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INTRODUCTION

This book provides twenty one electronics projects, most of
which have practical uses, but a few are primarily intended
to demonstrate certain electronic prinicples and are included
for their interest and novelty value. All the projects are easy
to construct, and they can all be built onto the printed circuit
design which is illustrated actual size in Figure 1. Furthermore,
wherever possible the same components have been used in each
design so that with a small number of components and the
printed circuit board it is possible to make any one of the
projects, or those who like to experiment could build all the
projects in turn by reusing components. The components
needed are listed below (these are the main electronic
components only, and items such as cases, plugs, sockets, etc.
are not included).
Resistors (any small types such as % or 1/3 watt components)

120 ohms

390 ohms

2.2k (2 off)

4.7k (2 off)

47k

100k

220k

470k (2 off)

Capacitors
22nF polyester (C280)
470nF polyester (C280)
10uF 25V electroltic
100uF 10V electrolytic

Semiconductors
355 integrated circuit
BC109C transistors (2 off)
TIL209 (3mm red LED)
TIL211 (3mm green LED)



Fig. 1 The foil pattern of the printed circuit board

2N5777 Photo Darlington transistor
BZY88C10V 400mW 10 volt zener diode

Switches
Miniature SPST toggle switches (2 off)

Miscellaneous
Miniature loudspeaker having an impedance in the range 40
to 80 ohms.

A circuit description, circuit diagram, printed circuit
component layout diagram, components list, and construction
notes are provided for each project. It should not be beyond
the capabilities of a beginner at electronics to build any of the
projects featured in this book since construction of the projects
is almost invariably very straight forward and uncomplicated,
and none of the projects are at all complex. All the projects
operate from a 9 volt battery supply (usually a small, PP3 size
battery) and none connect to the dangerous mains supply,
making them an ideal and safe introduction to electronics.
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MAKING THE PCB

Obviously it is necessary to have a printed circuit board (PCB)
before constructing any of the projects described in this book,
and building your own printed circuit board is a reasonably
easy task provided it is tackled in the right way. Before
proceeding to the projects we will therefore first consider the
home-production of printed circuits for the benefit of readers
who are unfamiliar with the techniques employed in this
process. There are actually a number of similar ways of
producing your own printed circuit boards, and the method
that is described below is the one usually utilized by the author,
and one that is also very simple and easy in practice.

Tracing

First it is necessary to have a full size drawing giving the
positions of the holes in the board, and this drawing must be
actual size as it will be used as a drilling template. This can be
traced from Figure 1 using either proper tracing paper or any
thin paper such as typing copy paper, after cutting the paper
down to the same size as the board. Some double-sided tape
or Bostik Blue-Tak can be used to keep the paper in place
while the tracing is being made.

Next a board of the appropriate size (approx. 78 x 42mm)
must be cut out. Various types of copper laminate board are
available, and in this non-critical application any single sided
board should be perfectly suitable (i.e. any board coated with
copper on one side, not one having both sides coated). For the
home-constructor SPBP board is probably better than one hav-
ing a fibre-glass base since the glass in fibre-glass tends to blunt
drills, saws and files used to work the material, and the extra
strength of this type of board is not usually needed in home-
constructor projects. The board is cut to size using a hacksaw,
and if necessary a file can be used to tidy up the sawn edges.

Now the holes in the board should be drilled, and in order
to achieve this the tracing is fixed to the copper side of the
board using double-sided tape or Bostik Blue-Tak. The holes
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are then drilled through the drilling point marks on the tracing
being as accurate as possible. Ideally a miniature drill fitted in
a stand should be used to do this, but a hand drill can also be
used, as can a full-size electric drill (although the latter is not
recommended unless it is mounted in a stand). Accurately
positioning the holes is likely to be very difficult without a
stand for the drill, and one way around this problem is to use a
bradawl or similar tool to make small indentations in the board
at the points where the holes must be made. These will then
tend to keep the drill bit in the correct place while each hole is
drilled. However, be careful not to press too hard when making
the indentations or the board could be damaged.

The ideal size for the holes for the component leadout wires
is about 1mm or 3/64in. Using a diameter much larger than
this is likely to make it difficult to solder the components into
place neatly and reliably, while a diameter much less than this
is quite possibly going to be too small to take the leadout wires
of some of the components! Drills of such a small diameter are
inevitably rather brittle and easily broken when compared to
the larger types with which most people are more familiar,
Treat them reasonably gently so as to avoid unnecessary
breakages. The two larger holes in the board are the mounting
holes and are 3.3mm in diameter. 6BA or M3 mounting bolts
can be used.

The next step is to thoroughly clean the copper side of the
board, and a simple way of doing this is to use a scouring pad,
being sure to rinse off any soap from the board by running it
under hot water (which will also help to remove any grease as
well). The point of cleaning the board is that this helps to
speed up the etching process, and it might otherwise be found
that the etch resist will not take to the board properly. Once
the board has been cleaned try not to handle the copper surface
as this would tend to make the board greasy again.

The board is now ready for the etch resist to be applied, and
the resist is simply paint or ink which is applied to the board
over the areas where copper tracks are required. The board is
then placed in the etchant which removes the copper from
other areas of the board, leaving only the required copper -
tracks. You can use virtually any paint as the etch resist, but
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it must of course be a water resistant type, and a quick drying
type is preferable. The etch resist can be applied with a small
brush, or an exhausted fibre-tip pen can be used in the same
way as a brush. As the track pattern is fairly complex, on this
PCB it is essential to apply the etch resist with a very fine
brush or pen. Etch resist pens are available at quite low prices,
and using one of these is almost certainly the easiest and most
convenient way of applying the resist to the board. The copper
track pattern is simply copied from Figure 1, and the finished
result does not have to look as neat as the diagram. Provided
there is a small pad of copper around each hole, and the tracks
connect the holes together in the correct fashion the finished
board should be perfectly usable. Make quite sure that the
resist covers the appropriate areas properly and that the tracks
are not excessively thin, otherwise on the etched board it is
possible that there will be breaks in the tracks. If the resist
should bridge two points that should not be bridged, simply
let the resist dry and then scrape off the unwanted resist using
a compass point or something of this nature.

 Etchant

The etchant normally used by home-constructors is ferric
chloride, and this is available from a number of the larger
component suppliers and it comes in three forms. The easiest
way of obtaining it is as a ready made solution which is almost
ready for use as supplied. It only needs to be diluted with
water in a one to one ratio (or, at least, the solutions obtained
by the author have always been of this type — if the solution
is supplied with instructions stating other than this then these
instructions should obviously be followed).

Anhydrous ferric chloride powder is available, but is not
recommended as it is hard to make it into a solution. Ferric
chloride is also available in crystaline form, and in this form it
looks like chunks of yellow-brown rock. 500grms of ferric
chloride crystals is sufficient to make about 1 litre of solution,
and it is quite likely that the crystals will not digsolve very
quickly. Using warm water and stirring the mixture will
considerably speed up the process. One or two points must be
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borne in mind here, and the most important of these is that
ferric chloride is poisonous. It should therefore be treated
carefully, wiping up immediately any that is spilt and disposing
of the paper or rag used to soak it up. If you get any on your
skin always wash it off at once using plenty of water. Do not
use containers that are used for food when mixing or using the
etchant. Another important thing to remember about ferric
chloride is that it attacks many metals, and not just copper. In
practice this means that you should not use or store itina
metal container, or even in one having a metal lid or cap. Use
tweezers when manipulating boards in the solution, but plastic
tweezers not metal ones.

Do not place the board in the ferric chloride solution until
the resist has dried properly. Make sure that the etchant properly
covers the copper side of the board with no air bubbles on the
board. The board will etch more quickly if it is held upright
or up-side-down in the solution, although it might be difficult
to achieve this in practice. The board can usually be positioned
up-side-down if the solution is held in a round bowl of a
suitable size. When using this method it is essential to have
some clearance between the underside (copper side) of the
board and the container used to hold the etchant, or the etching
process will be severely slowed down rather than speeded up.
Using warm etchant and occasionally agitating it also helps to
speed up the etching process.

The time taken for the etching to take place depends on-
numerous factors, but usually takes between about 5 minutes
and an hour. Do not leave the board in the etchant any longer
than necessary as this could result in the wanted copper being
slowly removed along the edges of the resist and at any points
where the resist is weak. Rinse the etched board to remove any
ferric chloride solution and then remove the resist. It is
possible to obtain resist remover, but a scouring pad is also
suitable and will also make sure that the copper track is very
clean so that good soldered joints can be made easily when
fitting components onto the board.

It is not essential to buy the items needed to produce
printed circuit boards one at a time, and a few etching kits and
printed circuit Kits are available and worthy of consideration.
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For those who prefer not to make their own PCB’s, a ready
made PCB is available from Maplin Electronic Supplies Ltd.,
P.0O. Box 3, Rayleigh, Essex SS6 8LR, Part No. GA79L, price
£1.25 including V.A.T. at time of publication.

Reusing the P.C.B.

Reusing the printed circuit board should not present any great
difficulties, and provided component leadout wires are not bent
over on the underside (copper side) of the board it should be
very easy to remove components. With the board held in a vice
or PCB support frame, simply apply the iron to the appropriate
joint while gently pulling the body of the component so that the
leadout is pulled clear of the board. Removing the integrated
circuit is somewhat more difficult as it is not possible to pull

a single pin clear of the board; they must all be pulled clear
together. One way around this problem is to mount the
integrated circuit on Soldercon pins. The integrated circuit can
simply be unplugged from these, and then the pins can be
removed one at a time,

An alternative method of removing the integrated circuit is
to use desoldering equipment of some kind to take away the
solder holding each pin in place so that the component can
then be pulled clear. It is also a good idea to use desoldering
equipment to remove any excess solder from the board pior to
reusing the board. The cheapest method of desoldering (unless
a great deal of desoldering is to be done) is to use desoldering
braid or wick. This consists of copper braiding which is
applied to the joint together with the iron and it draws up the
molten metal. There are a number of simple desoldering tools
which rely on suction to draw up the molten solder from the
joint, and any of these should be usable here. Whatever method
you use, be careful not to over-heat the integrated circuit,
allowing it time too cool off between the desoldering of each
pin if necessary. Also bear in mind that applying heat to the
board for prolonged periods might damage the adhesive that
holds the copper track to the board, causing the copper tracks
to lift from the board.



PROJECT 1

'ELECTRONIC DOORBUZZER

We are all probably familiar with the callers who take it out on
the doorbuzzer if they are not answered within a few seconds
of first operating the bell push. This is something that can
easily be defeated using an electronic doorbuzzer as it is an
easy matter to incorporate circuitry that inhibits the door-
buzzer for a certain period once it has been operated, and also
prevents the unit from sounding for more than a certain period
of time.

This simple doorbuzzer project produces an audio tone
when the bell push is operated, but the tone automatically cuts
out after about one second or so of operation, even if the bell
push is activated continuously. Releasing the bell push and then
immediately operating it again will give no output from the
unit. Leaving only a brief pause before reoperating the bell
push will give an audio tone from the unit, but only for a very
short period before it will be cut off by the built-in inhibiting
circuit. Thus the unit can fulfil its task as a doorbuzzer, but
cannot cause annoyance by being operated incessantly.

The Circuit

This is one of the many ecircuits in this book which is based on
a 555 timer integrated circuit, as can be seen by refering to the -
circuit diagram of the unit which appears in Figure 2. As the
555 device is used in so many of the designs featured in this
book it would perhaps be as well to briefly look at this device
before proceeding further. The block diagram of Figure 3 shows
the arrangement of the stages within the 555 device in slightly
simplified form. It also shows the basic method of connection
used to operate the device in the astable (oscillator) mode. The
stages and components within the broken lines represent the
555, and the components outside the broken lines are discrete
components.

Initially the transistor will be switched off and capacitor Ca
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will be totally uncharged. However, Ca immediately starts to
charge from the supply rails by way of Ra and Rb, and this
continues until the charge on Ca exceeds two thirds of the
supply potential. The voltage supplied by Rc to Re is then less
than that supplied by Ca to the other input of comparator 1,
and the output of this comparator therefore changes state. This
changes over the output state of the flip-flop (which has one of
its inputs fed from the output of comparator 1) so that the
transistor is now switched to the on state. The output stage
formerly gave an output which was virtually equal to the positive
supply rail potential, but this now changes to a potential only
marginally higher than the negative supply voltage. The output
stage is capable of sourcing or sinking fairly substantial currents
incidentally (up to about 200mA in each case).

With the transistor now switched on the charge current
which previously flowed through Ra is now directed straight
to the negative supply rail through the transistor. The charge
on Ca is leaked away through Rb and the transistor. This
continues until the voltage across Ca falls below one third of
the supply voltage, and the voltage fed to one input of
comparator 2 by Rc to Re is then less than that fed to the
other input from Ca. This results in the output of comparator
2 changing state, and this in turn resets the output of the
flip-flop back to its original state. The transistor is thus back
in the off state and the output stage gives an output which is
practically at the positive supply potential.

Ca then starts to charge up by way of Ra and Rb, just as it
did originally. This whole sequence of events thus continues
indefinitely with a low impedance rectangular waveform being
produced from the output at pin 3. The output signal is not a
true squarewave having a mark-space ratio of one to one since
Ca charges up through both Ra and Rb, but it only discharges
through Rb (plus the insignificant resistance of the transistor).
This obviously must give a charge time which is at least
marginally longer than the discharge time, and therefore a
high output period which is at least a little longer than the low
output time. Of course, in many applications the output
waveform is of no great importance and this basic 555 astable
configuration has a great many practical uses.
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Fig. 2 The circuit diogram of the doorbuzzer

If we return now to the circuit diagram of the Doorbuzzer
which appears in Figure 2, it will be seen that this uses what
is virtually the same configuration as that shown in Figure 3.
The timing components are R3, R4 and C2; the operating
frequency of the unit being set at about 450 Hertz by the
values given to these components. As R3 has a low value in
comparison to that of R4 the output at pin 3 is very nearly a
squarewave, This signal is applied to a high impedance loud-
speaker via coupling capacitor C3, and although the output
power fed into the speaker is only about 400mW RMS, this
produces quite a loud audio tone from the speaker. The
squarewave output is rich in harmonics which helps to avoid
masking of the output by other sounds and makes the unit
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Fig. 3 The internal arrangement and gstable connection for the 555 IC

nearly as effective as a modulated tone generator. It certainly
seems to work well in practice.

The oscillator can only function if pin 4 of the 555 is taken
to a potential of more than about 0.5 volts, since the internal
discharge transistor of the device will otherwise stay in the on
state and the output will go low continuously. When the bell-
push is operated the circuit will indeed function properly
because C1 will be uncharged, and pin 4 of IC1 will be taken
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to the positive rail potential, less a voltage drop of about 2
volts through forward biased LED indicator D1. C1 gradually
charges to virtually the full supply voltage through D1 and R2
though, and after about one second or so this leaves insufficient
voltage across D1 to keep this component alight, and the voltage
developed across R2 becomes too low to keep IC1 oscillating.
This gives the required automatic cut off of the audio tone.
' If the bell-push is now released and immediately operated
again, very little charge would be lost through C1 during the
period when power was absent from the circuit since the
inclusion of D1 in the circuit gives C1 only one discharge
path, and that is through the fairly high resistance of R1, If a
longer break in the supply is used, C1 will largely or totally
discharge through R1 during this period so that the full burst
of audio tone or very nearly so is obtained when the bell-push
is operated the second time. This gives the circuit the required
inhibit feature.

Construction

The component layout of the printed circuit board is shown
in Figure 4 and it is quite simple and straight forward. As with
any project, be careful to connect the electrolytic capacitors
and the battery clip with the correct polarity. Also, be careful
to connect the integrated circuit the right way round as this
would be difficult to remove from the board once soldered in
place unless suitable desoldering equipment should happen to
be to hand.

Any reasonably smart case of adequate dimensions (about
150mm x 100mm x 50mm) should make a suitable housing
for this project. The loudspeaker and the LED indicator are
mounted on the front panel, and the LED is mounted in a panel
holder of the appropriate size and type. Mounting miniature
loudspeakers is not usually quite so easy as they only very
rarely have any provision for screw fixing, and it is usually
necessary to carefully glue them in place. First it is necessary
to make a speaker grille of some kind in the correct part of the
front panel, and one method of achieving this is to make a
circular cutout using a fretsaw or coping saw. A piece of speaker

12
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Fig. 4 The components layout for the Doorbuzzer

fret or speaker material is then glued in place behind this. A
much easier alternative is to drill a neat group of holes in the
panel to produce the grille. One word of warning though, with
this second method it is necessary to be very careful and
accurate with the positioning of the holes as the finished grille
will otherwise look very untidy and scrappy. Use a strong
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general purpose adhesive to bond the speaker in place, and
only use a modest amount of adhesive applied to the front rim
of the speaker so that none of the adhesive is accidentally
smeared over the speaker’s diaphragm.

A hole for the cable to the bell-push must be drilled in one
side panel of the case, and the cable should be threaded through
this before it is soldered to the printed circuit board. Once the
printed circuit and the wiring have been completed, the board is
bolted in place using 6BA or M3 fixings and there should be
plenty of space for it on the base panel of the case. Iiis
advisable to use short spacers or extra nuts over the mounting
screws, between the board and the case, as it might otherwise
be found that the board tends to distort somewhat and could
even crack when the mounting nuts are tightened.

The finished unit can simply be left free-standing on a table
or shelf, but it is probably better to securely fix it to a wall
using two screws through the rear panel of the case. Although
the unit has a fairly high current consumption which is
typically around 40mA, a small (PP3 size) 9 volt battery is
adequate as a power source since the unit will obviously only
be used very briefly and there are long intervals when it will not
be operated at all.

Components for Doorbuzzer ( Figure 2)

* Resistors
R1 100k R2 4.7k
R3 2.2k R4 47k
Capacitors
Cl 100uE 10v electrolytic C2 22nF polyester
C3 10uF 25v electrolytic
Semiconductors
IC1 555
Dl TIL209
Miscellaneous
Case,

Miniature loudspeaker having an impedance in the range
40 to 80 ohms (LS1)
Printed circuit board
PP3 battery and connector to suit
Bell push, connecting wire, solder, etc.
14



PROJECT 2

LIGHT DETECTOR

There are a great many types of light operated circuit, and

the most simple types are those where either an audio alarm is
generated or a relay is activated when the photocell receives a
light intensity which is above some threshold level. This simple
project is a circuit of this type, and the unit sounds an audio
alarm tone if the photocell is subjected to a reasonably high
light intensity (the light level in a normally lit room should be
sufficient to activate the unit).

The Circuit

The circuit diagram of the Light Detector unit appears in
Figure 5 and this is another 5535 astable based project, as will
be obvious from the circuit diagram.

As was the case with the previous project, the operating
frequency of the 555 oscillator is set at about 450 Hertz by
the values used in the timing circuit. The output waveform
is a string of brief pulses in this case though, since the value of
R3 is low when compared to that of R2. This gives quite a
loud and penetrating alarm signal but gives only a fairly low
current consumption, C2 couples the output signal to the
loudspeaker, and although there is no obvious need for a DC
blocking capacitor, this capacitor does in fact have an
important purpose. A high current load direct across the out-
put of a 555 device can sometimes result in a malfunction of
the circuit, and in this circuit the output is normally high
(virtually equal to the positive supply potential) and only goes
low (almost at the negative supply voltage) during the brief
negative output pulses. This would give a high average current
through the speaker and consequently a high average current
consumption when the alarm was operating. This could be
overcome by connecting the speaker between pin 3 of IC1
and the positive supply rail, but as the output of IC1 does not
go fully positive this would still leave a substantial current
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Fig. 5 The circuit diagram of the light defector

through the loudspeaker during the positive output periods.

The use of a DC blocking capacitor at the output overcomes this
problem, and such a capacitor is used in all the circuits in this
book which have a 555 device driving a loudspeaker.

As in the previous circuit, the 555 is gated on or off by
means of a control voltage applied to pin 4 of the device. The
control voltage is derived by a potential divider which consists
of the collector-to-emitter resistance of Trl and the resistance
of R1. Trl is a photo-Darlington transistor, and this is basically
just an ordinary photo-transistor connected in the Darlington
configuration with a second device so as to give a considerable
boost in sensitivity. In this circuit the base terminal of the
device is not used and we are simply using the collector and
emitter terminals to give a sort of light dependent resistance.
The resistance between these two terminals will be very high
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(typically many megohms) if the device is placed in total
darkness, but only a few hundred ohms if the photo sensitive
surface is subjected to a very high light intensity. Strictly
speaking the device does not have pure resistance as the
effective resistance varies somewhat with changes in the
voltage applied to the device, but this effect is too limited to

17



have any significant effect on the operation of this circuit.
With Trl in dark conditions the potential divider action
across Tr1 and R1 gives only a small fraction of a volt at pin
4 of IC1 and the alarm generator does not operate. With Trl
subjected to reasonably bright conditions the voltage at pin 4
of IC1 is pulled higher, and is taken above the threshold level
of about 0.5 volts needed to bring the oscillator into operation.
Thus the required action is obtained with the audible alarm
signal being generated when the photocell is subjected to a
sufficiently high light level.

Construction

Figure 6 shows the component layout of the printed circuit
board for the Light Detector unit. This assumes that Tr1 will
be mounted off-board and will connect to the board via a twin
insulated cable, but it can be fitted directly onto the board if
preferred (the base lead still being left unconnected since there is
np convenient connection point for it on the board). If Trl is
mounted off-board be especially careful not to accidentally
connect it the wrong way round. Incidentally, it should
perhaps be pointed out that pin S of IC1 is not used in this
circuit, or in any of the other 555 based circuits in this bgok,
-and this pin is therefore not shown on the circuit diagrams.

The stand-by current consumption of the unit is quite high
at about 8mA, and it would probably be better to operate the
circuit from a larger 9 volt battery such as a PP9 size, or from
NiCad cells, if it is to be left operating for long periods of time.
Note that the light sensitive surface of Trl is the curved surface
at right angles to the leadout wires, and that it is relatively
insensitive to light from other directions.

If necessary, the sensitivity of the circuit can be boosted
somewhat by increasing the value of R1 to 4.7k. Similarly, the
sensitivity can be reduced somewhat by reducing the value of
R1, or by connecting another 2.2k resistor in parallel with it.

Components for Light Detector (Figure 5)

Resistors
R1 2.2k R2 100k
R3 4.7k
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Capﬁcz’tors

Cl 22nF polyester Cc2 100uF 10v electrolytic
Semiconductors

Trl ZN57177

IC1 555
Switch

S1 SPST miniature toggle type
Miscellaneous

Case

Printed circuit board

PP3 size battery and connector fo suit

Miniature loudspeaker having an impedance in the range
40 to 80 ohms (LS1)

Wire, solder, etc.
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PROIJECT 3

DARKNESS DETECTOR

This circuit is really just a slight modification of the previous
one, and the unit sounds the audible alarm when the photocell
is subjected to a light level which is quite low, rather than when
it is subjected to a fairly high light level. In a normally lit room
the light level is quite sufficient to prevent the alarm from being
activated, but the light intensity does not have to fall very far
below this level in order to trigger the unit.
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The Circuit

The circuit diagram of the darkness detector unit is given in
Figure 7. The oscillator section of the unit is exactly the same
as the oscillator circuit used in the previous project of this book,
and this will not be considered in detail here.

The light level detector part of the circuit only differs from
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Fig.8 The components layout for the darkness detector
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that employed in the previous circuit in that the positions of
the transistor and resistor have been reversed, and the resistor
has been made higher in value so that the light threshold level
of the circuit is at a more useful level for this application.

1f Trl is subjected to a high light level, its collector to
emitter resistance is quite low and due to the fairly high
value of R1 it pulls the voltage at pin 4 of IC1 down to only
a minute fraction of a volt. If the light level fed to Trl is
steadily reduced, the collector to emitter resistance of Trl
will gradually increase, as will the voltage fed to pin 4 of
IC1. At a certain light level the voltage fed to pin 4 of IC1
will exceed the nominal 0.5 volt threshold level and the
oscillator will be enabled. The circuit therefore gives the
desired darkness alarm action.

Construction =

Figure 8 shows the component layout of the printed circuit
board for this project. The constructional notes for the previous
project also apply to this project and will not be repeated here.
However, note that in order to increase the sensitivity of this
circuit (i.e. reduce the light level at which the unit sounds the
alarm) R1 should be increased to 100k. Reduced sensitivity
{i.e. an increase in the minimum light level needed to activate
the alarm) can be obtained by decreasing the value of R1, but
it should not be reduced very much or it will probably be found
that the alarm will operate continuously. 2.2k is about the
lowest practical value.

Components for Darkness Detector (Figure 7)

Resistors
Rl 47k R2 100k
R3 4.7k
Capacitors
Cl 22nF polyester Cc2 100uF 10v electrolytic
Semicondauctors :
Trl 2N5777
IC1 555

—=af



Switch
Sl SPST miniature toggle type
Miscellaneous
Case
Printed circuit board
PP3 battery and connector to suit
Miniature loudspeaker having an impedance in the range
40 to 80 ohms (LS1)
Wire, solder, etc.
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PROJECT 4

LATCHING LIGHT DETECTOR

The light detector circuit described earlier in this book does not
have a built-in latching action, and it therefore switches off the
audible alarm signal when the light level falls back below the
triggering threshold level. This can be a severe drawback in
some applications, and a latching action that keeps the alarm
operating after the light level has returned below the trigger
threshold is a useful feature that is easily achieved.

Such a latching action is incorporated in the light activated
switch which is described below.

The Circuit

The complete circuit diagram of the latching light detector unit
can be found in Figure 9.

As in the previous two light activated switch circuits, the
unit is built around a 555 astable which is controlled by means
of the voltage applied to pin 4 of the 555. In this case the
control voltage is obtained from the output of a simple bistable
multivibrator which uses Trl and Tr3 in a conventional bipolar
bistable arrangement.

At switch-on the base of Tr1 will be at zero volts since C1 will
initially have no charge, but Tr3 will be biased hard into
conduction by the base current it receives through R1 and R2.
Therefore the circuit stabilises with Tr1’s collector at virtually
the full positive supply potential and the collector of Tr3 at
practically zero volts. The voltage fed to pin 4 of IC1 is
therefore practically zero as well, and the oscillator is inhibited.
This all assumes that Tr2 is subjected to a fairly low light level,
since it will exhibit a low resistance if it is subjected to a
reasonably high light intensity. The potential divider action
across R1, R2 and the collector to emitter resistance of Tr2
then prevents the voltage at the base of Tr3 from reaching a
high enough level to bias this device into conduction. Tr3
is then cut off and its collector voltage rises to virtually the full
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supply potential so that the 555 astable is able to function
normally.

With Tr3’s collector at this potential, Trl is biased hard
into conduction by the base current it receives from Tr3's
collector via R3. As a result of this, Trl’s collector voltage
falls to practically zero, and T3 can no longer be biased into
conduction by way of R3. Once in this state the circuit
therefore latches in it and the light level received by Tr2
becomes irrelevant.

The circuit can be reset to the opposite state with the alarm
switched off by simply closing §1 momentarily. This short
circuits the base of Trl to the negative supply so that Trl
switches off and its collector potential rises to virtually the full
positive rail voltage. Provided Tr2 is not subjected to a high light
level, Tr3 is then biased into conduction from Tr1’s collector
via R2 so that Tr3’s collector returns to practically zero volts,
cutting off the oscillator and the base bias current to Trl via
R3. The circuit therefore latches in this state when S1.is
opehed since the bias for Trl is no longer available.

Apart from ensuring that the circuit initially assumes the
correct state with the audible alarm muted, C1 also helps to
prevent spurious triggering of the circuit to stray pick-up of
noise spikes caused by car ignition noise, lighting, thermostats,
etc.

Construction

The printed circuit layout for this project is shown in Figure
10, and although this is somewhat more crowded than most
of the other printed circuit layouts in this book, it is'still quite
easy to construct and there should be no problems here. Like
most of the printed circuit layouts in this book there are link
wires which must be soldered to the board, and there are
three of them in this layout. It is probably easiest to add the
link wires before soldering the other components in place, and
it is not necessary to use insulated leads. Bits of wire trimmed
from resistor or capacitor leadouts should be ideal.

Like the other two light detector circuits this one has a
fairly high current consumption of about 8mA, and it is
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Fig. 9 The circuil diagram of the latching light alarm
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recommended that a large 9 volt battery or NiCad cells should
be used as the power source if it is to be used for long periods
of time.

The value of R2 controls the sensitivity of the circuit, and
with a 100k component used in this position the unit will
probably not quite trigger in a normally lit room. Using a 470k
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Fig. 10 The components layout for the lafching light detector

component for R2 considerably reduces the light threshold
level at which the alarm is activated, and the unit will then
probably trigger even in the light of a very dimly lit room.
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Components for Latching Light Alarm (Figure 9)
Resistors

R1 2.2k R2 100k or 470k (see text)
R3 47k R4 4.7k
RS 2.2k R6 4.7k
Capacitors
Cl 22nF polyester C2  470nF polyester
C3 10uF 25v electrolytic
Semiconductors
IC1 555
Trl BC109C Tr'-_"\ 2N5777
Tr3 BC109C
Switches

SI SPST miniature toggle type
52 SPST miniature toggle type
Miscellaneous
Case
Printed circuit board
PP3 battery and connector to suit
Miniature loudspeaker having an impedance in the range
40 to 80 ohms (LS1)
Wire, solder, etc.
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PROJECT 5

CONTINUITY TESTER

A continuity tester is simply a device which indicates in some
way whether or not there is electrical continuity between two
test prods. Units of this type usually provide either a visual
indication in the form of a meter or a LED indicator, or an
audible indication in the form of an audio tone. The second
method is generally the better one since it does not require the
user to look away from the test prods, and this can often be of
importance since the test prods may well be awkwardly placed
when making tests, especially when checking complex circuit
boards.

~ Continuity testers are useful for simple tests, such as
checking fuses and cables, and can also be used for checking
circyit boards for accidental short circuits between copper
tracks due to pieces of excess solder or faulty components.
When checking circuit boards in this way a common problem is
false alarms due to diodes or other semiconductor junctions
(part of an integrated circuit or transistor for example)
providing a low impedance path between the test prods. This
problem is easily overcome using a continuity tester which will
only indicate continuity if there is a very low voltage drop
across the two test prods. Silicon semiconductor junctions
produce a voltage drop of about 0.6 volts when forward biased,
and this drop is thus sufficient fo prevent continuity being
indicated and a false alarm being produced.

This simple continuity tester is designed so that it will not
indicate continuity if the test prods are connected so as to
forward bias a silicon semiconductor junction, and it
will only respond if there is a fairly low resistance between the
test prods. The unit might indicate continuity if a germanium
semiconductor junction is connected across the test prods so that
it becomes forward biased by the current that flows, and this is
due to the relatively low voltage drop across a germanium
junction (usually only about 0.1 to 0.2 volts). This is not
really a significant shortcoming these days since the majority of
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germanium devices are now obsolete and are unlikely to be
encountered very often, if at all.

The Circuit

The circuit is a type which produces an audible tone to indicate
continuity, the tone being generated by a 555 astable circuit.
Figure 11 shows the complete circuit diagram of the Continuity
Tester.

The tone generator circuit is the same as that used in some
of the previous projects, and it gives a nominal 450 Hertz pulse
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Fig. 12 The components loyout for the continuity fester

signal to the loudspeaker. Also in common with some of the
previous circuits the 555 astable is controlled by a voltage fed
to pin 4 of the 555. Under stand-by conditions this voltage will
be only fractionally higher than the negative supply rail
potential because Trl will be biased hard info conduction by
R2. The astable is therefore switched off.

31



If the test prods are shorted together, or a very low
resistance is connected between them, the base bias to Trl is
cut off and this device switches off. R3 then takes pin 4 of
IC1 to almost the full positive supply voltage and the astable
is enabled so that the audio tone is produced.

If a forward biased semiconductor junction is connected
across the test prods some of the base current for Trl will be.
tapped off through this junction. However, as the voltage at
the base of Trl is only just sufficient to bring a forward biased
silicon semiconductor junction above the threshold of conduction,
the voltage across R1 and hence the current that is tapped off
is far too small to have any significant effect on the biasing of
Trl. Thus Trl remains switched hard on and the audio tone is
not produced.

As the current flow through the test prods and the circuit
under investigation is limited to no more than about 4mA there
is little risk of the continuity tester damaging the circuitry
under test.

Construction

Figure 12 shows the printed circuit layout for the Continuity
Tester, and construction of the circuit board is very straight
forward. In fact the whole project is very easy to construct and
should not give any real problems. The test leads can be wired
direct to the circuit board, but it is probably better to connect
the board to a couple of wander sockets and then fit the test
leads with suitable plugs to fit these. The test leads should be
made from multistrand wire rather than the single core type
(which is less flexible and hard wearing), and special extra
flexible wire designed for use in this application is available.
Prods ready fitted with flexible leads and plugs are also
available.

Components for Continuity Tester (Figure 11)

Resistors
R1 120 ohms Ry 29k
R3 2.2k R4 100k
RS 4.7k



" Capacitors

Cl1 22nF polyester C2  100uF 10v electrolytic
Semiconductors

IC1 555

Trl BC109C
Switch

S1 SPST miniature toggle type
Miscellaneous

Case

Printed circuit board

PP3 battery and connector to suit

Miniature loudspeaker having an impedance in the range
40 to 8O ohms (LS1)

Test prods and leads

Wire, solder, etc.
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PROJECT 6

BENT WIRE GAME

The bent wire game is by no means a new idea, in fact it is a very
- old one. Probably most readers will already be familiar with

this game where a small metal ring with a lead attached is

passed along a length of wire. The wire is bent into a very

irregular twisted shape to make it difficult to pass the ring along

the wire without touching the two together, which is of course,

the point of the game.

There has to be some method of showing when the ring and
the wire are in contact, and the traditional method is to connect
the wire and the ring into a simple circuit so that a bell rings
or a light bulb switches on when the two are touched together
and the circuit is completed. A modern equivalent of this could
simply consist of an electronic buzzer or a LED indicator
connected so that it would switch on if the wire and the ring
were brought into contact. However, it is possible to add a
simple refinement to an electronic version of the game in the
form of a simple timer circuit which causes the alarm signal to
stay on for a second or two even if the wire and the ring are
only touched together momentarily. This avoids the possibility
of the two being touched together so briefly that the alarm does
not have time to operate effectively, or is not noticed.

The simple circuit described here has such a timer built-in
and gives an audible alarm signal when the wire and ring come
into contact.

The Circuit

Figure 13 shows the circuit diagram of the bent wire game, and
this is another circuit which uses a 555 astable to drive a loud-
speaker and produce an audible tone. The oscillator is in fact
very much the same as the one used in several of the previous
projects, and also in common with some of these projects, the
oscillator is controlled by means of a voltage applied to pin 4
of the 553.
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Pin 4 of ICI is fed from the junction of timing components
Cl and R1, and these components are connected across the
supply rails. At switch-on C1 will be uncharged and pin 4 will
be taken to the positive supply rail voltage. However, C1 will
soon charge up to the point where the voltage fed to pin 4 of
IC1 is no longer sufficient to permit oscillation, and the audible
tone signal therefore cuts off about one second or so after
switch-on.

The bent wire and the ring are connected in parallel with C1,
and if they should short circuit together, even very briefly, Cl
will be almost instantly discharged and the audible tone signal
will again be produced for about a second until Cl almost fully
charges again. This gives the required clear indication that the
two have been touched together.

Construction

Electrically the unit is very simple to construct, and the
component layout for the printed circuit board is shown in
Figure 14.

Mechanical construction is somewhat less straight forward
since it is necessary to incorporate the bent wire and the ring
in the unit. Probably the best way of doing this is to use a
plastic case with the loudspeaker and the on/off switch fitted on
the front panel. The bent wire can then be mounted on top of
the case, and one way of achieving this is to drill small holes at
opposite ends of the top panel and then thread one end of the
wire through each hole. The ends of the wire can then be bent
flat against the underside of the top panel and glued in place
using a good quality gap filling adhesive. An epoxy adhesive is
probably the best type to use for this, The wire must be fairly
thick, and a piece of wire cut from a wire coat-hanger was used
on the prototype. However, it does not have to be quite as
thick as this and a piece of 16swg (or thereabouts) tinned copper
wire would be a suitable alternative, and can be obtained from
most of the larger electronic component retailers. Of course, the
wire must not be insulated, but a small length at each end should
be insulated so that the ring can be rested at either end of the
wire without the alarm signal sounding. This insulation can
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simply consist of a couple of bands of insulation tape applied to
the wire at the appropriate place. The connection to the wire
can be made using a direct soldered connection, although this
might be difficult in some cases. Another method is to use a
small crocodile clip to make this connection.

The ring and the lead attached to it can actually be made
from a single piece of single strand PVC covered wire: one end
being threaded through a hole drilled in the case and then
connected to the circuit board, and the other having about
50mm of insulation removed. The bare wire is then looped
around the bent wire, and the bare wires are then twisted
together to reduce the size of the loop to the required level.
The loop can then be carefully bent into a neat circle. The
final size of the loop is best determined by ttial and error since
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this largely controls the difficulty of the game. Making the
loop only slightly too small makes the game practically
impossible while making it only a little on the large side makes
the game extremely easy. This method of producing the loop
makes it quite easy to alter the size of the ring if necessary.
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Components for Bent Wire Game {Figure 13)
Resistors

R1 2.2k R2 100k
R3 4.7k
Capacitors

Cl 100uF 10v electrolytic €2 22nF polyester
C3 10uF 25v electrolytic
Semiconductor
IC1 535
Switch
Si SPST miniature toggle type
Miscellaneous
Case
Printed circuit board
Miniature loudspeaker having an impedance in the range
40 to 80 ohms {LS1)
PP3 battery and connector to suit
Wire, solder, etc.
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PROJECT 7

MORSE PRACTICE OSCILLATOR

The ability to read and send Morse coded messages is an
extremely useful asset, especially for anyone interested in radio
DXing, boating, and a number of other activities. When learning
Morse code it is extremely useful to have a simple Morse
practice oscillator of some kind, preferably together with a
good quality Morse key and a tape recorder. The latter is
useful for making your own Morse practice tapes to help you to
learn to read Morse code. Although not generally realised, the
ability to send Morse coded messages and the ability to read
them are two quite different things, and simply learning to send
Morse coded signals does not automatically give one the ability
to read Morse as well.

The Circuit

A 555 astable circuit is the obvious choice for a unit of this
type, and as can be seen from the circuit diagram of Figure 15
this unit is basically just a 555 astable feeding a high impedance
loudspeaker.

Ideally a device of this type should provide a reasonably
pure output signal as the output signal might otherwise become
rather tedious to listen to after a while, and a pure sinewave
signal is the type of output obtained from a radio receiver
when receiving Morse coded signals, In this case a reasonably
pure output signal is obtained by making R2 high in value when
compared to R1 so that a mark space ratio of virtually one to
one is obtained at the output, and C3 is used to attenuate the
higher frequency harmonics on the output signal. Further
attenaution of these harmonics could be obtained by using a
higher value component in the C3 position, but this is probably
not advisable as it could greatly increase the current consumption
of the unit. The Morse key is connected in the positive supply
lead so that it simply switches the unit on when depressed, and
switches it off when released.
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Construction

The printed circuit board layout for the Morse Practice
Oscillator is given in Figure 16, and both mechanical and
electrical construction of the unit are quite easy and straight
forward. The Morse key can be permanently wired to the
printed circuit board with an entrance hole for the lead being
drilled in the front panel of the case, but it is probably better
to connect the appropriate two leads from the circuit board to
a two way socket, and then fit the cable from the Morse key
with a matching plug. A 3.5mm jack is a suitable type of
connector.

If the unit is used to make recordings to help with Morse
decoding practice, one way of achieving this is simply to use a
microphone to pick-up the sound produced by the unit and thus
give an accoustic coupling from the oscillator to the recorder.
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Fig. 16 The components layout for the morse practice oscillator

An alternative method is to couple the output of the unit
(which can be taken from across the loudspeaker terminals)
direct into a high level input of the recorder (not a microphone
input as this would probably be overloaded). If the second
method is used it will be more convenient in use if the output
signal from the speaker terminals is taken to a 3.5mm jack
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socket fitted on the front panel of the unit. The output can
then be coupled to the recorder using a two way cable (which
does not even need to be a screened type due to the high level
and low source impedance of the signal) terminated in plugs of

the correct type.
The Morse Code is listed below:-

A — Boer C —.
E = F= G —.
I J o= K -
M —— N —. O—=
B R —. 8=
U .— V .— W -
¥ 5 Z ==

1 ——— 2 — 3=
sl 6 — T =
9 ———-. 0 ———

Fullstop .—.—.—

Comma ——.,——

e i i o e
file

Lo S
I

If a dot is taken to equal one unit of time, the space between
dots and dashes is also one, a dash is three, the spacing between
letters is three, and the word spacing is seven units. Most
people find it easier to think in terms of sounds rather thap
dots and dashes, and when initially learning the codes it is
almost certainly better to think of dots as a “dit” sound and
dashes as a “dah” sound. Thus the letter K would be learnt
as “dah-dit-dah” rather than as dash dot dash.

Components for Morse Practice Oscillator (Figure 15)

Resistors

R1 4.7k R2
Capacitors

Ci 22nF polyester i

C3 470nF polyester

Semiconductor

IC1 555
Miscellaneous

Case
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PROJECT 8

LOW VOLTAGE ALARM

This alarm circuit is primarily intended for use in cars or boats,
and it gives a warning if the battery voltage of the car or boat
falls below a nominal level of 10.5 volts. This threshold level
can be changed slightly if desired. Units of this type often give
the low supply voltage warning in the form of an indicator light
that switches on, but the warning light is easily overlooked. In
this design, therefore, the warning is given by an audible alarm
signal which cannot easily be missed.
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The Circuit

Figure 17 shows the complete circuit diagram of the low
voltage alarm unit, and once again this uses a 555 astable driving
a high impedance loudspeaker to generate the alarm signal, with

the astable being controlled using a voltage applied to pin 4 of

the 555.

If the supply voltage is at more than about 10.5 velis D1
will be biased beyond its avalanche voltage and will conduct,
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Fig. 18 The components layout for the low voltage alarm




and there will be sufficient voltage developed across R2 to bias
Trl hard into conduction. This gives a matter of only a few
tens of millivolts at the collector of Trl, and this voltage mutes
the astable circuit.

A supply voltage of less than about 10.5 volts may keep D1
in a state of conduction, but the voltage developed across D1
then leaves a potential across R2 that is too small to bias Trl
into conduction. With Trl cut off R3 takes pin 4 of IC1
almost fully positive and the astable is enabled. Thus the alarm
signal is produced when the supply falls below the 10.5 volt
threshold level.

The circuit has a current consumption of around 10mA under
stand-by conditions, the exact consumption depending on the
actual supply voltage, This level of current consumption is
insignificant when compared to the large capacity of a 12 volt
car battery, and adding this unit to the electrical system of a
car or boat should not have an adverse effect on the battery.
The current consumption increases somewhat when the alarm
operates, but is still likely to be only about 20mA or so and of
no real significance.

Construction

Figure 18 gives the printed circuit component layout for the
Low Voltage Alarm unit, and there should be no problems
with the construction of the board, or with the mechanical
construction of the unit for that matter. If desired, an on/off
switch can be inserted in one of the input leads of the unit so
that the alarm can be silenced once it has come into operation.
As mentioned earlier, within reason the threshold voltage
of the unit can be altered to suit individual requirements. It is
merely necessary to change the operating voltage of the
component used in the D1 position, and the threshold voltage
of the unit is approximately 0.5 volts more than the voltage of
the zener diode employed in the D1 position. Obviously there
are limits to the threshold voltages that can be handled by the
circuit, and the upper one is set by the 16 volt maximum
permissible supply voltage of the 555 device, and the unit
should obviously not be used in situations where there is a
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