
illustrated.

Order As WS31J (Intro Enclosure
Design) Price £2.95NV
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A readers forum for ya'u?;'iews and comments. If you want to contribute, write to the Editor,
‘Electronics - The Maplin Magazine’, P.0. Box 3, Rayleigh, Essex, SS6 8LR.

Digital Speech

Dear Editor,

lam writing o ask you a question about
the Digital Rec/Piayback Module intha
Fabruary/March 1982 edition. Isit
possible Lo interface the module to eithar
the BBC 32k computer or the ATARI 520
STFM computer anduseitforsound
sampling of as a voice recognition
system. Il itis possible, could you help me
and give me a diagram of how to interface
the module to ona of the above
COMputars.

Thank you,

T. Kennedy, Lincs, Northampton.

The short answer 10 whethsr the Aec’
Piayback Module can be used lor speech
recognition is, yes. As for how lo interface
the module to the computer, this would
invelve connecting the compulter viza
paralls! port to the address and dala fines
of the RAM IC. Some addifional circuitry
would be required however, fo switch
batween the spegch IC and the computer
port, to prevent both from trying to access
the RAM at the same fime. The main
requirement for recognition would be a
VERY cleverly writlen compuler program,
fo process and analyse the speech dala,
the program would need lo be writien in
maching coda or 3 compiled high level
Ianquage. Maybe some clever readers
could help on this ong!

MIDI Adaptations

Dear Sir,

| am wniting conceming your Digital
Record and Piayback Medula in the
February edition. | am a keyboard player
and wouid find this project very usefulif it
could be adapled to give 2 MIDI (Musical
Instrumeant Digital Interface) output.
Unfertunately, | have very imiled
expenence with electronics, so | would not
know where to start. | hope you can help.
Yours,

A. Skinner, Banham, Norfolk.

From your fetter, | am not quite sure what
you want Io do. | assume you were
thinking along the lines of a MID! input so
that the Rec Piayback Module could be
controlizd by @ MIDI keybeard. Two things
must be bourne in mind about MID, firstly
MID) transmits digital conirol information
aboul the noles baing played (and other
nformation), it does not carry any sound’
oraudio signal. Secondly to control things
with MIDI some form of data procsssing is
neaded fo extract the required information
and act uponit to produce the required
event, this is normally achisved using a
small microcompuler. The rec playback
madula is really intended for use only with
speech, and if sampling with MID! control
5 whal you are affer, it is not suitable. A
belter idaa is a quick trip to your kocal
music siore and-ask about MIDI
Samplers. For more information on MIDT;
refer to March to Mzy 1957 issue of
Electrenics’ (XA22Y] and the Books
section of the curren! catalogue.

Boxes, Boxes and More
Boxes

Dear Sir,

InTeply to the Edilor and my letter which
was in the last issue, may | point out that
physically capacitors and diodes also
resamble oblong boxes. They appeario
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be gsiting silier 2ll the time at the British
Standards Institule, logic gates have been
changed o oblong boxes just to add to the
confusion. What the objective is, | know
not, but our mechanical friends and
nuclear workers are also compiaining of
changes for the worse. Japanese music
centres are often marked as Phono. The
objecis of standards should be to keep
things simple. Mho, and Ohm being the
invarse is precisely this, Siemensisnot.
Yours truly,

Jack Treeby, St. Jades, Plymouth.

The debate on circuit symbols continues!
The circuit symbols we use in 'Electronics’
are chosen lo show as clearly as possible
the circuit without ambiguily. | may agd,
the symbols we use are in common use
throughout indusinial and commercial
glectronics. Ve use the American logic
symbols in preference fo fhe British
Standards symbols because they sre
more popuiar. In this world of fast
changinging technofogy, we have gol to
be prepared to 2dzp! o the constant
changes, otherwise we will be left with
diagrams, drawings and lerminglogy thal
cannol adequately and cieardy ilustrate
whal is to be conveyed. With regard to
record playerphono

turntable, record player dascribes exactly
what it does, and fofiows your argument
for keeping things simple. Siemens has
repiaced Mho, but =0 has Hertz instead of
cycles par second!

J Rides Again

Dear Sir,

I think & short answer to Mr. Harms's letter
in the December-January issue of
‘Electronics’, about the inlemretation of
j=V-1is worthwhile. He questioned
whether | is raally V1, rather than simply
indicating a rotation through 80°. Thisis a
convenient way of showing jon the
so-called Argand Diagram, butj=V-1

was a mathematical necessity befora this
g!aphml way of showing it was thougnt

II is needed as the solution to some
quadralic equations, to point cut a simple
example. Also the expression cos 0 + | sin
& can be shown to be equal to &8,
provided j=\/'-1. So it does amount lo
more than just denoling a rotation. On the
Iatesl books fist, | see you have Martin
Hartley Jones’s "A Practical Introduction to
Electronic Circuits’ (WS19V £10.95) asa
new addition, | would fike fo recommend
this to any readers nesding a clear and
imteresting first text thal goes beyond the
simpiast theory. | first read it some years
&go, and il gave me sufficien! confidence
inthe subject lo take it seriously asa
hobby. This eventually lzad to my taking
formal qualifications in electronics at the
endof last year. As | starfed out witha
degres in 2 biological subjsct, you can ses
whal a vast change was eventually
wrcLght.

A. Atkinson, Newton Ayclitfe, Co
Durham.

Colourful Computers

Dear Sir,

The article commencing on P48 of the
Dec 88'Jan 83 issus, failed 1o tackls the
problem of the case where the computer
culputs (i.e. colour, sync 2nd blanking)
are nalin the form as required by the TEA

2000. A typical case, inthisrespectis the
Amstrad CPC 6128 and this situation can
prasent difficulties to the constructor when
interface information is nol readily
available or obiainable. It is suggssied
therefore, that an addendum to the arficle
is prepared. that, for typical computers
(including the CPC 6128}, will provide the
information to fill the gap and
dispsll tha frustration that lack of
informafion generates.
Yours hopefully,
R. W. H. Davis, Dorchester, Dorset.

With projecis such as the TEA 2000 PAL
Encoder, having such a wide range of
applications, itis impossibls forus to
predict every possible use it will be put to
andd for this reason we cannol afways
provids dala or connection delails o ofher
peces of equipment, such as compuders.
This is not helped by the very wide reange
of computers avaiiable and a lack of
standardisation by manufacturers. The
time it fakes to collate information of this
nature would tie up our Lab engineers and
prevent them from developing projects. It
is really down fo the individua! construcior
fo fully read the lext with the project and
decide whether he has enough
information'experience to achisve the
desired aim, BEFORE purchasing the
parts or kit. However, if another readsr
can provide us with suitable informabion,
we will always consider publishing it

Electronics Going Rusty
Deaar Edifor,

Cangratulations on updating to your
bi-moninly magazing ‘Electronics’. At
Map!in you've built up a reputation for
bringing us, your customers, tha naw and
individual. Often your ideas are exclusive,
and | must add exceptional valus.

This brings me 10 my point, over the last
few months | have noticed that theraisa
new product in the car accessory shops, a
devica for stopping rust from forming on
the car body. It would appear that as metal
oxidisas to form rust, it generates a small
electrical current. The device senses this
and counters it with a charge of the
opposite polarity, the result being rustis
unable to form. Now | notice thal projects
for ears in your Top 20 listis quite high,
and because of this | think 2 projectfora
device of this type would be a very popular
choice with your cuslomers, mysslf
included.

A. H. Thorne, Wolverhampton, West
Midlands.

Yes we've seen them as well andtha Lab
may be doing some research inlo the
subject of efectronic rust prevention.
Meanwhile, if any readers (calling all
metalurgical experts!) have any ideas,
comments of circulls, please wrile in.

Intergalactic Leiter
Greetings.

Your supply freighter, the"Capetia I, has
recently visited Central Worlds bringing
electronic components and associated
literature. During routine translation info
Galacta of your ‘Buyer's Guide' an efror
report was generated by the itenerary of
tha ‘Capellz |I' on page 3. My colleaques
in the Social Studies Departmen! insist
that you shoutd bs notified to avert what
they refer to 25 'bad PR’ in the Sirjus

Secior and beyond. The error report came
from the eighth fine of text which begins;
“and world's team in profusion. And along
the way.."; Analysis suggesis thal this fins
shauld read; "and worids teemin
prafusion. And along the way...”

178226 Tyerman, University Library,
Trantor, Federation of Central Worlds.

It's great to hear from all you leng distance
customerss, please thank your language
experts for their comments. (The capiion
writer has bezn sent off o evering
classes Ip study GCSE Engiishl)

Electronics Under Glass
Dear Sir,

With reference to Dave Goodman's arficls
on temperature modules, Voluma 7
number 25. | am considering using the
FE33L medule =s a glasshouse
lemperature controller. The problem
being, in the event of 2 shod mains failure,
the sel lemperalure markers are losL Isit
possibie to show how back up batiery
power can be provided to the module (it
only dry batiery). I'm sure this would be of
use to many of your readers.

Yours {zithiully,

D. Lamer, Great Yarmouth, Norfolk.

Firstly, read through the article published
in the magazine o ascertzin thal you ean
achigve whal you wan!t with the project.
Regarding standiy batiery supply. if you
are using the serizl to parallel converter,
which | assume you are, & suggeston
would be lo connect an additional 1N4001
to D3, The cathede of the additional diods
shouid be connecied to the calhode of D3
(the end which connscis fopin 1 of RG1).
The normal 12V supply should by
connacted to PL3 as before and the
standby (baltery) supply +V connecled o
the free end (anode) of the additional
diode, the OV should be connected lopin
20fPL3. The standby supply voltage
should be grealer than 7.8V and the
normal supply atleast 2V higher than the
standby supply (e.g. 9V and 12V
respectively), this is to ensure comecl
switching betwesn supplies. Remember,
this is a suggestion for your ewn
expenimeniation.

One-man Band

Dear Sir,

You invite readers to contibute further
applications for the Digital Record &
Playback Module. Are you giving away
any frea kits for the most original usa? |
&m a musician and entertainer, and part of
my work is inventing and operating
one-man bands. Increasingly, | am using
electronics for confrol, though for
entertainment value fhere is no substitute
for visible mechanical effects. My most
recent one-man band is a full size dummy
chimpanzee ‘playing’ real drums with
solenoid operated beaters. The solsnoids
are Iriggered in real tima from the bass
and chord buttons of my piana accordian.
Now this monkey has a friend, a stuffed
macaw, who, as yet hasnot leamed to
speak! Tha band and | therefore awail
with eager anticipation the playback
version of the project.

Yours sincerely,

H. Barwell, Nottingham.

Look no further than page 64 for the
confinuation boards; the Piayback Only

| ard EFROM Moduies.

Maplin Magazine April 1989
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20 BEY SELLIIG BUYLC!

These are our top twenty best selling books based on mail order and shop sales during December 1988 and
January 1989, Our own magazines and publications are notincluded. The Maplin order code of each book is
‘shown together with page numbers for our 1989 catalogue. We stock over 250 differenttitles, covering a wide

range of electronics and computing topics.

Loudspeaker
Enclosure Design
and Construction
by Fane Acoustics

This book containsa
broad selection of
cabinet designs from
small-sized bassreflex
cabinets to multi-way
power systems.
(WMBSE2D) Cat. P87.
Previous Position: |

Price £3.00

| IC 555 Projects

.18'

How to |
Design and Make |
\'uur Own PCBs

N Towpes hl=ru'nr,_

0 R 0 A O B L

Z0Projects
Using Relays
SCRE&Triacs




Superb Triple-Trace 20MHz Oscilloscope

Precision laboratory oscilloscope.

3 Channels—3 Trace.

Sensitive veriical amplifisr ImV/div allows
very low level signals to be easily observed
180mm rectangular CRT has internal
graticule to eliminate parallax error.

X-Y mode allows Lissajous pattemsto be
prediuced and phase shift measured.

TV sync separator allows measurement of
video zignals.

20ns/div sweep 1ate makes {ast signals
observable

Algebraic operation allows sum or difference
of Channel | and 2 to be displayed.

Stable triggering of both channels even with
different frequencies is £asy 10 achieve.

| 50mV/div output from Ch | available ta dnive
external instrument e.g. freguency counier.
A hold-off function permits triggering of
complex signals and apericdic pulss
wavelosme

£287

Asabove, but with 40MHz bandwdth and
super bnght 12kV tube even at the highest
frecuencies. This instrument also hasa
delayed sweep time bass to provide
magnified waveforms and accurate time
interval measurement. Truly superb
precision msirument.

ﬂzﬂm ELECTRONICS

P.O. Box 3, RAYLEIGH, ESSEX 556 8LR.
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NEW SHOPS NEW SHOPS NEWSHOPS NEWSHOPS NEWSHOPS NEW SHOPS

MAPLIN'S 9 REGIONAL SHOPS

IV LEEDS &
NOTTINGHAM

NOW OPEN. FOR EDGWARE SHOP PLEASE RING BEFORE TRAVELLING

Before you send your next order fo us by post, take a District, Piccadilly and Metropalitan lines’

look and see if there's a Maplin shap near you. In our Hammersmith station. Qur Burnt Oak store is on the
shops you'll find that personal service that even the main Edgware Road at the comer of Burni Oak

best mail-crder operations cannot match. And you Broadway and Barnfisld Road, opening scon.

can look at the products before you buy. If you're East Midlands

coming for a particular item, a quick phone call will Gur Nottingham store, opening late 1988 for a full &
enable you to be certain the shop has everything you days a week, can be found on the narih east comer
wantin stock. of the city’s ring road just a few minutes from the city
Our shops are pleased to accept Access, centre. We are just 10 minutes drive from the M1,
Barclaycard, Connect, Amenican Express, Mapcard junction 25 or 28.

and cheques up to £50 with a cheque guarantes West Midlands

card. We'll even accept ordinary money as well! In the Midlands, our seif service Birmingham store
All our shops are close to excellent parking facilities, now open & full days a weekisjust 3 minutes from
meters in London and Manchester, and free the M6. Turn norih at Spaghetti Junction (junction &),
elsewhare. onto the A5127 following the signs to Erdington. As
The South you approach the Erdington roundabout, you'll ses
Inthe South our Southampton store is convaniently the slore’s 50 space car park directiy in front of you.
placed for easy access from all parts of Hampshire South-East

and surrounding counties, and is 15 minutes from Essex and Kent are sarved by our self-service
Portsmouth. Southend shop now open 6 full days a week whichis
London righton the A13, just 2 minutes before you reach the
Our London store now open 6 full days a week is centre of Southend. And we re only 30 minutes from
situated just to the west of the pedestrian shopping the M25 (junction 29) as well.

cenlre in Hammersmith, and is just five minutes from Yorkshire

the end of the M4 and only a short walk from the Qur shop in Leeds, opening late 1988 for 6 fulldays a

HELP SERVE YOU BETTER!

Birmingham:

Sutton New Road. Erdington. Tel: 021 384 8411.
Bristol:

302 Gloucester Road. Tel: 0272 232014,

London:

158-161 King Strest. Hammersmith: Tel: 01 748 0925.
148-148 Burnt Oak Broadway, Edgware. Tel; 01 851 0369,
Manchester:

8 Oxford Road. Tel: 061 236 0281.

Southampton:

46-48 Bevois Vallsy Road. Tel: 0703 225831,
Southend-on-Sea:

282-284 London Road, Westclifi-on-Sea, Essex.

Tel: Southend-cn-Sea (0702) 554000.

Leads:

Carpet Worid Building, Regant Strast.

Tel: 0532 449200.

Nottingham:

86-88 Lower Pariiament Stresl.

Tel: 0602 410242

For mail order enquiries,
please do not call our shops as they
Will be unable tohelp you.

week, is located in Regent Street just a few minutes
walk from the city cenire. By car, we are near the end
of the M1 and M&21 to the south.

West

Our West counlry store in Bristol is open a full 6 days
perweek. The self-service storecanbe foundon the
A38 Gloucester Road, midway between Bristol city
centre and the Filton airport.

The North West

Our self-service store in Manchester, now open 7
days a waek, serves the North and is just off the
Mancunian Way, opposite the BBC, aboul 5 minutes
from the end of the"MB02 or junction 10 on the M63.

All our shops are open from 9a.m. to 5.30p.m.
Monday to Saturday (9.30a.m. Wednesday). In
addition Manchester is open Sundays. All shops are
ciosed on Public Halidays. Shops do noi closs for
lunch,

There's a friendly welcome in store for you at any
Maplin shop. Our helpful staff may often be able

{o help with a technical problem or a constructional
difficulty.

Call in at a Maplin store and get what you want
today. We look forward 16 serving you.

NEW SHOPS NEW SHOPS NEWSHOPS NEWSHOPS NEW SHOPS NEW SHOPS
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