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HELP SERVE YOU BETTER!
Birmingham: Lynton Square, Perry Barr. Tel: 021 356 7292.
London: 159-161 King Street, Hammersmith W6. Tek 01 748 0926.
Manchester: 8 Oxford Road. Tel: 061 236 0281,

Southampton: 46-48 Bevois Valley Road. Tel: 0703 25831. |
Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex.

TeL Southend-on-Sea {0702) 554000.

Before you send your next order to
us by post, take a look and see if
there's a Maplin shop near you. In
our shops you'll find that personal
service that even the best mail-
order operations cannot match.
And you can look at the products
before you buy. If you're coming
for a particular item, a quick
phone call will enable you to be
certain the shop has everything
you want in stock.

Qur shops are pleased to accept
Access, Barclaycard, American
Express and Mapcard, and also
cheques up to £50 with a cheque
guarantee card. We'll even accept
ordinary money as well!

All our shops are close to excell-
ent parking facilities, meters in
London and Manchester, and free
elsewhere.

The South

In the South our Southampton store
is conveniently placed for easy
access from all parts of Hampshire
and surrounding counties and is
just 15 minutes from Portsmouth
(from the M27 junction 6, turn left
onto the A335).

London

Our London store situated just to
the west of the pedestrian shopp-
ing centre in Hammersmith, is just
S minutes from the end of the M4
and only a short walk from the

‘ u” “'WU \\\\

District, Piccadilly and Metropol-
itan lines’ Hammersmith station.

The Midlands

In the Midlands our Birmingham
store is just § minutes from the M6
on the A34, and only a little farther
from the M5 (junction 1) on the
A4040.

The North

Qur self-service store in Man-
chester serves the North and is
just off the Mancunian Way,
opposite the BBC, about 5 minutes
from the end of the M602 or
junction 10 on the M63.

South-East
Essex and Kent are served by our

Southend shop which is right on
the A13, just 2 minutes before you
reach the centre of Southend. And
we're only 30 minutes from the
M25 (junction 29) as well.

All our shops are open from 9 a.m.
to 5.30 p.m. Tuesday to Saturday
(closed all day Sunday and Mon-
day) and do not close for lunch.

There's a friendly welcome in
store for you at any Maplin shop.
Our helpful staff may often be able
to help with a technical problem or
a constructional difficulty.

Call in at a Maplin store and get
what you want today. We look
forward to serving you.
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by Dave Goodman

The Maplin Live-Wire Detector is a

| fascinating and novel device which will

detect the presence of mains electricity
whether there's a current flowing or not.
It's better than neon screwdrivers or
multimeters because you do not have to
make contact with the wire - it signals the
presence of mains up to two inches (5cm)
away and better than metal detectors,
because it only indicates if the wire is
live; also, its considerably cheaper.

A Most Useful
Instrument

It's the sort of device every house-
hold should own and anyone can use it
because you don't have to actually touch
dangerous points with any part of the
Live-Wire Detector. Even if the wires are
not connected to anything at one end,
Live Wire will tell you if they're live. You
could use it to find buried wires in dry
plaster or plastic conduit or under floor
or ceiling boards, though keep in mind
that its sensitivity is only about two
inches, so don't put a four inch nail where
there was a negative reading! However,
if you get a positive reading of a wirein a
wall and there's nothing else electrical on
that wall, then you can hammer the nail
home with confidence anywhere else.
The message then is: beware of negative
readings.

Other uses of Live Wire include
detecting breaks in cables or appliance
leads. If you have a suspect mains lead,
plug it into the mains; run Live Wire along
the cable and at the point where the live
wire is broken, Live Wire will cease to
sound and flash. If a fuse blows, Live
Wire will indicate mains present up to all
2
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Figure 1. Circuit Diagram
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the fuses and mains present on the wires
leaving every fuse except the dead one.
If you're wallpapering and need to
remove a switch plate, first check that
you get a positive reading with the mains
on, then switch off or remove the fuse
from the circuit you think is the right one.
With Live Wire in the same position as
before, it will no longer sound if you've
found the right circuit. There are
probably hundreds of other uses and one
or two we've thought of include detecting
ringing on telephone lines, detecting the
EHT in TV sets (though Live Wire will
probably need to be desensitized).

Live Wire will also detect static
electricity but in this case, it must be
moved into or through the static field and
only while it is moving will the instrument
sound.

Circult Description

An AC electro-magnetic field is
detected at IC1 pin 1. The 4069 inverter is
connected in a linear mode by placing a
feedback resistor between pins 1 and 2.
The value chosen for Rl keeps the
characteristic = high CMOS input
impedance so that changes in the
surrounding  electro-magnetic  field
produce a minute voltage change on the
aerial track which are massively ampli-
fied in this stage.

RV1 sets the point at which the
output from IC1 pin 4 will trigger the next
two stages. This is necessary since the
quiescent voltage at pin 2 will be
different from one chip to another. Being
a digital chip, this usually makes no
difference but in linear mode, it is
significant and RV1 has to be present to
ensure that every Live Wire can meet the
specification. RV1, therefore, is adjusted
to keep pin 4 high when not triggered.

Turning S1 on, lights LED2 which
indicates that the circuit is active. If no
electro-magnetic field is detected, then
pin 4 will be high and the rest of the
circuit is inactive. When an electro-
magnetic field is detected, pin 4 goes low
and pin 12 then goes high causing the
emitter-follower TRl to conduct,
operating LED1.

At the same time, IC1 pin 6 goes
high. D1 will now be reverse-biased
which removes the continuous low ‘hold-
off condition from pin 9 and allows the
oscillator to run. The oscillator comprises
the final two stages of the 4069 and
resistors R4, R5 and C2. The approximate
frequency is 3.5kHz. The output of the
oscillator drives the high impedance
piezo-ceramic buzzer directly.

The circuit runs from a 9V PP3
battery. The cwrrent drain is approx-
imately 10mA when the circuit is
switched on and 17mA when it is
detecting electricity.

An AC electro-magnetic field is one
which is collapsing and re-establishing
itself in phase with the frequency in the
wire, e.g. for UK mains, it is 50Hz. This
has the effect of turing D1 on and off,
which stops and starts the oscillator,
giving a characteristic buzzing sound. If
the circuit was moved in a static electro-
magnetic field, it will produce a pure
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Figure 2. Board Overlay, Wiring and Assembly

high frequency tone.

As the circuit moves into a field,
LED] may operate before the buzzer
starts to sound. It will gradually increase
in brightness and during this time, at
some point, the buzzer will sound before
or just as the LED reaches full brightness.

Construction

This project is very easy to build and

of box during J
assembly,

|
|

even an absolute beginner should have
no problems provided that you can
solder properly. Briefly, the important
points to note when soldering are: ensure
the tip of the iron is always covered with
a thin layer of resin-cored solder; ensure
that the tip of the iron is in contact
simultaneously with both sides of the
joint, i.e. in this case, the track on the pcb
and the component lead; apply the solder
to the joint, not the tip of the iron; remove
the iron immediately the solder starts to
flow; keep the tip of the iron clean by
wiping it regularly on a damp sponge. A
good solder joint will have a perfectly
smooth shiny appearance and be shaped
like a cone. Good soldering is an art
which must be learned, so if you've never
soldered electronic components before,
buy a small piece of Veroboard and
some tinned copper wire and practise
until you have perfected the art.

With reference to Figure 2 and the
Parts List, fit the resistors into the
positions shown. It does not matter which
way round each resistor is inserted but
the correct value must be put in the right
place. The resistors are identified by the
coloured bands on their bodies as
follows:

i Rl I0M Brown Black Blue Gold
R2 4k7 Yellow Violet Red Brown
| R3 470R Yellow Violet Brown Brown
R4 470k Yellow Violet Yellow Brown
| RS 220k Red Red Yellow Brown
R6 2k2 Red Red Red Brown



Next, insert the diode in position D1.
This component must be the right way
round; the thick band at one end of the
body must line up with the thick band on
the legend (the end closest to C1). These
seven components should be pressed flat
to the PCB as shown in the photographs.

C2 will be marked n47 or 470p and
should be fitted in the position shown. It
does not matter which way round it is
inserted. It is important, however, that
Cl, the remaining capacitor, is inserted
the right way round. It has one lead
longer than the other and has a ‘+’
symbol marked on its body. It should be
inserted in the position marked C1 on the
legend with the long lead (positive ‘+°) in
the hole marked ‘+' on the board.
Carefully solder in all these components
and clip off the excess lead ends.

Now insert ICl, so that the ‘D’
shaped cut-out in one end is the same
way as shown in the legend. If the IC
does not have the cut-out, it will have a
small dot printed or embossed in one
comer indicating pin 1 and this must be
inserted so that it is next to the ‘1’ shown
on the legend. Another way to find pin 1
is to place it so that the writing on the
package is the right way up and reads
correctly; now pin 1 will always be the
lower left pin on the package.

Fit TR1 such that its three leads go
through the three holes marked C, B and
E on the legend and such that the ‘D’
shape of the package is orientated as on
the legend. Fit preset RV1 in the position
indicated. Carefully solder all the leads
of these three components and cut off the
excess leads of the transistor.

The red LED is LEDI1. The shorter
lead is the cathode and the edge of the
circular package base is flattened adj-
acent to this lead. This cathode lead must
be inserted in the hole marked ‘K’ in the
position marked ‘RED’ on the legend. The
longer lead is inserted into the hole next
to it. The green LED is LED2 and is fitted
as for LED] in the position marked
‘Gm’ with its short lead in the hole
marked ‘k’ on the legend. Adjust the two
LED's until the base of each coloured
package is 6mm above the top surface of
the board. Holding the LED's absolutely
vertical in that position, solder the four

LIVE-WIRE DETECTOR PARTS LIST
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Figure 3. Buzzer Mounting

leads and clip off the excess wire.

Now fit switch S1. It does not matter
which way round it goes but it must be
perfectly vertical with respect to the
board. Carefully solder it in position.

Cut the wires on the battery conn-
ector about two inches (S5cm) from the
clip and strip % inch (3mm) of the
insulation from each wire. Twist the
strands of each lead and then tin the two
wires (i.e. apply the iron to the bare wire
and the solder to the bare wire and
remove the iron when the solder flows
around and between the strands of the
wire). The red wire from the battery clip
should be inserted into the hole shown '+
red’ on the legend and the black in the
hole marked ‘— black'. Solder these two
wires to the PCB.

Cut the wires from the buzzer about 1
inch (2¥2cm) from it. Strip % inch (3mm)
of the insulation from each lead and tin
each wire as before. These two wires
should now be inserted either way round,
in the two remaining holes on the PCB as
shown in the legend. Solder them in
position.

Check each solder joint carefully to
ensure that it is a good joint as described
earlier. Ensure that there are no tracks
joined together by blobs or fine lines of
solder where there should be no
connection. Finally cross-check each
component on the board with the Parts
List, Figure 2 and the photographs, to
ensure that each component is in the
right place and the right way round.

Final Assembly
and Testing

With reference to Figure 3, stick the
buzzer precisely centrally onto the
soldered side of the PCB using a sticky-
pad so that the mounting ears of the
buzzer point to the comers of the PCB
and the wires come out of the buzzer
right on the edge of the board. Ensure
that the sticky-pad is fixed to the base of
the buzzer, not the side with the large
central hole in it.

With a small screwdriver or trim
tool, adjust RV1 until its wiper points to
Cl as shown in Figure 2. Push the
assembly into the box so that the switch
protrudes through the rectangular hole
and the two LED's protrude through two
of the round holes. Line up the switch
fixing holes with the other two holes in
the box and screw the two self-tapping
screws into the switch. Just one or two
turns to stop the assembly falling out will
be sufficient at this stage. If you need to
readjust the buzzer position to get it to fit
in the box, simply peel up the sticky-pad
— it may be stuck and unstuck many
times before it loses its stickiness.

Plug the battery onto the battery clip
making absolutely certain it is the right
way round or IC1 could be damaged. For
now, drop the battery loose into the box.
The unit may now come on signified by
the green LED lighting, depending on the
position of Sl. Switch off if necessary.
Plug an appliance into a mains socket
and switch the appliance on. Bring the
assembly up to the cable, holding the
battery end of the box. Switch on. The
green LED will light and stay on. As you
approach the appliance’s cable, the red
LED should light and the buzzer sound.

RV1 must now be adjusted so that
the unit starts to operate about 2 inches
(5cm) from the cable. To increase the
sensitivity, turn RV1 clockwise. Do not try
to make the unit too sensitive or you will
find that occasionally it triggers for no
apparent reason or depending on how
you move your hand around near it.

When RVI is correctly adjusted,
tighten up the two self-tapping screws.
Then fix the battery into the box using the
other sticky-pad. Finally, sctew the box
lid on using the four screws provided.

MISCELLANEOUS
81 Sub-min Slide 1 (FH38Q)
Battery Clip 1 (HF28F)
1 @B10M) Mini Sounder 1 (FMBS3P)
1 (M4KT) Self tapper No4 x % 1Pkt (BFBSV)
1 (M470R) Live-Wire Detector Case 1 (FT39N)
S - (M470K) : ~ Quickstick Pads 1Strip (HB22Y)
.l 4 m & g - ; e *
1 (M2K2) OPTIONAL :
1 (WR80Q) Live-Wire Detector P.CB. 1 (GB8SG)
Bl 9 Volt Battery (PP3) 1 (FK88N)
i m A Kit containing all parts excluding optional items is
available. Order As: LK63T Price £2.95
Also available separately but not shown in the 1985 catalogue:
1 (QB73Q) Live-Wire Detector P.C.B. Order As: GB85G Price 50p
1 (QLSOB) Mini Sounder Order As: FM59P Price 18p
1 (QX38C) Live-Wire Detector Case Order As: FT39N Price £1.10 el
1 (WL32K) %
1 (WL33L)
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ELECTRONIC
CHRONICLES

A Brief History of Electronics

Part 5

Moving Pictures

The modermn TV is the culmination of
many years of research and develop-
ment. The origin of the more important
components can be traced back to the
earliest beginnings of electronics during
the 19th century. The advent of broadcast
radio during the first decades of this
century provided the impetus to transmit
pictures along with the sounds.

The techniques adapted for films
could be used as the basis for a suitable
process, that is to ‘freeze’ the action
for an instant. The illusion of motion is re-
created by the repeated showing of
these stills and the effect of persistence
of vision. One of the major problems
which had to be overcome was to
translate the pattern of light and shade in
a scene into a corresponding signal
voltage as the first stage in any electrical
transmission system. This could then be
converted into a radio signal for broad-
casting to suitable receivers.

One of the first methods employed
was to use a large number of photo-cells
arranged in a matrix; light from a portion
of the scene was thus converted by each
cell and the information could be sent
along a number of wires, one for each
cell. At the receiving end, the brightness
of small light bulbs would be varied in
sympathy with the photo-cells to re-
create the original scene. The system as
envisaged would have produced the type
of picture which it has taken modem
computer technology to generate and is
often seen at football stadiums to
produce a large display. The drawbacks
to this idea as a method of transmitting
moving pictures are two-fold; the first is
that the resolution of the final picture is
governed by the number of photo-cells
used in the ‘camera’. Secondly, the more
cells that are used, the greater the
problem of transmission, since this is
essentially a parallel processing method
and successful transmission by radio
requires a serial method.
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The History of Television

by Mike Wharton

Baird in his laboratory testing his transmitter and receiver in March 1925

Scanning Converters

The solution to this part of the
problem lay in scanning the scene in
some way, so that the light levels are
converted into a continuously varying
voltage. A method invented by Nipkow
used a disc onto which were fitted a
number of lenses, arranged in a spiral, as
shown in Figure 1. By using this disc with
a single light cell, it was possible to
convert the scene into a number of
curved ‘lines’. The light from each lens
was directed onto the cell, which thus
produced a varying voltage according to
the light level being scanned. The scene
could then be transmitted in a serial form
and re-created at the receiving end by a
method which was like the reverse of the
encoding process. Here a second
Nipkow disc was used which directed
the output from a light source onto a
frosted glass screen with the signal being
used to modulate the light.

BBC Hutton Picture lLibrary

|

Scanned

image field Apertures

Nipkow disc for an 18 line picture

L

Figure 1. Mechanical scanning device,




BAIRD

The above method is, in essence,
that used by J. L. Baird for his demonstr-
ation of the first practical television
system during the early 1930’s. Of course
there are many problems involved in the
implementation of this method; for
example, it is necessary to maintain the
two Nipkow discs in exact synchronism
and this may be achieved by inserting a
synchronisation pulse at the end of each
line, thus producing what would now be
regarded as a composite video signal.
The other problem which Baird faced
was that of finding a suitable light source
for the receiver. In this case, the
requirement was for something which
had a high intensity output, since it was
being used in a similar fashion to a
projector lamp. A filament bulb was
totally unsuitable, though, since a second
requirement was for high frequency
response in order to reproduce the
variations of light and shade at the speed
generated by the scanner. In the end, he
was forced to use a form of glow
discharge lamp, rather like a neon bulb.
This was in order to obtain the necessary
frequency response but inevitably meant
that the brightness and contrast of the
screen was fairly low.

When Baird tried to interest the
broadcasting authorities with his system,
he was then faced with a further imposed
constraint. The BBC decided that the
transmissions would be in the Medium
Wave-band and allowed him a channel
bandwidth of 9kHz! This may be comp-
ared with the modem colour TV channel
bandwidth of around 6MHz; admittedly
Baird's original system did not include
colour but it gives some idea of the scale
of the problem he faced. Since this
electro-mechanical system was event-
ually over-taken by the all-electronic
systems, there has been a tendency in
recent years to de-bunk Baird and claim
that his contribution to the development
of television was actually negative due to
his pursuit of a system which was
primitive and ‘obviously’ could never
work. It was certainly not obvious at the
time that this method would be super-
seded by the continuing advance of
electronics. It may well be that his
greatest contribution was to show that a
system of transmitting moving pictures
by radio was possible and could be
made to work, despite the doubts
expressed by the scientists of the day.

Electronic Systems

The various elements required to
make up the electronic version of Baird'’s
concept of TV had been around for some
time, but had not been developed or put
together as a complete system. Let us
look at some of the more important items
in turn.

The mechanical scanner has been
replaced by the electronic camera,
where an electron beam is used to scan
the scene and produce a video signal. An
early version of such a device had been
invented in 1923 by Count Vladimir

Baird adjusting his television transmitter

Zworykin, which he called the Icon-
oscope, (from the Greek ikon, a picture
and skopein, to see), shown in Figure 2.
The target was an aluminium film
oxidised on one side, which was photo-
sensitized by caesium vapour and faced
a metal grill which served as a collector
for photo-electrons. The metal plate was
scanned by an electron beam, which
penetrated through the oxide layer,
forming a temporary conduction path
permiitting the locally stored charge to
flow off through the signal plate.

The advances in electronics which
were taking place at the same time
allowed the signal produced by the
orthicon to be processed much more
easily than was the case with a mech-
anical system. The improvements in
valve techniques made the amplification
of the video signal generated a real

i
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' Cathode Ray Tubes

At the receiving end of the system,
an improvement over the disc scanner
was also needed to make full use of the
much improved resolution possible with
the electronic cameras. In fact, the
original orthicon camera came out of
studies into the nature of the so-called
cathode rays and the cathode ray tube
was another extension of this work.

This had originally begun during the
middle of the 19th century, by invest-
igators like Crookes and Faraday. For
example, Crookes had shown that an
electric current could be persuaded to
flow through a gas provided the voltage
was sufficiently high and the gas pres-
sure very low. He also showed that the
flow of electricity through the gas was
like rays of light, in that they travelled in
straight lines; his famous maltese cross

possibility, and hence generally experiment, shown in Figure 3 dem-
improved the quality of the system. onstrated this. Here the rays emanated
Light from Silver-caesium Mica Sheet
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Sir William Crookes 1832 - 1919

from the negative electrode, or cathode,
and cast a shadow of the cross on the end
of the tube. In these early experiments,
the rays were probably of negative ions,
formed by the electrons from the cathode
being captured when they hit a gas atom.
These ions would then be attracted to the
positively charged anode, and being
relatively massive, would fly past to form
the ‘shadow’ on the end of the tube. It was
also possible to see these rays as the gas
atoms fluoresced due to the internal re-
arrangement of electrons within them.

By improving the vacuum within the
tube, the cathode rays tended to dis-
appear, due to the removal of the gas
atoms responsible for fluorescence. This
meant that the electrons then had a
greater free path and conduction through
the tube was due mainly to them.
Experiments into the effect of bombard-
ing various substances with cathode rays
had shown that some exhibited
phosphorescence, that is, emitted light
which persisted for a short while after the
excitation had ceased. By placing a layer
of such material over the end of the tube,
the position of the beam was again
revealed. Also, it was possible to deflect
the beam of electrons by both electro-
static and magnetic means. By placing a
pair of plates on either side of the beam
path and applying a voltage across them,
electro-static deflection of the beam was
achieved. All of this led in 1897 to the
production of the first cathode ray
oscillograph by Ferdinand Braun at the
University of Strasbourg.

At around the same time, there had
been various improvements to the elect-
ron gun. One of the first of these was due
to a man by the name of Wehnelt in 1905.
He introduced the thermionic cathode
into the cathode ray tube, thereby
increasing the beam current possible. He
also devised the idea of placing a small
metal cylinder, closed at one end except
for a small hole around the cathode,
which forced the beam down to a smaller
diameter. The use of such a Wehnelt
cylinder permitted a smaller spot of light
to be produced on the screen and hence
improve the resolution. Further advances
were to place a number of cylindrical
electrodes along the path of the beam; by
making these positive with respect to the
March 1985 Maplin Magazine
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Figure 3. The Maltese Cross experiment.

cathode, the electrons were accelerated
towards the screen at higher speeds thus
increasing the brightness of the light
spot. It was found that adjusting the
potentials of these anodes allowed the
formation of an electron lens, allowing
the beam to be focused even more finely
on the screen and enhancing the
resolution further. The whole assembly is
called an electron gun and a typical one
is shown in Figure 4.

The cathode ray tube, as it was and
still is called, was an almost perfect
solution to the problem of reproducing
the transmitted TV picture. One of the
first experiments in using a CRT to
produce a picture had been carried out
during the early 1930's by the German
worker Baron von Ardenne. His initial
idea was to use what is called velocity
modulation; that is the light and dark
areas of the picture are generated by
altering the speed of the spot across the
screen. It became apparent that the same
effect could be achieved by applying the
picture modulating voltage to the
cathode and scanning at a constant
speed. The application of a variable
negative voltage to the Wehnelt cylinder,
or the ‘grid’ as it is now called, also
allowed the overall brightness of the
picture to be altered. During the inter-
vening years there have been many more
innovations and modern CRT's employ
magnetic deflection but it has remained
unchanged in virtually all other respects
from the early versions.

The electronic TV system which

!

originated during the 1930's was really
due to the combined effort of a team
working for the EMI Company, under the
direction of A. A. Campbell-Swinton. He
had originally put forward the ideas for a
system for the remote transmission of
images as early as 1908. His scheme was
to use cathode ray tubes both for the
transmission and the reception of the
pictures, an idea which had to wait for
the technology to provide him with the
necessary hardware. Indeed, the first
idea of the possibility goes back one
year to 1907, when a Russian, Boris
Rosing, seemed to have thought of using
Nipkow disc scanning and the use of the
newly invested oscillograph tube for
reception. During the intervening twenty
years, little or no development of these
ideas was camried out, although
Campbell-Swinton elaborated on them in
1911 and again in 1920. The interest
aroused by Baird gave the necessary
impetus for the application of the
available electronics to the problem.

Although 405-line transmissions
were started by the BBC during the mid-
1930’s, the outbreak of war in 1939
brought TV broadcasting to an abrupt
halt. The Second World War was
responsible for many advances in the
field of electronics and these were
available for application to television
after the war.

In the final article in this series, we
shall take a brief look at the people
responsible for the development of the
modern digital computer.
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Figure 4. A CRT electron gun.




Prompted by the many requests
received from our customers for a series
of interfaces allowing add-on expansion
to the Spectrum computer, the IO
Controller module is offered to achieve
this. Although not a programmable
paralleVserial device in itself, the IO
Controller will decode 8 independant
select control lines with data bus access
via a bi-directional buffer. Buffered read
and write lines are also available, thus
establishing CPU protocol during IO
time.

It is intended that the controller be
used with latch modules, serial interfaces
and speech/sound generators which will
be available from Maplin, designed as an
expandable system to extend the
Spectrum's capabilities. Of course, many
other commercial add-on’s could be
controlled by this module, especially in
the field of Robotics.

Circuit Description

The Z80 CPU IN/OUT accumulator
instruction determines the state of the
lower (A0 - A7) address bus. This
effectively allows 256 input/output ports
for use either from the keyboard or
with machine code. Spectrum firmware
uses A0 to A4 for printer, key scanning,
cassette and sound functions leaving AS
to A7 free for use with suitably decoded

8

v

address lines. IC1 determines when
fiimware is active and prevents the
address decoder IC2 from being
accessed. Assuming that a valid 'O Port
address is presented, say 31, then the
enable input of IC2 (pin 5) is taken low
when A0 to A4 is logic high.

AS, 6 and 7 will be logic low,
whereupon IC2 IORQ pin 4 is enabled
and the decoded output appears on pin
15. There are eight select outputs (CS)
from IC2, but only one may be accessed
at any time. Address lines A5 to A7
determine which one of these CS outputs
are active and Table 1 shows each /O
address associated with their respective
control lines.

Select Port VO

Line Address

(CS) 31
63
95
127
159
191
223
255

OO WD W -

Table 1

IC3 buffers the eight CS lines and
produces an active low output. Alter-
natively, these outputs could all be made
active logic high by fitting an inverting
7415240 in place of IC3. A bi-directional
data buffer, ICS5, connects the Spectrum
data bus to the port outputs for reading
(PRD) and writing (PWR) operations. The
PRD control line will not be active (logic
0) during the PWR sequence. Therefore,
the data bus state always appears on the
outputs of ICS irrespective of correct port
addresses being available or not! To
read information in from the port, both
IORQ and one of the eight CS lines must
be active. IC4a OR'’s both of the enable
signals producing a logic 0 to send to
IC4b. When a logic 0 read signal is
presented, ICS switches the port data bus
through to the Spectrum bus. This
arrangement ensures isolation between
the CPU and the outside world. The
regulator, REGI, supplies the +5V for
powering port electronics and is tapped
into the Spectrum 9V PSU. Although a
+5V regulated output has been brought
out to the expansion connector, the
current available is small. Additional
loading of the internal regulator will
increase heatsink temperature — and
may cause overheating problems -
especially on 48K machines with Inter-
face 1 attached.
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Facilities for connecting an external
PSU have been added which connect to
the IDC outlet for powering modules
connected to the port. R9, D1 can be used
as a power on/off sensing device and
control to these devices — more on this
later. Finally, the system RESET line is
extended through so that the Spectrum
can be externally reset, and/or periphals
reset during power up. The reset line is
active low, and reset occurs after a low to
high transition has been initiated.

Construction

Begin construction by first fitting the
2 x 28 way Edge Connector into the PCB,
(Figure 5). Insert the terminal pins from
the track side, and not the legended
component side. You will see a blank
locating peg fitted in position 5 of the
connector; line it up with the PCB so that
it sits directly behind but on the opposite
side to the bar on the legend. Do not cut
off any of the connector pins as they are
used for mounting an expansion PCB, as
we shall see shortly. Carefully push
every terminal pin through the PCB
leaving a 4mm gap between the rear of
the connector and the PCB. This allows
for clearance when fitting the module
into a box, otherwise not enough of the
socket protrudes for insertion into the
Spectrum. Make sure that both the PCB
and the socket are at right angles to one
another with an even 4mm gap along the
back and solder all terminal pins to the
PCB, on the component side! Each drilled
hole has plated through connections
joining the tracks on both sides of the
board so it is only necessary to solder
one side. Ensure the connector does not
move whilst doing this as it can be quite
difficult to straighten out afterwards.

Expansion PCB

The smaller expansion PCB can be
fitted at this stage although it is not part of
the port section. All address, data,
control and supply lines found on the
Spectrum connector are extended out
with this board. Note that no buffering or
port outputs are available from here, just
direct connections. Figure 5 shows all
relevant details. In position 5 on both
edges of this PCB, there are slots cut for
alignment purposes. Insert the PCB
between both rows of connector pins
standing out from the main PCB with the
slot against the legend bar. Gently bend
all 54 terminal pins towards the
expansion PCB until it is self supporting
at right angles to the main PCB and
solder each pin to the relevant track.
Clean off surplus flux with brush and
thinners and inspect every solder joint
made so far. There must not be any short
circuits between tracks or terminals;
otherwise damage may occur to the
Spectrum when running the port! As an
extra precaution, use an ohmeter or
multimeter set to measure resistance and
test for shorts between adjacent tracks
across and between both sides of the
expansion PCB. A little time spent
carefully checking at this stage is likely
to prevent major headaches later on.
March 1986 Maplin Magazine
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Component Assembly

With reference to the Parts List and
Figure 2, insert all five IC holders, noting
that those for IC's 1 and 4 are 16 pin
types, IC's 3 and 5 are 20 pin and IC2 is a
14 pin type. Push them down onto the
PCB, then carefully solder each terminal
in place. Mount CS5, 6 and 7, which are
circular disc capacitors, ensuring clear-
ance between leads and nearby tracks.
Next insert resistors Rl to R9. They are all
of the same value and colour coded:
Yellow, Violet, Red (‘normal' code), or
Yellow, Violet, Black, Brown (5 band
code). Fit diode D1 which must be the
correct way around with the Cathode (K)
or ringed end pointing to the outside
edge of the PCB. Align the band with the
legend. Now insert capacitors Cl, 2, 3
and 4. These electrolytic type capacitors
are polarised and must only be fitted one
way around. The case or negative end is
designated with a —V sign on the
package, or by the shortest of two leads.
Unmarked or longest leads are then +V;
insert according to the legend. Finally,
the 3-pin regulator REG] can be fitted
with the flat side containing the heatsink
bracket laying over a section of track on
the PCB. Bend all 3 terminals downward,
approximately 6mm away from the
plastic body and locate each one through
its mounting hole. This square of copper
track beneath the regulator helps to
dissipate heat radiated from the heatsink,
although it is fairly insignificant. Solder
remaining components in place, remove
excess leads, wires etc, and clean track
face with brush and thinners. Because
plated through holes have been incorp-
orated, it is possible for solder to run
down to the component side of the PCB.
Therefore, closely inspect both sides of
the board, looking for short circuits and
probable errors.

IDC Header

Every connection to and from the
port is made via a 26-way IDC header
plug. To fit this plug, slot the terminal
pins over the PCB solder pads situated
along the top edge, according to the
diagrams of Figures 3 and 4. Arrange all
terminals centrally to each pad and push
the plastic body down onto the board
edge. One side of the plug has a locating
slot cut down it — arrange this facing
outwards — which is situated on the track
side of the PCB (same side as the 28-way
socket!). Solder in place. It does not
matter which side the slot faces, but
Figure 4 notation is arranged for this
particular configuration, so best stay with
this standard.

Final Assembly

Insert IC's into their sockets. Look-
ing from the front of an IC with the ‘D’ slot
facing left, pin 1 will be the first pin
beneath the slot. Be careful to observe
this! Fit the 5 Vero pins by inserting them
from the track side and gently push their
heads down onto the track pad before
soldering in position. Again, re-check all
work done and when satisfied that all is
well, proceed with testing the module.
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Testing the Module

Refer to Figures 3, 4 and 8 for
testing. You will again need the services
of a good multimeter, a length of hook-up
wire and a diode, which should be left
over after construction.

Solder two short lengths of wire to
each end of the diode as in figure 8 and
strip, then tin the opposite ends.

With PSU disconnected, plug the VO
controller module into the Spectrum
expansion port. Turn on the power and
check the usual start-up routine and
cursor appears. Now try all keyboard
operations and make sure they function
normally; if not, switch off immediately
and remove the module. In this case, take
out all IC's and re-insert the module —
repeat the same check as before. The
most common cause of problems is
usually due to incorrect assembly and
soldering, so if the Spectrum functions
O.K. with the IC's out, then one or more of
them may be suspect.

Set the multimeter to read 5V DC
and connect with the negative lead
attached to the heatsink of REG1 (OV)
and positive lead to REG1 output pin,
marked with an arrow. Expect a reading
of +49 to +5.1V on the supply rail
Remove the meter.

Type in PROGRAM 1 and RUN it.

Each 1 of 8 ports will be addressed
and the DATA bus read. The left hand
column lists each port and the right hand
shows the data read which, for this test,
should be &H FF (255) for every port
address.

ENTER NEW and type in

PROGRAM 2.

RUN this program, input address 223
and data received will be displayed as
zero, in the right hand column opposite.
Take the test diode and connect the
cathode (K) to CS7 — port address 223 —
and the anode (A) to PDO. Figure 3 details
the appropriate IDC terminals. A new
data reading of 1 should be displayed,
due to the CS7 select line going low and
pulling data line PD0 low with it. In fact,
the data is inverted and is really 254 as

10
20
30

10
20
30
40
50
60
70
8o
90
100

l 110

120
' 130
140
150
160
170
180
190
200

PROGRAM 1

FOR I=31 TO 255 STEP 32
PRINT I,IN I
NEXT I

PROGRAM 2

CLS: RESTORE 200
PRINT "ADDRESS";
PRINT TAB 1@; "SELECT(CS)";
PRINT TAB 23; "DATA":PRINT
FOR I=1 TO 8:READ a,cs
PRINT TAB 2;a;
PRINT TAB 15;cs;
PRINT TAB 21;"&&&&&k&n
PRINT:NEXT I
INPUT "ENTER ADDRESS"; p
RESTORE 200
FOR J=1 TO B8:READ a,cs
IF p=a THEN GOTO 15¢
NEXT J:GOTO 100

IF INKEY$<>"" THEN GOTO 15¢

PRINT AT 21, ¢;"PRESS ENTER TO CHANGE ADDRESS"
PRINT AT INT(P/16)+1,23;255-IN p;"'%&"
IF INKEY$=CHR$ 13 THEN GOTO 1§

GOTO 17¢

DATA 31,1.63,2,95,3,127,4,159,5,191,6,223,7,255,8

10
20
30
40
50
60
70
8o
90

PROGRAM 3

CLS

FOR J=31 TO 255 STEP 32
FOR I=0 TO 255

PRINT AT 5,7;"PORT =";J
PRINT "DATA =";I

ouT J,1I

PAUSE 1¢

NEXT I:CLS

NEXT J:PRINT "END"

|
f |a] Dimensions in mm
Box top ae
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|

Figure 6. Box Cutting Details
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PDl to PD7 are all pulled high by
resistors R1 — R8, thus returning 255 — 1.
Line 170 in the program inverts data
readings for clarity during testing.
Removing the test diode from PDO will
cause data to return to 0. Repeat this test
on the remaining seven data lines PDI to
PD7 using CS7 only, checking for data 2,
4, 8, 16, 32, 64 and 128. All combinations
from 0 to 255 can be found by joining
different data lines together and connect-
ing to CS7 as required. Press ENTER and
input a new port address from the list.
Again repeat previous tests with the test
diode connected to the selected CS pin
until all eight addresses and CS lines
have been checked. Only data input to
the port is read in while running program
2 and a good indication of correct
operation results in doing this. However,
data output should also be checked but
this operation is not quite as easy. To test
port WRITE requires additional hard-
ware in the form of latching registers
and LED’s, and figure 9 shows a suitable
circuit of this type. Data placed at the
T74LS374 inputs is clocked into the latch
during the WRITE cycle and appears at
the Q outputs. Sending out data codes
0 — 255 will bring on the appropriate
combination of LED'S at this time but not
during the read cycle. PROGRAM 3 can
be used with Figure 9, with c.c.t
connected to the /O module where each
port and data code will be set up.

External PSU

As mentioned before, external
power source connections can be
brought into the /O PCB and hence to the
IDC plug. Note that these supplies do not
drive the module at all. +12V, -12V,
+8V and 0V inputs are available which
can be extended to peripheral devices
along the IDC cable and connector. Also
Figure 10 shows a simple application for
disabling or enabling these power rail
connections when turning the Spectrum
off or on — this being useful for
preventing false triggering or even
damage from occurring.

SPECTRUM 1/0 CONTROLLER

RESISTORS: All 0.4W 1% Metal Film
Rl1-8 4k7

CAPACITORS
cl 1004F 10V Axial Electrolytic
Ca34 1004F 25V P.C.Electrolytic
C56,7 100nF Minidisc
SEMICONDUCTORS
D1,Test IN4148
icl 741530
1c2 7415138
Ic3 7415244
ic4 741532
18 7415245
REG 1 uATEMOBUC
12

l

k a
1N4148

]
I

Figure 8. Test Diode
—_—

—

J

Figure 9. Additional Circuit to Test

1To 1/0

£15V DC Input 0
trom Supply
NO out
mry com!
<
:j—“&nc o |
bt RLA-2 '
ov ov |
o— l
J

Figure 10. Circuit For External PSU

Further Expansion

Additional modules designed to be
used with the controller module will be
available, such as a parallel/serial system
for communications applications; a
sound/speech generator with amplifier
and speaker and a 4-channel PWM
servo/motor drive module. Some of these
projects can be found in this issue and
others will appear in future editions.

Interface 1

The IO module should function
normally with Interface 1 although this
cannot be guaranteed in every case. We
have found that some series 3/3B 48K
machines do not tolerate extra ‘add on'’s’
especially when the ZX printer is
attached, possibly due to excessive
loading on the PSU.

o [ 3

Fitting info a case

Should it be required to enclose the
module, and it is highly recommended
this be done, Figures 6 and 7 give the
necessary cutting and drilling details for
the box. There are 3 cut-outs to be made
and 4 holes to be drilled in the lid for
mounting the PCB. Use 4 Y%in 6BA
spacers, bolts and nuts for this purpose.
Fitting a 5-pin DIN plug into the box
sidewall will allow a neat connection for
an external PSU, if required, or perhaps a
larger box could be used for containing
both the PSU and the /O module.

Final Hints

Control lines CS1 — 8, PRD and
PWR are all active low (0V). Use CS to
select the peripheral device and
PRD/PWR to enable Tri-state buffers
on the data bus. Remember to connect
the common 0V line as welll Only the
addresses in TABLE 1 are decoded so if
you are using several different modules
as well as this module, check what codes
can be used without clashing with any
others.

MISCELLANEOUS
PL1 26-Way IDC Header 1 (FJISR)
SK1 2 x 28-Way Edge Connector 1 (FG23R)
14-pin DIL Skt 2 &Ll&l})}
16-pin DIL Skt 1 1
9 (M4KT7) 20-pin DIL Skt 2 (HQTT)
Veropin 2141 1pkt (FL2IX)
Spectrum /O Controller PCB 1 (GB80B)
1 (FB48C) Spectrum VO Pin Ext PCB 1 (GB8IC)
3 (FF11M) 8BA C/S Screws x Yain 1pkt (LROOA)
(YR78S) 8BA Nut 1pkt (BFISV)
8BA x Vsin Spacer 1pkt (LR69A)
Box PBI Black 1 (LH14Q)
2 (QLS80B)
} (YFS3H) A Kit of the above parts is available.
1 (QQS6L) Order As LK65V (Spctrm VO Cntrlr Kt) Price £17.95
1 (YF21X) The following are also available separately, but do not
1 (YFOlY) appear in the 1985 catalogue:
1 (QL28F) Spectrum VO Controller PCB Order As GB80B Price £5.15

Spectrum Pin Extension PCB Order As GB81C Price £1.85
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By Graham Dixey, C.Eng., M.L.LE.R.E. Part Seven

The Stack

The ‘stack’ is an area of random
access memory reserved, in the most
general terms, for the temporary storage
of data. Therefore, it is bad practice,
though quite possible to do so, to
encroach on it for user programs. One of
the most powerful features of
microprocessor-controlled systems is the
ability to transfer control at given instants
of time. Examples of this have already
been given in this series. For example, it
was shown that it is possible to run a
program and, apparently at the same
time, supply data to a peripheral (such as
a printer). This is done by allowing the
peripheral to ‘interrupt’ the current
program when it needs attention.

It doesn't need much thought to
appreciate that such interrupts may occur
at inconvenient moments in time, i.e.
when the processor is manipulating data,
when the X and/or Y registers are holding
specific values of data (such as in a
counting-up or counting-down
sequence), when the Processor Status
Register is being used in a loop, and so
on. It is necessary to ensure that the
condition of all relevant registers, ports
and memory locations is exactly the same
after an interrupt as before it. Thus the
function of the stack is to hold all such
data during an operation such as an
interrupt service routine and then to
restore the status quo on its completion.
The act of placing data onto the stack is
called ‘pushing’, while the process of
retrieving data from the stack is termed
‘pulling’ or ‘popping’.

The stack operates in a particular
way, known as the Last In First Out
(LLF.O.) principle. Data access is
entirely sequential, starting at the ‘top’ of
the stack (i.e. the highest stack address),
with each new byte of data being placed
after the last one, and reversing the
process to remove data. There is no way
of getting at a byte of data without first
removing the data bytes before it. This
may sound like a limitation but in the
usual context it isn't.

= 3
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(a) initial state (b) 1st push
o

-—j + 8

O1FC}H
(c) 2nd push (d) 3rd push
01FD ‘ -- B2
‘data
(e) 1st pull

Figure 1. Pushing and pulling the stack

Associated with the stack is a
register known as the Stack Pointer (S).
Its function is to keep track of how far into
the stack the data has been pushed. It
actually points at the next free location.
Figure 1 shows the contents of the Stack
Pointer after three successive pushes and
one pull, in a 6502 system. Notice how the
stack ‘grows upwards' during the pushing
operations; also how the Stack Pointer
register is decremented at each
successive push. When data is pulled
from the stack the reverse occurs. The
last data byte entered is withdrawn and
the Stack Pointer is incremented.
Considering that the area of RAM
reserved for the stack is a whole ‘page’,
i.e. 256 locations, each capable of holding
a data byte, it is reasonable to ask why so
much space is devoted to this function,
particularly when we appreciate, as we
shall soon, that only the contents of the
Program Counter, Accumulator and
Processor Status Register can be pushed
onto the stack anyway.

Well there may be several reasons
for this. For instance the desire for
orderliness, compartmentalising the
stack into one specific page of memory.

There may also be occasions when, in a
limited memory system, an area of RAM
on, say, page 0 needs to be temporarily
cleared (but not lost) in order to provide
data space during an interrupt routine.
Thus, a block transfer of data can be
made into the stack. Again, if many
sub-routines are ‘nested’, their return
addresses will be held in the stack, which
obviously must have adequate capacity.

Since there is no separate instruction
for pushing or pulling data in the Xand Y
registers, input/output ports, or memory
locations, all transfers will have to be
effected by loading into the Accumulator
and pushing this. Pulling is achieved by
popping the stack contents into the
Accumulator, following this with a store
instruction to the appropriate location - |
see Table A. Notice how the LIFO
protocol is observed by the order in
which memory locations MEMI1 and
MEM?2 are pushed and pulled.

LDA MEMI

Pushing from PHA
memory to stack. LDA MEM2
PHA
PLA
Pulling from STA MEM2
stack to memory. PLA
STA MEM1
Table A

The Stack and
Sub-routine CALLS

Unless a program is a very simple
one it is bound to contain a number of
sub-routines. Indeed very complex
programs consist mainly of a variety of
sub-routines, some nested within others.
When a point is reached in a program at
which a sub-routine is required, a
sub-routine CALL is said to be made. This
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Assembler m/code Stagh
| JSR suB1 0034 201803 O1FC |
003D - - - - -- 01FD
] y "-[.00 JotFE |
! ' 5 --(3D
| 1st SR insn031B - - - - - - O1|FF
' i JSRT RTS!
i | 0318-={PC }H=--' |
) ) 003D
l RTS SR ends

003D-- -~ |
‘ Main prog. continues
|

Figure 2. The stack during sub-routine ca—lls

is, in effect, a software interrupt and
requires that the contents of the PC, at
least, must be saved so that the main
program may resume at the correct place
after the sub-routine has been completed.
Thus, the stack will always be used at a
sub-routine call.

The instruction that initiates such a
call is JSR and it is automatic that on
encountering this instruction, the PC
contents +2 will be pushed onto the
stack. The process is reversed at the end
of the sub-routine when the RTS
instruction is found and the PC contents
are restored. The Stack Pointer contents
are automatically adjusted in both cases.
This is illustrated by Figure 2.

A program on page 0 encounters a
sub-routine call at location 003A. The
op-code for JSR is 20, which is Absolute
addressing mode only and so requires a
two-byte operand. Assuming the sub-
routine SUBI starts at location 031B, this
operand, low byte first, is 1B03. However,
at this instant the PC holds the address
003D, for the next main program
instruction, and this is pushed, low byte
first, onto the stack. Assuming that the
stack was initially empty, S first held 01FF
(first free stack address) but, after these
two pushes, now holds 01FD. The PC is
loaded with the sub-routine start address
031B and the sub-routine runs. At the end
of the sub-routine, RTS causes the PC
contents to be pulled from the stack and
the main program continues.

Stack Instructions

Obviously the JSR and RTS
Instructions cause automatic stack
operation. Two other stack instructions,
PHA and PLA were introduced earlier,
giving the programmer the freedom to
push and pull the Accumulator contents.
There are two others, PHP and PLP that
enable the Processor Status Register to

be treated similarly. This makes a total of
four instructions, each of which uses
Implied addressing mode, ie. no
operand is required.

It should be obvious that to save the
X and Y register contents, use must be
made of the PHA instruction, followed
eventually by PLA to restore them. It is
necessary to transfer the X (or Y) register
contents to the Accumulator and back
again using the ‘transfer’ instructions
TXA, TYA, TAX, TAY. Thus, in
Assembler, the pushing and pulling of the
X and Y registers is shown in Table B.

When sub-routines are ‘nested’, one
resides within another and perhaps
another resides within that one and so on.
This is referred to as the ‘levels’ of
sub-routine calls. This is where the LIFO
structure of the stack plays a vital role in
saving and restoring the return points at
each level of call. Figure 3 should make
this clear for a case of sub-routines
nested to three levels.

Figure 3. The stack and nested sub-routines

Passing Parameters

Generally the object of a sub-routine
is to operate on some data which has,
therefore, to be made available. Such
data is referred to as the 'parameters for
the sub-routine’ and has to be passed to
the sub-routine in some way. An obvious
way is to have these parameters available
in memory locations so that a program
line in the sub-routine would read
something like LDA PARI], where PAR1 is
the memory location holding the data.
This seems alright, but suffers from the
drawback that this memory location (and
any others similarly used for data
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alternative that is also independent of
memory is to push the data onto the stack
and allow the sub-routine to pull it for its
use

Inferrupts

As we know, an interrupt is a way in
which a peripheral can tell the processor
that it requires attention, either to send or
receive data. Usually a change of level,
e.g. from logic 1 to logic 0 is effected at a
special pin on the 6502. Actually the 6502
has two such pins, known as NMI and
IRQ, standing for Non-maskable Interrupt
and Interrupt Request respectively,
either of which may be taken low to
initiate an interrupt. The difference is that
IRQ can be disabled by setting the
Interrupt Mask bit in the Processor Status
Register; NMI cannot be disabled.

On receipt of an interrupt request
from a peripheral, the processor
completes its current instruction and then
pushes both PC and P contents onto the
stack. It also sets the Interrupt Mask bit
just mentioned so as to inhibit further
interrupts of the same or lower priority. It
then goes to a pair of memory locations to
find the start address for the Interrupt
Service Routine and loads this address
into the PC. In 6502 manuals the locations
are usually stated as follows:

FFFA and FFFB: NMI vector.
FFFE and FFFF: IRQ vector.

However, at least one machine is known
in which the vectors are found elsewhere
in memory so be warned! It is the
responsibility of the programmer to load
the interrupt vectors into these locations.

The Interrupt Service Routine (ISR) is
just a special sub-routine to service the
particular peripheral. The last instruction
in this routine will be RTI, which performs
a similar function to the RTS at the end of
other sub-routines. That is, the original
contents of PC and P will be pulled from
the stack to allow the main program to
continue from where it left off. If it had
been necessary to push the contents of
any other registers or memory locations,
this would have been done, by methods
already explained, at the start of the ISR,
the pulling being done immediately prior
to the RTI instruction. Another important
instruction that should be included just
prior to RTI is the CLI instruction, to clear
the Interrupt Mask bit. Failure to do this
will mask off any further calls on IRQ.
Figure 4 shows how the stack might look
after a typical interrupt.

TXA Transter X into A. storage) are embedded in the sub- Mumple lMQ"upfs
| FLl Pish f5 : routine. Since a sub-routine is supposed Of the two 6502 int t lines, IRQ is
' TYA Transfer Y into A. to be a general tool, available for a e - errup:l NMI . ft.
PHA Push A. variety of programs, this can make life 1B genceal pigpsseling < s often
. awkward for the programmer, having r e 1
. always to keep an eye on specific |
. locations. Sub-routines of this sort are for [ : g:::
addition, multiplication, square-roots, etc. PR X o1FB
PLA Pull A. . If only two parameters were s A 01FC
;ﬁ‘: mer Ainto Y. required, these could be placed in the X - - - P 01FD
E and Y registers, should these be F- - - PCL OFE
TAX Transfer A into X. available. gThe program is then S5 R PCH _ lotFF
L s independent of memory addresses and is e —
Table B truly general in nature. A further Figure 4. The stack after an interrupt
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Ve reserved, since it has the higher priority, +5V
:fz for alarm situations such as loss of power. .
'ﬁ- This means that if several peripherals are Peripheral C
A to be serviced by the processor, they )
" must share a common interrupt line, /ered OR
i | namely IRQ. This obviously raises several \ common
2t questions. _ : nterrupt
[ (i) How is it known which peripheral . ~~ ine.
113 wants attention? Peripheral B \ e
=3 (ii)) How can the ISR relevant to the - |E Flags

" particular peripheral be found?

There are two approaches, a
software one and a hardware one. The
software method is known as ‘polling’ and

: consists of using a short program to test
the status of a flag, on the peripheral
which is connected to the input/output
ports. Figure 5 shows the physical
arrangement of a system servicing three
peripherals.

The IRQ line is connected in the
wired-OR configuration so that any
peripheral can initiate an interrupt by
¢ taking it low. Each peripheral has its own
Interrupt Enable Flag (IE Flag) which will
be set (i.e. at logic 1) only when that
particular peripheral requires attention.
Each flag is connected to an I/O port line
so that its status can be determined by
" the usual loading and masking operations
in the Accumulator. Now consider the
sequence of events when an interrupt
occurs.

First when IRQ goes low the 6502 will
check the Interrupt flag in the P register.
If it finds it enabled (clear) it will proceed
with the interrupt by saving the PC and P
registers on the stack and branching to
FFFE and FFFF to find the interrupt
vector. Assume this has been allocated to
: 0300. The PC will be loaded with 0300.
What will be found at this address? In the
case of a single peripheral it would
simply be the ISR for that peripheral,
which would then be executed. However,
in this case it would find the polling
program. This is shown in Table C in
Assembly Code to show how it might
& appear (by now you should have a good
idea of how to write your own). It is
assumed that the Peripheral IE Flags are
connected to Port A such that Peripheral
A goes to PAO, Peripheral B goes to PAl
and Peripheral C goes to PA2.

LDA DRA Loads Port A data into

[ Accumulator.
AND #01 Tests bit 0 :if ‘1’ found,
BNE ISRA goes to Peripheral A ISR.
LDA DRA Loads Accumulator again.
AND #02 Tests bit 1 :if ‘1’ found,
BNE ISRB goes to Peripheral B ISR.
LDA DRA Loads Accumulator again.

1 AND #04 Tests bit 2 : if ‘1’ found,

{ BNE ISRC goes to Peripheral C ISR.

Table C

As you can see from Table C, this is
a simple and repetitive program which
just tests the inputs to the first three /O
lines of Port A and branches to one of
three sub-routines on the result of a
1 successful BNE test. There is no need to
| loop back since a ‘1’ must be found at the
first pass otherwise this routine wouldn't

5

Peripheral A
/

@\//

/

PAO

1/0 Port— |

PA7 Microcomputer

Figure 5. System using multiple interrupts

have been called. Because the AND
masking operation changes the
Accumulator contents, it is necessary to
reload this register before each new test.

The term ‘polling’ simply means a
sequential interrogation and, in this case,
should not be confused with a general
polling method in which the peripherals’
status flags are ‘perpetually’ checked by
a looping polling program to see if any
one is set, there being no interrupt in use.
This latter method is time-wasting and
inefficient. The method just discussed
only calls the polling sub-routine after
receipt of an interrupt signal. This allows
the processor to concentrate on other
matters for the rest of the time.

Main prog.

Main prog.

<AARloes
ISR ISR |
ISR f
} l

-

— |

|
B

Stack

Figure 6. The stack with multiple interrupts

The hardware alternative naturally
requires additional hardware in the form
of a ‘hardware arbitrator circuit. This
responds to an interrupt request by
sending back an INTA (Interrupt
Acknowledge) signal to each peripheral.
Only the one that initiated the interrupt is
able to respond, which it does by sending
to the processor its ISR start address.
Priority is established by ‘daisy chaining’
in which the INTA signal is sent to
peripherals in order of their importance.
This incidentally answers the question
‘what happens when two peripherals
interrupt simultaneously? The higher
priority one gets interrogated first and so
gets serviced first. It is possible for
peripherals to queue for attention and it is
also possible for a low priority interrupt
to be interrupted by a higher priority call.
In this case the stack gets pushed by the
first interrupt (to preserve P and PC for
the main program) and then pushed

again by the second interrupt, to
preserve P and PC for the first interrupt.
The stack is successively pulled as first
the second interrupt routine finishes and
then the first interrupt routine is
completed. Figure 6 shows this idea.

The BRK Instruction

The BRK mnemonic stands for
BREAK, as is probably quite obvious. It is
included here because it is a form of
software interrupt and has similar effects
to a regular interrupt. It results in the
pushing of PC and P onto the stack and a
branch to FFFE, FFFF. It is a useful
debugging aid since, by including it
anywhere in a program, it is possible to
create a ‘breakpoint’ and allow a branch
to a sub-routine for program analysis. In
order to know whether the program has
been interrupted by a BRK command or
by a regular interrupt, the B flag in the P
register should be checked. If equal to ‘1’
it was a break but if equal to ‘0" it was an
interrupt. The program segment shown in
Table D in assembler will perform this
function.

Pull P register from stack.

Push P register back onto
stack.

AND #10 Test B bit : is it ‘'1'?

BNE Branch to break sub-routine.

| PLA
PHA

Table D

Don't make the mistake of thinking
that the first and second lines of this
routine cancel each other. The first line
loads the Accumulator with the P register
contents; the second line restores the
status quo of the stack. The Accumulator
still contains the pattern of bits from the P
register, which can then be tested by the
third and fourth lines.

This series on the 6502 is almost
finished now. It is a fact that one could go
on forever; there is always so much to
learn about programming and the more
one learns the more fascinating it
becomes. However, the next part will be
the last and those instructions not so far
discussed will be explained then together
with examples of their usage.
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THE CHANNEL FOUR ROBOT !

Introduction

The Trundle package consists of an
interface and memory expansion board
for the ZX81 and the extra pieces
necessary to make a ZX81 based
‘Trundle’ robot. The system is supplied in
kit form with a comprehensive set of
Instructions.

The interface was designed with the
aim of encouraging participation in
robotics and allowing other applications
of interfacing. This exciting field is often
avoided by both software writers as
being too complicated electronically and
by electronics enthusiasts as being too
complicated from the programming
angle.

However, these fears are not just-
ified. An interfacing project may be as
hardware or software intensive as the
designer wishes. A lack of skill in the
hardware field can usually be made good
with an extra piece of software and vice-

The inside Story :
By Eddie Forrester
& Robin Moorshead

versa. Trundle was designed to bring the
beginner up to a reasonable level of
competence with both a computer key-
board and a soldering-iron.

The package itself breaks down into
four main sections:-

The Interface.

The Memory Expansion.

The Sensor Board.

The Motor/Chassis Unit.

The Interface

This provides eight input lines and
eight output lines, the latter being
buffered by relays to enable the direct
control of small motors, buzzers etc. See
Figure 1.

Data is latched onto the output lines
by the command:

POKE 9000, data.

The data is presented on the output
lines in its binary form, eg.

If data = 1 then only the relay for

bit 1 is energised.

If data = § then the relays for bits 1

and 4 are energised.

The interface is memory mapped
and may be addressed between 8-16K or
40-48K although address 9000 is usually
used for convenience. This area was
chosen since it is unused by the ZX8l
operating system. The area is not
however clear, containing a ROM
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Figure 1. Trundle circuit diagram.

shadow. If this shadow were to be left,
the operation of the interface would be
corrupted. For this reason, ROMCS is
connected to Al3 through a diode D9 so
that it is pulled high if any address
containing A13 appeaars on the address
bus (as at any address in the 8-16K ROM
shadow). This disables the ROM when
necessary without affecting the normal
operation of the ZX81.

!
|
|

The output of IC3a will only go high
if the computer is writing to memory
(MREQ and WR low) in ROM or ROM
shadow areas (Al4 low). This signal is
then ‘ANDed’ with A13 to ensure that the
computer is not trying to communicate
with ROM and this output (from IC4b)
used to take the ‘E’ pin of IC6 high. This
prepares IC6, an octal latch, for data
transfer. When MREQ goes high again,

1

|

the ‘E' pin is taken low, the new data
being latched onto the output lines on the
falling edge. These lines are then used to
drive the relays through TR’s 1 to 7. The
diodes across the relay coils protect the
transistors from the back EMF spikes that
occur when the relays are de-energised.

The select circuitry for the input
port is essentially the same as that for the
output port differing only in that it

MAPLIN
MEMORY BD
GB88vY 1SS 1

=

Ol\

”©e

l o SK2
0 — ic2 -
- |
MAPLIN MEMORY BD GB88V
|

Figure 2. Memory PCB artwork and overlay.
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L3
provides an active LOW output when the | The Memory Expansion

computer wants to READ data. This
output is used to enable ICS (an octal
buffer) which effectively connects the
input lines directly to the ZX81's data bus.

IC's 7 and 8 are Schmitt inverters
and serve to square up the input signal.

Although the standard 1K ZX81 does
not provide enough memory for any but
the simplest of interfacing programs, the
extra cost and power consumption of a
16K RAM pack are not worth while.
Instead, this package contains a CMOS

| —

O _ ae
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4
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14
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23
15

I

Figure 3. Intexface PCB artwork and overlay.
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memory board which provides extra
memory whilst actually lowering the
power consumption of the ZX8l. The
memory board also serves to connect the
ZX81 to the interface board.

IC2isa 6116, 2K x 8 CMOS RAM. Itis

| selected when both Al4 and MREQ are
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MAPLIN SENSOR BD GBSOX

l Trundie straight l

Al I|R absorbed by |
tape neither receiver
detects I[R. *
Black insulating |
|
‘ : /,Reﬂechve
Surface.

Trundie drifting to one side

!

l One receiver detects ]
’ IR, the other doesn't.

/ I/R absorbed. ]

IR reflected. ‘
Trundle seeing a gap

. % ﬁ All 1R refiected. E
\/ |

Figure 6. Infra-red detection principle.

low simultaneously. This decoding is
essentially the same as that performed in
the ZX81's ULA which normally selects
the RAM when required. However, the
RAMCS  line cannot be used as it must
be pulled high permanently to disable the
internal RAM.

Trundle Bits

In this category fall all the extra bits
necessary to make a ZX8] based
‘Trundle’ robot which is designed to
negotiate a twisting passageway defined
by black lines. A sensor board and
chassis are supplied in kit form.

The design of the sensor board is
simplicity itself. See Figure 4. When
Infra-red from one of the TIL38 IR
transmitting diodes is reflected into one
of the photo-transistors, its collector/-
emitter resistance falls dramatically,
pulling the appropriate input line to OV.
When no IR is detected the resistance of
the collector/emitter junction becomes
extremely large and the input of the port
is effectively left floating high. As the
signals are inverted by the Schmitt
triggers in the interface, a high will
appear on the appropriate data line when
IR is detected and a low when none is
perceived.

The photo-transistors are arranged
so that they may provide an indication of
Trundle’s orientation in a passageway,
where there are walls etc. See Figure 6.

The chassis and motors are also
supplied in kit form but the well-
documented instructions make assembly
an easy task. The motors are switched by
the relays in the interface. See Figure 7.

—_—

% R 470nF 5
‘ ] ela elay 1 |
i % > ) |

|
|
|
~ —

Figure 4. Sensor PCB artwork.

March 1985 Maplin Magazine

Figure 5. Sensor PCB overlay.

Figure 7. Motor drive.



| D10 - 12 D13- 17
‘ 1/R Emitter 1/R Receiver
|
| o > Flat =
| 8 N >

L L1 53

k a
a k
D1 9

Figure 8. Components pin-outs guide.

Construction

Provided you take care and obey a
few simple rules, your circuits will work
first time. Too much haste or careless-
ness inevitably leads to disappointment.

1. It is critical which way round most
components are connected. With semi-
conductors, if you switch them on
connected the wrong way round, you will
not get a second chance; they are
destroyed in a few millionths of a second.
The legend on the printed circuit board
will always tell you the way the comp-
onents should be connected.

The microchips have a ‘U shaped
slot in the plastic package. This aligns
with the ‘V" shaped slot in the socket. The
transistors have a tag on the case. The
diodes DIl to D4, and D9, have a thick
band at one end. The diodes D10 to D12
have the anode lead longer, and D13 to
D17 have the anode (collector) lead
shorter. See Figure 8. The capacitor has a
+ sign by one lead.

2. Use a miniature soldering iron.
When it has heated up, wipe the hot tip
on a piece of wet sponge to clean it. Do
this regularly to remove excess solder
and flux.

Hold the soldering iron so that it
touches both the copper track and the
component lead and after a few seconds
apply solder to produce a ‘volcano’
shaped joint as shown in Figure 9.

Good Bad -Copper Bad-
track not Component
heated enough  lead not
heated
enough

Figure 9. Solder joints.
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Figure 10. Mounting Infra-red detectors.
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Figure 11. Mounting Infra-red emitters.

The Sensor Board

With reference to Figure 5, Solder
the 10{) resistor R9 in position. The infra-
red detector transistors can be identified
by the fact that they are transparent and
smaller than the emitters.

Insert the transistor into its holes,
making sure the emitter and collector are
the right way around. See Figure 8. Hold
the transistor so that it stands Smm proud
of the board and solder it in place. See
Figure 10. Repeat the process for the
other four transistors. Do not clip off
these leads.

Now solder in the emitter diodes,
noting that the longer lead goes to the ‘A’
sign. Position them so they are level with
the transistors; see Figure 11. Again, do
not clip off the leads.

Cut a 22cm length of ribbon cable
and strip off the white, grey and violet
leads, leaving a 7-way cable. With a
sharp knife, separate the leads from one
another for a length of about lcm at both
ends. Remove the insulation from each
wire for a length of about 2mm. Make
sure the wire strands are tightly bunched
together and solder one end to the
‘minicon’ terminals. You can then push
the terminals into the 10-way housing as
shown in Figure 12. Do take great care
when doing this work as odd straggling
wires will cause shorts.

The board is now finished. Check it
carefully for solder joining tracks
together. Also check that the comp-
onents are inserted the right way round.
The diodes and transistors have been left
with long leads for final adjustments.

Track ‘
side of

Sensor
board

Terminal

Housing

il e
([00ooaooaoan

Figure 12, Wiring to Minicon terminal
socket.

The Memory Board

Solder in the six link wires and clip
off the surplus leads. Solder in the IC
sockets as before, ensuring they are
pressed firmly home and the notch faces
the same way as on the legend. Solder in
the multi-way edge connectors so that
the bar on the legend, lines up with the
locating peg in the socket. Solder in the
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Figure 13. Wiring motor to interface PCB.
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0.1uF capacitor Cl; this may fit in either
way around. Clip off the surplus leads.

Push the 74LS00 into its socket. The
6116 memory chip is sensitive to static
electricity so precautions should be
taken when fitting it. Always leave it in its
box until required. Touch an earth if
possible; then touching the pins as little
as possible, plug the IC into its socket.
Cut off all excess leads.

Inspect the copper tracks carefully
to make sure you have not joined any
tracks together with solder; if you have,
remove it with the soldering iron.

You can now test the board. Plug it
into the back of the ZX81, pushing it
home firmly. Switch the computer on; you
should see a ‘K’ in the bottom left-hand
corner of the TV screen. Now type in:
PRINT PEEK 16388 + 256 * PEEK 16389
‘new line’

You should see the number 18432 in
the top left-hand side of the screen.

You can, if you wish, use the ZX81
with this board only plugged in like this,
as the available memory is now nearly
doubled.

The Main Interface
Board

Note that there are no components
for relays RLE to RLH, transistors TR5 to
TRS, resistors RS to R8 or diodes D5 to
D8. This is because the interface board
has been designed to be able to cope
with future developments.

|

|
f First install the link wires. Cut each
| wire about 8mm longer than the distance
between the holes (marked with a bar on
I the board). Bend the bare ends at right
angles to the length of the wire; offer
| these ends through the holes and solder
into place. Trim off any surplus wire
above the solder.
Now solder in the six sockets. Note
that they have a ‘V" shaped notch at one

2 Holes 0 3,5

end. This is to help orientate the chips the
right way around. Solder in the 10-way
‘minicon’ plug assembly with the long
shafts pointing out from the board. Take
one of the BC109 transistors and note the
tag which identifies the emitter. Push the
transistor TR1 into its holes and solder
into place. Trim off the surplus leads.
Repeat the process for TR2 to TR4.
Take one of the IN4001 diodes and

Front

Full Rad

— -

73

Dimns in mm

]

4 Holes 0 3.5

Figure 14. Box drilling details.
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note the silver band which identifies the
cathode. Repeat the process for the other
three 1N4001's. Now fit D9 with the thick
band on the diode lining up with the thick
band on the legend. Solder in place and
trim off the surplus leads.

Solder the resistors into positions R1
to R4, and trim off the surplus leads.
These may fit either way round, but it
looks neater if they are all the same way.

Carefully offer a relay into position
RLA, pushing it firmly home, and solder it
into place. Repeat the process for RLB to
RLD

Take the 10uF tantalum capacitor
and note that the longer lead is marked
+. Offer the capacitor into position C4
with the + mark on the capacitor
adjacent to the + mark on the board, and
solder into place. Trim off surplus leads.
The two 0.1uF capacitors, C2 and C3, can
be put in either way round. Solder into
place and trim off the surplus leads.

Take thirteen of the Vero-pins and
push them firmly through the holes Pl to
P4, P9 to P12, P17 to P20 and P25, from the
copper track side of the board until the
collar touches the track. Solder them into
place.

With the strapping wire, link pins
P17 to P20 inclusive, and P25. Separately
link pins P9 to P12. Take 30cm of ribbon
cable, remove the blue, violet, grey and
white wires; strip off 2mm of sleeving
from each of the wires and separate them
from each other for a distance of 2cm at
one end. Attach this end to the board as
shown in Figure 13. Carefully press the
IC's into their sockets. Check to see the
legs all rest in their socket holes and if
they do, firmly press the IC home. Now
check what you have done. Inspect the
copper tracks carefully to make sure you
have not joined any tracks with solder.
Check again that all the transistors,
diodes and IC's are the right way round.

Chassis and Motors

Drill and cut the two parts of the box
which will form the chassis. See Figure
14. You should take particular care when
drilling the holes for mounting the motors
and sensor board as misalignment here
could cause the device to perform
poorly.

Assemble the motors and gearboxes
as per the instructions enclosed in the
motor kit. Use four of the black gears and
four spacer washers. You will find the
motor will enter its housing more easily if
the plastic label is peeled off first. Be
careful not to apply excessive pressure
when asembling as this may crack the
casing. Ensure that the gears all move
freely and oil all the moving parts. This
will ensure the motors run quietly and
will increase their life greatly.

Place the main output shaft of the
motor onto a vice or similarly hard object
as shown in Figure 15. Place the wheel in
position and tap into place with some-
thing such as a tack hammer. Do not use
excessive force or this may bend the
output shaft or break the plastic casing.

Bolt the motors into place with 6BA
nuts and bolts, making sure there is a
washer on top of the plastic mounting
22
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Figure 17. Chassis assembly & wiring.

flange. This will avoid the flange crack-
ing when the bolts are tightened up. Do
not use excessive pressure when tighten-
ing up as this could break the casing.

Fix the 4BA bolts into place as shown
in Figure 16. These act as skids, stopping
the chassis rocking backwards and
forwards. Bolt the battery box to the
chassis using four 6BA nuts, countersunk
lin screws, spacers and washers. The
spacers fit between the battery box and
chassis to allow cable access and room
for the skid nut. Take the free end of the
cable from the interface board and peel
the green and black wires away from the
other wires for a distance of 6cm. Peel
the red and brown pair from the orange
and yellow pair for a distance of 4cm.
Separate the yellow from the orange and
the red from the brown for a distance of
2cm. Solder the green wire to the
negative (spring end) of the battery box
and the black wire to the other end
(positive). Solder a 0.47uF capacitor
across the terminals of each motor; it
does not matter which way round they
are fitted. Solder the yellow wire to the
positive of the right hand motor; orange
to the motor's negative tag; the brown
wire to positive of the left hand motor and
the red to the negative tag of same. (The
positive is identified by a small + sign
cast into the plastic). Mount a U2 or HP2
battery in the battery holder with the
positive pointing towards the left motor.

Attach the two brackets to the holes
in the front with 6BA nuts and bolts. Bolt
the sensor board onto the brackets with
the track side up, with the cable leaving
from the front of the board, and the
bracket underneath the board (i.e. not on
the track side). See Figure 18. Make sure
the sensor board is level with the base of
the box.

With the set of screws provided,
screw the box together. The motor/-
chassis unit is now complete.

Do not try pushing the unit forwards
without power running through the
motors or you may strip the teeth from
the gears in the gearboxes.
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Final Assembly
and Testing

Take a piece of wood 10mm thick
(approx) by 4cm by 10cm. Push the main
interface board into the memory board
and the memory board into the back of
the computer.

Support the interface board by
putting four sticky pads along the long
narrow edge of the piece of wood, two
on the bottom and two on the top. Place
four Quickstick pads onto the top of the
| aluminium box and stick the computer to
the top of the box with the keyboard
facing to the right-hand side. To keep the
device balanced allow the keyboard to
overhang by about 5cm. See Figure 19.
| Plug in the sensor board connector. The
black wire should be nearest the
memory board.

| Test Procedure

Support the chassis so both wheels
are off the ground. Switch the computer
on and type in POKE 9000,10 and press
NEW LINE. The two wheels should rotate
forwards. Now type in POKE 9000,0 and
they will stop. Type in POKE 9000,5 and
they will both reverse. Now place the
device with the sensor board over a
white sheet of paper. Switch the com-
puter on and type in

10 PRINT PEEK 9000
20 SCROLL
30 GOTO 10

If the sensor board is reading
properly, there should be a series of 31's
moving up the left-hand side of the
screen. If not adjustments will have to be
made. Firstly check the transmitter and
receivers are between 2 and 3mm above
the paper. If they are not, adjust them
either by loosening the bolts holding the
brackets to the box or if necessary, by
melting the soldering joints and moving
the components.

If it still does not read 31 on white
paper, you can tell which sensors are not
receiving as shown in Figure 20. If for
example it reads 27, bit 4 needs
adjusting. Bend the transistor gently
towards the transmitter; this will increase
its sensitivity. If it reads 28, both bits 1
and 2 need adjusting, etc. Now check it
by putting the sensors over a strip of
black PVC tape. It should read zero; if it
does not, the sensors are too sensitive.
Move the appropriate receiver away
from its transmitter a little. Re-check it
over white paper again.

To use Trundle, you will need a
problem for it to solve. The passage it
travels along should be made of black ¥
inch PVC tape on a white surface. We
used an 8 x 4ft sheet of melamine
covered chip board, but white-coated or
painted hardboard would do. If you
could find a large sheet of paper, even
that will do but make sure it lies dead
flat. Mark out your passage carefully in
pencil first so the inside edges are 16cm
apart. When you stick down the tape,
don't stretch it or it will creep out of
place. You should include left and right
tums and dead ends as well as the end
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goal. An approximate diagram of our
original passage-way is shown in Figure
21.

[ ]
Hints on Programming
In the test procedure you saw that
‘POKE 9000,10' turned on the motors, both
going forwards, and ‘POKE 9000,0' turned
them both off. The rest of the POKE
commands are:

Number Poked Result

to 9000

0 Stop

8 Correct left drift
2 Correct right drift
6 Left turn

9 Right turn

6 & 9 also perform

about turns

10 Forward

5 Reverse

(Any other number poked to 9000 may
activate the motors but not necessarily
producing a useful movement.)

Place Trundle on a piece of white
paper onto which two strips of black
PVC tape have been placed 16cm apart.
Type in

10 PRINT PEEK 9000

20 SCROLL

30 GOTO 10

‘NEW LINE'

With the outer sensors directly over
the black lines, you should see a series of
4's moving up the left-hand side of the
screen. If not, move it gently from side to
side until you do see 4's. If you cannot
achieve a 4, go back to the adjustment
section and adjust the diodes for bits 1, 2,
8 and 16. The number 4 appears because
only the middle sensor sees white.

If there was only a tape on the right
(from Trundle's point of view) Bits 4, 2
and 1 would be activated, so you should
read 7. Likewise, if there was only tape
on the left, you would read 28 (16 + 8 +
4). Move Trundle about gently and try
these.

23



You will need to know what the
readings are if it drifts off the straight
path. Since these will vary from one
Trundle to another, you will have to find
these out for yourself. Place Trundle
between the two lines so it is reading 4.
Now gently push it to the left; the 4 will
change (to either 5 or 12). Now push it
further, recording all the new numbers
until it reaches 31. Repeat the procedure
for right drifting and record your results.
Make all your readings into a chart, thus:

Reading Meaning
4 Going straight
between two lines
31 No lines (eg. coming out of
a ‘T" junction)
0 Line under all sensors

(eg. at the end of a dead end)
7 Only line to the left

6 Line to the left and Trundle
drifting to the left

5 Line to the left and Trundle
drifting to the right

etc. etc.

Trundle has achieved its goal if it reads
27, since this is the only time 4 would be
de-activated while the others are active.

With lists of all the possible PEEKS
and POKES in front of you, you can now
write a program! I would suggest the first
thing you do is to write a short routine to
make Trundle run along a straight,
correcting for drifts. It will appear
something like the example Flow Chart
shown.

No, I'm not going to write it for you;
that's your problem! Now do the same for
dealing with bends. It is useful to know
here, that as you approach a corner, you
can maintain a straight line on one wall.

‘ Start )

y

Switch both |
motors on

Peek to see if |
Trundle
A is going straight

Yes Is Trundie
slrdgh;? A
No

Initialize
correction
routine

Flow chart.
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Also, if you stop when all the sensors see
the black line at the top of a bend,
Trundle is exactly in line to turn into the
next passage.

Consider all the situations Trundle
can get into and write routines for them.
One of the most challenging will be to
correctly get it out of a dead end. Unless
you are careful, you will find that on
coming out of the dead end, Trundle will
go back to the beginning again. To avoid
this, you will have to arrange a ‘flag’ in the
program to indicate that a choice
between two possible pathways was
made and if you do hit a dead end, you
take the alternative pathway on coming
out of it.

Memory Saving

If you can write in machine code,
you could probably write a good
program in the 500 bytes available in the
original ZX8l. However, we have
assumed you will write in BASIC so we
have changed the memory to 2K bytes.
This should be adequate provided you
are not wasteful. Useful tips are:

1. Keep variable names as short as
possible; each character you use costs a
byte.

2. Frequently repeated numbers
should be replaced with a variable. A
good number to substitute with a variable
would be the 9000 repeated in the PEEK's
and POKE's.

3. Wherever possible, replace ‘IF
PEEK 9000 = xxx' with LET D = PEEK
9000, so it would now read ‘IF D = xxx’. A
good place for this type of saving is in
your correction routine. Note that this
type of saving is not worthwhile in loops
where the contents of the input port are
being updated continually.

Signs of a nearly full memory are
keyboard lock up, i.e. what you type in
not appearing on the screen, incomplete
screen listings appearing and most
annoying of all, a complete crash,
signified by the screen going grey. If this
happens, you've lost your program - so it
is advisable to tape any complicated
parts of program you've written as soon
as they work. Happy programming!

Other Uses of Trundle

Firstly note that you can install
another four relays if you wish. Space has
been left on the board for this. You will of
course, also have to put in the extra
transistors, diodes and resistors.

The input port will also accept a total
of eight lines. The relays can be used to
switch any piece of equipment up to a
maximum of 24 volts at 1 amp. Note that
they are not suitable for switching mains
electricity. To attempt this would be very
dangerous.

The input port will respond to any
system that can produce a suitable
voltage transition as shown in Figure 22a.

In the dark, this will produce a
logical low at the computer. In the light, it
will produce a high. Remember there is
an inversion through the interface board.
In Figure 22b, the preset can be adjusted
to trigger a high on the computer port at
any derived temperature. In Figure 22c,

when the switch is open, the port will
read a high. When closed, it will read a
low or if it is more convenient, the circuit
can be reversed to give the opposite
logic as shown in Figure 22d.

Specific Ideas:
A Burglar Alarm

You could monitor the doors and
windows of a house with reed switches
held closed with magnets. If somebody
enters the house, the computer could be
preprogrammed to recognise where the
intruder had entered. Then switch on an
alarm or tape recorder with a warning
messsage. If you were to set this up
permanently, it would be advisable to cut
ventilating holes in the ZX81 case and
preferably increase the size of the
heatsink since the computer does get
very hot when it is left on for long
periods.

A Conveyor Belt

Use one of the original Trundle
motors to move a conveyor belt made
from an old bicycle inner tube. Objects
moving along the belt could be mon-
itored by placing light sensitive sensors
along the belt. For example, count total
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Figure 22. Suggested inputs;
(a) Light operated,

(b) Temperature operated,
(¢ & d) Switch operated.
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bottles passing along the belt with one
sensor. Check that each bottle is upright.
If one is on its side, stop the belt and use
another relay to switch on a relay to push
the fallen bottle off the belt.

Fighting ‘Tanks’
The idea is too complex to go into

precise details now, however, the
general idea is to have two Trundles with

| sensors to detect visible and infra-red

light. Each has a light on top which could
be detected by the other Trundle. They
can be put into an arena where they
would seek each other and fire bursts of
infra-red light at one another. They are
fitted with a ‘soft spot' which, if hit with
infra-red, would crash the computer.
Obviously if this happened, the ‘hit'
computer would be ‘killed’. No perm-
anent damage would be done - it would
simply have to be reprogrammed.

To do this, a fair amount of
modification would have to be done and
programming such a device would
present an amusing challenge. If suff-
icient interest is shown, details could be
published.

TRUNDLE

INTERFACE BOARD PARTS LIST

RESISTORS: All 0.4W 1% Metal Film

R1-4 inc. 4k7
CAPACITORS
c23 100nF Minidisc
C4 10uF 16V Tantalum
SEMICONDUCTORS
1C3 74LS27
IC4 T4LS00
1C8 7415244
IC6 7418373
IC78 741514
D1-4 inc. 1IN4001
D9 IN4148
TR1-4 inc. BC108C
MISCELLANEOUS
RLAB,CD Ultra-min Relay 6V DPDT
PL1 RA Latch Minicon Plug 10-way
14-pin DIL Skt
20-pin DIL Skt
Veropin 2145
Bell Wire Blue
Trundle Interface PCB
OPTIONAL
R8-8 inc. 4k7
D8-8 inc. 1N4001
TRS-8 inc. BC109C
RLEF,GH Ultra-min Relay 6V DPDT

4 (M4KT)

2 (YR15S)
1 (WWss8Y)

(YF18U)
(YFOOA)
(QQB6L)
(YHI6R)
(YFI2N)
(QLT3Q)
(QLBOB)
(QB33L)

o et B DD et st gt s

(BE48C)
(RK68Y)
(BL18U)
(HQTT)

Pkt (FL24B)
tr  (BL8ET)
(GBBIW)

bt st et DD P e P

(M4KT)
(QL73Q)
(QB33L)
(BK48C)

o S

SENSOR BOARD PARTS LIST

RESISTORS: All 0.4W 1% Metal Film

R9 100
MISCELLANEOUS
D10,11,12 Infra-red Emitter TIL 38

D13-17 inc. Infra-red Sensor TIL 78
10-way Ribbon Cable
10-way Minicon Housing
Minicon Terminal
Trandle Sensor PCB

Veropin 2145
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1 (MIOR)
3 (YH70M)
5 (YY66W)
1 Mtr  (XR06G)
1 (FY94C)
10 (YW25C)
1 (GB90X)
1 Pkt (FL24B)

MEMORY BOARD PARTS LIST

CAPACITORS
Ci 100nF Minidisc 1
SEMICONDUCTORS
IC1 T4LS00 1
IC2 6116 1
MISCELLANEOUS
SK1,3 2x23 Way PC Edgecon 2
24 Pin DIL Skt 1
14 Pin DIL Skt 1
Trundle Memory PCB 1
HARDWARE PARTS LIST
CAPACITORS
C8.6 470nF Minidisc 2
MISCELLANEOUS
Case AC64 1
Trundle Motor Assembly 2
Trundle Wheel 2
Trundle Bracket 2
Battery Box HP3 Single 1
6BA Bolt x ¥in 1 Pkt -
6BA C/S Screws lin 1 Pkt
6BA Spacer x ¥in 1 Pkt
6BA Nut 2 Pkts
6BA Washer 3 Pkts
4BA Bolt x lin 1 Pkt
4BA Shakewasher 1 Pkt
4BA Nut 1 Pkt
Quickstick Pads 1
OPTIONAL
Bl D Cell Battery 1

(YFODA)
(UF33L)

(RK38Q)
(BL20W)

(BL18U)
(GB88V)

(YR76H)

(XBS6L)
(FT41U)
(FT42V)
(FT43W)
(BK46A)
(BF06G)
(BF13P)
(FW38Q)
(BF180)
(BF22Y)
(BFO4E)
(BF25C)
(BFITT)
(HB22Y)

(FKSTM)

A complete kit of parts, excluding optional items, is available.

Order As LK62S (Trundle Kit) Price £49.95

(In addition, a ZX81 computer is required, of course.)

The following are also available separately, but are not included

in the 1985 catalogue:

Trundle Interface PCB Order As GB89W Price £4.25
Trundle Sensor PCB Order As GB90X Price £2.45
Trundle Memory PCB Order As GB88V Price £2.45
Trundle Motor Assembly Order As FT41U Price £3.99

Trundle Wheel Order As FT42V Price £1.95
Trundle Bracket Order As FT43W Price 35p
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MAKEIRWITHMABEIN

The title of this article is a catch-
phrase which Maplin promoted some 6
years ago. It was one of the entries
chosen from hundreds of ideas which
were sent in by customers, when a
competition was held to find a suitable
slogan to adorn Maplin T-shirts. Several
years have passed since that competition
but the message remains the same and
the purpose of this article, which is the
first of three, is to provide some ‘behind-
the-scenes' information and hopefully
give a little insight into how Maplin ticks.

Maplin now boasts 12 years of
trading from nothing to a massive 30,000
sq.ft warehouse, seen above, building
a successful business during a period
when many electronic retailers have
come and gone. It is rewarding to see
how the now famous Maplin Catalogue
has become a standard alongside which
others are measured. Not many
companies are fortuitous enough to have
success dropped in their laps and Maplin
have certainly not had it easy. When the
company started, there were critics who
suggested that is was not a good time to
start a business during a recession, but
who could have foreseen how much
tougher things would get. The present
position this company now enjoys is the
result of hard work and a keen sense of
judgement, providing the right services
and products at the right time.

My story begins in a very average
semi-detached house in Rayleigh, Essex,
where Doug Simmons and Roger Allen,
now the two Maplin Managing Directors,
were busy constructing an electronic
26
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By David Snoad

project. They were hampered yet again,
trying to get particular components to
complete the project. Locally, it was
almost impossible to get all the parts
required and when they used postal
companies, they could never rely on
getting exactly what they wanted and
sometimes, weeks would elapse before
even a reply was forthcoming. The idea
of starting an electronic component mail-
order company was born — a company
which would provide a fast, reliable
service and only supply quality comp-
onents. From the moment the idea was
conceived, socialising went out of the
window and there was an immediate halt
to the kitchen table amplifier constr-
uction; a shame really because the
draining board made a great heatsink.
The Hi-Fi was sold to help finance the
venture and Doug and Roger, along with
Roger’s wife Sandra, set off on an
arduous journey in pursuit of their aim.

The name Maplin was chosen, a
name which was linked with the local
Maplin Sands and the prospect that the
third London Airport may be sighted
there, a subject which was very topical at
the time. It is amazing that after all these
years, successive governments have
been unable, to this day, to decide what
to do about the airport and we are
fortunate that Maplin Electronic Supplies
success did not rely on the proposed
airport getting off the ground!

The business first operated from a
bedroom in Roger and Sandra's Rayleigh
home, a room just capable of containing
the bare essentials necessary to get this
enterprise underway. In those early days,
both Roger and Doug worked on the
business in their spare time. However,
this ended when they realised a twenty-
four hour day was just not long enough to
go out to work and at the same time,
expand a blossoming business concept;
a concept which was designed specifi-
cally for the electronic hobbyist. It was
not many months before the first project
designs became available and in fact, we
understand that Maplin were one of the
first companies in this country to supply
circuits which would allow enthusiasts to
build an electronic organ at home. Up
until this time, most constructors used
circuits which were provided in mag-
azines but these were not always as
reliable as one would like to have seen.

Maplin produced its first Catalogue,
which consisted of 24 pages which listed
the range of components stocked, some
1,500 items, a far cry from today's 450
page Catalogue containing approx-
imately 7,000 lines. But they had to start
somewhere and I believe that today's
Maplin is proof enough that those early
customers must have been reasonably
happy with the choice of components on
offer.

It took precisely 9 months before
Maplin outgrew the room which had
housed the business during its infancy. A
small office was chosen in Westcliff from
which the now growing mail-order sales
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could be handled. On reflection, we
wonder how the new workforce of 7 ever
fitted into those first commercial
premises but at the time, it was pure
luxury after the restrictions of a small
bedroom. It was decided to keep the
same Rayleigh Post Box 3 address to
ensure continuity of trading; that address
is of course, the same today. It is a relief
the mailing address has remained, since
Maplin first started it has been

based at five different locations in almost
as many years.

Expansion has been closely linked
with the growing Catalogue, from those
early years up to present day, but another
factor responsible for the companies
growth was the decision to sell over the
counter, i.e. open a shop or rather shops.
This decision was taken just before it was
necessary to move from the first com-
mercial premises. There had been
constant requests from customers to
come to the office for advice, or to collect
goods, but this was not practical through
lack of space. It did not take long to find
suitable premises, a shop sited on the
London Road in Westcliff-on-Sea and
fortunately, with sufficient space upstairs
to house the mail-order department.
(This first retail outlet can be seen in the
photograph).

We will return to the subject of mail-
order at a later time. I would now like to
concentrate the remainder of this article
around the Westcliff shop, providing you
with an opportunity to learn a little about
the shop, meet the staff and advise you in
brief about the local environment. Hope-
fully, in this way, we can bring you a little
closer to the company and the shop team
and at the same time, suggest some ideas
which you may consider good reason for
deciding to visit Southend.

Firstly, I would like to dispel the
myth that the mail-order still operates
from the Westcliff shop — it doesn't. The
office and mail-order department moved
on to a warehouse-type facility approx-
imately 8 years ago. Although the mail-
order department has since moved again
to a larger complex, it is still not practical
for customers to visit the Head Office. It is
believed that customers receive a better
‘over-the-counter’ service from staff that
understand this side of the business and
in any case, if the shop premises had
changed location as often as the mail
order, there would be a lot of confused
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hobbyists about.

The Westcliff shop is about 5 miles
from the Head Office and is conveniently
sited Close to the centre of town. Parking
is very good, with plenty of on-street
parking in both the London Road and
surrounding streets. The shop can also
be very easily reached by train as it is no
more than ten minutes walk from either
Westcliff-on-Sea station, which is on the
London to Fenchurch Street line, or
Southend Victoria station which is on the
London to Liverpool Street line.

Once at the shop, you will normally
be served by one of four members of
staff, who, as in all Maplin shops, try very
hard to work as a team rather than
separate individuals. This benefits the
customer because most of the time, all
staff should be able to handle any part-
icular enquiry.

Mr Tony Search is the shop Manager
and has been with the company for about
5Y%2 years. Considering that Tony knew
very little about electronics when he
joined Maplin as a Sales Assistant, he has
done well to understand the large range
of products he sells and to take on the
responsibility of managing the shop.
Prior to joining the company, Tony was a
professional musician for 15 years.
Playing quitar, he toured extensively,
playing at clubs and discos all across the
UK. Tony also attended many recording
sessions, helping to provide vocal back-
ings along with the 4-part harmony group
of which he was a member. When the
time came to settle down, it was this
involvement with music which led Tony
to Maplin, because at that time the
company were supplying several elec-
tronic instrument projects. Before joining

Mapl!ns First Shop
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Maplin, Tony can remember feeling a
little dubious about entering the Westcliff
shop as a customer, wondering whether
the service was really for electronic
engineers and trade customers. He
wondered whether he would be self-
conscious of his inexperience and
whether he could browse around the
shop in comfort. He need not have
worried; Maplin have always been ready
to help the beginner and Tony now,
maybe more than most, says “I am always
ready to ensure that all my customers get
the best service I can provide and
people wishing to just browse are always
welcome.” Tony constantly tries to
update his displays to make the shop
more interesting and he is proud of the
selection of books he has available which
is as extensive a range as possible.
Tony's hobbies include computer prog-
ramming, philately and music. He has
taught himself the piano and also plays a
modern synthesiser which he owns. In
addition, he enjoys going roller-skating
with two other shop employees.

Patrick Satchell, it seems, is the only
member of Westcliff staff who is unlikely
to injure himself roller-skating. Patrick is
one of the company’s longest serving
employees having been with Maplin for
approximately 8 years. He joined shortly
after leaving school and although he
started his employment by working in
the shop, he spent several years working
in the Buying Office, returning to the shop
as Assistant Manager when he realised
he much preferred meeting the public.
Patrick recently got married but he says
it shouldn't interfere with his interests
which are reading, fishing, listening to
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Westcliff Shop Staff (Left to Right) Patrick, Ricky and

music and electronics, which he has
followed since his school days. He also
enjoys occasional computing.

Amongst the changes Patrick has
seen over the years, none have pleased
him more than the introduction of a shop
price-list. He points out that this offers a
better deal for the customer who travels
to the shop to collect goods. It also
provides an opportunity for the shops to
be more competitive with any local
retailers. Since this scheme began,
Patrick has been quick to report that
sales are steadily improving on the
heavier items, and that there has been a
marked increase in sales of electrical
accessories and cable, where some
prices have halved.

Another member of the Westcliff
team is Paul Ridler who has been with the
company for 2 years. Prior to joining
Maplin, he worked for two companies
which manufactured and sold model toys
and planes. During this period, in his
spare time, Paul's experience with
models and his knowledge of electronics
were put to good use when he became
involved with the making of models for
film and TV. Links with the arts seem to
feature quite strongly in Paul’s back-
ground; he has helped with lighting and
special effects for an amateur theatrical
group, volunteered his help at theatres
with the setting up of big-name bands
such as Pink Floyd and more recently,
helped to create a local recording studio.
In addition, Paul has a keen interest in the
making of video films. He also has a
computer but only tends to use it when it
can be of assistance with one of his other
hobbies. A busy fellow, one wonders
how he finds time to go bowling and
roller-skating. The latest interest to catch
Paul's attention is the subject of robotics.
He has recently become involved with
the programming of the Heathkit Hero
robots which Maplin distribute. This
product area is one in which he would
like to see Maplin get more involved,
especially the domestic robot scene. I am
sure he will be pleased when he reads
this issue of ‘Electronics’ and sees the
super new robots which will be available
from the company.

Last but certainly not least, Ricardo
Lorriman. He has only been with the
company 6 months but he has already
praved to be an extremely useful
member of the team. Although Ricky, as
he is usually known, is several years
younger than his colleagues, he has,
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Paul
nevertheless, acquired an excellent
knowledge of that all-important subject,
electronics. Ricky has been an active
electronic hobbyist for many years and
has constructed several projects inc-
luding an Eprom programmer and
various computer peripherals. Before
joining Maplin, Ricky worked for a well-
known electrical retailer for about 2
years. This helped provide the right sort
of experience for the job he has now.
Amongst Ricky's spare time activities,
apart from electronics, he enjoys
computer programming. He is also a
Radio Amateur which is an asset because
various Radio Hams often visit the shop.
Ricky likes to keep fit and does so with
regular karate training. Another lively
pastime that he enjoys is, yes you've
guessed it — roller skating!

A pleasant group of lads, between
them they have a very wide range of
knowledge and experience and they
would all like the opportunity of serving
you to prove that Maplin cares about its
customers, whether they are beginners
or skilled technicians. The type of
customers which currently visit the shop
are indeed varied. A large percentage
are of course, hobbyists which is most
likely due to Southend being a residential
town. However, there are several small
industrial estates dotted around the town
and many of the companies on these sites
use the Westcliff shop as an ideal local
supplier. Since Maplin introduced
educational systems into the product
range, the staff have noted increased
interest from many schools, colleges and
training centres. There are plenty of TV
and Radio engineers, also Sound and
Lighting engineers from theatres, discos
and studios who visit the shop regularly,
some seem to think it's their second
home. Maplin have, over the past few
years, endeavoured to promote trade
business; this fact is apparent from the
growing number of out-of-town large
companies now taking the trouble to
collect goods from Westcliff, such as the
Ministry of Defence, Marconi, STC, Ford,
Ecko Instruments and British Telecom, to
name just a few. Companies now
appreciate that most of the Maplin range
is not only competitively priced when
compared with other retail outlets, but
competitively priced when compared
with other wholesalers. This gradual
expansion into trade business has been
helped along by the opening of a Trade
Sales desk at the warehouse (for

telephone enquiries only) and the intro-
duction of trade quantity price breaks
which are shown in the Catalogue. In the
near future, this trend will be accelerated
when a trade price guide will become
available.

If you are tempted to visit Maplin in
Westcliff but need to justify the trip to
your partner or family, why not tell them
that Southend is a great place to visit. |
guess I am biased because I live there
but seriously, if you want a day out, there
really is quite a lot that you can do or see.
Most important for the ladies, an
excellent Shopping Centre only half a
mile away and for the children, the beach
and safe bathing (providing the tide is
in). There is sailing and fishing; also, what
we believe to be the longest pleasure
Pier in the world. The pier head was
destroyed in a bad fire a few years ago
but it still offers the opportunity for a
pleasant stroll. Another part of town
where a leisurely walk can be enjoyed is
through Old Leigh which offers the
character of an old village, fishing boats
and the chance to buy some fresh
prawns, winkles, shrimps, etc. from the
Cockle Sheds. This is where I start
getting carried away because I must
confess, [ have yet to find anything more
relaxing than sitting on the sea wallon a
sunny day with a plate of cockles and a
pint of cool beer! Getting back to town,
there is the colourful clifftop gardens and
several attractive parks, including Priory
Park in which the Old Priory still stands.
There is a museum associated with the
Priory and another museum in the centre
of town in which there is a Planetarium.
There are three cinemas, two good

" theatres and finally, on part of the

seafront, there are the amusement
arcades, if slot machines turn you on!

The previous paragraph might have
been more suited to a tourist information
guide, but I have tried to provide not only
a look into how Maplin thinks and
operates, but a view of how the shop fits
into its local environment.

In the next magazine, I will provide
some background information on two
more of the Maplin shops. In the
meantime, Maplin is making a special
offer to readers of this magazine. If you
visit the Westcliff shop before the end of
May, take this magazine with you,
spend more than £25 and you will receive
the Pocket Multimeter illustrated,
absolutely free of charge. This offer is
only open to customers of the Westcliff
shop and is not available by mail-order or
at any other shop.
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Easy Programming For The
Atari Micros
! by Enic Deeson
Ideal for new Atari owners and
‘apprentice’ programmers, this
book contains over 60 programs
| fully listed complete and ready to
| RUN. The book is very detailed,
and includes ideas at the end of
each chapter for do-it-yourself
projects. A number of appendices
contain such valuable information
as the Atari character set, BASIC
keywords, hints on debugging and
| PEEKing the Atari memory map.
| 232x160mm, 216 pages, illustrated.
Order As WP13P (Easy Prog
Atari) Price £8.40 NV

Exploring Adventures on the
Atari 48K

by Peter Gerrard

A thoroughly comprehensive
guide to writing your own
adventure games in BASIC, and
assumes only a limited knowledge
of the language. Everything you
need to know is explained, from
creating maps to introducing
random elements. Three complete
adventure games are listed also.
The book provides clear instruct-
ions on producing high quality
games with minimum effort.
215x133mm, 247 pages, illustrated.
Order As WP19V (Explng Advnt
Atari) Price £1.90 NV

Electronic Systems and
Technology
| by K. F. Ibrahim
Basically a text book as part of the
Part 2 syllabus of the City and
Guilds 224 Electronics Servicing
course, this book would make a
very useful reference guide for
anyone starting to develop a
serious interest in electronics
especially with a view to design-
ing and building their own circuits.
The book starts from the basic
knowledge of Ohms law, wave-
form and generation technology,
progressing to a sound under-
standing of electronic equipments.
Itis a good textbook for radio,
television, audio and power gen-
eration, containing over 300 line
drawings. The areas covered
include amplifiers, oscillators,
| multivibrators, frequency
| changers, demodulators, and
introduction to logic gates,
counters etc.
In addition there is an introduction
and brief outline of operation of
those now much maligned and
rare animals, the thermionic
valves. Cathode Ray Tubes are
included in this section.
There is a final chapter dealing
with fault diagnosis, which as
| opposed to using the method of
testing each component in turn as
a process of elimination, suggests
| examining the behaviour of the
circuit as a whole as the first step
{10 defining the problem.
230x154mm, 240 pages, illustrated.
Order As WPOIK (Elec Syst &
Tech) Price £6.95NV
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ELECTRICAL &

ELECTRON
APPLICATIOSS

1 PROGRA
| THE AMSTRAD
cPCcaca

| Micro Interfacing Circuits -

Book 2
by R.A. Penfold

| This is intended as a sequel to

‘Micro Interfacing Circuits - Book
I', by the same author, and deals
with practical applications beyond

| parallel or serial interfacing to the

| Bk2)

t

microprocessor. It is about ‘real
world’ interfacing and includes
such topics as speech and sound
generators, temperature and
optical sensors, motor control etc.
As with Book 1 practical circuits
using real devices are provided
with circuit descriptions and any
relevant background information,
such that anyone with a reason-
able knowledge of electronics
should be able to use or adapt the
provided circuits for their own
particular applications.
178x110mum, 90 pages, illustrated.
Order As WP12N (Micro UF Ccts
Price £2.40 NV

Electrical and Electronic
Applications

by Noel Morris

Essentially an up-dated work
book for technician students, this
book contains some enlightening
detail of basic AC theory as
applied to single and poly-phase
power generation and electric
motors and machines, of both AC
and DC varieties. From here the
book goes through semiconductor
construction, theory and practice,
culminating in digital techniques
and a brief description of
microprocessor operation. The
book rounds off with an illustration
of various electronic test ins-
truments.

346x185mm, 252 pages, illustrated.

| Order As WP10L (Elctcl &

Elctnc Appl) Price £1.65NV

MS FOR

| The Working Amstrad
by David Lawrence and Simon
Lane
A collection of practical sub-
routines and programs, all clearly
explained and written in easily
identifiable sections in such a way
that it is possible for the methods
described to be easily copied into
your own programs.
Areas covered include home
finance and tax, information
storage and retrieval, household
and diary management, creative
graphics and effective display
techniques, music, education and
a collection of smaller programs
which explore the possibilities of
the Amstrad as a time machine.
The Amstrad is breaking new
ground among the home micros,
and this book shows how the full
power of the Amstrad can be
released through its powerful new
BASIC.
235x154mm, 216 pages, illustrated.
Order As WP14Q (The Working
Amstrad) Price £6.15 NV

Practical Programs for The
Amstrad CPC464

by Owen and Audrey Bishop
Fourteen useful and practical
programs for the CPC464 are
outlined including an accounting
program for the home or small
business, stock taking, spread-
sheet cashflow program, alpha-
betical indexing, and sound
generation. Full instructions and
suggested applications are
provided so that you can adapt the
programs for your use. The book
is a good starting point for gaining
experience in writing programs
for the Amstrad.

235x154mm, illustrated.

Order As WP15R (Pract Prog for
Amstrad) Price £6.95 NV

An Introduction to Z80 Machine
Code

byRA. &].W. Penfold

Machine code programming is a
means whereby the user can get

to grips directly with the micro-
processor using the binary

numbers which the computer
actually handles. This negates

using a built-in high-level

language such as BASIC, wherein
instructions have of necessity a
number of options which use up
memory and time. Machine Code
can be very much faster since only ‘
the function you want is the one

that is executed; such operands

can easily be only a few machine
cycles long.

To use Machine Code effectively
you have to become familiar with

the microprocessor’s architecture, ,
its Instruction Set, use of The

Stack, data storage etc, and be [
reasonably conversant with

the hexadecimal binary number-

ing system.

This book shows you how with the

| ZB0 or faster Z80A, as used in [

| Mach Code)

many popular home computers
such as the Sinclair ZX Spectrum
and Z81, the Memotech MTX500
and MTX512, and the Amstrad
CP464. Some simple demonstra-
tion programs are included.
178x111mm, 136 pages, illustrated.
Order As WP11M (Intro 280
Price £2.40NV

Dynamic Games for The
Amstrad
by Clive Gifford

| Contains fifty games programs,

specifically created for the
Amstrad, making the most of the
computer’'s colour and sound
capabilities. Games include
arcade action style games,
gambling, board games, and
adventures. This book serves as
an introduction to writing
programs for the Amstrad as well l
as playing the games themselves.
210x148mm, 210 pages.

Order As WP16S (Dynmc Games
Amstrad) Price £1.40 NV

The BBC Micro Add-On Guide
by Allan and Mike Scott, and
Philip Gardner

The BBC is probably the most
expandable micro on the market, ‘
and this book explains for the
benefit of non-technical BBC
owners what to look for in the way
of joysticks, speech synthesisers,
light pens, graphics pads,
modems, extra memory, disk
drives, etc. It describes what they
do, how they work and most
importantly how to incorporate
them into your programs. Contains
all the information you need to set
up a tailor made system for your
particular needs.

235x152mm, 140 pages, illustrated.
Order As WP18U (BBC Micro
Add-On Guide) Price £6.95 NV



Computer
Fundamentals
Course EC-2001
*

First in a new Computer
Servicing Series.

* Gives a complete overview of a
computer system.

* Detailed look at the inside of a

microcomputer.

First in a New Series

The Computer Fundamentals
Course introduces you to the
modern computer. While the con-
cepts discussed in this eight-unit
Course can apply to computer
systems of all sizes, the emphasis
is placed on the microcomputer -
the machine that has revolut-
ionised the way we do things at
the office, at school and at home.

Step-by-Step Introduction

This is a thorough step-by-step
introduction to the world of micro-
computers that begins with com-
puter basics, applications and
systems. You'll learn about power
supply sources for computers and
the importance of keeping them
noise free. You'll become acquain-
ted with 16 and 8-bit micro-
processors, bussing and interfac-
ing of the central processing unit,
different types of semiconductor
memories plus bubble and elec-
tromagnetic memories, and input
and output interfacing. You'll also
learn about programming using
high and low level languages,
assemblers, editors, compilers
and interpreters. In addition, you'll
learn the meaning of many freq-
uently used terms associated with
computers, equipment that can be
connected to a computer and the
software used in them.
Self-Paced Course

Computer Fundamentals is a self-
paced learning program written in
easy-to-understand terms. Review
exercises and unit examinations

help to track your progress and
point out areas where extra study
is needed.

Previous Knowledge Needed

A solid background in basic
electronics and digital theory is
needed to better understand the
material presented in this Course.
This knowledge is available in
Heathkit's EE-3101A DC Elect-
ronics, EE-3102A AC Electronics,
EE-3103A Semiconductor Devices,
EE-3104A Electronic Circuits and
EE-3201A Digital Techniques
Courses (see 1985 catalogue
pages 185-159).

What You'll Need

To perform the hardware and
software experiments at the end of
each unit you'll need the ET-100
Microcomputer Trainer, a cassette
recorder, a video monitor (or
television receiver and RF
modulator), a single-trace oscill-
oscope and a multimeter. A dot
matrix printer is also helpful.

Order As HMI15R (EC-2001

Analogue Circuit
Design Course EE-1003

* Learn to analyse and design
practical circuits.

* Learn how to design circuits
that have a reliability and
quality of performance un-
obtainable in circuits using
discrete components.

Third Course in Heathkit's

Engineering Design Series

The Analogue Design Course
shows you how linear IC's may be
used in the design of circuits and
instruments that would be
impractical with discrete comp-
onents. At the start of the course,
you learn to analyse and design
several amplifier and comparator
circuits using the versatile op-
amp. Both these and comparators
are discussed as specific
illustrative examples. They are
also used in designing several
instruments such as an electronic
ohmeter and a logic probe.

Leamn to Analyse and Design
You will learn to analyse and
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design linear regulators, oscill-
ators, waveform generators and
other circuits that serve as basic
building blocks in modem
electronic systems. In addition,
numerous  applications  from
multipliers and phase locked
loops to electronic communica-
tions are provided. Twelve

| accompanying experiments using

the ET-1000 (see 1985 catalogue
page 158) Engineering Design
Trainer, illustrate the design and
operation of circuits discussed in
the text.

Order As HMOSF (EE-1003 Anlg
Dsan Crs) Price £89.95

| Order As HM20W (RTC-1-10 Jr
| Programr)

§

,!

More Accessories for
Hero Jr and Hero 1 ‘

RTC-1-10 Hero Jr '
Programming

Language

Hero Jr's own robot language
allows you to do the same things
as Hero Jr. BASIC, but without a
terminal or computer. This cart-
ridge permits programming from
Hero Jr's keypad and includes an
overlay which re-defines the key-
pad keys and programming
scratch pad.

Price £49.95

RTC1-11 Musical

| Chairs, Acey-Ducey,

' | Robot Mind Reader

Three great games for hours of
entertainment! Hero Jr orchestr-
ates Musical Chairs by asking for
the number of players, requesting

| that the chairs be set up and by

singing songs, dancing and recit-
ing nursery rhymes during the
game — but don't get caught
standing up when the robot stops!
Acey-Ducey is a card game in
which you are dealt two cards and
then asked to bet on whether or
not the next card will fall some-
where in between. Hero Jr re-
shuffles when needed and keeps
trace of your winnings — or
losings! Robot Mind Reader
permits either you or the robot to
pick a number. The object of the

game is to guess the number in the
fewest tries. Clever comments
from Hero Jr make all of these
games fun and intriguing.

Order As HM21X (RTC-1-11 Jr
Mscl Chr) Price £43.50

BASIC for Hero 1
ET-18-9

A plug-in ROM that allows you to
program Hero 1 in a simple
integer BASIC with modifications
that enable you to use the robot’s
voice synthesiser and its various
motors and sensors. To use the
BASIC, you will need the Memory
Expansion Board, one or more

Expansion RAM's and the RS232

Interface.

Order As HM26D (ET-18-9

Hero 1 BASIC) Price £59.95
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Laser Technology

Course EE-110

* The first hands-on training
system to teach laser tech-
nology.

* Includes mirrors, lenses, filter,
cables and mounts.

* 400 page self-instruction
course.

A Complete Training Package
Studies show that the laser
industry is heralding a new fron-
tier in industrial technology.
Lasers are progessing as dynami-
cally as computers have. They will
very shortly become an essential
component of industry and have a
profound influence on everyone's
life.

Applications in medicine, military
surveillance, security, construct-
ion, optical arts and many other
areas are making laser literacy a
must. Now, the new Heathkit Laser
Training System is the training
solution for industry personnel,
students, hobbyists and anyone
interested in high technology. The
first to offer hands-on experiments
with a working laser.

The Laser Training System

Prepared by education experts,
the system includes: a 400-page
comprehensive text using proven
teaching methods; a complete
parts package with mimors,

lenses, filters, cables and mounts;
and 15 fascinating experiments
that integrate the leamning
process. No other laser training
system provides such practical
experience-based instruction.

The ‘Laser Technology' Course
provides thorough instruction on
characteristics of laser light, the
laser as a sowrce of light, laser
design, types, and components.
Once a solid understanding of
laser basics is attained, the indiv-
idual concentrates on laser appli-
cations and safety. The individual's
newly-gained knowledge is then
reinforced by experiments which

range from
measurements
mission.

radiometric  light
to data trans-

A Hands-On Learning
Experience

Course experiments and the laser
trainer (described below) provide
the individual with a first-hand
look at rapidly advancing laser
technology.

The Laser Training System truly
offers the most complete program
aimed at teaching the concepts
behind one of the most exciting
advancements of our time — the
laser.

Now is the time to forge ahead to

the new frontier with the Laser
Training System.

Order As HM2ZE (Laser Course
EE-110) Price £139.95

Laser Trainer

ET-4200
* Commercial quality helium-
neon laser.
* Includes power supply, audio
modulator and receiver.

A Commercial Quality Laser

The laser trainer developed for
use with the Laser Technology
Course, is a low power Class 1I
Helium Neon type. It emits a less
than | milliwatt beam in the red
portion of the visible spectrum. It
has a pilot light and mechanical
beam shutter for extra safety. To

ensure long life, nothing but
commercial-grade  components
are used.

State-of-the-art modulation circ-
uitry demonstrates communica-
tions technology. Plug in a micro-
phone and transmit voice to a
Laser Receiver unit that's included

with the system. The Laser

Receiver can reproduce speech
through an audio speaker while a
power meter indicates relative
intensity of the beam.

Order As HM32K (ET-4200 Laser
Trainr) Price £299.95

The following is a list of all
items introduced since our
1985 catalogue, excluding new
items in this issue.

BOOKS

WM94C An Introduction to Progra-
mming the Sinclair QL by R.A. &
J.W. Penfold. Price £2.15NV

WM9SD Basic & Forth in Parallel by
SJ. Wainwright.  Price £2.15NV

WMIZF An Introduction to Pro-
gramming the Amstrad CPC464 by
RA. & J.W. Penfold.

Price £2.45NV

WM99H The Complete Guide to
Satellite TV by Martin Clifford.
Price £10.95NV

WPOOAR The Fibre Optics & Laser
Handbook by Edward L. Safford.
Price £14.80NV

WP01B BBC Hardware Projects by
Don Thomasson, Price £8.95SNV

WP02C Spectrum Micronet Book by
Alan Giles. Price £6.95NV

NEW
PRIC

WPOSF Practical Electronics by
Barry Woollard.  Price £8.10NV

WP06G Assembly Language Pro-
gramming on the Sinclair QL by
Andrew Pennell. Price £1.95NV

WPOZH Essential Electronics by
George Loveday. Price £8.15NV

WP08] Electronic Fault Diagnosis by
George Loveday. Price £6.0SNV

BOXES
FT31J Small Narrow Box.
Price 88p

CONNECTORS
BK96E 34-way IDC Socket & Cable.
Price £3.85

FKO1B 2.5mm Mono PCB Mounting
Jack Socket. Price 15p

FK16S 2-way Screw Terminal Strip.
Price 18p

FK1IT 4-way Screw Terminal Strip.
Price 28p

FMI12N Gold-plated % inch Stereo
Jack Plug. Price £2.15

LIST

| PANEL METERS

FM98G Hi-Z 50uA Meter.
Price £6.98

PROJECTS & MODULES
FJ317S Logic Probe Case.
Price £1.48

FM49D Musical Announcer Front
Panel. Price £1.55

GB69A Gas Detector PCB.
Price £2.45

GB175S Musical Announcer PCB.
Price £2.15

GB1717J Mains Controller PCB.
Price £2.99

GB18K Flash Meter PCB.
Price £1.15

GBI79L Gas Sensor PCB.
Price £1.15

LKSSK 27TMHz Tx Kit.
Price £9.95

LKS6L 27MHz Rx Kit.
Price £10.95

TEMS

LKS7M Musical Announcer Kit.
Price £13.50

LK58N Flash Meter Kit.
Price £13.95

LKS9P Mains Controller Kit.
Price £8.95

LK60Q Gas Alarm Kit.
Price £23.95

PROTECTION
FMB87U Gas Detector Sensor.
Price £6.99

WOUND COMPONENTS
FT32K 50W Ferrite Transformer Kit.
Price £4.15

FT33L 100W Ferrite Transformer
Kit.
Price £5.15

YJ61R 20W Transformer Kit.
Price £6.75

YJ62S 50W Transformer Kit.
Price £9.45

YJ63T 100W Transformer Kit
Price £11.95
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1985 CATALOGUE PRICE CHANGES

The price changes shown in this list are valid from 11th February 1985 to 11th May 1985. Prices charged will be those ruling on the day of despatch.

For further details please see ‘Prices’ on catalogue page 12. The letter in
brackets after the price on some items, indicates the minimum trade quantity

thus: A=6;B=10;C = 25; D = 50; E = 100; F = 260; G = 500; H = 1000. For

further details see ‘Trade Prices’ on catalogue page 13.

VAT Rate Changes

Should the rate of VAT change during the life of this price list, any affected
prices will change immediately. If the standard rate of VAT {currently 15%)
changes, then on all items except those marked NV, to find the new price, first
divide by 1.15 them multiply by 1.18 etc. If the government apply VAT to books t
then all items marked NV will change in price. To find the new price simply
multiply the price shown by 1.xx. For example, new VAT rate for books at 5%,
multiply by 1.05 etc. If in any doubt please contact our sales office. We will
prepare new price lists which will be available free of charge, as quickly as §

1904
Catalogue
Page No.

AERIALS

Page 29
YG20W Ferrite Rod 810
YG41U  27MHz Rubber Duck

BATTERIES

Page 34
HFSD  HP11 Batt Box

BOOKS

Page 37
XW21X Book NB344
RHE3T  Book NBO4!
Page 38
RAISN  Towsrs Trensistor Bk
Page 40
WG23A Book JWS88
WG22Y Book JWS6?
Page 42
WKI0L Book JMETS
Page 44
WGSQ Book HOBSS.
Page 45

TXW478 Book MMI96

Page 48
WAOSK Dpto Theory/Practice

Page 47

WGESG Guide To Solar Elect
RL&OT  Book NBIIM.
Page 48

WGSSP Book BP9
Page 49

XWS2A Book WOXG
XW27€ Book NB402
ROSSN Book BPSS
Page 50

WA9ZF Book NB158

Page 51

WAS50 Book NBSOS
Page 53

WA4IU Advenced 8502 |/Face.

Page 54

WGSI1C Book FT1330
WADGF 6502 As.
XW70M Book M3
ROOBE Book Sybex L2
Page 55

XWESA Book M2
Page 58

WG3I2K Book P320
Page 57

WO Mastering CP/M
XWB0Q Book HD

XWS4C Book FT1095.

RQ21X Book Sybex R4
Page 58

WK4&3IW BBC Crestive Grphics
Page 59

WK1M Book MMS58S.

Page 63

WKOOA Prog Your Spectrum
Page 65

WAASL VIC Graphics

Page 86

28p Pow Boom Book
Book 1P20

WAS1Y Book NB223

WAS08 20 ZX81 Projects

Page 67

WABST  Sinclair Machme Cde
WKS0Q 2X81 Assembily Lang
XWO08G Book FT1071

Page 68

WG6IR Book HD192.

BOXES

Page 72

LLOSE  Verobox 201
LLOSG  Verobox 202
LLO7H  Verobox 203
LHSOE  Verobox 303
HOAT8 Tit Leg Large
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VAT
nclusive
Price

DIS (F)
£595(C)

49 (F)

Dis
Dts

L1405 NV
£9 ‘SDNI:
Dis

£9.95 NV
L4 5NV
Dis

£8 TSNV
DIs

DIs

DIS
DIS
DIS

DIs

-DIS
.DIS
£1585 NV

£13.09NV

oIS
£18.55 NV
£18.95 NV
DIs

L1795 NV
]
DIS
£1588 NV
DIS
DIs
DIs
Dis

DIS
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Catalogue
Page No.

Page 75

FW38R  Stck-on Feet.
YRSSK  Mod Int Card Guide
FX01B  Inst Hendle Large

CAPACITORS

Page 90
BXSAC  Polystyrene 47,000

Page 93

FFOOK  PC Elect 47uF 63V
FFI0L  PC Elect 100uF 10V

3
Axial 4700uf 25V

Page 95
Cen 1000uf 100V

Can 4700uF 40V
Can 4700uF 83V
Can 4700uF 100V
Can B800UF 40V ...
Can 10.000uf 25V

Can 10.000uf 63V
COMMUNICATIONS

Page S8
YBOOA Low Pass RF Filter
Page 99
HL94C  30W Dummy Load

COMPUTERS

Page 106

Soft Cover Ateri 800.
Soft Cover BBC Micro
Soft Cover Commodore
Son Cover Dregon 32.
Soft Cover Spectrum

Suncom Tac 2 Cotriir
Page 107

AFESW  Joystick Lead.
YXS87U  Mini Floppy Disc

CONNECTORS
Page 114
YX478 Comcon Block S-way

Page 115
HFTIN  4mm Socket Brown

Page 123
FJS2A  DIN Socket 5-pin C

Page 125
FJ49D  PCB Plug Gold 32Wey

Page 126
FYS2A  RA Lch Minicn Pl 2w

Page 127
YWSSH (IDC Con 12-wey
HLOSJ  Watarcon Plug 12-pwn

Page 128
FK97F  GP PVSKt Pair

Pege 132
HIS0E  Sleeve 8037

Page 134

RKBTU  Video Lead S
HARDWARE
Page 142

BFOSG  Boh 8BA 1/2in

Page 144
BH44X  Ples Fixing

Page 145

LASOE SR Grommet 7K-2
HEATHKIT

Page 152

HKT8K  HD-8999 Pro CW Keybd
Page 164

KAIJP  Hero Mem Bd ET-18-8
HSOSW ETA-18-6 RAM Fr Hero

Page 172
HS8BV  Hesthkn EC-112)

VAT
Inclusive
Price

2 8)
% iF
DIS (C}

£4.

£4.25(C)

£7.45(8)

DIS (C)
£1.80{C)

0p (F}
DIS (G)
48p (E)
..£1.80 (D)
38p (F)
58p (F}
18p {G)

£2 49(C)

28p {G)
DIS (G)

320 (F)

. £199.95

£80.95
£45.00

LE10.95 NV

Key
NYA
oIS
TEMP
FEB

NV
*

1904 VAT
Catalogue inclusive
Page No. Price
Page 173
HKSOE  I1M-5258 Distrin Anly DIS
Page 174
HKBTX PS2405 Mend-Freq PSU £29.95
Page 177
HK72P 1D-19%0 Digi Beromtr Dis
MICROPHONES
Page 188
BXOIB  FM Mic. £29.95 (A)
MUSICAL & EFFECTS
Page 191
YBSSV  Mini Compressor £29.95 (A)
OPTO-ELECTRICAL
Page 194
YHSIH  Cliplite Amber 20p {6}
54  Cliphte Clear 20p (6)
YHSSK  Chplite Green 20p (G)
YHSSL  Chpiite Red 20p (B)
YHSTM  Cliplite Yaliow 20p (G)
Page 197
YJ43D Messsge Disply Systm. . ..£89.95 (A)
Page 198
YY86W Intra-Red Sensor £1.35 (F)
ORGAN COMPONENTS
Page 206
BYSIF  Mr Ky Tb Rtr To Main DIsS
PANEL METERS
Page 208
LB80B  Sig Strangth Mater €2 48 (D]
AK21X  Quick Ft Mtr 50-0-50 DIS (C]
RKO8J  Quick Fit Mtr 500uA DIS (C)
Page 209
AWSSG  2inPn M1 100-0-100uA ... .....£8.25 (B)
RWISH  2inPn Mt 500-0-500uA £0.28(8)
RWI1Y 2in Pan Meter SO0uA. -£8.25(8)
AWS2A 2in Pan Meter 100uA. £8.25(B)
RWIE3B 2in Pan Meter 500uA £0.25(B)
AWML 2in Pan Meter ImA £8.25(B)
AWSSD  2in. Pan Meter SmA. £825(B)
RWESE 2in. Pan M 10mA £8.25 ()
i 100mA .£0.25 (B)
S00mA £8.25 (B)
1A £8 25 (8)
00V 25 18]
RXS3H 2in Pan Meter VU £8.23 (B}
AXOEV  Meter M1 300V ..DIS {B)
PROJECTS & MODULES
Page 220
GB24B  Enisrger Timer PCB €3.95(C)
Page 228
FJS3H  TU 1000 Front Pane! €2.85 (D}
FJS4J  TU 1000 Rear Panel £2.10(D}
Page 232
XH&SC MES33 Dis
JXIZK  H/Phones Skt Brekt DIS (E)
XY22Y Hifi Amp Scresn DIS (C)
XYZIA W1 Amg Frt Panel DIS (.
Page 241
YQ3R 3072 PSU PCB €1.99(D)
Page 249
TXYSST Matinge Main PCB .£35.00 (A}
TXY$1Y  Matinee Drgan Kit .£314.95 (A)
Page 252
BYS3IE  Synth VC Pn & AncPCB . £10.45(B)
Page 258
XX44X  Synclock Front Panet £210(0)
RECORD, TAPE & VIDEO
Page 276
FJI0U  Dr/Bokt N/Pan ASS187 ... £3.25(C)
FJ23A  Dr/BeR Hichi AS8210 . £3.25(C)
Page 277
HRIOL Ctrdg SR SCI12H £4.75(C)
Page 278
HRISR  Cirdg Goidring G850 £9.45(B)
Page 281
YB55K  Clesning Kit C51 ... £385(C)
LX10L  Anti-Stat Met C119 £3.96 (C)
LXO4E  Record Clr AC2000 £3.45 (8)

Not yet available.
Discontinued.
Temporarily unobtainable.
Out of stock; new stock expected in month shown,
To be discontinued when stocks are exhausted.
Indicates that item is zero rated for VAT purposes.
See ‘Amendments To Catalogue’. Note that not all
items that require amendments are shown in this list.
Indicates that prices are cheaper in our shops.

1984
Catalogue
Page No.
Page 282

YK73Q  Head Cleaner Asrosol
RBOIC Cessette Case

SEMICONDUCTORS

Page 291
QF37S  BU20S
YH3SN  CAI080€
Page 292
QHISQ  LHODA2C
WO32K M3

M52
LMI8).
LM1830

NE 558
NE 558
NE 587
0CAS.
SG14950
$G402
TDA 11028P
DA2005M
TOA7000
uA741C 8-pin DIL.
VNAGAF
XR2211CP
2N30S4
2N3I055H.

Page 308
YFBIU 7415240
QaseL  74LS244
Page 309
YFSIY 745245
UBBIX  74HC245
Page 310
YHOOA 74LS273
YHIES  74LS374
Page 311
YHISR 7415373
Page 314
WHIZN 74182
Page 319
UBTSH  74HC3S4
UBTYJ  74HCI%6
Page 320
QwasQ 40528€
Page 321
QXI0H  4418BE
Page 326
Wase! NESI)
Page 326
QL22Y  UATAIC 8-pin DIL.
X018 4136
Page 328
QM50 LHOOA2C
YH3ON  CAJ0S0E
Page 331
WOSEW TDA2006
Page 332
YY70M  TDA2005M
QY32K  TDA 1102SP
Page 333
QHaIY  LM38)

Page 348
YHS7U  TDA7000
QLo8G  SG14950

VAT
Inclusive
Price

DIS (D}
p (F)

€2.15(0)
.€1.75 (D)
£4.98

£4.95
£1.36 (€)
£1.35(E)
£7.25(8)
£4.95(B)
£415(0)

£175(E)
€149(C)

oR
[
g8

ot
23
&8

£1.36 (6)

98p (E}
£8.95 (D}
£2801(C)

(F)
?; (€}

£8.45 (B)
£1.25(E)

£1.75(D)

€425(B)
DIS (C}

€275 (D)

£2.45(C)
£8.75 (C)

possible if there are major VAT changes. A complete Price List is also available
free of charge - order as XF08J.

1984 VAT
Catalogue Inclusive
Page No. Price
Page 347
QWIH  SGI02 DIS(C)
Page 350
YYSSH LMI1830 £395(C)
Page 351
YYI30 LM3SZ €2 25D}
YYS8E LMI91S £38S(C)
YY3IF  LM3I%IE £385(C)
Page 353
QavosJ  74C928 £72518)
Page 357
QHOEW NE 555 32p (A
QHETX NE 558 38p (E)
Page 358
QHBSA  NE 587 £1.98 (D}
WO3SN LM3%09 £155(E)
Page 359
WOQIZK LM334 £10851D)
Page 368
YH4IU  G0SSA £4.95(B)
YH50€  8255A £415(C)
Page 369
Q008G 4184 250ns £395(8)
Page 370
QWI3P 2708 450ns £7 98 (B}
QQOTH 2718 450ns £455(B)
Page 371
XYB4F  Softy 2 System £199 95 {A)
Page 373
avaaw  xXR2211CP £2.93(0)
Page 378
BL17T  DIL Socket 8-pm . 5p (M)
BLI8YU  DiL Socket 14-Pmn 8p (G}
BLISV  DIL Socket 18-pin 9p (G)
Q76K DIL Socket 18-pin 109 (G)
HQ77J  DIL Socket 20-pin 1p (6}
HQ78K  DIL Socket 22-pwn 14p (G)
BL2OW DIL Socket 24-pin 14p (G)
BL21X  DiL Socket 28-pmn 150 (F}
HO38R DIL Socket 40-pin 2p(F)
SPEAKERS & SOUNDERS
Page 388
XG34M Buliet Twester DIS (A}
Page 387
FGAIW HPXA4 Crossover DIS (B}
WF48A  Controlied Crossover £1345(A)
SWITCHES & RELAYS
Page 395
BK43D End Chasks €14S1(E)
Page 396
FFI3L  Long Chrome Siide 28p (G}
TEST GEAR
Page 407
FK32K  Soider Test Prods 480 (F)
Page 408
YR95D Lo-Cost Scopa Probe MAY'S5 (C}
TOOLS
Page 419
LMISS  Spwaldriver DIS (C)
Page 420
BR7ZP  Side Cutters S55 £8.95(C)
Page 421
FY29G  Low-Cost HD Pliers DIS(C)
Page 423
FGOBG 7 pc Tep Set TEMP (D)
Page 425
YL02C Maegnismp DIS (D)
Page 428
FGOBJ)  Soldering Aid Set €4 45(C)
Page 430
#YKS8G  Data Buds Pk of 10 19p(C)
WOUND COMPONENTS
Page 438
YJS0E  Min Tr0-8 0-8 1A £525(C)
YJSIF  Min Tr0-8 0-8 2A £0.25 (8}
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*x ONLY £3 %

FOR A WHOLE YEAR’S SUBSCRIPTION
TO ‘ELECTRONICS - THE MAPLIN MAGAZINE’

* Every issue sent to you as soon as it’s printed,
post free.

* Packed with interesting and novel projects that
you can build with all components easily
obtainable.

* Many features on electronics subjects to keep
you up-to-date with latest developments.

* More pages to read than the monthly magazines.

* And much, much cheaper too. Many of the
monthlies are now £1 or more per issue!

BUYING A SUBSCRIPTION IS THE
BEST WAY TO BUY ‘ELECTRONICS’

‘Electronics’ is different from any other electronics magazine for two
reasons:

1. it's quarterly, soit’s hard to remember when a new issue is due
out both for you and your newsagent.

2. Wedon'tcarry any advertising, which means that having lots of
copies sitting on the newstands waiting for casual sales is of no
advantage to us. The newsagent will normally have plenty in stock of
those magazines which advertise because in almost all cases, he can
return them if they are not sold - so he doesn‘t pay for them.
‘Electronics’ has no advertisers to pay for unsold copies, nor does it
need to have an impressively large circulation, so the newsagent
must buy all of his delivery of ‘Electronics’ and cannot return those he
doesn‘t sell. Therefore, he may not want to take stock of too many. &
Before you know where you are, ‘Electronics’ has sold out!

That's why you'll need to place a firm order with your newsagent to
be sure of obtaining each new issue. Better still, place the order
directly with us by sending £3.00 now and we will send you every
issue for a year, post free.

Despite having very few casual sales, ‘Electronics’ sells as many
copies as the top selling monthly magazines. So we can justly claim if
not quite the largest, definitely the largest committed readership in
the U.K. of any electronics magazine.

Please send me the next ....... issues of ‘Electronics -
The Maplin Magazine’ at 75p per copy (minimum
£3)*. Please start with issue number ....... Overseas
surface mail add 24p per copy, air mail add 87p per
copy. | enclose cheque/P.O. forf.............

Customer No. (if known) ....cccoeeeennnneeen.

* Order as many copies as you wish, you will not be affected by future price
Increases until your subscription ends.
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NEW TELEPHONE
ACCESSORIES

We have recently extended our
range of telephone fittings and
accessories, to add to those that
are already featured on pages 132
and 133 of the 1985 catalogue. The
new connectors are as follows:-

Surface Mounting Master
Jack Unit 2/4A

A wall or surface mounting master
jack unit to match the wall
mounting secondary jack unit
2/6A, stock code FG28F. The unit
measures 67 x 67mm (pattress)
and is 29mm deep.

Order As FT48C (Sfce Mnt
Mastr Jk 2/4R) Price £3.98.

Small Surface Mounting
Master Jack Unit I/4A

o
s Mo ) o S

L

A miniature version of the Master
Jack Unit above, it measures only
54 x 54mm x 29mm deep, with a 48
X 48mm pattress.

Order As FT49D (Sml Sfce
Master Jk I/4A) Price £3.98.

Small Surface Mounting
Secondary Jack Unit I'6A

A Secondary Jack Unit to match
the small Master Unit above.
Order As FT50E (Sml Sfce
Second Jk I/6A) Price £2.98.

Twin Flush Mounting
Master Jack Unit 5/4A

A flush mounting Master Jack Unit
having two commoned lines. For
use where two appliances may
need to share one socket, e.g.
telephone and answering
machine, modem etc. The unit
measures 84 x 84rmm.

Order As FT46A (Twin Master
Tk ¥4AR) Price £4.98.

Twin Flush Mounting >
Secondary Jack Unit /6 A

A flush mounting Secondary Jack
Unit having two commoned
outlets, as the Master Jack Unit
above.

Order As FT47B (Twin Second Jk
§/6R) Price £3.95.

34

IPC Insertion Tool

An insertion tool for attaching
cables to a standard 4-way line
plug (FJ33L). The tool is used to
force the four wires of the line
cord into the Insulation Piercing
Connectors in the plug.

Order As FTS1F (BT IPC Instn
Tool) Price 48p.
|
1
‘ \ai Po—
Se—— ‘

5 Metre Telephone Line Jack

Extension Cord

A § metre line extension cord

having a standard 4-way IPC plug

at one end and matching line

socket at the other; a quick and

simple means of extending tele-

phone or modem leads etc.

Order As FT45Y (5m Tel Ext Ld)
Price £3.25.

6-Way IPC Plug 63U/A

A standard BT line plug as the 4-
way plug FJ33L, but having 6 ways.
Order As FT52G (BT Plug 6-Way
63VA) Price 88p.

Fused Euro Chassis

Mains Inlet

A chassis mounting Euro style
mains inlet connector with a built
in fuseholder that accepts a § x
20mm cartridge fuse. The fuse is
connected in the Live line only.
The fuseholder consists of a small
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‘drawer’ which cannot be with-
drawn unless the input lead line
socket is removed first. The fuse is
automatically disconnected and
remains loose in the ‘drawer;’
changing the fuse is merely a
matter of lifting out the old and
dropping in the new. Additional
space is provided at the front of
the ‘drawer’ to carry a spare fuse.
(Fuses are not included). The line
socket cannot be inserted without
closing the ‘drawer’.

Order As FT37S (Fused Euro Ch
Plg) Price £1.20

Filtered Euro Chassis

Mains Inlet

A chassis mounting Euro style

mains input connector which
incorporates an integral inter-
ference filter for the exclusion of
unwanted noise from the mains
supply, or to prevent equipment |
introducing noise spikes into the
mains circuit. The combination
inductive and capacitive filter,
contained in a metal case, includes
the Earth connection in its
arrangement together with the

Live and Neutral to cover all [
possible interference sources. |

It only needs the addition of a
mains transient suppressor to
provide all round filtering of mains
bourne noise. Ideal for sensitive
audio equipment, computers or,
conversely, for appliances

having for example brush and
commutator type 240V electric
motors (electric drills etc).
Connecting wires are terminated

| to solder tags. Approved to BS613.
| Specifications:

Nominal

working voltage: 250V AC @ 50Hz

Current rating: 6A

Earth

leakage current: 0.35mA

Dimensions: Width 50ram.
Depth 22mm.
Length 60mm.

Cutout required: 28 x 21lmm.

Fixing centres: 40mm.

Order As FT36P (Mains In
Filter Ch Plg)

Fuseholder Insulating Boot
A pliable PVC insulating boot for
enclosing and covering cables
connected to the terminals at the
rear of the fuseholder. Suitable for
use with both of our panel
mounting cartridge fuseholders.

)ﬁ‘

Order As FT35Q (Fuseholder
Boot) Price 30p

Anti-Static Gun/Record
Cleaner RC2000

An anti-static cleaner for records
which uses a piezo-electric
principle to remove static charges
from the surfaces of records,
photographic film, perspex sheet
etc. The head, which is surrounded
by a cushion of conductive fibres,
incorporates a brush that can be
directly applied to the surface of a
record on the turntable. A large
trigger bar activates the piezo-
electric discharge device. This
record cleaner now replaces the
anti-static gun shown on page 281
of the 1985 catalogue.

Overall length: 220mm.

Weight: 285 grams.

Order As LX04E (Anti Stat

Gun RC2000) Price £5.45

B R T
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[
Price £1.95

2-Way PCB Mounting
Terminal Blocks

A 2-way printed circuit terminal
block to augment our range of

these useful connectors described
on page 128 of the 1985 catalogue.
The block is stackable withany of |
the others in the range, providing

for a greater variety in the number

of possible ways. |
Order As FT38R (2-Way PC
Terminal) Price 24p

High Impedance 50,8
Panel Meter

» x
“ DA e,

A panel meter which matches the
range of rectangular meters as [
shown in the catalogue, but having |
an impedance of 4,250(1 with a full
scale deflection sensitivity of
50 A. The meter has a 3Smm x
45mm frontal area and is 40mm
deep overall. The scale is
calibrated 0 to 50 in uA.

Order Rs FM98G (Hi Z 50ull
Meter 2in) Price £6.98

Reader’s Light

L SN
A small, portable battery powered

| lamp that may be either free

standing or clipped to a shelf or
the edge of a table up to 30mm
thick. Uses four AA size batteries
(not supplied). A flush on-off slide
switch is provided plus a 2.5mm
jack socket for an external 6V
supply. Very useful for working in
awkward comners of cabinets,
chassis etc. The jointed arm is
capable of a wide variety of
positions. Overall dimensions,
folded - 120 x 45 x 60mm.
Maximum reach of arm - 208mm.
Order As FM99H (Reader’s
Light) Price £4.25.

| Tool)

Wire Cutter/Stripper Tool

—~

A quick and very easy to use wire
stripping tool, which has jaws to
grip the wire sheath, whilst a pair
of blades strip off the insulation by
simply squeezing the handles. The
blades do not have to be set fora
specific wire thickness, but are
internally sprung in order to apply
just the pressure required to bite
through the insulation before
moving backwards taking the
insulation with them. The blades
can however be adjusted by a
simple thumb screw so as to
operate effectively for a range of
different insulation plastics.

| Itis even possible to strip two or

more wires, ingerted side by side,
simultaneously.

Order As FT44X (Cutter/Stripper
Price £4.95.

Guitar Buddy
Practice Amplifier

A small practice amplifier for
guitars in kit form. This neat, well
designed unit will produce a
‘reasonable’ 2.5W output from an
integral 4 inch diameter speaker,
or alternatively to a pair of
headphones via a Yain jack socket
to exclude other people or
extraneous noise. Input is via two
paralleled Yin mono jack sockets.
Volume and tone controls are
provided plus a 3.5mm jack socket
for connection to an external 9to
12V DC supply, in addition to the
internal battery (PP9 size). Com-
plete with custom injection
moulded black plastic case.
Dimensions 200mm wide x 120mm
deep x 230mm high. Weight 1kg
less battery.

Order As XG67X (Guitar Buddy
Kit) Price £20.75.
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| obstacle detection and hole sensing so

B May be used by any computer with
RS232 facility.

B Stepper Motor controlled.
B Designed to draw Logo graphics.
B Half millimetre/half degree resolution.

B Pen Colours easily changed.

B Uses ordinary felt-tipped pens.

B Built-in two-tone horn and LED
indicators.

B Built-in line follower.

B Onboard bus connector for easy
expansion with plug-in speech board
and obstacle detectors etc.

What is ZERO 2? Is it a turtle? - Yes!
Is it a robot vehicle? - Yes! Is it even
another buggy? - Yes! ZERO 2 is all of
these and much more besides; it is
whatever you want it to be.

While the idea of electronically
controlled robot vehicles is by no means
new, it is only in the past few years with
the widespread use of microcomputers
that it has become a practicality. One of
. the most frequent questions asked about
| computer controlled robot vehicles is:
| “What can you do with it?" However, no
one asks the same about a ball - they
have been around for such a long time
that everyone knows.

ZERO 2 in its primary mode has a
| built-in function; that of drawing Logo
graphics but it is also equipped with
LED's to be turned on and off, a two-tone
hormn that can be sounded and a line-
| follower. Add-on boards provide speech,

that it doesn't fall off the edge of the table.
Like a ball, what you actually do with
ZERO 2 is up to you.

General Description

ZERO 2 is 180mm long, 150mm wide
and 90mm high with a transparent shell
and baseplate. This is a feature essential
to Turtle Microrobots used in Logo
programming where viewing of partly
completed patterns is desirable.

36
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The machine is driven by two
stepper motors, each controlling a wheel
in half millimetre steps. The pen is raised
or lowered by a third stepper motor.
These three motors and the pen lift
mechanism are mounted on a rigid
aluminium framework, a ‘pelvis’, which in
turn, is mounted on the transparent
baseplate. Towards the front of the
baseplate, there is a nylon glider, or toe,
to prevent ZERO 2 falling over. All the
electronics are mounted on a 4in by 2%zin
PCB which in turn is fastened to the
pelvis. At the top of the PCB is a socket,
similar to a telephone connector socket

| but with a different polarisation, to take
the power and control umbilical. All the
works are protected by the easily
removable cover; in buggy mode, leave it
off. The umbilical is held clear of the pen
by the wire loop halo which plugs in the
top of the body.

To allow ZERO 2 to be independent
of the make of computer used to control

Txt

Serial Data

Bx

A UART
I Clo?:: o
| Data out Data in
D7 D6-D4 D3 - DO D7 D5 -
Data L
| Received Sensor
[ Clock L)
l Enable
Address Ready
‘ Decode Address Data
Ss7

| Select Clocks

D3 DO

it, the computer end of the umbilical

1. Motor Supply +ve

2. Motor Supply ov ‘
3. Logic Supply 5V 1
4. Logic Supply ov

5. Serial Data Out

6. Serial Data In

Figure 2. ZERO 2 Umbilical Simls

plugs into a special box which includes
connectors for the serial ports of the
Commodore 64, BBC B, Spectrum and a
25-way industry standard RS232 D-type
connector for all other computers includ-
ing Amstrad, MSX machines and the QL.

Mechanical
Construction

T

Line Detector

Some of the parts such as motor
drive bosses and rubber axle supports

FRERE!

are bonded together with adhesive and
this is done in the factory so that only a
screwdriver is necessary to complete the
assembly, instructions for which are
included with the kit.

Control Data

=

'

=l

Electronic Construction

The PCB is very densely populated
with components and consequently has
to be double-sided with fine tracks and

many plated-through holes; because of
Latch/ Expander Latch/ Expander Latch this, it is supplied as a ready-assembled
and tested item onto which plug the leads
high to the three motors and the speaker.
Motor l L l L low Having the circuitry ready-built in this
Supply [ way should be seen as similar to buying
Dual | S an integrated circuit as opposed to trying
Motor Driver Motor Driver Oscillator to make an equivalent circuit from
LEDS discrete components.

[ Vs I - ]

Sps - Spp Sensor Data

SD7 Ready

° Eps - Epy  Address Data ;

Eps - Epgp  Control Data
nght left pen | t | Horn DR Data Received i

- J Spkr Speaker

| Stepper Motors gx }Power J

Figure 1. ZERO 2 Control Circuit Schematic
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Figure 3. ZERO 2 Expansion Bus Signals
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Circuit Description

A 6402 UART is wired to accept and
send serial data, 8-bits, parity disabled, 2
stop bits at 4800 baud.

The received data is split into high
and low nibbles as in Figure 4. D7 is
discarded and D4, D5, D6 are used to
address a 3 to 8 line analogue decoder.
The UART's Data Received output, which
goes high when a received byte has
been transferred to the output buffer and
is stable, is routed through the decoder
to form the select clocks S0 to S7. Only SO
to S2 are actually used and these enable
the Drive Motor latch, the Pen Motor
latch and the Indicators latch as appro-
priate. SO is also used to route the line
follower output to the UART for trans-
mission back to the computer. The
latches used have Q and Q outputs and
these are routed from the latches at
address 0 and 1 through Darlington
drivers to control the stepper motors.
Two more Darlington drivers are used to
switch the LED's at address 2. The other
two data bits at address 2 are used to
gate two oscillators, the outputs of each
being routed to the speaker.

e . . .
Write to ZERO 2 Read from ZERO 2
D; Ds D; D, DsD,D Dy Do DsDy DsD: DDy
| | 7 g Ready notused Reserved for Data from
| notused  Device Data for (wire hole detectors  device
' address on device on ORed) atdevice  addressed
ZERO 2 ZERO 2 address 0 at last write
|
Figure 4. ZERO 2 Programming Model
|
Write to ZERO 2
Address Device Data Bit Allocation
0 Drive Motors Dg D, D] Do
Left Right
(port) (starboard)
motor motor
1 Pen D; D D, Dy
For future Pen lift
| allocation motor
2 Indicators D, D, D, Dy
Hom Hom Left Right
High Low LED LED
Tone Tone

Read from ZERO 2

Address Device
[ 0 Line follower
|
!
Hole detector
(Add-on)
1 Right fenders
(Add-on)
| 2 Left fenders
f (Add-on)

—

Data Bit Allocation
D, D, Dy
Left Centre Right

detectors
D, D,
Left  Right 0o 00
D1 D1
D2 D2
D3 03

Figure §5. ZERO 2 Device Allocation
38
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Circuit Expansion

All the necessary signals and power
are routed to a 16-pin socket in the centre
of the PCB to enable expansion boards to
be simply plugged on the front. For those
boards which need a Ready line, such as
speech boards, D7 of the parallel data
accepted by the UART is available; it is
intended that this line be wired so that
any peripheral board can pull it low.

Add-Ons

One of the problems with umbilical
controlled vehicles is the umbilical itself
and one add-on that will shortly be
available is an infra-red communications
link. For the vehicle end, there will be a
backpack containing a rechargeable
battery and an infra-red receiver/trans-
mitter unit with a complementary infra-
red unit at the computer end.

Most animals have learned the value
of audible communication and while
R2D2 may get away with squeaks, where
humans are concerned speech is much
more understandable, hence another

Bit pattern  Decimal Direction
11 3
| 01 1 Vehicle
00 0 moves
10 2 forwards
11 3
— — —d

Figure 6. ZERO 2 Motor Control Codes

add-on board will be a programmable
speech system which will plug onto the
Expansion Bus connector.

Two other add-on boards that will
plug onto the main board will be one for
detecting obstacles in ZERO 2's path and
another for detecting holes or edges of
tables or simply a coloured border round
ZERO 2's territory to prevent it straying.

Figures 4, 5 and 6 give complete
details for controlling ZERO 2 in its basic
form. This is easy to do even from BASIC,
but to follow a line or detect obstacles
bitwise comparison is needed and some
versions of BASIC do not support this. In
these cases, it is necessary to write a
routine in machine code. Such sets of
routines are available for the
Commodore, BBC and Spectrum either to
interface to Logo or to be called from
BASIC.

Conclusion

Robots are going to play an increas-
ing role in all our lives in one way or
another and they are not going to get any
simpler. In a few years’ time, it should be
no surprise to see robots controlled by
multiprocessor systems with a couple of
megabytes of RAM and gigabytes of
storage on laser disc. So now is the time
to get into Robotics while robots are
relatively easy to understand and ZERO 2
is an excellent and affordable way to
learn.

Zero 2 is available in kit form exclusively

from Maplin.

Order As LK66W (Zero 2 Robot Kit)
Price £79.95
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by Mike Wharton

Crystals

In the last article in this series,
mention was made of a method for
improving the accuracy of an oscillator to
be used for timing purposes. The most
common method of regulating the fre-
quency of an oscillator is to make it
crystal controlled, as many of you will be
aware. The material generally used for
this purpose is quartz, a naturally occur-
ring mineral which exhibits the piezo-
electric effect. This means that if a
voltage is applied to the prepared faces
of a crystal of quartz then it changes its
shape very slightly. Conversely, if a
crystal is distorted slightly by the applica-
tion of pressure, then a voltage is gener-
ated across the same faces. By carefully
cutting the crystal of quartz to an accurate
size and shape it is possible to ensure that
it resonates at a particular frequency,
rather like a tiny bell. If such a device is
placed in the feed-back path of an
oscillator circuit, then the maximum feed-
back will occur at the resonant frequency
of the crystal and the vibration of the
crystal, and hence the oscillation of the
circuit, will be maintained. Quartz is
chosen since it is cheap, exhibits a fairly
marked piezo-electric effect and can be
made to have a very low dependence on
temperature. For highly critical applica-
tions the crystal may be contained in an
oven, where the temperature is thermo-
statically controlled. For most everyday
applications this is not necessary, and the
accuracy of the modern digital watch is
as much a tribute to the crystallog-
rapher's art as it is to the silicon sculptors.

Reference to Figure 1 will give some
idea of what the crystal looks like when
fitted with its hermetically sealed tin can
overcoat, and the latest Maplin Catalogue
will give some more information about
commonly available types. One point that
is perhaps worth mentioning here is that
of the 3rd and 5th overtone types. Like a
voilin string a crystal will vibrate at its
lowest or fundamental frequency, as
March 1885 Maplin Magazine
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Figure 1. Quartz crystal

shown in Figure 2a. However, both string
and crystal can be made to vibrate at
higher frequencies, and the third harmo-
nic mode is illustrated in Figure 2b. A 3rd
overtone crystal has been specially cut so
that it will vibrate in this manner, at a
frequency three times higher than its
fundamental. It is a matter of physics that

Fundamental
D{’\,D

3rd Harmonic

) S

Figure 2a & b. !‘undamenta] and 3rd7
harmonic types

the size of the crystal must reduce for an
increase in resonant frequency, and to
obtain the higher frequencies with the
fundamental mode would mean trying to
cut impossibly small crystals. A circuit for
using overtone crystals will therefore
contain inductive elements in order to
operate at a nominal high frequency, and
the presence of the crystal will ensure
this is accurately maintained.

Crystal Clock

Figure 3 shows a typical arrange-
ment for using a quartz crystal with logic

'ﬁd/

Part Eight

gates to produce a clock oscillator. Of
course, discrete transistors could well be
used in any manner of oscillator circuit,
but it is often more convenient to use
available gates in existing devices within
a design. Here the logic devices are
being used in a so-called ‘linear’ mode,
that is as amplifying elements, with the
crystal fixing the frequency of oscillation.
In this application the frequency will be
the fundamental of whatever crystal is
used, be it an overtone type or not. This

1 Crystal

1 I

IC1=74LS04

Figure 3. Crystal oscillator using logic gates
kind of circuit will be found in many
designs where an accurate clock is re-
quired, from expensive microcomputer
controlled machines to our humble hi-
tech egg-timer!

Whilst for many applications the use
of a crystal provides an accurate time-
base, it may also replace one problem
with another. For instance, if we desire to
count seconds in a simple timer it is
impossible to provide a crystal controlled
clock oscillator with a frequency of one
hertz. Usually the basic frequency will be
at least some tens of kilo-hertz and this
will need to be divided down to give the
desired clock rate. In a digital watch a
small crystal is used which has a fun-
damental frequency of 32.768kHz, and
this is passed through a sequence of 16
dividers to produce a 1 hertz clock. For
some mains powered equipment a S50Hz
back-up clock needs to be provided in
order to keep some vital processes going
until the power is restored. In this case a
3.2768MH:z crystal would be used instead.
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Figure 4. CMOS 4060 clock

To produce a clock by using dis-
crete logic elements for the oscillator
followed by up to 22 division stages
would require a lot of unnecessarily
expensive chips. The whole operation
can be achieved by the use of special
chips, which contain an oscillator and
many dividers in one package. One
example of such a device in CMOS logic
is the 4060, and Figure 4 shows how this
may be used by the addition of a suitable
crystal and the various frequencies tap-
ped off from the outputs from the divider
chain. Such a clock could be used to
replace the simple 555 timer circuit used
previously for a 1Hz clock timer. This
probably represents an over-kill for this
application, but if a crystal is available it
is instructive to set up the circuit on a
bread-board, especially if an oscillo-
scope is available to examine the outputs
from the dividers.

Egg Timer

At the end of the last article it was
suggested that you think about how the
simple timer unit given could be im-
proved to make it more versatile. There
are almost limitless ways in which this
could be achieved, and rather than giving
a single complete method we shall con-
tinue by examining various options in
outline. Hopefully this will give sufficient
insight into the techniques to allow you to
devise your own digital egg-timer.
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One fairly important requirement for
a timer is that it should be possible to set
it to indicate a certain lapsed time. For
practical reasons we shall limit ourselves
to periods of less than 10 minutes, but the
techniques can be taken as far as you
wish. The solution adopted may be to set
the desired time and then count down
until zero is reached, or to start from zero
and count up until the lapsed time is
detected. In each case some form of
‘memory’ will be required. This may hold
the initial value of time, which is then
decremented, or to hold a time value with
which each incremented value is com-
pared untili a match is found. This
‘memory’ could be a semiconductor type
or switches set to the desired time value.
Besides this a clock will be needed and
possibly a display to indicate how far
timing has progressed.

Let us now examine how each of
these solutions may be put into effect.
Figures Sa and 5b are block diagrams of

Figure Sb. Up counter

l

each one. In the first example most of the
requirements have been dealt with in
previous issues, but one which has not is
the method of setting the time value in
some sort of memory. This could be done
with some RAM and associated circuitry,
but is more economically achieved by
using Presettable Up/Down Counters.
These are a special type which can be set
to hold some desired value before being
clocked down to zero; the arrival at zero
may then be used to initiate a reset or
alarm. Figure 6 gives a design using two
74LS192 presettable BCD up/down coun-
ters. This has one set of inputs, DO to D3
and one set of outputs Q0 to Q3. When pin
11, PL (Paralle]l Load), is pulsed low the
value present on the inputs DO to D3 is
latched into the internal dividers, and
then appears at the outputs Q0 to Q3. The
device has two separate clock inputs,
CPu and CPd. The clock pulses are
applied to CPd in order to decrement the
value to zero. To permit the cascading of

Vee
Clock
4 x 10k i
5 |4 @
15 J
1 §s
§ 3
10 32
Q
Q o
Set Units 2
d |
Go Ic3
4 ° Alarm’Reset |
b ‘
-
>
4 |11 & %
o} 3 5 a
(e} 2 1 2F
1IC2 2 g
O 6 10 S =
(o} 7 9 8
IC1.2 = 7415192 o
St Gnd IC3 =4068 .

Figure 6. Design using up/down counters
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such counters two further pins provide a
‘carry out, TCu when counting up and
TCd for counting down. Pin 14, MR,
provides the usual Reset to zero facility.
The values for loading into the counters
are shown being presented by simple
switches, such as a bank of eight DIP
switches. With a little ingenuity you
would see that these could well be
replaced by a couple of ordinary BCD
counters clocked by another oscillator, or
from a higher frequency in a divider
chain. These would be operated by just
two push switches to set the values, but
since they would also need some sort of
display, or share a single display, this
represents an unnecessary escalation of
complexity for demonstration purposes.

As given, the design will count up to
99 seconds, and longer times can be
achieved by adding another stage; under
these circumstances it is easier to keep
the counting in seconds, say up to 999
seconds, (16 mins. 39 secs.), rather than
again adding the complication of count-
ing minutes and seconds. The arrival at
zero of the outputs from each counter can
then be detected by applying them to an
eight input NAND gate. When each input
has attained a logic low state the output
will go high, and may be used to reset the
counters, inhibit the clock or initiate an
alarm circuit.

The second option is shown in Fi-
gure 7. This is somewhat similar to the
first, but here the time value is held by a
pair of special BCD encoded thumbwheel
edge switches. Reference to the Maplin
catalogue will give a good idea of what
these look like for those unfamiliar with
them. As before, the same effect can be
obtained with ordinary switches, but the
advantage of this type is that it displays
the value set and it is more convenient for
connection directly to logic gates. For

Figure 1. Thumbwheel desi

this approach a simple BCD counter such
as the TTL 7490 may be used, as here, or
the two contained in the single 4518
CMOS package. The other main require-
ment is for some form of ‘comparator’ to
produce an output when the value set by
the thumbwheel switches and the coun-
ters is the same. Again, there are several
ways of achieving the same end, from the
use of special comparator chips to an
implementation in combinational logic.
The method shown in the design uses a
pair of open collector Exclusive OR gate
packages, an idea taken from one of the
earlier articles.
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c Switch
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Gnd Gnd

In each of these approaches the BCD
decoders and 7-segment displays could
be dispensed with altogether, and re-
liance placed on the value displayed on
the edge switches. Alternatively, addi-
tional 7-segment displays might be
added, one set to indicate the set time
and the original to show the lapsed time.

So much for counters and timers, and
it is left to you to think of further variations
on this theme. Next time we shall be
examining the ideas behind multiplexing
as well as making a start on the mysteries
of the chips associated with microp-
Iocessors.

CORRIGENDA

Vol. 3 No. 11

Enlarger Exposure Meter. Some
constructors have been exp-
eriencing some difficulty in cali-
brating and using the Exposure
Meter. The problem has been
traced to ICl latching up and
creating a false response. All
current kits have had IC] changed
but should anyone be in posses-
gion of an early kit with this
problem, all that is required is to
change IC1 from the CA3140
(QH29G), to the CA3130 device
(QH28F).

Vol. 3 No. 11

Cautious Ni-Cad Charger. Some
constructors have found that
charging one single cell or ten
cells together has not worked
properly. The failure to charge
one cell properly was caused by
the limits of the common mode
input ratio of the op-amps IC6 and
IC7 being exceeded unless said
devices were non-typical examp-
les meeting the highest standards
of the specifications laid down

during manufacture. To bring the
devices within their guaranteed
minimum working range, remove
the end of R8 which connects to
the positive supply rail and the
anode of D2 and Cl, and connect
to the cathode of D2 and the
positive battery charging output
socket (+Ve). This can be done
by carefully cutting away the PCB
track around the pad of RS, and
then linking same with a short
piece of insulated wire to the pad
at the cathode of D2.

If you need to charge 10 cells at
once then it is necessary to
change T1 for LYO3D with the
secondaries in parallel. After this
change, if you then also wish to
charge single cells, you will need

|

to provide more heatsinking for TR2,

Vol. 4 No. 13

New products, transformer kits. In
the case of the 20, 50 and 100VA
transformer kits the core material
has been described as 'soft iron’,
which is incorrect. The material
used in modern transformers is
generally known as ‘electrical
steel’.

TOP TWENTY KITS

THIS LAST ORDER KIT DETAILS IN
MONTH DESCRIPTION OF KIT CODE PRICE PROJECTBOOK
1. (1) & 75W Mosfet Amplifier LWS1F £15.95 Bestof E&MM
2. (4} e Partylite LWO3B £10.95 Bestof E&MM
3. () e TDA7000 Radio LK32K £10.95 9 XA09K
4. (3} e CarBurglarAlarm LW78K £7.49 4 XAO4E
5. (-) e BreakContact LWS9P £2.85 2 XA02C
6. (12) o 2ZX81VOPort LW76H £10.49 4 XAO04E
7 (6) = 8W Amplifier LW36P £f4.95 Catalogue
8. (8} e# LightPen LKS1F  £10.95 12 XA12N
9. (7} = UltrasonicIntruder Detector LW83E £10.95 4 XAO4E

10. (17) e Computadrum LK52G £9.95 12 XA12N

1. (9) = Syntom Drum Synthesiser LW86T £12.95 Best of E&MM

12. (10} e LogicProbe LK13P £10.95 8 XA08J

Case also available: FJ37S Price £1.48
13. (11} e Harmony Generator LWS91Y £17.95 Best of E&MM
14. (5} < Modem LW99H £49.95 5 XAOSF

Case also available: YK62S Price £10.95

15. (-) e Musical Announcer LKS7TM £13.50 13 XA13P

16. (-} e VIC20RS232IF LK11M  £9.45 7 XA07H

17. (15) e« Spectrum RS232I/F LK21X £21.50 8 XA08J

18. (-) e Servo & Driver Module LK45Y £10.95 11 XA1M

19. (19) & 50W Amplifier LW35Q £15.95 Catalogue

20. (-} e Ultrasonicinterface LW8B4F £2.95 4 XA04E

Over 80 other kits also available. All kits supplied with instructions.

The descriptions 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.
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4-GHANNEL PWM

CONTROLLER. .

&\“\ ‘ S .
* 4-Channel PWM (0-5ms) Outputs ,‘ac’f/ o
* Internal or External Synchronisation @72 P
* High or Low Strobe Input o

* Compatible with many Model
Servo and Motor Drive Systems

by Dave Goodman

This module allows the use of either
mechanical switching or computer con-
trol for developing four 20ms frame, 0-
5ms+V PWM channel outputs suitable
for model servo mechanisms and motor
control systems. Mechanisms and motor
systems are available from MAPLIN and
find applications in Robotics, Model Kits
or Educational Demonstrations.

Circuit Description

Eight data inputs are used to drive
the module of which the first six (D0-D5)
determine the output PWM and the
remaining two select 1 of the 4

available channels. ICl1 buffers and Channel PWM Output
latches information presented on D0-D17. No. Data (D1,D6) Code Data (D5-D0)Input Code
Latching may be accomplished synch- 1 00 40 0-63 0 to 63
ronously by applying a positive or 2 01 +64 0-63 64 to 127
negative strobe pulse to the CS input or 3 10 +128 0-63 128 to 191
asynchronously whereupon internal 4 1 1 +192 0-63 192 to 255

clock signals are used. A 3-position

. ; Channel codes 0,64,128,192 = minimum (zero) output.
switch, Sl, is set according to require-

Channel codes 63,127,191,255 = maximum (5mS) output.

ments as follows:-

Table 1

S1 position Effect
B +ve going CS Pulse
C —ve going CS Pulse
A Internal Clock

For descriptive purposes, assume
S1 position ‘A’ (clocked mode) selected,
DO0-D§ all high (+5V), and D6, D7 both
low (0V). See Table 2.

From Table 2, it can be seen that
with both D6 and D7 low, channel 1 is
selected. Further data input codes (0 to
63) that maintain D6 and D7 low will
therefore be directed to channel 1 only.
The control code range for channel 1 is
then 0 to 63 (decimal).

IC3 is the clock-oscillator running at
409.6kHz, and C2 and RV1 determine the
42

Table 2

clock rate. This IC also internally divides
the clock through several stages and one
of these stages (= 16) produces a 25.6kHz
signal to IC4a. Sl is set to position ‘A’,
thus IC4a output strobes IC2 enable
input at this rate. IC2 is a dual 1 of 4
decoder with two data inputs (D6 and D7)
connected to pins 2 and 3 on one half of
the IC. Assuming a 39us clock pulse has
made a transition from high (+5V) to low
(0V), then data in IC1 will be latched from
pin 11, pins 2 and 3 on IC2 will be low and
the pin 1 enable input will be active. One
of four outputs from IC2 will go low and
for the 00 code, pin 4 becomes active. Of
course, during the previous latching or
clock period, data bus DO to D5 will hold
valid information and as all lines high is
assumed for this example, then the code

on the common bus will be 63. IC6 to
IC9 all receive the same code, so some
method of selecting the correct channel
has to be instigated. For this description,
IC6 pin 6 goes low (decoded output from
IC2); the data bus is then clocked and
latched into this IC only. IC10 (and 11 to
13) is an 8-stage, presetable, synch-
ronous down counter configured as a
divide by ‘n’ (+1 to 255) device. Latched
data from IC6 is presented to IC10 on all
six data input lines. A fast synchronising
pulse (see Figure 3) from IC4b presets
the divider and a gated 12.8kHz clock
signal is applied from IC5a, which starts
the new count down period. In effect, pin
14 O/P which is normally low (or 0V) is
pulsed high for countdown periods
determined by all six latched data inputs.
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Figure 1. C;cﬂt Diagram

After countdown, the output level will
return to OV and this is repeated 50 times
per second. Data to the latched inputs
can be changed at any time and on any of
the four channels decoded by IC2. Final
output drive comes from emitter follower
buffers (TR1 - TR4) which will drive into
low impedance devices suitable for use
on 20ms PWM, such as model servos and
small motor drive modules.

Construction

With reference to the Parts List and
Figure 2, identify and insert resistors Rl
and R2, R4 to R7, R8 to R11 and R3. Fit
components into the PCB from the
legend side only, and ensure every one
lies flat on the board.

Next, mount the IC sockets; ICl is
20-pin type, IC's 4 and 5 are 14-pin types
and the remaining ten are 16 pin sockets.
After inserting a socket, bend a few
terminals over undemeath on the track
side, so as to help prevent it from falling
out during soldering. Fit the disc cap-
acitors C3 and C4, and the small ceramic
capacitor Cl and the silver mica C2. Be
careful not to damage their leads by
excessive bending or pulling. Fit both
tantalum capacitors C5 and C6. One lead
will be found to be longer than the other,
and also marked with a small + sign.
Insert this lead into the hole in the PCB
designated also by a + sign. Mount all 4
March 1985 Maplin Magazine
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transistors TRl — TR4. For orientation
purposes, align these components with
the legend, pushing them down to
approximately Smm clearance above the
board. Insert preset RV1. Insert the
Veropins into the board at the 20
positions marked on the legend. Twrn the
module over and solder all terminals
correctly in position, being careful not to
introduce poor joints or short circuits in
the process. Finally, insert S1 and C7.
This capacitor is polarised, and only the
negative terminal is marked on the
component body. Do not fit this lead into
the hole marked with a + sign! Now
solder all remaining leads, cut off excess
lengths and if a suitable solvent is
available, clean flux and splashes from
the tracks. Re-inspect all work done and
when satisfied that everything is correct,
proceed with testing operations.

Testing

For testing, you wil require a
muitimeter, 5V power supply, an
oscilloscope, a non-metallic trimming
tool and a length of wire.

Before inserting any IC's into their
sockets, connect the PSU, with +5V to
pin 1 and OV to pin 2. Switch on the
supply and, with the meter, take a voltage
reading across C7. This, of course,
should read 5V with the correct polarity.
If the reading is negative, then the supply
may be connected to the wrong pins!
Switch off and insert all IC's into their
respective sockets.

Set the RV1 wiper position to the
arrow on the legend which is at approx-
imately 2 o'clock next to R3. Set Sl to
central position C and connect the 'scope
probe earth to C7 negative end.

Re-apply power and take a 'scope
probe measurement on IC3, pin 2. You
will see a 5V square wave signal which
can be changed in frequency by moving
RVI. Adjust RV] wiper to give a 50Hz
20ms display, as the signal waveform
shown in Figure 3. Alternatively, a
frequency counter could be used instead
of an oscilloscope for setting the clock
frequency. Switch off power and with the
wire, connect data input pins 7 and 3
only (D6, D7) to OV pin 2. Re-apply power
and take a 'scope reading on channel 1
output pin 12. There will again be a 20ms
period signal displayed at an amplitude
of 3.5 to 4V. The +V or 'MARK pulse
width should be 5ms duration and the off
or ‘SPACE’ width 15ms. If any combina-
tion of DO to DS, input pins 4 to 6 and 8 to
10, are now connected to 0V, the
MARK/SPACE ratio can be changed
accordingly from zero up to a maximum
of 5ms. Most model servos operate over
a 'MARK' pulse width range of 0.5ms to
1.5ms and the developed PWM signal
from the module should be suitable for
most applications.

Now remove the 0V connection from
D6 (pin 7) and leave D7 (pin 3)
connected. Further grounding of data
inputs DO to DS will not affect the last
channel 1 output signal. Place the 'scope
probe on channel 2, pin 14, and check for
a 5ms PWM signal output as before.
Connect D6, pin 7, to 0V again and this
44

time remove the OV connection to D7, pin
3. Check channel 3, pin 16, PWM output
and finally remove all DO to 7 connections

T A B SR L to 0V, and check channel 4, pin 18, PWM

Pin5 : 12:8BkHz output.
By this method of selecting channels

gz M Pin2 1 to 4 from D6 and D7, one channel at a

time is accessed and PWM data codes

sV Ic4
|] “ U . affect only that channel selected. Other
Pin4
OV—L! " channels remain latched to the last data
0'5uS code entered and can only be re-
e e - .- accessed by setting the correct D6, 7
5 3 O S
! H L oPs code as Table 2.
|20ms | [ {1 °
Qms  sms Servo Testing

As an alternative to testing with an
oscilloscope, small model control servos
s : can be used. These are connected to 0V
Figure 3. Signal Waveforms
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and +5V and their PWM signal input line
connected to channels 1 to 4 outputs in
turm. Two factors must be considered
before attempting this method. Firstly the
power supply should have at least 1A at
S5V capability, mostly for driving the
servo motor, as the module running
current is only 40mA. And secondly,
problems may be encountered when
generating PWM signals well outside of
the servo’'s range. As a guide to
approximate minimum and maximum
pulse width outputs, use D0 to DS codes §
and 43 respectively. Data code 5 corr-
esponds to 0.5ms pulse period and code
43 gives 1.5ms. With this in mind, the

testing procedure can be followed using
these two codes on all channels. Comb-
inations of D6, code 64, and D7, code 128,
will of course need to be added to the
PWM codes as in Table 2.

Using The Module

Mechanical or electronic switching
can be connected to data inputs for
controlling channel outputs. Without
connections to these lines, channel 4 is
automatically selected as D6 and D7, and
DO to DS are high (TTL inputs). This
means that changes made to DO - D§
affect channel 4 only. For this type of
switching, S| mode C should be used

as data is then latched in by the internal
clock. For connection to computer data
buses, S1 modes A and B should be
used, unless data is passed by a latching
interface, whereupon mode C could be
used again. If it is intended to connect DO
to D7 directly to a microdata bus, then a
select strobe control line must be used.
The strobe pulse may be either active
positive or negative going, but must be
greater than 0.5us period (typically 1us).
Table 1 shows Sl positions for different
CS conditions. Data should be presented
to IC1 before the strobe pulse is active
and should be stable for this period.
Otherwise, pulse output jitter will occur.

4-CHANNEL CONTROLLER ‘

"" IC3 4060BE | 1 (QW40T)

PARTS LIST IC4 40106BE 1 (QWsdl)
IC8 4001BE 1 (QX01B)

RESISTORS: All 0.4W 1% Metal Film 1C8-9 40174BE 4 (QW73Q)

R12 10k 2 (M10K) IC10-13 40103BE 4 (QWSIR)

R3 8k6 1 (MBKS)

R&-7 2K7 4 (M2KT) MISCELLANEOUS

R8-11 1000 4 (M100R) Printed Circuit Board 1 (GBS3E)

RV1 22k Hor. Sub-min Preset 1 (WRS8P) s1 4-pole 3-way slide switch 1 (FH38R)

14 DIL socket 2 (BL18U)

CAPACITORS 16 DIL socket 10 (BL18V)

Cl 100pF Ceramic 1 (WXB6L) 20 DIL socket 1 (HQT7))

c2 10pF 1% Mica 1 (WXO03D) Pin 2148 1 pkt (F124B)

34 100nF Mini-disc : (!UB;

C8,6 35V Tantalum (WW60Q :

000uF Axial Electrolytic A kit of the above parts is available.

N ’ - ' e—s Order As LKG61R (4Ch Servo Cntrlr Kt) £21.95

SEMICONDUCTORS The following is also available separately, but does not

TR1-4 BC548 4 (QB73Q) appear in the 1985 catalogue:

IC1 7415374 1 (YHI165) 4-Channel Servo Controller PCB Order As GBS3E Price £1.95

ica 4855BE 1 (QWS0X) -

1.(-) Loudspeaker Enclosure Design and
Construction.

(WMB82D) Cat. P47.

3. (4) Power Supply Projects,
by R.A. Penfold. (XW52G) Cat. P43.

3. (1) Remote Control Projects, by Owen
Bishop. (XW39N) Cat. P44.

4. (2) ICSSS Projects, by E.A. Parr. (LYO4E)
Cat. P46.

5.(10) How to Build Your Own Solid State
Oscilloscope, by F.G.Rayer.
(XWOT7H) Cat. P45.

6. (3) How to Design and Make Your Own
PCB's, by R.A. Penfold. (WK63T)
Cat. P41.

7.(11) International Transistor Equivalents
Guide, by Adrian Michaels. (WG30H)
Cat. P38.

8. (5) A Z80 Workshop Manual, by E.A.
Parr. (WAS54]) Cat. PSS.

9. (9 Radio Control for Beginners, by F.G.
Rayer. (XW66W) Cat. P44.

10. (16) Electronic Music Projects, by R.A.
Penfold. (XW40T) Cat. P48.

11. (7) How to Use Op-amps, by E.A.Parr.
(WA29G) Cat. P41.

12.(-) 50 Projects Using Relays, SCR’s and
Triacs, by F.G. Rayer. (RH30H) Cat.
P43.

13.(12) Electronic Security Devices, by R.A.
Penfold. (RL43W) Cat. P44.

PLAKER

LOUDE AND CO

14.(13) Z80 IC's Data Sheets (4th Edition).
(RQ54)) Cat. P40.

15.(-) An Introduction to Programming The
Dragon 32, by R.A. & ].W. Penfold.
(WM34M) Cat. P62.

16.(—) Adventures With Micro-Electronics,
by Tom Duncan. (XW63T) Cat. P42.

17.(20) Electronic Synthesiser Projects, by
MK Berry. (XW68Y) Cat. P48.

18. (=) Programming The Z80, by Rodnay
Zaks. (XW172P) Cat. PS5.

18.(-) AnIntroduction to Programming The
Amstrad CPC464, by R.A. & ] W.
Penfold. (WMITF). See note below.

20. (-) Micro Interfacing Circuits - Book 1,
by R.A. Penfold. (WM79L) Cat. P53.

These are our top twenty best selling books
based on mail order and shop sales during
October, November and December 1984. Our
own magazines and publications are not
included. The Maplin order code of each book
is shown together with page numbers for our
new 1985 Catalogue, with the exception of No.
19 in the above list, a description of which can
be found in Electronics /olume 4 Issue 13,
page 53. We stock over 500 different titles,
covering a wide range of electronics and
computing topics.
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Many projects built by the Home
Constructor require a LED display to give
an indication or show a response to a set
of circumstances. This article will de-
scribe a module which will drive up to 20
LED's and also show how to make those
LED's flash on and off. Many different
types of LED display can be used with
this module and in addition to this,
different driver chips can be used to give
varying displays.

A dual display driver PCB for the
LM?3914-16 range of display driver ICs
can be used for single DOT or sequential
BAR mode control of the 20 LED'’s. Dis-
play brightness is adjustable and FLASH
can be determined from any desired LED
position. Three types of IC are available
from MAPLIN's range which have iden-
tical operating characteristics but offer
different response of input voltage to
display output. Figure 5 is a graphic
representation which shows the response
curves of these IC’s in BAR mode. Each of
the LED's (1 to 10) are sequentially
operated in turn as the input DC voltage
is increased from approximately 50mV to
1.3V, and for the LM3914 a linear scale
can be observed. For a logarithmic scale,
the LM3915 is chosen, which increments
each LED in 3dB steps and the LM3916 is
suitable for VU displays.

Circuit Operation

IC1 (2) requires very little external
components as all LED controlling ele-
ments are internal to the IC (see figure 7).
Ten comparator output stages control
each LED via an internal resistor ladder
network, referenced to a 1.25V constant
voltage source, and an increasing signal
voltage applied to the high impedance
voltage follower, switches each compara-
tor in turn. Figure 1 shows the 5V regula-
tor: R10, D1 and TR], which feeds each
anode of LED's 1 to 20, Either single
LED's or common anode 10 LED displays
can be used here, and R2 determines
LED current or brightness. Reducing the
value of R2 increases LED current (and
vice-versa) and with the recommended
value of 1k2, approximately 10mA flows
through each LED. PCB pins 4 and 8

From TR1
any one of

/ LED1-20

Insert resistor
between selected
LED cathode and PCB

V74

100R  connect to flash

N

PO e

Figure 4. Connection for flashing mode
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should be connected to 0V, although
these inputs could be referenced posi-

tively above ground, thus changing the | ]
point with which input signals start to

switch the LED's. LED 1 output will l
normally be active with input signals = {
+0.1V when pin 11 is at 0V. Connecting

pin 11 via a resistor to OV raises the
comparator threshold so that a higher
input voltage will be required to drive the
display. Figure 8 shows the appropriate |
connections to those pins and Table 1 |
indicates resistance values and the
approximate minimum input voltage re-
quired to operate the first LED of the
display. |

F'ﬂShillg | 0-25 oS 0-75

Flash input pin 31 (29) can be con- Input Voltage [Voits] ’

prens
-
N
(4]

nected to any one (only) of LED's 1 to 10
(11 to 20) as shown in Figure 4. It is e - S
important to connect a 100} resistor in Figure S. IC response curves
series with the chosen LED otherwise r — e — = =
insufficient discharge current for C1 (C2)
is developed. For example, connecting 10u ‘
LED 10 via a 100(} resistor to pin 9 on the ’U
PCB and connecting pin 9 to pin 31 flash 73 > | o |
input, will cause all ten LED's to flash Y, *
twice a second and could signify display I L Gainaxitox10 | 2x

ov—4

over voltage in a voltmeter project. , W o | ™Neus Y
Diode Pump u o
g | i 0%
PCB Connections +e/asy S

LF351
Figure 3 shows external connections ‘°" ; ’

Rectitied
to the module. A power supply of 5 to 15V 1N4148 0/P|to. ov 220«

is required with 150mA current handling
capability. Pins 1 to 9 and 33 are LED
cathode connections to IC1 and pin 30 is
the common anode +5V supply. Pin 31 is
the flash input and can be wired to any
one of the 10 pins previously mentioned.
Pins 18 and 28 are common 0V connec-

dmpiny |
~&—Vref =
+ _driver ‘
2 O'OG'ATM' e

ov
Precision Half Wave Detector 1

DC Coupled Halt Wave Peak Detector ‘
tions and pin 10, the 5 to 15V supply. Pin _J

12 has a 1.25V reference output voltage e — — : S

available, pin 13 is the signal input termin- | Figure 6. Input AC detector circuits

al and pin 11 should be connected either E— = — e
directly to 0V or via a resistor (see Figure

8). Corresponding pins associated with

IC2 perform the same functions as their ‘
counterparts on IC1 and operation of both | 10 " 12 3 g 15 16 ” 18 1
sections is identical. |
-4+ - - -4 - - - - ¢ -9 - ¢
l
LED Displays

Figure 9 shows five of the most |

useful displays available from MAPLIN's | :(>
Catalogue, along with terminal notations.

The Parts List has stock codes of these F{%}_‘?h{;}_‘ R7 ? RS ? R3 R2
components if required. These displays +¥  Pinm
are suitable for use as voltmeter indica- ]
tors, alarm flashers, sensor indicators, | [] t

amplifier power level meters, graphic
equaliser response, VU meters and the
module could be used to replace panel

) ed t s 2 6 3 9 7 8 4
meters in these applications. ‘ O J) g é
Sig

1 |
+V=Bar
Operation || = i L e-ov ov-+-

So far, all input specifications refer to ‘ L _
positive DC signals and not to AC signals. AL s
Sinewaves can be fed directly to the ‘ T
signal input for display, but problems -4~ ov
may arise when calculating average or
peak levels, or the amount of dampening | - - —
required to ensure a readable display. | Figure 1. Internal circuit of LM3914/5/6
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Some example circuits are given in
Figure 6 which convert AC signals to DC
voltages suitable for driving the module.
The diode pump is the simplest to use,
although its input impedance is low, and
diode forward voltage drop must be
considered. A capacitor at the output
damps the display for a slow response
reading and values are chosen accor-
dingly.

Absolute maximum input signal vol-
tages should be kept below 35V peak
and wiring from LED's to module must be
as short as possible to avoid HF noise
radiation causing interference in audio
equipment. DOT or single LED mode is
simply produced by not inserting pin 9 on
IC1 (2) into the PCB and is left floating.

‘i

-
g !igs‘--ﬂ =

W

i

8. Input level reference

- s —

N e

ANIANNENARRE T

PARTS LIST FOR DISPLAY DRIVER

RESISTORS: All 0.4W 1% Metal Film unless specified
220k

R1S 2
R28 1k2 2
R3,7,10 4700 3
R4S 1k 2
RO 1002 3W Wirewound 1
CAPACITORS
Cl2 100uF 10V PC Electrolytic 2
c3 100uF 38V PC Electrolytic 1
SEMICONDUCTORS
ZD1 BZY88CS5VE 1
TR1 BC337 1
IC1,2 LM3014 or 2
LM3918 or 2
LM3916 2
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Figure 9. Pin connections of various displays

MISCELLANEOUS

(M220K) Printed Circuit Board 1 (YQ86W)
(MI1K2) Veropin 2148 1pkt (FL24B)
(M4T0R) DIL Socket 18-pin (HQ76H)
MIK) Red 10 Segment Bargraph As req (YH76H)
(WIO0R) Red Bargraph Display Asreq (BY6SV)
Green Bargraph Display Asreq (YG33L)

Dual LED Array Red Asreq (YHIT))

(FF10L) Tri LED Array Red As req (YHT8K)
(FF11M) Dual LED Array Green As req (YHTSL)
Tri LED Array Green As req (YHS0B)

Dual LED Array Yellow As req (YHBIC)

(QHOB)) Tri LED Array Yellow Asreq (YH82D)
(QB68Y) LED Red Asreq (WLATE)
(WQ41U) LED Green As req (WI28F)
(YYS96E) LED Orange As req (WL25G)
(YYSTF) LED Yellow As req (WL30H)




 PROJECT

FAULT FINDING

In the first article of this series we
considered some very basic methods of
fault finding which require little technical
knowledge or test equipment, but are
relatively slow and inefficient. In this
second article of the series we will look at
some fault finding methods which are
more methodical and require a little more
in the way of technical knowledge, but
are still comfortably within the capabili-
ties of most electronics enthusiasts.

Initial Checks

It is usually stated in fault finding
books and articles that the first check is
to make sure that the supply is reaching
the circuit. All of us from time to time
make the silly errors such as forgetting to
switch on or omitting the battery, and
faults with on/off switches and battery
connectors are not rare. Checking that
the supply is present is therefore a logical
first step. However, it might be as well to
first check the supply current rather than
the voltage. This is due to the fact that
circuit faults can often lead to a rather
50

by Robert Penfold Part Two

high level of current consumption, and
this can in turn lead to overheating and
the destruction of a component or com-
ponents in the circuit. Semiconductor
devices are particularly at risk. A check
of the supply current will reveal an
excessive current flow, and if this should
be the case you should switch off the
equipment at once.

If there is a high current consump-
tion this tends to complicate fault finding
since most techniques require power to
be applied to the circuit. On the other
hand, if the part of the circuit that is
causing the excessive current flow can
be found, this stage is obviously the likely
cause of the malfunction and you are 90%
of the way to rectifying the fault. It is
definitely not advisable to maintain a
current flow to a circuit that is drawing a
high current as this could easily result in
damage to some of the components, and
it could even be dangerous as severely
overheated components can literally ex-
plode.

It is usually very easy to find the
component that is passing the high cur-

rent since a high current flow means a
high level of power dissipation, and the
generation of a significant amount of heat.
Simply touching each component briefly
in turn will often reveal that one (or
possibly several) of the components is
running rather on the warm side,
although you should bear in mind that
some components, especially highly
complex semiconductor devices and
power devices, are intended to run at
relatively high temperatures.

When an overheated component has
been located the cause of the fault might
be quite obvious. For example, if an
electrolytic supply decoupling or smoo-
thing capacitor is overheating it is quite
likely that it has been connected with the
wrong polarity, or it might simply have
broken down. If a component has broken
down you should not automatically
assume that the device was faulty from
the start. In the case of a smoothing or
decoupling capacitor it could just be that
the component was not up to specifica-
tion, as the reliability of this type of
component is not generally as good as
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that of most other modern components.
Alternatively it could be that (say) a
voltage regulator has become faulty and
the voltage across the capacitor is sub-
stantially higher than it should be, resuit-
ing in the break down. It would therefore
be advisable to replace the capacitor and
measure the voltage across it to ensure
that it is within the rating of the compo-
nent. If it should be necessary to repe-
atedly renew a component this would
certainly suggest that there is a fault
somewhere else in the circuit which is
leading to its failure, or possibly that due
to a design fault the component is simply
inadequate for the task.

Do not jump to the conclusion that
the component which is generating the
heat is the faulty one, as this is not
necessarily the case. Take the typical
relay driver circuit of Figure 1 for inst-
ance. If TRl was to show signs of
overheating this would not necessarily
mean that it was faulty, and this would in
fact be unlikely. An open circuit fault in
TR1 would result in no significant current
now, and very little dissipation in the
device. Similarly, a closed circuit fault in
TR1 would result in the relay being
permanently activated, but the voltage
developed across TR1 would be very
small giving very little dissipation in the
device. What would cause a higher than
normal dissipation would be if TR1 had

+12v

-

SD

WN4002

BF Y51

Figure 1. Relay Driver Circuit

an inadequate level of gain (or any fault
that produced similar DC conditions),
giving a moderate current flow and about
half the supply voltage across TR1. Even
this would probably not give a very high
level of dissipation in TR], and it would
not cause the current consumption of the
circuit to be excessive.

A fault such as shorted turns in the
relay coil would almost certainly give a
high dissipation in TR1. In order to switch
hard on and pull its collector voltage
down to the 0 volt supply rail it would
need to produce a higher collector
current than normal due to the lower level
of resistance in the relay coil. The base
curtrent and current gain of TR1 could
well be inadequate to do this, giving
much higher than normal collector curr-
ent and collector voltage. This would give
both an excessive dissipation in TR1 and
a much higher than normal current
consumption for the circuit as a whole. A
fault in D1 or connecting it with the wrong
polarity would produce very much the
March 1985 Maplin Magazine

same result,

The point to note here, and it is an
important one with any kind of fault
finding, is that one should not jump to
conclusions. What might at first seem to
be the obvious cause of a fault is often not
the cause at all, and you should always try
to consider things carefully and logically.
Another point that is raised here is chain
faults. In other words, a fault in one
component leading to a fault in another.
In this case TR1 might have been perfect-
ly serviceable at switch-on, but the ex-
cessive power and current flow could
well have lead to it being almost instantly
damaged. If the problem proved to be
due to (say) D1 being faulty, then it would
be quite acceptable to replace this com-
ponent and then see if TR1 operated
properly. In some cases this might not be
a very good way of doing things since a
fault in a component damaged as a result
of the original fault might resuit in dam-
age to other components in the circuit,
including the one that had just been
replaced. If there is any possibility of
something like this occurring it would
obviously be sensible to remove the
suspect component from the circuit, test
it, and if necessary replace it before
switching on and trying out the unit again.

Voltage Tesis

Assuming that some supply current,
but not a grossly excessive amount is
flowing, the next step is to make some
voltage checks. Any multimeter can be
used for making voltage checks, but a
good quality 20k(V/volt analogue instrument
is the type most often used for general
servicing work. As we shall see shortly, a
digital multimeter or an electronic instru-
ment having a high input resistance can
be more convenient in use, and this fully
justifies the extra expense of instruments
of this type. Whatever type of multimeter
you use [ would strongly recommend the
type of test prods that can be clipped
onto leadout wires as these are much less
fiddly in use than the simple ‘needle’ style

prods. In particular, most voltage checks
are made relative to the earth rail,
and with the ‘clip’ type prods the
appropriate one can be clipped to any
convenient earthing point, leaving the
operator to manipulate just one test prod.
If necessary it is probably well worth-
while paying extra for a good set of test
prods.

You may find that the circuit diagram
for the piece of equipment being check-
ed includes some test voltages, but in
most cases these will be absent. Even if
test voltages are present they may not be
as useful as it might at first appear. The
voltage levels in circuits are often subject
to major variations from one unit to
another, making it difficult to be certain
what is a correct reading and what is
indicative of a fault. Also, finding an
incorrect voltage reading does not auto-
matically lead you to the precise fault,
and you must gain the ability to interpret
test results properly. In most cases furth-
er tests will be needed once a faulty
voltage reading has been traced before
the exact fault can be diagnosed.

With most circuit diagrams not being
marked with test voltages to give a rough
guide as to what to expect, the ability to
make realistic estimates of voltages in the
circuit under test is essential. This is
really just a matter of applying some
basic electronics theory, and it is not the
aim of this article to teach the reader this
theory. If you do not understand the
theory behind the methods described
here there are plenty of books which
cover this ground, as do some articles in
past issues of this magazine.

As an example we will consider the
circuit of Figure 2, which is the
‘Telephone Amplifier’ from the ‘Five Easy
Pieces’ article in Issue 12 of this
magazine. This helps to demonstrate
several points that apply to many circuits.
A circuit description will not be provided
here, but can be found in the ‘Five Easy
Pieces’ article (and it would be advisable
to consult this if you are not already
familiar with this circuit).
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As explained earlier, the first voltage
check would be to ensure that the supply
voltage is getting through to the circuit. In
this case the early stages obtain their
positive supply rail via a decoupling
network and the voltage from earth to the
junction of R1, R3, R6, etc. should also be
checked. There will be some voltage
drop through R8 and the voltage here
must be less than battery voltage. Howev-
er, the value of R8 is very low in relation
to that of R1l, R3, and R6, so that the
difference in voltage should not be very
large (probably only about 1 volt or less
at a rough estimate). A substantially lower
voltage would suggest a fault in R8 or Cl,
although there could conceivably be
other causes.

The next voltage checks can be
made in a more or less random fashion,
but in the interests of not accidentally
missing something out it is advisable to
take a more methodical approach. For
example, start at the input of the unit and
gradually work through to the output. In
this case the input stage is based on the
transistor at pins 6, 7, and 8 of ICl.
Although this transistor is part of an
integrated circuit, the LM383N is an
unusual device in that as well as an audio
amplifier stage it contains three transis-
tors with each one having its three
terminals fully accessible. These transis-
tors can therefore be regarded as ordin-
ary silicon npn transistors as far as
voltage checks are concerned.

R1 and R2 provide a bias voltage to
the base of the input transistor, and with
R1 at about three times the value of R2
this gives approximately one quarter of
the supply voltage at the base of this
device. Assuming a supply voltage of 8
volts (allowing for a 1 volt drop through
R8) this gives a test voltage of roughly 2
volts. Obviously, the exact voltage could
be significantly different in practice, due
to the tolerances of Rl and R2, the fact
that the battery voltage is unlikely to be
exactly 9 volts, and so on. Two other
points have to be taken into account in
this case. One is the input resistance of
the transistor, and this is effectively in
parallel with R2. This resistance is rough-
ly equal to the value of R4 multiplied by
the current gain of the transistor, and with
the typical current gain of the transistor
being some 275 the input resistance is far
too high to have a substantial shunting
effect in this case.

Another factor which must always be
borme in mind is the resistance of the
multimeter. With a digital or electronic
analogue instrument the input resistance
is usually about 11 megohms or more, and
is normally too high to be of significance.
Things are different for an ordinary ana-
logue multimeter which has a typical
sensitivity of 20k per volt. In other words,
the resistance of the meter (in ohms) is
equal to 20,000 multiplied by the full scale
voltage. The input resistance therefore
varies from one voltage range to another,
but if we assume that the meter is
switched to the 5 volt range when making
this measurement, it will have a resist-
ance of 100k (20,000 x 5 = 100,000 ohms
or 100k).
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Figure 2. Telephone Amplifier Circuit

This resistance is in parallel with R2
when the voltage check is being made,
and would reduce the effective resist-
ance of R2 to only about 28k. The result
on the voltage reading would be to
reduce it to something in the region of 1.5
volts. In practice any voltage reading in
the range 1 to 2 volts made using a 20k
per volt multimeter would be quite
acceptable, or with a high impedance
voltmeter anything from around 1.5 to 2.5
volts would be satisfactory.

If an obviously unsatisfactory voltage
reading was obtained it would then be
necessary to use this as a pointer towards
the precise cause of the fault. Suppose
the voltage reading was around 0.65to0 0.7
volts, this would tend to suggest that the
base/emitter junction of the transistor was
operating as a forward biased diode and
clamping the junction of R1 and R2 at little
more than earth potential. This would in
turn suggest that R4 had gone closed
circuit, or that the emitter of the transistor
had in some way become connected
direct to the earth rail. The obvious way
of checking this is to measure the voltage
across R4. This should be equal to the
base potential minus about 0.6 volts or so
dropped through the base/emitter junc-
tion of the transistor. In this circuit this
gives a voltage of typically just under 1.5
volts, and as R4 has a fairly low value an
analogue multimeter would not signifi-
cantly shunt this component and reduce
the test voltage. If a voltage reading of
zero is obtained this would tend to
suggest that the problem is indeed due to
R4 going closed circuit, or perhaps due to
a solder bridge short circuiting the emit-
ter of the transistor to the earth line. Some
simple resistance checks should be suffi-
cient to sort out the precise nature of the
problem,

There are other possible causes of a

low base voltage, and these should be
investigated if a resistance check indi-
cates that the correct resistance is pre-
sent in the emitter circuit of the transistor.
One possibility is that R2 is low in value or
R1 has gone high in value. If R1 had gone
very high in value or completely open
circuit, temporarily connecting a 120k
resistor in parallel with it should produce
correct voltages in the circuit. If this had
no significant effect it would suggest that
R2 had gone very low in value, or
perhaps that C3 had become faulty. The
possibility of a fault in TR, such as a
closed circuit base/emitter junction could
not be ruled out either. This would have
to be sorted out by testing these compon
nents, and suitable techniques were de-

scribed in the first article of this series.
If the voltages in the input stage
proved to be correct the same techniques
could be applied to the next two stages of
the circuit. The voltage at the junction R6,
R1, etc. should be about half the supply
voltage, but this is a voltage that will be
significantly reduced if an ordinary ana-
logue multimeter is used to make the
measurement. The voltage at the emitter
of the transistor should be about half the
supply voltage minus about 0.6 volts
dropped across the base/emitter junc-
tion, and as this voltage is at a low
impedance it would not be vulnerable to
meter loading. As a result of this, when
using an ordinary analogue multimeter to
make the checks the voltage at the
emitter could appear to be greater than
the voltage at the base. A simple check to
see if loading effects are giving mislead-
ing results, or the voltages really are
amiss, the voltage from the emitter to the
base of the transistor can be checked.
This should show the base to be slightly
positive of the emitter (despite what the
two previous checks might have sug-
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gested). The voltage at the junction of C5,
C6 and RS should be virtually identical to
the emitter potential due to the coupling
through RS.

The next stage has a different
method of biasing with just a single
resistor being used. However, with this
type of circuit the biasing is normally
arranged so that the collector voltage is at
something in the region of half the supply
voltage, and anything from about 1 volt to
a volt or so below the positive supply
voltage would in fact be perfectly accept-
able. The base bias resistor (R11) has a
very high value, and even using an
electronic multimeter of some kind this
could give a reading of significantly less
than the true base voltage of about 0.65
volts. With an ordinary analogue muiti-
meter there would be little more than
zero reading.

Output Stage

Integrated circuits often give prob-
lems when it comes to voltage testing
since detailed information on the internal
circuit is often lacking. Even where this
information is available it can be difficult
to work out likely test voltages due to the
circuit complexity and the use of circuits
that are often quite unconventional by
discrete standards. In many cases
though, detailed information on the inte-
grated circuit is not required. The output
stage of this circuit should give a quies-
cent output voltage of about half the
supply potential, and it should be within
about half a volt of this figure. Audio
output stages have to be designed in this
way in order to give the maximum possi-
ble unclipped output voltage swing.

If the output voltage at pin 1 of IC1 is
outside the acceptable range it should not

be automatically assumed that IC1 itself is
at fault. The audio amplifier section of IC1
has a built-in bias circuit and requires no
external bias components. In fact it is
essential that DC biases are kept away
from the input of the circuit, and this is the
reason for the inclusion of C10 in series
with the input of the device. If C10 should
become leaky, or a DC bias should find
its way to the input of the amplifier in
some other way, this would almost cer-
tainly send the quiescent output voltage
well outside its normal range.

A short circuit to one or other of the
supply rails, or C13 going closed circuit
(which would practically short circuit the
output to the earth rail) could also do this,
although such a fault would give the unit a
very high current consumption and IC1
would become quite warm, which is
where we came in.

S5-BAY DIRECTOR AERIAL

AMENDMENTS TO
1985 CATALOGUE

| suitable for use with micro-

XQ38R (Page 25). The fronvback
ratio quoted in the specification
table is actually 17-27dB. The
Acceptance angle is +17-28°.
14-BAY DIRECTOR AERIAL
XQ43 - 46 (Page 25). The group
headings for the specification
table have been erroneoushy
ghifted left one column.

21-BAY DIRECTOR AERIAL
XQSOE (Page 25). Again the
acceptance angle is + 10-24°.
FERRITE ROD AERIAL LB12N
(Page 29). The circuit details of a
medium/long wave receiver supp-
lied with this aerial is actually a
very old design, recommending
the use of germanium transistors
for example. To use this circuit
successfully a fair amount of
modification and replacement of
out of date components may be
required.

E.H.T. WIRE XR22Y

(Page 79). The copper conductor
actually comprises 16 strands
0.2mm dia. and not 7 strands of
0.25mm dia.

SINGLE-ENDED AND AXIAL
ELECTROLYTICS (Pages 93, 94).
The column headings for the
specification table at top right of
page 93 is transposed with the
column headings of the table at
top left of page 94.

Y2in MONO CHASSIS SOCKET
CHROME BEZEL HF 90X (Page
117). This standard ¥4in moulded
jack socket does NOT have gold
plated contacts.

UNIVERSAL PLUG HH38R
(Page 129). This adaptor lead may
or may not include a 2-pin plug
and mating 2-pin socket 200mm
from the end of the lead, entirely
depending on the supplier. To
save any further confusion it can
be said that the leads are not
provided with said plugs/sockets,
as this is the case with our current
new stock.

l

HI-F1 DISTRIBUTION BOX

| WY16S (Page 130). The four way

Euroboard is fitted with 1 metre of
3-core mains cable, and not 2'2
metres as stated in the description
in the catalogue.

SECONDARY LINE JACK UNIT
FG28F (Page 132). This item has
been described as a Secondary
Line Jack Unit (2/4A), whereas it
should be (2/6A).

MINIATURE TIE-CLIP
MICROPHONE YWT7IN (Page
185). This tie-clip microphone is
NOT supplied with a battery as
stated in the catalogue.

LOW-COST PHOTO-
TRANSISTOR YY66W (Page 198).
This device now has a TIL78
package and not TO106, and has
only two leads for collector and
emitter. The collector is denoted
by a flat on the package and the
shorter of the two leads. Electrical
characteristics are Light Current at
940nm Vce = 5V, H = 20mW/cm?),
7mA; Dark Current at Vce = 30V,
< 0.1nA; Peak Spectral Response,
940nm.

40W STEREO AMPLIFIER
XH48C (MES33). (Page 232). We
regret that it has become
necessary for us to discontinue kit
XH48C. Some of the special parts
are no longer available. Please
check before commencing con-
struction that all the parts you are
going to need are available and
order any that appear on page 232
of the 1985 catalogue at once, as all
these items will be discontinued
when all present stocks are
exhausted (i.e. are currently ‘while
stocks last').

1If you are now unable to complete
this project as a result of our
inability to supply all the parts, we

| will consider requests for refunds,
| and you should write at once

giving full details of your claim to:
The Sales Manager,
Maplin Electronic Supplies Ltd,
P.0O.Box 3,
Rayleigh,
Essex SS6 8LR.

ZX SPECTRUM KEYBOARD KIT
LK29G (Page 267). Although the
ready made keyboard includes
the adaptor and case, the kit does
not.

UFO04E (Page 307). In the table of
order codes UFO4E has been
described as 4049UBE, whereas it
should be 74HC4049.

QUAD BUFTERS 3-STATE
74LS125 YF49D (Page 308).

The internal architecture and pin
outs diagram is implied as
belonging to the 74L.5124; it
should of course be the 74LS125.

1-POLE 8-WAY ANALOGUE
SWITCHES QW34M, UF06G &

| UF14Q (Page 319). The captions of

the pin-out diagrams for these
devices are transposed. The
74HC4251 is actually in the 18-pin
package and the 4051BE and
74HC4051 have the 16-pin
package.

DIGITAL SOUND EFFECTS
GENERATOR PCB YQ42V
(Page 341). Full details of the
various circuit applications of the
Digital Sound Effects Generator

{ are NOT supplied with the PCB as

stated in the catalogue.

2732 32K EPROM (Page 370).
The 2732 32K EPROM is quoted
as having an access time of
250ns, whereas in actual fact it
has a minimum of 350ns. For
most practical purposes it can
be assumed to be 450ns and

[

processors having a 500ns clock
period.

AXIRL FAN WYO08] (Page 381).
The supporting ‘spider’ will be
composed of aluminium and not
zinc aloy as stated in the cat-
alogue.

STANDARD STEREO HEAD-
PHONES WF13P (Page 385). The
photograph is now out of date.
These headphones do not have a
padded headband and the lead is
straight not coiled.

DUAL-IN-LINE SWITCHES

| XX26D - XX29G (Page 394). The

photographs showing these DIL
switches, and the 8-way type in
particular, are no longer current.
The switches now come in a white
encapsulation with the sliders
numbered 1 to 8 in black; the
sliders are correspondingly colour
coded brown, red, orange, yellow,
green, blue, violet, grey.

KEYBOARD CASES YJ15R &
YJ14Q (Page 400). The case YJ15R
is actually for the keyboard
without numeric key-pad YJ12N,
and case Y]14Q is to house the
keyboard with numeric pad YJ13P.
Prices are correct.

THYRISTOR MCR102 QH43W
Although it is still currently in use
in our Train Controller Kit, this
device has been while stocks last
for some time; it has not appeared

in either the 1984 or 1985 editions

| of the catalogue. However a fair
{ quantity still remains in stock.

The MCR102 has the folowing
specifications:

Case style - TO92f

PIV - 30V

IT(r.m.s)- 0.8A

VGT (max.) - 0.8V

IGT (max.) - 0.2mA

IH (max.) - SmA

Price 58p.
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* Pulse Width Modulated For Excellent Low Speed Performe
* Inemq,Confrol of Momentum and Braking
* Box or Panel Mounted
.w* ‘.Sy To Build —
* Low Cost

‘by Robert Penfold
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Things have moved on from the days
when model train controllers were little
more than a rectifier and a high power
potentiometer (called a ‘rheostat’), and
using modern electronic devices it is
possible to produce a simple controller
that has quite advanced facilities. This
design is based on just two operational
amplifiers but it has a pulsed output for
good starting and low speed perform-
ance, plus simulated intertia, momentum
and braking. It also has output current
limiting which protects the circuit when
the inevitable overloads and short
circuits occur. The unit is designed to
operate from the 15 volt AC output from a
train transformer or the 15 volt AC
auxiliary output of a train controller but it
could easily be built as a self contained
unit having a built-in mains transformer
if preferred. It should also run properly if
powered from the 12 volt DC output of a
train transformer or controller.

Pulsed Control

Obtaining good results from a model
train controller is more difficult than it
rught at first appear. Simply varying the
voltage fed to the motor by means of a
voltage regulator type circuit or a series
rheostat might seems to offer excellent
performance but in practice, the char-
acteristics of the electric motor leads to
problems. Starting tends to lack realism
as a fairly high voltage is needed by the
motor before it will start to operate but
once it does start to run, only a relatively
low voltage is needed in order to move
the train slowly. As a result the train
suddenly jumps to a high speed instead
of having slow and realistic acceleration.

Another problem is that of poor low
speed performance. This tends to be
worse in the rheostat type of controller
where the output impedance of the
controller is inevitably quite high at low
and medium speeds due to the high
series resistance of the rheostat. This
results in the output voltage actually
decreasing slightly if the train comes to
an incline and the current consumption
rises as the motor is loaded more heavily.
This prevents the motor from obtaining
the increased power that it requires for
stable running. If the train goes down an
incline, the opposite occurs with the
motor requiring less power, drawing less
current but receiving increased voltage
and a power level that is little changed.
The practical result of this is a tendency
for the train to run fast down the slightest
of gradients and to stall when climbing a
gradient.

A constant voltage type controller
uses a voltage stabiliser circuit to
eliminate these unwanted output voltage
variations. This does not totally eliminate
the problem though since the power level
received by the motor still does not vary
in a way that exactly matches its
requirements. One way around the
problem is to use an over-compensated
voltage stabiliser, which is the method of
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Figure 1. Output Waveforms;

(a) Half, (b) Max & (c) Min Power Output
speed stabilisation used in applications
such as cassette recorders. What is
probably a more simple and practical
solution for the present application and
the one which is used here, is a method of
pulse control.

The idea of a pulsed output cont-
roller is to provide a series of output
pulses that drive the motor at full power.
The average output voltage (and thus the
speed of the train) is varied by altering
the mark-space ratio of the output
signal. Figure ] helps to explain the way
in which this system operates.

This diagram shows typical output
waveforms at various output powers. In
figure 1 (a), the waveform is a square-
wave having a 1 to 1 mark-space ratio.
The average output voltage is therefore
equal to half V + and this gives half
maximum output power. In figure 1 (b),
the mark-space ratio of the signal is very
high and the output is at V + for the vast
majority of the time. This gives an output
power which is virtually equal to that
obtained if the output was at V+
continuously. There is obviously a small
power loss due to the brief periods when
the output goes low but these are too
short to give a significant power loss in
practice and can be ignored. Finally, in
figure 1 (c), the output consists of very
brief pulses and most of the time the
output is at zero volts. This gives a very
low average output potential and would
in fact fail to turn-over the motor at all.

Although small DC electric motors
are not designed to operate from a
pulsing supply, they will do so perfectly
well provided the output frequency is not
very low or very high. A frequency of a
few hundrd Hertz is satisfactory. In a train
controller application, excellent results
are obtained as the brief but powerful
pulses nudge the train into movement and
overcome the starting problem and the
tendency to stall at slow speeds.

Speed :

15V Output 1 Delay
Regulator M Stage PWM  —  Butfer Circuit
SR B S
| | |
15vacC ] Rectitier Filter Lo o
INPUT and an
Smoothing Switching Brake

Figure 2. Block Diagram
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Operating Principle

The block diagram for the controller
appears in figure 2. The 15 volt AC input
is rectified and then smoothed. A 15 volt
regulator circuit is used to give a
reasonably well smoothed and stabilised
supply for the main circuit, although such
a well smoothed and requlated supply
voltage is by no means essential. The
main reason for including the requlator is
that it incorporates current limiting which
protects the unit as a whole in the event of
a short circuit or other overload on the
output.

A pulse width modulator circuit is at
the heart of the unit and this is an
oscillator which has the mark-space
ratio of its output signal controlled by an
input voltage. Within the operating limits
of the contro] voltage, the higher the
control voltage, the higher the mark-
space ratio of the output signal. A buffer
stage at the output of the pulse width
modulator enables the fairly high cur-
rents required by the motor to be
comfortably accommodated. The speed
of the train can be controlled by varying
the input voltage to the pulse width
modulator.

For straightforward speed control, a
potentiometer to provide the control
voltage is all that is required. In order to
give simulated inertia and momentum a
delay circuit must be added. This should
give a fairly long attack time so that the
acceleration of the train is restricted to a
realistic level. With the power removed, a
real train will coast for a considerable
distance and an even longer decay time
is required. However, the simulated
braking is provided by a push button
switch that can greatly reduce the normal
decay time of the delay circuit.

Although the output signal is a
pulsed signal there is little problem with
radio frequency interference being
generated due to the low voltages and
low fundamental frequency of the output
signal. A simple filter is included at the
output to attenuate the weak high
frequency harmonics tht are generated
and the direction control (a switch that
controls the polarity of the output signal)
is also included.

Circuit Operation

For a unit of this type, very few
components are required as reference to
the circuit diagram of Figure 3 will reveal.
In this circuit, IC2b is used as virtually an
ordinary operational amplifier relaxation
oscillator. The motor will require a fairly
high current of typically about 500
milliamps and Darlington power trans-
istor TR1 is used as an emitter follower
buffer stage to enable suitably high
output currents to be supplied. D6 and C6
are suppression components and Sl is
the direction control.

The basic action of this type of
oscillator is for C5 to charge to a little
over half the supply voltage via R7 and so
on, with a squarewave being generated

TIP122 r
) |

w[c1 Jour
‘ 7815
[ COM
c3 ca
1000F "= 1000F R8 TR1
| 01,y
1 2 |
i D2,y
1% |
sK1
> fet-
1svac| O3 L
IC2a
- 1< CA3240E
sk2 D&
11N4002)

+
c2
T 100uF

DIRECTION

D6
T 22nF [1N4002|
- |

|
Susc i

Figure 3. Circuit Diagram

at the output of the operational amplifier.
This assumes that the input bias voltage
to R6 is half the supply voltage but in this
case, the bias can be varied and
variations in this potential have the effect
of altering the output waveform. In fact
the effect on the waveform is to give an
average output voltage that is roughly
equal to the bias voltage. Thus the speed
of the train can be controlled simply by
controlling the bias voltage to the
oscillator and the required pulsed output
is obtained.

IC2a is used as a buffer in the bias
voltage circuit and RV1 is the speed
control. D5, R1 and C2 are a timing circu
which limit the acceleration of the train,
giving the simple simulated inertia effect.
When RV1 is backed-off, the only
significant discharge path for C2 is
through R5 and the train only reduces
speed very gradually, giving the sim-
ulated momentum. Closing S2 shunts R4
across RS, giving a much faster reduction
in speed and S2 therefore gives the
simulated braking action. The specified

R
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altering the values of R1, R4 and RS, the
inertia, momentum and braking char-
acteristics can be tailored to suit
individual requirements.

As explained previously, power is
obtained from a 15 volt AC output of a
train transformer or controller and this \
output should be rated at about 1.4 amps *

' values will give excellent results but by ‘

or more. The rectifier is a bridge type (D1
to D4) and Cl1 is the smoothing capacitor.
| The supply stabilisation is provided by
the monolithic voltage regulator ICl and |
this enables output currents of up to 1 ‘
amp to be provided. This is adequate for
any of the popular small model railway
gauges but owners of large gauge layouts
should note that it might not be adequate |
i for their purposes. !

Construction
[ I Start by making up the printed
circuit board. Figure 4 and Figure 5 gives

| Ouny Om I full details of both the printed circuit
I ] I—O ‘ board and the hard-wiring. IC2 is a MOS
I I x input device and it would be prudent to ‘
‘\: ¢;/o.° observe the basic anti-static handling \
"t | precautions when dealing with this |

| component. Leave it in its protective
Ot f—\ packaging until the unit is otherwise
| complete and it is time for it to be
GBBTU connected into circuit. The device should
1SS 1 then be fitted in a holder and handled as
little as possible. Fit Veropins at the point
where connections to the controls and
Q o I sockets will be made and take care to fit |
| the electrolytic capacitors and semi- |
L ! conductors the right way around.
Figure 4. PCB Artwork o ) o TR1 and IC1 are both mounted
horizontally on the board and a piece of
(approximately) 18 s.w.g aluminium is
sandwiched between these components
and the board. This aluminium fin should
have dimensions of about 112 by 85
TR1 ‘ millimetres and it acts as a heatsink for
TRAIN CONTROLLER GBB7U i | TR1 and ICl. As TR] operatesina
I | ‘ switching mode, it actually dissipates
l ‘ only a modest amount of power but IC1 ‘

- R! R4 RS R3 does have to dissipate several watts
o B Cﬂ UC‘ D DS i when the train is run at speed and without
o2 adequate heatsinking, it could be
03 ¢ D D D D damaged. The printed circuit board can
1o X+ -+ | be used as a sort of template when ‘
Q C{) P Qo marking the positions of the mounting
O . RE cs holes in the heatsink. Position the piece of
‘ aluminium so that the metal undersides of ‘

I TR1 and IC1 are fully in contact with it but
the aluminium fin should not overlap the ‘

e ! board so far as to risk it short circuitingto |
ML A the leadout wires of either device.
- ICI's heatsink-tab connects inter- \
82 9 nally to its common terminal and thus to
\ the negative supply rail of the controller. |
The heatsink-tab of TR]1 connects int-
| | ernally toits collector terminal and

M)

1

| . therefore to the +15 voltline. Inorderto |
A prevent a short circuit on the 15 volt

l lr I ) | stabilised supply, one or both devices
‘ i | must be insulated from the heatsink using ‘
| | astandard plastic TO-66 insulating kit. {

sK1 e Sk S Probably the best solution is to insulate 1
~ ——— g S e ——— only TR], leaving the heatsink at the
Figure 5. PCB Wiring and Legend negative supply potential. The insulating

— e
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washer fits between TR1 and the heatsink
with the plastic bush fitted on top of TR1
and into its mounting hole. In other
words, the washer must insulate TR1 from
the heatsink and the bush must insulate
TR1 from the mounting bolt.

The board is secured to the base
panel of the case by means of the
mounting bolts for TR1 and IC1, which
should be 1 inch long 6BA types. Also, ¥a
inch spacers are included on the mount-
ing bolts between the base panel and the
printed circuit board. The assembly is
mounted with the board well to the rear
of the case leaving sufficient room for the
heatsink in the front part of the case.
Once the board and heatsink have been
mounted in the case, use a continuity
tester to check that the insulating kit on
TR1 is effective.

It is obviously not essential to use the
sloping front case specified in the
Parts List but this is the ideal type of case
for a train controller and the suggested
type is about the optimum size. The three
controls are mounted on the front panel.
SK1 and SK2 are mounted at one end of
the rear panel while SK3 and SK4 are
fitted at the opposite end of this panel.
(See Figure 5.) To complete the unit the
point to point style wiring is then added
using ordinary multi-strand connecting
wire.

1f the controller is to be constructed
as a mains powered unit with a built-in
mains transformer, a substantially larger
case will be required. The mains trans-
former should have a rating of 15 volts at
1.4 amps or more and the Maplin TR34V
HP type (Order Code WB22Y) would be
suitable. The 15 volt tapping of one
secondary winding would feed the
controller circuit while the other winding
could be used to provide a 15 volt AC
auxiliary output. An important point that
must be emphasised here is that the

normal safety precautions for mains
powered equipment must not be ignored.
The case should be a type having a screw
fitting lid so that easy access to danger-
ous mains wiring is not possible. Also, the
negative supply rail of the unit plus any
exposed metalwork such as fixing
screws should be earthed to the mains
earth lead.

Using the Controller

SK1 and SK2 connect to the 15 volt
output of the train controller. SK3 and SK4
connect to the power rail. Make quite
sure that you do not accidentally reverse
these two sets of connections as this
would almost certainly damage some of

the components. When set for minimum
power, there is actually a low output
power to the train and a slight hum might
be produced from the motor. The train
should not move though and should be
well below the start-up threshold power
level.

Excellent starting and low speed
performance should be achieved but only
if the track is kept clean so that the
engine is always in good electrical
contact with the track. Controllers of this
type can be a little difficult to master if
you have previously only used a simple
type but so would driving a real train and
the higher level of skill required is the
whole point of inertia type controllers.

e §1 D.P.C.O Sub-min Toggle 1 (FHO4E)
CONTROL-A-TRAIN PARTS LIST s =g v : i
RESISTORS: All 0.4W Metal Film Printed Circuit Board 1 (CB8TU)
R1L7 100k 2 (M100K) DIL Socket 8-pin 1 (BLITT)
R2 1k 1 MIK) Kit (P) Plas 1 (WR23A)
R3 10k 1 (MI0K) Pin 2148 1 pkt (FL24B)
R4 22k 1 (M22K) Knob K7B 1 (YX02C)
RS 470k 1 (M470K) Bolt 6BA lin 1pkt (BFO7TH)
R6 47k 1 (M47TK) 6BA Spacer ¥in 1 pkt (FW34M)
R8 270k 1 {M270K) 6BA nuts 1pkt  (BFI8U)
RV1 10k Pot lin 1 (FW02C) 10-way Ribbon Cable 1 mtr (XRO6G)
Control-A-Train Front Panel 1 (FT40T)
CAPACITORS Control-A-Train Heatsink 1 (FTS3H)
Cl 1000uF 35V PC Electrolytic 1 (FF18U)
ca 100uF 25V PC Electrolytic 1 FF1IM) OPTIONAL
C3,4 100nF Ceramic Minidisc 2 (YR78S) ABS Console M6006 1 (LHB6W)
C8 22nF Carbonate 1 (WW33L) 4mm Plug Red 2 (HF66W)
Cé 10nF Carbonate 1 (WW2SG) 4mm Plug Blue 2 (HF63T)
SEMICONDUCTORS A kit of above parts (excluding optional items) is available.
D1-4,6 1N4002 8 (QL74R) Order As LK64U (Control-A-Train Kit) £10.99
DS§ IN4148 1 (QL30B)
TR1 TIP122 1 (WQ73Q) The following parts are also available separately, but do not
IC1 uAT815UC 1 (QL33L) appear in the 1985 catalogue:
iC2 CA3240E 1 (WQ21X) Control-A-Train Front Panel Order As FT40T Price £1.75
Control-A-Train PCB Order As GB87U Price £1.99
MISCELLANEOUS Control-A-Train Heatsink Order As FT53H Price 38p
SK1.2 4mm Socket Red 2 (HF73Q)
SK3,4 4mm Socket Blue 2 (HF70M)
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Temperature Alarm

Temperature alarms can be used in
a variety of applications from such things
as monitoring the temperature of
machinery and sounding the alarm if
overheating occurs, to activating the
alarm when an electric kettle reaches a
certain temperature. Circuits of this type
can also function as a simple form of fire
alarm.

The circuit shown here covers a
wide temperature range that extends
from around 20 degrees Centigrade to
over 100 degrees Centigrade. The temp-
erature sensor is a VA1056S negative
temperature coefficient thermistor. This
has a resistance which varies from about
47k at 20 degrees Centigrade to under 1k
at 150 degrees Centigrade. The therm-
istor is connected as one section of a
potential divider, with the other arm
formed by the series resistance of R1 and
RV1. This gives an output voltage that
rises and falls in sympathy with changes
in the temperature of TH1. The output of
the sensor circuit is fed to a trigger circuit
based on ICla and IC1b. IC1 is a CMOS
4001BE quad 2 input NOR gate, but these
two sections of the device are connected
as inverters. When the output from the

by Robert Penfold

sensor circuit exceeds a certain level
(about 50% of the supply voltage) the
output of ICla switches to the low state
and the output of IC1b goes high. A 5 volt
stabilised supply is used for IC1 so that
the switch-over voltage (and threshold
temperature) is not significantly affected
by the changes in the battery voltage.
The stabilised supply is provided by
monolithic voltage regulator IC2.

The alarm signal is generated by IC3
which is a standard 585 astable circuit,
apart from the fact that a 7555 CMOS
version of the device is used in order to
give a low current consumption. The
output of IC3 drives a Piezo ceramic
resonator. When mounted in free air, this
has only a very low sound output level but
when mounted on a case, it can give quite
a piercing alarm sound. IC3 is gated on
by the high output signal from IC1b when
the unit is activated. This drives the reset
input of IC3 rather than controlling the
supply to the device.

In order to make the alarm signal
more effective the tone generator is
frequency-modulated. The low freq-
uency modulation signal is generated by
a gated astable circuit formed by the

SCINTILLATING

remaining two gates in IC1 together with
timing components R4 and Cl. This
astable is gated on by the low output
signal from ICla when the unit is
activated. The output from ICld is a
roughly square waveform, but this is
fitered by R5 and C4 to give a
waveshape that is virtually triangular.
This produces an output signal which has
its frequency swept smoothly up and
down, generating an excellent alarm
sound. The modulation signal is coupled
direct to the threshold input of IC3.

RV1 must be adjusted so that the unit
is activated at the correct temperature,
and to achieve this TH1 must first be
subjected to the required threshold
temperature (which should not be diff-
icult to arrange in practice). Start with
RV1 at minimum resistance and then
slowly adjust it for increased resistance
until the alarm is activated.

In most applications a small 9 volt
battery will be adequate as the power
source. However, if the unit is to be left
running for long periods of time, it would

| be preferble to use high capacity Ni-Cad

cells as the power source or to use a
mains power supply unit.

Ic2
_ out 78L05 in ~ o—O—
R6
c2 l l [T]‘Ok Snott ,l
IC1d 4
2w Ll e g T
2 I-_,DCH R7 3 . |
10 w00k| 7555 - f
R4 5 -
1 \
am7 2| 5[ 1
@ c1 1
2 ] S—
< IC1=4001BE 100n =mC5
RS - 2n2 LS1
100k
ca ‘
R1 D Ceramic l
—1RV1 )\ 2u2 Resonator
, &éan 820R

| 820R
| Temperature Alarm
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Cable Finder

It is a good idea to trace wiring in
walls prior to the more usual course of
drilling and hoping for the best. The two
basic methods of tracing cables are the
metal detector system and the so-called
‘hum’ type locator. Metal detector sys-
tems have the advantage of not requiring
any current flow in the wiring being
traced, but to be really effective a fairly
sophisticated circuit is required and
simple types can be totally useless in
practice. Hum locators require a current
flow in the cable being traced as it is the
field that the current produces rather
than the cable itself that is really being
traced. Their advantage is that they are
very inexpensive and simple, but never-
theless give good results in most cases. It
is a hum locator type cable tracer that is
featured in this article.

Devices of this type are little more
than a high gain amplifier fed from an
inductor and driving an earphone or a
pair of headphones. This circuit is
designed to drive a crystal earphone
from SK2, and the use of any other type
of headphones is not recommended. The
inductor can be any fairly high value type
(a few millihenries), and a telephone
pick-up coil was also found to work
quite well.

The circuit consists of three high
gain common emitter amplifiers which
provide a total voltage gain of more than
100dB. Instability is not a problem as the
high frequency response of the amplifier
is severely attenuated by filtering cap-
acitors C3, C5 and C7. This does not
significantly reduce the sensitivity of the
amplifier at the 50Hz mains frequency.

m ﬂm mwm

8200
H 220k
R3 10M
R4 M7
R8,7 100k
R6 10k
RV1 4Tk Hor Sub-min Preset
, THL . Themmistor VAIOB6S
e | ~ 100nF Polycarbonate
Ca3 100nF Ceramic
G v, N 2u2F 100V P.C. Electrolytic
c8 2n2F Polycarbonate
-SEMICONDUCTORS
IC1 4001BE
1c2 #ATBLOSAWC
P : JCM7888
& ; @
s1 SPST Ultra-min Toggle
18] Ceramic Resonator
Bl 9 Voit Battery (PPS)
Battery Clip
14-pin DIL Skt
60

Lttﬁ R2

SK1
In

Cable Finder

The filtering does attenuate frequencies
at significantly more than 50Hz and this
has the advantage of reducing the
general background ‘buzz’ level which
can often be troublesome. The frequen-
cies in this background pick-up are
mostly harmonics at frequencies of a few
hundred Hertz.

The unit is quite easy to use, but a
little practice is required in order to get
the best results from it. As explained
previously, some current must be flowing
in the cable before the unit can trace it,
and in general, the higher the current the
easier it will be to follow the path of the
cable. A load such as an electric motor
also makes things easier by radiating a
lot of electrical noise which can be easily
picked-up by the unit. Lighting cable is

|

likely to prove the most difficult to trace
as only small loads can be used here due
to the low current rating of the cable. The
pick-up is directional, rather like the
ferrite rod aerial of a transistor radio. You
should therefore, find it possible to rotate
the pick-up coil to minimise any
background interference and maximise
pick-up from the cable. A useful point to
bear in mind is that the signal received
from the cable will be predominantly a
deep S50Hz hum, whereas any back-
ground interference tends to consist
more of a somewhat higher pitched
buzzing sound. In order to minimise
background interference, it is advisable
to mount the unit in a metal case, and to
use a good quality screened cable from
the inductor to SK1.

RESISTORS — All 0.4W 1% Metal Film

1 (MB20R) R136 M8 3 (MIMB)

1 (M220K) R247 4k7 3 (M4K7)

1 (M10M) RS ik 1 (MIK)

1

2 (M100K) CAPACITORS

1 (M10K) Cl 100uF 10V P.C. Electrolytic 1 (FF10L)

1 (WR60Q) C248 10uF P.C. Electrolytic 3 (FFO4E)

1 (FX22Y) a3 100nF Polyester 1 (BXT76H)
C8 4n7P Mylar 1 (WWITT)
C1 330nF Polyester 1 (BX78L)

1 (WW41ID)

2 (BX03D) SEMICONDUCTORS

1 (FF02C) TR13 BCB49 2 (QQIBR)

1 (WW24B) TR2 BC858 1 (QQ18U)
MISCELLANEOUS

1 (QX01B) SK1,2 3.5mm Jack Skt 2 (HF82D)

1 (QL26D) S1 SPST Ultra-min Toggle 1 (FHSTF)

1 (YH63T) Bl 8 Volt Battery (PP3) 1 (FK88N)

Battery Clip 1 (HF28F)

1 (FHSTF)

1 (QY13P)

1 (FKB58N)

1 (HF28F)

1 (BL18U)
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Model Train
Steam Whistle

This is a simple sound effects unit for
a model railway and it can be manually or
automatically triggered. The circuit is
based on the very versatile SN76477
sound effects chip which contains a low
frequency oscillator (LFQ), voltage
controlled oscillator (VCO), noise gen-
erator, envelope shaper, monostable
multivibrator, mixer and driver stage. The
only one of these stages which is not
utilised in this circuit is the LFO.

A steam whistle sound has two basic
constituents; a tone to give the main
whistle sound and a white noise sound to
give a ‘hissing’ steam effect. Here we are
using the VCO at a fixed frequency to
generate the tone and the noise
generator to produce the ‘hissing’ sound.
C3 and R8 control the frequency of the
VCO while R3 and R4 are discrete
components in the noise generator. A
simple lowpass filter is included in the
noise generator section of the device but
in this case, the filtering is not required
and no filter capacitor is connected at
pin 6.

The attack/decay times of the
envelope shaper are controlled by a
single capacitor (C4) and separate attack
and decay resistors (R6 and RS respect-
ively). The specified values give a quite
fast but considerably less than instant
attack, plus a much more gradual decay.
The ‘hold’ period (the time from the start
of the signal to the beginning of the decay
period) is controlled by the monostable
and this has C5 and R9 as its timing
components. Overall, this gives a signal
of one second or so in duration but this
could obviously be lengthened somewhat
if desired.

The circuit is activated by taking pin
9 through a high to low transition but this

| Model Train Steam Whistle
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terminal must be held low for the full
duration of the sound. This does not
present any problems if the unit is to be
triggered manually but it does if trigger-
ing must be automatic. The standard
method of obtaining automatic triggering
is by having a reed switch fitted under
the track and a small bar magnet fitted at
a strategic position on the train. As the
magnet passes over the reed switch, it
causes it to momentarily close. Some
means of converting this momentary
switching action to a longer pulse at pin 9
is required. This is achieved using a
simple pulse stretcher and inverter based
on TR1. Of course, a push button switch
can be used for Sl if manual triggering is
preferred or both manual and automatic
operation can be obtained by using a

|

reed switch and a push button type
connected in parallel.

The SN76477 has several digital
inputs which are used to select the
required input signals for the mixer and
to set the required control source for the
envelope generator. These inputs are
either tied to earth or to the +5 volt output
at pin 15. In this case, the device is
programumed to have the VCO and noise
generator selected at the mixer and the
monostable as the control source for the
envelope shaper.

TR2 and TR3 are a complementary
output stage which give sufficient drive to
produce a reasonable volume level from
a small 8 impedance loudspeaker.
R10 is a load resistor for the driver stage
and R1l is a feedback resistor.

Shutter Timer

The testing of camera shutters is
generally carried out with the aid of a
highly accurate digital timer and a unit of
this type is probably not a practical
proposition for most amateur photo-
graphers. The low cost alternative feat-
ured here is an analogue timer which has

accuracy can be obtained over a wide
timing range. In fact, the ranges covered
are 0 to 10ms, 100ms, 1s and 10s. The
more sophisticated cameras have shutter
times from about 4 seconds to 1/2000th of
a second, and the timer can therefore be
used to check every shutter speed of
most cameras. The unit could probably

|
|

applications without too much difficulty.
The unit works on the principle of a
constant charge current to a capacitor,
causing a linear increase in charge
voltage. In order to give a shutter timer
action, it is merely necessary to have a
photo—electric circuit that switches on
the charge current while the shutter is

four measuring ranges so that quite good be adapted for many other timing open with a voltmeter being used to
- oo 1
s2 l
] R3 R13 On/Oft |
10k 10k 100k
c1 + ‘
100n >
- 2 Test a:do 81 ?
R2 iy v !
10k 3 i 1 >’-J
CA3140 3
4
\i\ Ic2 o 1% ’
l LM3342 100R 1
c2 ‘
2u2
TR T Y Rou(

i Shutter Timer
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register the charge voltage. Of course, in
practice, the sensitivity of the meter
circuit is made variable so that the unit
can be calibrated to register the gate
time in seconds or milliseconds. The
voltmeter circuit must be an ultra high
impedance type so that it does not tap off
a significant current from the charge
capacitor and each reading is held
accurately for a reasonable period of
time.

IC2 is at the heart of the unit and this
is a current regulator device. By means of
one resistor, the output current can be set
anywhere in the range luA to 10mA. In
this circuit, four switched resistors (R6 to
R9) giving nominal currents of 1mA,
100uA, 10uA and luA provide the unit
with its four ranges. C2 is the charge
storage capacitor and must be a good
quality (non-electrolytic) type in order
to give consistent results. Sl is the reset
switch and when operated, this merely
discharges C2 through current limiting
resistor R10.

The V+ terminal of IC2 must be
connected to the positive supply rail

5 W-r’q;:" FE oA et a5 B

i

while the shutter is open but it must be
left unconnected at other times and not
taken to a low potential or it will provide a
discharge path for C2. TR2 is used to
provide the necessary switching and this
is in turn controlled from the output of IC1
which is an operational amplifier acting
as a voltage comparator. R1 and R2 bias
the inverting input of ICl to half the
supply voltage while the non-inverting
input is fed from the photocell circuit.
TR1 is positioned so that it is shielded
from a light source (such as a table or
desk lamp) when the camera's shutter is
closed but is exposed to the light when
the shutter opens. This is not difficult to
arrange in practice and will probably
entail little more than opening the back of
the camera and removing the lens if it is
an interchangeable type but be careful
not to damage the delicate shutter
curtains if the shutter is of the focal plane
variety. When TR1 is exposed to the light
source, it pulls the non-inverting input of
IC1 to a low voltage, sending the output
low and switching on TR2. TRI can be
virtually any phototransistor incidentally.

IC3 provides buffering to ensure that
the voltmeter circuit does not sign-
ificantly load C2. IC3 is a MOSFET input
device which draws no significant input
current and gives very steady readings
provided C2 is a good quality low
leakage component. RV1 is used to
calibrate the unit. Probably the easiest
way of calibrating the timer is to first
connect a push button switch in place of
TR1 and to set the unit to the 10 second
range. With the aid of a stopwatch or
other timepiece, depress the push button
for exactly 10 seconds. Finally, adjust
RV 1 to give precisely full scale deflection
on ME]l. When S4 is in the ‘test’ position,
the meter has a full scale value of 10 volts
and monitors the battery voltage. The
battery should be replaced when the
reading falls below about 7.5 volts.

Note that camera shutters do not
usually have a particularly high degree of
accuracy with errors of 20 to 30% being
commonplace. Also, the unit will tend to
slightly elongate very short shutter times
as the photcell is not monitoring a single
point but a small area at the film plane.

l x S ""W-M,&‘w 1% Metal Film ' , S e
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3 mo 80 A
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¥ FFiOL) RV 47k Hor Sab-min Preset 1 (WR0Q)

1 ‘ml mﬂ  CAPACITORS ; 3

3 (FFOIB) Cl 100nF Ceramic 1 (BX03D)

ca 2u4F Polysster 1 (BXBAF)

H (QB33L) IC1,3 CA3140 2 (QH290)

I o 1w

1 (QQ18V) TR1 Infra Red Sensor 1 :
MISCELLANEOUS :

1 (FX70M) s Push Switch 1 (PHBOP) -

1 (FHSTF) 52 SPST Ultra-mmin Toggle 1 oIy

o1 (YWSsH) s3 4-Way 3 Pole Rotary 1 (FHUX)

i (FMOSF) 4 SPDT Ultra-min Toggle 1 CHNG)

1 (HF2TE) ME] 100uA Panel Meter 1 (RWS2A)

Bl 9 Voit Battery (PP3) 1 (FKB8N)

Battery Clip 1 (HF28P)

8-Pin DIL 5kt ¢ GLITT)

Add-on BFO

Many portable radios and radio-
cassette units have a shortwave band
giving a typical coverage of about 5.5MHz
to 15SMHz, and this is included primarily
for the popular shortwave broadcast
bands that fall within these limits. There
are also two amateur bands that come
within this coverage; 40 metres (7 to
7.1MHz) and 20 metres (14 to 14.35MHz).
If you have a suitable portable set, you
may well be able to receive many
62

transmissions on these bands, part-
icularly during daylight hours but it is
unlikely that you will be able to resolve
them properly. Most transmissions on
these two bands are either SSB or CW,
which are systems of voice and Morse
Code transmission respectively. Both
require a BFO (beat frequency oscillator)
for proper reception and cannot be
resolved using an ordinary AM detector
alone. A CW signal may sometimes be
readable due to beat notes produced in

conjunction with other transmissions
generating an audio output but an SSB
signal, although obviously a voice signal,
will be distorted to the point where it is
totally unintelligible.

It is usually possible to add a BFO to
a portable radio, enabling it to resolve
amateur transmissions quite well and in
most cases, it is not necessary to make
any direct connections to the receiver.
A loose coupling using a short wire to
radiate the BFO signal should give an
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adequate signal transfer. There is in-
sufficient space available here to give
details of how SSB and CW signals are
resolved, but this topic has been covered
in a previous issue of this magazine (‘80
Metre Amateur Receiver’, issue 10).

The BFO is really just an oscillator
which is tunable over a small range of
frequencies in the 450 to 475kHz region.
Its output is picked up by the inter-
mediate frequency (IF) circuits of the
receiver and the set must obviously have
an IF in this frequency range. The
standard AM broadcast radio IF's are
455kHz, 465kHz or 470kHz and it is highly
unlikely that there will be any problems
here. The circuit is just a simple
transformer feedback type with IF
transformer T1 providing the frequency
selective negative feedback over
common emitter amplifier TR1. R2 and
the very low value of C3 prevent
excessive feedback or sufficient audio
frequency feedback to produce outputs
of unwanted frequencies. IC1 provides
the oscillator with a well stabilised supply
which helps to minimise frequency drift.
VCI enables the circuit to be tuned over
a small range of frequencies and this can
be used as a sort of ‘clarifier control if
accurate tuning using the receiver's
tuning control proves to be difficult.

Tl has an adjustable core which
must be given a suitable setting using a
proper trimming tool (a small screw-
driver could damage the core). Adjust-

Analogue Thermometer |

There are many electronic devices
that are temperature dependent and
while this can often be a disadvantage, it
does facilitate accurate electronic temp-
erature measurement. Thermometer
designs have in the past often used
thermistors or ordinary silicon diodes as
the sensor, but recently special inte-
grated circuit temperature sensors and
controllers have become popular. These
enable reasonably accurate circuits
having a minimal component count to be
produced. The new LM35 series of
devices offer what must be the ultimate in
simplicity; a point which is demonstrated
by the analogue thermometer circuit
featured here.

Most semiconductor temperature
sensors provide a voltage or current that
changes in a linear manner over a wide
temperature range. However, this is not
to say that the output voltage is prop-
ortional to the applied temperature in
degrees Centigrade. There is normally
an offset voltage with, for example, a 0 to
100 degree Centigrade range giving
perhaps a 2 volt to 3 volt output. The
offset voltage (which is 2 volts in this
example) therefore has to be eliminated
in some way in order to give a truly
proportional output.

This problem has been overcome
March 1985 Maplin Magazine
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ment is probably easiest with the radio
accurately tuned to a weak medium wave
station. Set VC1 at half maximum cap-
acitance and then place a short wire
connected to the output of the unit
alongside the radio. By adjusting the core
of T1 it should be possible to obtain a
beat note and the core is then further
adjusted to give a low beat frequency of
just a few Hertz.
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‘ Analogue Thermometer ‘

with the LM35 series of devices, and the
version used in this circuit is the LM35DZ
which covers a 0 to 100 degree Cent-
igrade range. It gives an output voltage of
10 millivolts per degree Centigrade or, in
other words, a 0 to 1 volt output over the
full temperature range. Although the
guaranteed minimum level of accuracy is
not especially good, in practice the
device seems to offer a level of perform-
ance that is more than adequate for a
wide range analogue instrument.

The circuit is basically just the
temperature sensor (ICl) driving a
voltmeter circuit ME]l, R2 and RVI)
having a sensitivity of 1 volt. In practice
RV1 is used to accurately calibrate the
unit. This merely entails setting the

|

A little experimentation with the
position of the coupling wire should soon
produce good results. Too little coupling
is undesirable as it will give a distorted
output. On the other hand, a high level of
coupling will operate the automatic gain
control circuit of the receiver and only
give a low sensitivity. A compromise
between these two therefore has to be
found.

sensor at an accurately known temp-
erature and then setting RV1 for the
correct reading on ME]. Ideally the
temperature used should be one that
represents a reasonably large deflection
of MEl (i.e. about 40 to 100 degrees
Centigrade). Note that a stabilised supply
is not necessary as IC1 has a wide supply
voltage operating range. Neither is it
necessary to have a buffer amplifier at
the output as IC1 can drive a small load
such as a sensitive meter without any
significant degradation of accuracy.

When S1 is set to the ‘test’ mode of
operation the meter acts as a 0 to 10 volt
reading type, and it measures the supply
*voltage. Although the LM35DZ will
operate with a supply voltage as low as 4
volts it is advisable to replace the battery
when its output voltage falls below about
1.5 volts.

If IC1 is used in liquids it is advisable
to mount it in a small test tube or some
other container that will keep the liquid
away from the leadout wires. Some
silicon grease can be used to provide a
good thermal contact between ICl and
the test tube (or other container) so that
the circuit has a reasonably fast response
time. However, bear in mind that it will
take IC1 at least a few seconds to fully
respond to any large temperature
changes.
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ADD-ON BFO PARTS LIST
RESISTORS — All 0.4W 1% Metal Film
Rl M 1 oM
R3 4k7 1 (M4KT)
CAPACITORS
Cl4 100nF Ceramic 2 (BX03D)
c2 100pF Ceramic 1 (WXSeL)
c3 86pF Ceramic 1 (WXB3H)
vCi S0pF Trimmer 1 (FF45Y)
SEMICONDUCTORS
IC1 uATBLOSAWC 1 (QL26D)
TR1 BCB4T 1 (QQ14Q)
MISCELLANEOUS ;

iR 4| - IFTM4 1 (LBO1B)
S1 SPST Ultra-min Toggle 1 (FHOTF)
B1 9 Vot Battery (PP3) 1 (FKS8N)

Battery Clip 1 (HF28F)

CLASSIFIED

1If you would like to place an t
advertisement in this section, here’s
your chance to tell Maplin's 200,000 '
customers what you want to buy or
sell, or tell them about your club's
activities — absolutely free of
charge. We will publish as many
advertisements as we have space
for. To give a fair share of the
limited space, we will print 30
words free of charge. Thereafter
the charge is 10p per word. Please '

strictly prohibited in the Maplin
Magazine.

Please print all advertisements in
bold capital letters. Box numbers
are available at £1.80 each. Please
send replies to Box Numbers to the
address below. Please send your
advertisement with any payment
necessary to: Classifieds, Maplin
Mag., P.O. Box 3, Rayleigh, Essex
SS6 8LR.

VARIOUS FOR SALE l

TECHTRONICS 515K 15SMHZ single
beam oscilloscope £580. Advanced
SG66 low distortion L.F. signal
generator, £40. Eddystone 830 general
coverage communication receiver, £95,
Pye Olympic mobile transceiver
170MHz £30. Tel: 0733 235042.
OSCILLOSCOPE 3MHZ double beam,
6cm x Scm graticule, £75. Tel: (0238)
813467 (Didcot, Oxon).

BLAKE'S 7 SWAP & BUY FAN CLUB,
a free, non-profit making club for
Blake's 7 fans (international), send SAE
for details to: 30 Midlothian Street,
Clayton, Manchester M11 4EP.

ATARI OWNERS issue 7 of the UK.
Atari Computer Owners Club
newsletter is now available. It contains
tutorials on Machine Code Interrupts,
Ultra Fast String Search routine,
Adventure column, the Compressor,
Teach yourself machine code, Software
Library, reviews of new software and
much more, Send for your copy now, to
P.O. Box 3, Rayleigh, Essex at only £1.00
plus 30p postage.

COMPUTERS

MAPLIN VIC20 TALKBACK unit
(LKOOA) for sale, fully built and tested,
with instructions, £24 post paid o.n.o.
Mr A Harvey, 38 St. Michaels Grove,

Fareham, Hants.
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note that only private individuals | Forthe next issue your

will be permitted to advertise. |  advertisement must be in our hands

Commercial or trade advertising is by 8th April 1988,
MUSICAL POR SALE

CLEF ELECTRONIC P1ANO 88 notes,
black case, chrome stand (Maplin)
£150. Clef Microsynth, working but
needs slight attention, £60 o.n.o Tel:
(0703) 783528.

| PAIR 61 NOTE ELECTRONIC

ORGAN KEYBOARDS, with contacts,
some electronics, £80. 32 note Kimber
Allen pedal board with contacts £60.
Details; Mr. Helsby, 1 Grenfield Coun
Emsworth, Hants.

MAPLIN MATINEE ORGAN KIT,
includes keyboard, pedalboard and
completed circuit-board, (cabinet only
required) cost £300 (1984). Will accept
£190 o.n.o. Tel: Lea Valley (9) 761968.

MAPLIN CATALOGUE cover
posters, decent price paid, individuals
or complete set. Mr. S. Import, 48
Wordsworth St, Penrith, Cumbria CAll
7QY Tel: (0768) 66701.

WANTED, HELP TO DESIGN or wind
coils/transformers for autodyne
receiver circuit, suitable working
marine navigations beacons centred on
300kHz. Write to: Laridae, West
Bracklesham Drive, Wittering,
Chichester, West Sussex.

ANALOGUE THERMOMETER

PARTS LIST

RESISTORS — All 0.4W 1% Metal Film

RI okl 1 (MSK1)

6k8 1 (MBKS)

RV1 47 Hor Sub-min Preset 1 (WRSTM)

SEMICONDUCTORS

IC1 LM38DZ 1 (UFs0)

MISCELLANEOUS

51 SPDT Ultra-min Toggle 1 (FHS8G)

52 SPST Ultra-min Toggle 1 (FH9TF)

ME1 100uA Panel Meter 1 (RWS2A)

Bl 9 Volt Battery (PP3) 1 (FRBEN)
Battery Clip 1 (HF28F)

1985 CATALOGUE

On Sale Now!

The amazing Maplin catalogue
is here again! The new edition
is packed with hundreds and
hundreds of new electronic
components to bring you right
up to date with all the latest
developments. As all home
constructors agree (and a
good many professionals too)
the Maplin Catalogue isthe £
one essential piece of equip-
ment they need for their
hobby. And now with all our
prices on the page the Maplin Catalogue is better
value than ever.

Pick up a copy now at any branch of W.H. Smith or in
one of our shops. The price is still just £1.35.
Alternatively, you can get a copy by post by sending
£1.75 (including postage) to our Rayleigh address and
quoting CA02C.

Overseas Prices
Europe surface mail £2.40
Europe air mail £3.70
Outside Europe surface mail £2.40
Outside Europe air mail

(depending on distance) £5.25/£6.85/£7.95
For surface mail anywhere in the world you may
send eleven International Reply Coupons.
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DID YOU MISS THESE ISSUES?
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Project Book 1 Universal Timer. Programmable
mains controlier. Combo-Amplifier. 120W
MOSFET power amp. Temperature Gauge.

10°C - 100°C, LED readout. Pass The Bomb!
Pass-The-Parcel with a difference. Six easy-to-
build Projects on Vero-board. Car batt. monitor;
Colour snap game; CMOS Logic Probe; Peak
Level meter; Games timer; Multi-colour pendant.
Order As XA01B (Maplin Project Book No. 1)
Price 70p NV.

Project Book 2 Digital Muiti-Train Controller.
Controls up to 14 model trains. Home Security
System. Six in-dependant channels. Digital MPG
Meter. With large LED display, a must for more
economical motoring.

Order As XA02C (Maplin Project Book No. 2)
Price 70p NV.

Project Book 3 2X81 Keyboard. 43 keys, plugs
directly into ZX81 with no soldering. Stereo 25W
MOSFET Amp. 25W r.m.s per channel; Disc,
Tape, Tuner & Aux. Radar Intruder detector.

20 metres range, may be used with our security
system, Remote Control for Train Controller.
Remote control by infra-red, radio or wire.

Order As XA03D (Maplin Project Book No. 3)
Price 70p NV.

Project Book 4 Telephone Exchange. Up to 32
extensions on 2-wire lines. Remote Control for
Amplifier. Volume, balance and tone controlled
via infra-red link. Frequency Counter. 8 digit
DFM, 10Hz - 600MHz range. Ultrasonic Intruder
Detector. Areas up to 400 square feet can be
covered.

Order As XAO04E (Maplin Project Book No. 4)
Price 70p NV.

Project Book 5 Modem. 300 baud transmission
speed over normal telephone lines. Inverter,
240V AC 60W from 12V car battery. ZX81 Sound
Generator. 3 tone generators fully controlled
from BASIC. Central Heating Controller.
Optimised performance with this advanced
system. External Horn Timer. Exterior intruder
alarm. Panic Button. Add on to our Home
Security System. Model Train Projects. Add on to
our Multi-Train Controlier. Interfacing Micro
processors. How to use parallel /O ports, with
circuits.
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Order As XAO5F (Maplin Project Book No. 5)
Price 70p NV.

Project Book 6 VIC20 & ZX81 Talkbacks.
Speech synthesis projects. Scratch Filter.
Tunable active circuit ‘reclaims’ scratched
records. Bridging Module. Converts two 75W
MOSFET amps to one 400W full bridge amplifier.
Moisture Meter. Finds damp in walls and floors.
ZX81 TV Sound and Normal/Inverse Video. TV
sound and inverse video direct. Four Simple
Veroboard Projects. Portable Stereo Amp; Sine
Generator; Headphone Enhancer and Stylus
Organ.

Order As XA06G (Maplin Prdject Book No. 6)
Price 70p NV.

Project Book 7 CMOS Crystal Calibrator.

For amateur radio receiver calibration. DX'er’s
Audio Processor. Improved sound from Comm-
unications Receivers. Enlarger Timer.

An accurate timer for the darkroom. Sweep
Oscillator. Displays AF frequency response on an
oscilloscope screen. VIC20 and ZX81 Interfaces.
RS232 compatable.

Order As XA07H (Maplin Project Book No. 7)
Price 70p NV.

Project Book B Spectrum Modem/RS232
Interface. 2400 baud self contained operating
system. Synchime. Simulates bells, gongs and
other chiming sounds. Dragon 32 R$232/Modem
Interface. Plugs into ROM expansion port.
Codelock. Programmable electronic lock. CMOS
Logic Probe. Digital display shows logic states.
Minilab Power Supply. Versatile unit for the test
bench. Dragon 32 I/O Ports. Two 8-bit ports.
Doorbell for The Deaf. Flashing lamp attracts
attention.

Order As XA08J (Maplin Project Book No. 8)
Price 70p NV.

Electronics Issue 9 Spectrum Keyboard. 47 full
travel keys. VIC Extendiboard. Three expansion
ports, one switchable. Oric Talkback. Speech
synthesiser for the Oric 1. Infra-Red Movement
Detector. 30 metres range outdoors. TDA7000
FM Radio. Complete FM receiver on a chip. 2X81
High Resolution Graphics. 256 x 192 fine pixel
display. Ten Projects! Personal Stereo Dynamic
Noise Limiter; Logic Pulser; ZX81 1K Extendi-
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RAM; TTL/RS232 Converter; Pseudo Stereo AM
Radio; and more.

Order As XA09K (Maplin Magazine Volume 3
Issue 9) Price 70p NV.

Electronics Issue 10 Spectrum Easyload.
Helps cassette loading with the Spectrum. 80m
Receiver. Simple SSB direct conversion receiver.
Fluorescent Tube Driver. 8W 12V for camping
and caravanning. Auto-Waa. Automatic waa-waa
effects unit. Digi-Tel Expansion. Expands Maplin
Telephone Exchange to 32 extensions. Oric 1
Modem Interface. Adapts the Oric 1 to the Maplin
Modem. Dragon 32 Extendiport. Makes the
Dragon's cartridge socket more accessible.
Order As XA10L (Maplin Magazine Volume 3
Issue 10) Price 70p AVV.

Electronics Issue 11 Mapmix. Six channel
audio mixer, Xenon Tube Driver. Xenon flash
tube module with strobe. Enlarger Exposure
Meter. Simple inexpensive tool for the darkroom.
8 Channel Fluid Detector. Check/control fluid
level in up to 8 containers. Servo & Driver
Module. Servo mechanism with driver module
kit. Mk Il Noise Reduction Unit. Improves signal,
noise ratio of tape recordings. Cautious Ni-Cad
Charger. Controlled charging of ni-cad cells.
Motherboard for The BBC Micro. Gives easy
access to ports.

Order As XA11M (Maplin Magazine Volume 3
Issue 11) Price 70p NV.

Electronics Issue 12 RTTY Unit. The TU1000
receives/transmits Radio Teletype; connects to
computer via RS232. Computadrum. Use your
computer as a drum synthesiser. Light Pen.
Draw onto the TV screen or select menu options.
PWM Motor Drive. Reversible model motor
driver for 6V and 12V.

Order As XA12N (Maplin Magazine Volume 3
Issue 12) Price 70p NV.

Electronics Issue 13 Explosive Gas Alarm.
Flammable gas detector. Flash Meter. Get your
exposure right when using your flash gun.
Musical Announcer. A doorbell with a difference.
Mains Controller. An add-on for the 8-Channel
Fluid detector.

Order As XA13P (Maplin Magazine Volume 3
Issue 13) Price 75p NV.
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