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Bring 'scope/to your interest.
'There's only one way
to master electronics...

1Build an oscilloscope.
As the first stage of your training, you

actually build your own Cathode ray
oscilloscope! This is no toy, but a test
instrument that you will need not only
for the course's practical experiments, but
also later if you decide to develop your
knowledge and enter the profession. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

to see what is going
on and learn by doing

This new style course will enable anyone to
have a real understanding of electronics by a
modern, practical and visual method. No
previous knowledge is required, no maths, and
an absolute minimum of theory.

You learn the practical way in easy steps
mastering all the essentials of your hobby or to
further your career in electronics or as a self-
employed electronics engineer.

All the training can be carried out in the
comfort of your own home and at your own
pace. A tutor is available to whom you can
write, at any time, for advice or help during
your work. A Certificate is given at the end of
every course.

T

Read,draw and
understand circuit
diagrams.
In a short time you will be able to

read and draw circuit diagrams, under.
stand the very fundamentals of television,
radio, computors and countless other
electronic devices and their servicing
procedures.

3Carry out over 40
experiments on basic
circuits.
We show you how to conduct

experiments on a wide variety of different
circuits and turn the information gained
into a working knowledge of testing,
servicing and maintaining all types of
electronic equipment, radio, t.v. etc.

All students enrolling in our To find out more about how to learn electronics in a new exciting and absorbing
courses receive a free circuit way,just clip the coupon for a free colour brochure and Lull details'of enrolment..

board originating from a !Write to:- British National Radio & Electronics School,
computer and containing P.O. Box 156, Jersey, Channel Islands.
many different components
that can be used in experi- NAME
ments and provide an
excellent example of current !ADDRESS
.electronic practice.
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T unit uses the age old
principle of passing a ring

over a bent wire, from one end
to the other without allowing the
ring to touch the wire. An addi-
tion to the circuit is the use of a
control which is used as a "handi-
cap" to help those of us who are
not too steady with our hands.

Although the novelty value of
the unit will appeal to the
younger members of the family
as a game, it can have more
serious applications.

CIRCUIT DESCRIPTION
The circuit for the unit is

shown in Fig. 1; this consists of

FOR
GUIDANCE
ONLY e 

ESTIMATED COST
OF COMPONENTS

excluding V.AT.

£2.60
excluding case

More than just a game.
a unijunction transistor oscilla-
tor, and a thyristor which is used
as a switch. The multivibrator
formed by TR2 and TR3 is
optional to the unit, and may be
omitted if the audible alarm
causes annoyance to other people.

If the ring and wire touch, Cl

will charge up via R1 and VR1,
since the ring and wire only
touch briefly, the capacitor is
charged up in short bursts. It can
be seen that a certain number of
touches in a certain time will
charge the capacitor up fully.
This time is controlled by the

+9v

//
/

VR

HOW IT WORKS

PULSE
GENERATOR

=NM

ov

ELECTRONIC
SWITCH

AUDIO
OSCILLATOR

+9V

/ The object of the "game" is to move the ring from one end of
the bending wire to the other without causing the lamp to light or
the audible alarm to sound. Each time the ring touches the wire,
capacitor C is charged up a little bit more. After a certain number
of contacts, depending on contact time, the generator will emit a
pulse which triggers the electronic switch. When this happens
power is supplied to the audible frequency oscillator resulting in a
tone being emitted from the speaker and the lamp illuminated.

The number of contacts required before the switch is triggered
is controllable by means of VR.
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VR1 HANDICAP
50412

101,11

Sla

TR1
TIS43

LP1
5V
60mA

Rd R5
7.5k1: d7k12

R6
d7kI7

C3

0.022uF

b b

TR2
BC108

CSR1
MC 0102

TL1

DI
1N914

TR3
BC108

Fig. I. Circuit diagram of the Steady Hand Tester.

resistance of VR1 (the "handi-
cap" control), which controls the
amount of current passing to the
capacitor.

When the charge on Cl reaches
a certain level, this will cause
TR1 to conduct and the emitter
/b1 junction to be forward biased.
At this point the capacitor will
discharge via this junction,
through R2 to ground.

THYRISTOR ACTION
A thyristor normally blocks

current flow in both directions,
but it can be triggered so that it
allows current to flow in the for-
ward direction, while blocking
current in the reverse direction.
It thus behaves as a conventional

silicon rectifier. In its conducting
state it will allow current to flow
until the current through it and
the load has been reduced to zero.

To make the thyristor conduct,
a positive pulse is applied to the
gate terminal. In the present cir-
cuit this is obtained from the bl
connection of TR1, the pulse
being present when the capacitor
is discharging.

The lamp LP1 is then illumi-
nated, the anode to cathode path
of CSR1 being effectively a short
circuit, connects the lamp be-
tween the positive rail and the
negative rail.

Since the anode of the thyristor
is now effectively at ground
potential, it completes a path
between the emitters of TR2 and

Photograph showing the components mounted on the stripboard.

So ION/OFF I

BI
9V

mom

TR3 and earth, the multivibrator
is then free to operate.

M ULTIVIBRATOR ACTION
Briefly the action of the multi -

vibrator is as follows: when power
is applied to the circuit, one
transistor will draw current
faster than the other, this hap-
pens because one transistor has
a slightly higher gain than the
other.

Say that the current in TR2
will increase faster. The collector
voltage will fall, this change
being fed back to the base of TR3
via C2. The collector voltage of
TR3 will now tend to increase,
this increase being fed back to
the base of TR2.

This action will continue until
TR2 is fully conducting, and TR3
cut off. Capacitor C2 now charges
up via R6, until the base of TR3
becomes sufficiently negative,
that TR3 starts to conduct. This
transistor now turns fully on, and
turns off TR2. Capacitor C3 now
charges up via R5 and the cycle
repeats.

The square wave produced by
the action of TR3 switching on
and off is the audible tone heard
from the magnetic transducer
TL1. Diode D1 is connected
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UNDERSIDE VIEWS

CSR1 TR2 & 3

Fig. 2. Component layout on the stripboard, also show-
ing the breaks required on the underside.

Internal photograph showing the position taken up
by the stripboard.

TOM

STEADY
HAND

Fig. 3. Wiring diagram for the various controls. Note
the top of the box has been opened out for clarity.
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Components nil

Resistors
RI
R2

IOW
loon

Potentiometer
VRI 50 kilohm carbon lin.

R3 1000
R4 I .5k0 Capacitors
R5 471(0 CI 10pF 16V elect.
R6 47k( C2 0.022uF plastic or ceramic
All resistors +W ± 10% C3 0022/iF plastic or ceramic

Semiconductors
TR I TIS43 unijunction transistor
TR2 BC108 npn silicon
TR3 BC108 npn silicon
CSR1 MCRIO2 or any IA 30V thyristor

Miscellaneous
TL I magnetic insert or telephone earpiece
S I double pole double throw toggle switch
B1 9V battery
LPI 6V 100mA (m.e.s.) bulb
Stripboard, 0-1 inch matrix size 16 holes x 7 strips; battery clip to suit 13I;
wood beading; stiff wire for ring; metal coathanger for loop; plastic case;
small knob; connecting wire; sleeving; long plastic rawlplug; solder.

SEE

SHOP
TALK

page 311

across the transducer to prevent
a back e.m.f. from damaging TR3.

Each time the alarm circuitry
operates, the unit has to be
switched off and back on again
ready for the next attempt. This
is because CSR1, which latches
on, must have its supply removed
before it will reset to the original
state. This is made possible by
the on/off switch Si; when in the
off position, it short circuits Cl
and discharges it so as to have a
clean start when switched on
again.

CONSTRUCTION
Most of the components are

mounted on a piece of 0.1 inch
matrix stripboard 16 holes by 7
strips. The layout is given in. Fig.
2, which also shows the breaks
required on the underside of the
board. The layout is not at all
critical, so it can be altered to
suit the box used to house the
components used.

The wire loop was made from
a coathanger which was bent into
a convenient shape, and fixed into
two pieces of wood which were
glued to the sides of the box.
Each end of the loop is sleeved
to allow the ring to be rested
while the contestant is getting
ready. The probe containing the
ring was made from a long piece

of plastic rawlplug with a stiff
wire fed through it and formed
into a ring at one end.

The other end is soldered to a
flexible wire and connected to
the unit. The shape of the loop
is up to the constructor's imagi-
nation, and there is no reason
why sockets of a suitable size can-
not be fitted to allow different
shaped loops to be plugged in.
This will add to the interest and
skill required by the contestants.
The shape used by the author
(with a little imagination) was in
the form of a duck!

As was said at the beginning
the use of this unit has many
serious applications, one idea is
to measure the coordination of,
say, people at a party to see if
they are in a fit state to drive, if
they are not, then taxis are called
for!

Photograph of the complete Steady
Hand Tester.

JACK PIM & FAMILY...
JACK'S BEEN BUSY LATELY

WITH VARIOUS ELECTRONIC PROJECTS

YES, HE CONSTRUCTED
THE REMOTE READING THERMOMETER

FOR YOUR GREENHOUSE, DIDN'T HE?

Everyday Electronics, July 1977
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HOW DID YOU KNOW?
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Phone/Door 1011

Repeater
WHEN one is working in a

shed or other outbuilding,
in the garden, or perhaps even
listening to loud music actually
inside the house, it is very easy
to miss the ringing of a telephone
or a doorbell. The simple device
described here overcomes this
problem by using a microphone
to pick up the sound of the bell,
and the resultant electrical signals
are used to trigger an alarm
circuit situated near the user.
The prototype has been tested
using connecting cable of 10
metres in length between the
microphone and the alarm, but
it should operate over an even
greater distance if required.

Although the circuit could be
easily simplified if a direct con-
nection were made to the tele-
phone or doorbell, Post Office
regulations forbid this in the
case of the former, and so the
circuit has to be arranged so that
it is triggered by the sound of
the bell.

The circuit is extremely simple
anyway, using only two active
devices, and the fact that there
is no direct connection to the
monitored equipment obviously
makes the unit more convenient

FOR
GUIDANCE x - ism
ONLY  
ESTIMATED COST
OF COMPONENTS

excluding VAT.

£4.50
excluding case

to use. It also has the advantage
that the device can be used to
monitor an ordinary door knocker
in cases where no doorbell is
fitted, or the doorbell is inopera-
tive.

Since the unit has a quiescent
current consumption of only
about 1 milliamp, it will provide
many hours of service from an
inexpensive PP3 battery.

CIRCUIT ACTION

Basically there are two main
sections to the circuit. The first
part amplifies the signals from
the microphone, rectifies and
smoothes them to a d.c. bias, and
then amplifies this d.c. signal.
This is then used to turn on the
second part of the circuit which
consists of an audio oscillator

LOUDSPEAKER
MICROPHONE

HOW IT WORKS

AUDIO
AMPLIFIER

L

Sound from the telephone ringing
or the doorbell chiming is received
by the microphone and the result-
ant electrical signals are fed to an
audio frequency amplifier. The out-
put from this is coupled to a rectifiying and smoothing network
and the d.c. potential this produces is fed to a d.c. amplifier.
The audio oscillator is controlled by the large d.c. bias which is
produced at the output of the d.c. amplifier. The oscillator is nor-
mally off but it is turned on by the d.c. bias generated in the pres-
ence of a suitable audio signal. If the microphone is sited near to
the telephone, or near to the door chimes, a tone will be produced
in the remote loudspeaker unit.

RECTIFIER AND
SMOOTHING
NETWORK

D.C.
AMPLIFIER

AUDIO
OSCILLATOR

yi
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feeding a loudspeaker.
Referring to the circuit diagram

of the unit, which is shown in
Fig. 1, TRI and associated com-
ponents form the amplifiers and
rectification circuit, while TR2 is
the basis of the oscillator.

Looking at this in greater detail,
signals from the microphone are
fed to the base of TR1 via d.c.
blocking capacitor C2. Transistor
TR1 has a small forward bias
provided by R1, and it operates
as a high gain common emitter
amplifier. The amplified signals
appearing at TR1 collector are
coupled via C3 to a rectifying and
smoothing network utilising Dl,
D2, and C4. The d.c. potential
this produces is fed to the base
of TR1 through R3.

This d.c. signal is positive in
polarity, and it causes TR1 to
conduct much more heavily, caus-
ing its collector potential to fall.
It will be apparent from this
description that TR1 amplifies the
signal twice, first at a.f. and then
at d.c. In this way very good
component economy is achieved.

Transistor TR2 is used as a
Hartly oscillator with the primary
winding of Ti acting as a tuned
winding. The necessary positive
feedback is provided between TR2
base and the lower connection of
T1 primary by C5. The output of
the oscillator is coupled to the
speaker by m e an s of the
secondary winding of Tl.

The second transistor, TR2 is

CI
moor lOopF

PL

1..S1

RI
2,2MR

C2
10pF

v"I
SKI

R2
2.2k12

ftl 27kR

TR1
BCI69C

01

02

0A91

R34.7511

TR2
BC258

Fig. I. The complete circuit diagram of the Phone/Door Bell Repeater including
"loudspeaker" microphone.

a silicon pnp transistor, and be-
fore it will begin to turn on and
permit oscillation it must have
its base biased about 0.65 volt
negative with respect to its
emitter. The bias current for TR2
is taken from TR1 collector by
way of the potential divider
formed by R4 and R5.

Under quiescent conditions the
voltage at TR1 collector is little
less than the positive supply rail
voltage, and the base/emitter
voltage of TR2 is far too low to
produce oscillation. However,
when an input signal activates the

Photograph of the prototype unit showing layout of compo-
nents and board on the rear face of the lid.

circuit and the collector voltage
of TR1 falls, the bias on TR2 is
increased to a level that enables
the circuit to oscillate. This
causes an audio tone to be
emitted from the loudspeaker.
This tone will continue for as long
as an input signal is present, plus
the few seconds that it takes C4
to discharge once the signal has
ceased.

There is an on/off switch S1
and CI is a supply decoupling
capacitor.

CASE

The prototype device was
housed in a ready made case type
AB10, and this has approximate
dimensions of 130 x 100 x 40mm.
It has a removable lid, which in
this application is used as the
front panel with the case stand-
ing up on one of its long edges,
Any case having similar dimen-
sions should also be suitable.

A fretsaw is used to make a
63mm square cut out for the
speaker in the left-hand side of
the front panel. To the right of
this and towards the top of the
panel a 12.5mm diameter mount-
ing hole for S1 is punched in the
panel. A 6.5mm diameter hole
for the input socket (a 3.5mm
jack socket) is drilled beneath
the hole for Si. The exact posi-
tioning of these is not critical,
but they should be arranged so
that they give a reasonably neat
finish.

A piece of speaker fret or cloth
about 90mm square is glued
behind the speaker cut-out, and
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Components
Resistors

RI 22MS2
R2
R3
R4 27k12
R5 3. 31d1
All i\N carbon ± 5%

Capacitors
CI
C2
C3
C4
C5

'III
-If, OW

nip 4

1004uF IOV elect.
10uF 10V elect.
10uF IOV elect.
10µF 10V elect.
O. luF plastic or ceramic

Semiconductors
TRI BC I69C silicon npn
TR2 BC258 silicon pnp
DI, 2 0A91 germanium diode (2 off)

See

Sho
TalKp

page 311

Miscellaneous
BI 9 volts type PP3
SI s.p.s.t. toggle switch
SKI 3.5mm jack socket
PL I 3.5mm jack plug
LS I miniature loudspeaker coil impedance 40 to 80 ohms
LS2 miniature loudspeaker (75mm diameter) coil resistance 3 ohms
T1 transistor output transformer type LT700 (Eagle)
Stripboard: 0.15 inch matrix 9 strips by 21 holes; battery clip for BI; length
of cable to run from microphone to unit; case type ABIO size 130 x 100 x
40mm approx.; connecting wire; solder.

then the speaker is carefully
glued onto this. The speaker
should be about 70mm or more
in diameter. Smaller speakers
will work in the unit, but will not,
in general, produce as much
volume as slightly larger types.

COMPONENT PANEL
Most of the circuitry is con-

structed on a 0.15 inch matrix
stripboard panel having 21 holes
by 9 copper strips. The component
layout of the board together with
details of the positions of the
four breaks in the copper strips
are shown in Fig. 2. Cut out a
panel of the required size using
a hacksaw, and make the breaks
in the copper strips before con-
necting any of the components.

Commence assembly of the
panel by soldering into position
the single link wire plus the
resistors and capacitors. Then
mount and connect Tl. This has
two mounting lugs which serve
no useful purpose here, and they
are either broken off or bent out
at right angles so that they do
not get in the way. The specified
transformer is intended for
printed circuit mounting, and it is
plugged into the board and
soldered into place in the same

Finally, the component panel
is wired up to the rest of the
unit using p.v.c. covered single
core connecting wire. Details of
this wiring are shown in Fig. 2.
Keep the leads as short as pos-
sible as these provide the sup-
port for the panel.

The component panel is situated
above and behind the speaker
magnet with the coppered side
of the board facing the rear of the
case. It is a good idea to place a
layer of insulation tape over the
inside of the rear of the case,
behind the component panel, so
that the copper strips cannot be
accidentally short circuited
through the metal casing.

MICROPHONE
The microphone consists of a

miniature high impedance loud-
speaker, a 63mm diameter 64 ohm
component being employed with
the prototype. Any speaker having
an impedance in the range 40 to
80 ohms is quite suitable.

It is not essential for this to be
connected to the unit via a
screened cable unless these con-
necting wires pass close to a
mains lead, or some other source
of electrical interference. Twin
speaker lead or two lengths of
ordinary insulated hook up wire
twisted together make ideal con-
necting leads. They are termi-
nated in a 3.5mm jack plug which
fits into the socket on the front
of the repeater.

Continued on page 336
I,

way as the other components.
The transistors and diodes are

connected last of all, and a heat -
shunt is used on each lead out
as it is soldered into circuit, to
prevent these components from
being damaged due to overheat-
ing.

S1

BATTERY CLIP

e c b

0 0 0 TRI

H

G

F

E

0

A

2 3 4 5 6 7 8 9 10 12.\ 14 15 18 20 21

0 0 0 0 e 0 R5

TR2 c 0
b 0

0
0
0-04-
OI LS2

T1

C 1 IIC5 1
0 0 0 0 0 0 0

 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 a  a  0  0
0  sp a

1

o
o o
o o
0 ooooo 0 00 0 oo oo ooo

e b c
0 0 0 TR2

UNDERSIDE VIEW

Fig. 2. The layout of the components on the strip -
board, the breaks on the underside and wiring up
details.
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By Brian Terrell
New products and component

buying for constructional projects.

EACH month we receive many en-
quiries concerning the purchase of

components for constructional projects,
current and past. They are not the
components expected to cause buying
problems which are dealt with on this
page, but commonplace components. In
many cases these components are
offered for sale by advertisers in
EVERYDAY ELECTRONICS, but escape
the notice of some constructors, as does
this page on occasions.

To assist constructors we search
through catalogues we have and inform
them of a supplier. This takes quite a
lot of time (something we have little of)
and could be avoided if the constructor
purchased a few of the catalogues
available.

The cost of a catalogue is about 50
pence which will prove a saving even in
the short term, because you may be
able to order all the parts required
from one supplier-effecting a saving on
postage and incurring no minimum
order charge. Whether you can order
all the components from a single
supplier can only be found out with the
aid of catalogues!!

Many, if not all of the components
used in E.E. constructional projects are
part of the stock carried by many
advertisers. It is surprising that none
of them offer a complete kit of parts for
our projects. I am sure this service
would be more than welcome and
appreciated by many constructors.

We would be interested to hear
readers, and advertisers comments on
this subject.

Amplifier Module
An audio amplifier module known as

the AL -30A has recently been added to
the range of modules available from
Bi-Pak, The Maltings, 63a High Street,
Ware, Herts. The cost is £3.60. The
module measures only 90 x 64 x

Everyday Electronics, July 1977

The AL -30A 10 watt amplifier module.

27mm and can provide up to 10 watts
r.m.s. into 8 ohms with an input of 90
millivolts into 50 kilohms. The power
supply requirement is 28V IA. A suit-
able power supply is available from
Bi-Pak. Distortion (t.h.d.) is low,
quoted typically 0.3 per cent.

It should find many applications in
record players, tape recorders, cassette
and cartridge players. Many constructors
who made the Multi -Band Tuner featured
recently will now be looking for an
amplifier. This module together with
its power supply could well fit the bill.

Soldering Iron
Recently we received details and a

model of a miniature lightweight
soldering iron from a new soldering
iron manufacturer/distributor, S & R
Brewster Limited, 86-88 Union Street,
Plymouth PL I 3HG. The iron known as
SRBI, complies with BS 3456 2/14.

It is mains powered and rated at 18
watts which makes it ideal for the
constructor of EVERYDAY ELECTRONICS
projects. There are four interchange-
able bit sizes to choose from: No. 19
I .5mm tip, No. 20 3mm, No. 21

4.5mm, No. 22 6mm.
For maximum efficiency the bit fully

encloses the heating element due to a
new bit -fixing method. The body is
constructed of robust plastic with a
built-in hook for hanging the iron
during use. The cost of the SRBI is

£3.50 including V.A.T. plus 20p postage
and packing, direct from S & R Brew-
ster.

Constructional Projects
Now to deal with components re-

quired for constructional projects this
month. We foresee no buying problems
for any of the components for the Fuzz
Tone Unit although the footswitch may
not be available from your local supplier

and may need to be ordered by post.
We have been unsuccessful in locating a
supplier of the exact switch used in the
prototype. A suitable s.p.d.t. type is

available from Maplin and Home Radio
who also supply a d.p.d.t. version along
with Bi-Pak and Doram.

Although the designers of the Touch
Operated Power Switch employed TAG
1/100 thyristors, virtually any thyristor
will be suitable as long as it can pass the
current required to energise the relay.
With the relay specified the contacts
can switch up to 3 amps at mains voltage
i.e. 750 watts. Investigate your ap-
pliance requirements before purchasing
the relay.

The transformer listed and used by
the authors is more than adequate for
the job and could be replaced by a
mains/12V 100mA type if the relay to be
used is rated I2V with a coil resistance
greater than 185 ohms.

In the Phone/Door Bell Repeater, the
only component likely to cause concern
is the LT700 transformer. We have
found this listed in the Bi-Pak, Maplin
and Home Radio catalogues. One
transistor in this project carries an
unfamiliar type number BC258. This is a
silicon pnp transistor rated at 300mW,
1,,. equal to 100mA and a gain of 180
to 460. Any similar type at hand may be
substituted.

A thyristor is called for in the Steady
Hand Tester. Don't break your back
trying to get the type specified (used by
the author) as any thyristor will do. No
difficulty should be encountered in
getting the rest of the components.

Apology
We wish to apologise to our readers

and J. Bull for publishing an incorrect
address in Shop Talk last month. J. Bull
are at 103 Tamworth Road, Croydon
CR9 I SG.

The 18 watt miniature soldering iron type SRB- I.
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Part 10

#041111 By 0. N. Bishop

I N THE series so far, the
I examples have been fairly
simple, the complexity of the cir-
cuit being in the timing rather
than the actual logic function
which the circuit performs. This
month one of the circuits
examined, Noughts And Crosses
is static but the logic involved is
quite complicated.

DIGITAL THERMOMETER
The thermometer described

below displays a number to indi-
cate temperature. The simple
version needs only two i.c.s (7400
and 7493) and shows how this
kind of instrument works.

The essential parts of the cir-
cuit are a clock and a counter.
This clock uses a special type of
resistor called a thermistor as one
of its timing components. A ther-
mistor alters its resistance with
temperature, becoming lower as
temperature rises.

The clock circuit will oscillate
faster if the resistance is lowered.

ICla

6 4-

ICH)

RI
1k12

CLOCK

Thus its frequency is propor-
tional to temperature.

The counter is set to count
how many pulses the clock cir-
cuit produces in a fixed short
period of time (about one second)
so the higher the temperature
the higher the count displayed.

The circuit is shown in Fig. 10.1.
and the wiring up in Fig. 10.2.
Several types of thermistor are
available. The circuit requires
one with a resistance of about
1 kilohm at room temperature
such as the Mullard VA1038 or
Siemens K164/1K.

The cheaper thermistors such
as the type quoted are in the
form of discs or rods. Tiny bead
thermistors are also available
though these are much more ex-
pensive. They respond quickly to
changing temperatures and are
ideal for a permanent circuit with
extra counting range (see later).
It is not worthwhile using them
for the first simple circuit.

When the clock is completed
as in Fig. 10.2, connect its output
to a lamp or loudspeaker unit to
see how it is behaving. Place the

.3.+W COUNTER

LAMPS
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Fig. 10.1. Circuit diagram of the digital thermometer.
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To switch on the counter for a
short time the circuit in Fig. 10.3.
may be used. With the switch
open the capacitor is charged
through the 5.6 kilohm resistor.
When the switch is closed the
capacitor discharges through the
560 ohm resistor. So, on the in-
stant of switch -on, the input to
the NAND is made to go high and
gradually falls low as the charge
leaks away. As long as it is high
(about one second) pulses from
the clock can pass to the counter.
For the switch it is best to have
one of the keys from the key-
board which are push -to -make.

The NAND gate is one of the
spare gates of the 7400. The 0.47
microfarad capacitors are to stop
any fast pulses caused by bounc-
ing of the switch getting through
to the 7493. Even the capacitors
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0
04 411,
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,* *  0 +6V By the way, for repeat read-
ings release the start button and

ay allow half a minute for the
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0 
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0

*
0
*

* *
* *

* *
O *
O *
* *

O

*
A *
* 0

1C2
7493

shown may not be sufficient to
stop all contact bounce pulses
(indicated by a sudden change in
count of the 7493) so try 1 or 2
microfarads if necessary.

This thermometer has the ad-
vantage that it can measure tem-
peratures remotely. The thermis-
tor can be placed outdoors and
the rest of the circuit can be
placed in any handy spot. To read
the temperature just press the
reset button, press and hold the
start button then take the read-
ing.

o

0 SWITCH 0 o
capacitor to recharge before tak-

RESET ing the next reading.
The simple thermometer has

0

0000 cioo 000000000 00000 00000000 000000000000 000000o 0 several drawbacks owing to the
fact that it uses only two i.c.s. It

Fig. 10.2. Layout of the components on the experimental board for the digital does not tell the temperature in
thermometer. The gating circuit to make the counter count for one second degrees-just scale readings from
is not shown. 0 to 15. To know what these

thermistor in different situations
-on the bench, close to a light
bulb, on a lump of ice-and
notice the frequency of oscilla-
tion changing. The clock should
oscillate at about 15Hz when
warm and slow down to zero
when cold. If this effect is not
noticeable try varying the capaci-
tors or resistor values to increase
or decrease the rates of oscilla-
tion.

Connect the output of the
clock to the 7493 counter. If
the counter is switched on for
one second different counts will
be obtained for different tem-
peratures.

To reset the counter discon-
nect the reset wire from nega-
tive. It is convenient to use one
of the card reader switches as a
push -to -break switch for resetting.

6V

R3
5.6k11

CO

0.47pF

Fig. 10.3. A simple circuit to make the counter in
the digital thermometer count for about one
second.

mean in degrees Celsius the ther-
mistor must be placed at several
known temperatures and the
scale reading noted for each.

INCREASED RANGE

The thermometer could be
given greater range by feeding
the D output of the 7493 into
the A input of another 7493 then
it would read up to 255. In fact
if this was done then there would
be some advantage in doubling
the counting rate by using 22
microfarad or 25 microfarad
capacitors in the clock.

To increase the length of time
during which counting takes place
the value of the discharging re-
sistor can be increased from 560
ohms up to about 1.5 kilohms.
This would be an advantage if
the thermometer were to be used
at low temperatures such as out-
doors in winter for it would
give a greater sensitivity over a
smaller range.

A variable resistor of about
1 kilohm placed in series with
the discharging resistors allows
the counting time to be varied.
This could also be used to adjust
counting time so that a whole
number of degrees corresponds
to the whole numbers on the
thermometer scale so making it
easier to convert scale readings
into degrees Celsius.

The rate at which the clock
works depends on the voltage
supplied to it so take care that
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the battery does not get flat. As
a refinement (only worthwhile if
the instrument is to be made
permanent) a reasonably constant
voltage can be obtained using a
device known as a Zener diode.
It is connected as shown in Fig.
10.4.

If the voltage across the diode
exceeds 5.1 volts a current passes
through the diode (in the reverse
direction to the arrowhead in the
symbol) so the voltage falls to
5.1V again. This circuit will re-
duce though not entirely elimi-
nate, voltage reductions due to
battery ageing.

The Zener diode can be one
of the cheap types such as
BZY88C5V1 which is rated at
400 milliwatts.

Fig. 10.4. A voltage stabiliser using a
Zener diode to counteract fluctua-
tions in battery voltage.

NOUGHTS AND CROSSES
The "noughts and crosses" cir-

cuit to be described is fairly com-
plicated but providing the con-
structor is capable of putting the
components together and wiring
up the circuit then he should be
capable of beating it. But do not
think that the circuit is easy to
beat-one slip and the circuit
will take advantage.

With the limit of three i.c.s that
can be accommodated on the ex-
perimental board, it is not pos-
sible to make a device that will
play faultlessly: the best that can
be done is to design a circuit
which will recognise certain posi-
tions and make appropriate
moves. With positions it does not
recognise it will act at random.
Thus it will play somewhat like
an absent-minded player.

When the circuit has been
built, it should be possible to
work out a better circuit and, if
noughts and crosses has not be-
come boring, to go on and build it.

In the game to be described,
the circuit is "crosses" and its

DIRECTION OF COPPER STRIPS
ON UNDERSIDE

O 0 0 0 0 0
0
0

O 00 0100

0
0

O 00 010
0
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0
0 CI ID

00000..000
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* C

o
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00 0 0 00 o0
0 0

TO +6V

Fig. 10.5. Construction of a "pin board"
of the squares is shown in the inset. The
to make the moves by pushing onto the

opponent "noughts". It does not
matter who plays first. Let us look
at the strategy involved in a
game.

STRATEGY
A good first move is to capture

the centre square. The circuit is
thus programmed to do this if it
has not already been taken at a
previous move. The game is
actually played on paper in the
normal way but to inform the
circuit what moves its opponent
has made a "pin board" is re-
quired. Construction of the pin
board is shown in Fig. 10.5.

As a move is made, one of the
wires is pushed onto the appro-
piate pin. These wires are all con-
nected to logic high so a high
signal to the circuit tells it what
move has been made. Note that
the circuit does not get any infor-
mation about what it has done
itself-it is just too complicated
to do this with only three i.c.s.

If a wire is connected from pin
E to the circuit then lamp E will
light. This happens when a nought
is put in square E. If there is no
nought in square E then the lamp
will be out, indicating that the
circuit wishes to play a cross in

X

0
X 0 0

0

S

A B C

E F

S H J

I,. TO CIRCUIT

=

* = SOLDERCON PIN

BREAK IN COPPER STRIPS

using a piece of stripboard. The lettering
wires at the bottom of the board are used
pins.

Square E at its first available
turn.

The circuit has four other
moves it can make. Let us con-
sider when it would want to put
a cross in square A.
(I) If its opponent plays first into
square E
(2) Later in the game when its
opponent is in squares B and C,
or in D and G, or in E and J.

These situations are illustrated
in Fig. 10.6. We can write the
required move in logical form:
lamp A must go off when E OR
(B AND C) OR (D AND G) OR (E AND
J) are high.

The logic could be translated
into hardware using four AND
gates and a NOR (NOR because the
lamp goes low when one of the
oiled terms goes high). If an AND
i.c. (type 7408) and a 7402 are
available this circuit can be built,
but it is not recommended for
there is a special i.c. which will
form this function.

AND -OR -NOT GATE
The special i.c. is the AND -OR -NOT

gate whose circuit is shown in
Fig. 10.7. This i.c. is the same
price as a 7402 and allows more
circuits to be accommodated on

X

0
0

Fig. 10.6. If any of the four combinafons of noughts occurs in
the game then the circuit will reply with a cross on square A
as shown.
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Fig. 10.7. A logic circuit which will
respond as required in Fig. 10.6.

+6V X Xr -t 1-1 1-1

7453

L__J L_J L_J
0v

used to play G when there are
noughts in D and H or D and E
or E and H or E and C (see Fig.
10.9). The first three prevent
"noughts" from establishing two
possible lines simultaneously to
make sure of winning. Whether
this is good strategy for "crosses"
depends on whether other squares
in the lines are already occupied
and by whom. Anyway it is a
variation on the style of play. The
connections to the 7453 are
shown in Fig. 10.10.

BUILDING THE CIRCUIT
This completes the circuit

which can be made up on the
+6V

7450

F

0 X

(a) Ib)

Fig. I 0.8(a). Pin connections of the 7453 AND -OR -NOT gate. (b)
of the 7450 dual AND -OR -NOT gate. The 7453 is used to control
the 7450 the F and H lamps.

the experimental board.
There are two types of AND -OR -

NOT needed for this circuit. For
controlling the A lamp a 7453 is
used (Fig. 10.8a). The other sort
of AND -OR -NOT gate needed is the
7450. This has only two pairs of
inputs per gate but has two of
these gates in a single package
(Fig. 10.8b). This type is used to
control lamps F and H.

The circuit will want to play F
when crosses are in D and E, or
C and J. It will want to play H
when crosses are in B and E or
G and J. The connections are
shown on the i.c. diagram in
Fig. 10.8b.

There is still one vacant socket
on the board. This could be used
for another 7450 to control two
more squares but the circuit can
be made a little more sophisti-
cated so that it is more difficult
for the opponent to see how the
circuit operates.

The third i.c. is a 7453. It is

0
X 0

0 0

C J F
r-1

1_1 1__J
H OV

pin connections
the A lamp and

experimental board. With the cir-
cuit described, the only responses
possible are E, A, F, H and G.
This requires one more l.e.d. than
is on the board but for the E
lamp an ordinary 6V 40mA torch
bulb can be used since no i.c.s
are involved in the E circuit.

The i.c.s are the cheapest kind
and there is no problem in work-
ing out other combinations of
noughts to which the circuit can
respond.

When play is begun there will
be no connections to the pin board
and all lamps will be lit except
E. If it is the circuit's turn first,
the fact that the E lamp is out
signifies that the circuit should
play a cross in the E square.

To make a move, connect one
of the pins to positive to show
where the nought should go.
Nothing will happen since all the
circuit's replies rely on there
being two noughts on the board.

Choose a move for the circuit

0
X 0

0

0

Fig. 10.9. The combinations of noughts for which the circuit will
play a cross in square G.
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Fig. 10.10. Connections to the 7453
to give the G output as in Fig. 10.9.

at random-say by throwing a
dice. Now make a move in reply
by connecting to another pin. If
no lamp goes out make another
random move for the circuit. If a
lamp does go out then this is the
move the circuit wishes to make.
Thus the game continues.

If the circuit's opponent plays
first and takes the middle square
then the circuit will immediately
respond by taking A. After that
the game is as already described.

Sometimes the circuit will in-
dicate that it wants to put its
cross in a square already occupied
by its opponent. If this happens
choose a move for it at random.
The circuit does not know every-
thing that is happening in the
game-it does not even know
when it has won.

ADDING COMPLEXITY
For those who want to build

up the circuit permanently and
perhaps make it more elaborate,
there are some more points to
consider. For more complex cir-
cuits use can be made of the
inputs to the 7450 and 7453
which have not been mentioned
so far. These are the "expander"
inputs and they allow additional
inputs to be added to the AND -OR -
NOT gate.

The 7460 i.e. whose pin connec-
tions are shown in Fig. 10.11 con-
tains two "expanders" each with
four inputs so that by connecting

+6V X x x 7

7460

r ---t

LLI

r-t

1_1

Eg. 10.11. Pin connections of the 7460
dual four -input expander i.c.
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Components
Digital Thermometer
Resistors
RI

0 0 X

R2 5.6kil
R3 56052

0R4 1012
Thermistor RTH I VA1038 0
Capacitors
CI, C2 50µF 10V elect. (2 off)
C3 1000µF 10V elect. X
C4-6 0.47pF plastic or ceramic (3 off)

0
Semiconductors
ICI 7400

0
IC2 7493
DI 5.IV Zener diode 400mW type BZY88C5V1

0 X

Noughts And Crosses 0
Integrated Circuits
ICI, 2 7453 (2 off)
IC3 7450
IC4 7460 0 0 X
Miscellaneous
Experimental board; stripboard 16 strips by 16 holes; 0 0
Soldercon pins (9 off).

Fig. 10.12. By using the expander with the 7453 the circuit can be made to play
square C when any of the five combinations shown occurs.

the to the 7453 (X to X and
to X) a lamp can be made to go
low when any of five conditions is
fulfilled. For instance lamp C can
be made to go low when A and B,
or F and H, or E and G, or B
and F, or A and B and D and E
are noughts (see Fig. 10.12).

The last arrangement would
give a winning move for the cir-
cuit. The fact that the noughts
are crowded together in a corner
indicates that there is the possi-
bility of a line of crosses else-
where.

This logic is not certain to pro-
duce success but it does increase
the chances of it. Whether it is
worth an extra i.c. is a matter of
opinion.

It is not necessary to use all
four inputs to the expander gates
-simply wire unused inputs to
one or more of the used inputs.

The expanders have two inputs
from each gate and both must be
connected to the 7450 or 7453.
Only one gate in the 7450 is
capable of expansion.

To be continued

a.c.
a.f.
a.f.c.
a.g.c.
a.m.
BA

For Your Reference
alternating current
audio frequency
automatic frequency control
automatic gain control
amplitude modulation
British Association (nut and bolt sizes)

cm centimetre
d.c. direct current
d.p.d.t. double -pole double -throw
elect. electrolytic
e.h.t.
e.m.f.
f.e.t.
f.s.d.
f.m.

g.
h.t.
i.c.
l.e.d.
I.d.r.
lin.
log.

m
mm
m.w.
npn
pnp

extra high tension
electromotive force
field effect transistor
full scale deflection
frequency modulation
gram
high tension
integrated circuit
light emitting diode
light dependent resistor
linear
logarithmic
metre (measurement of length)
millimetre
medium wave
transistor structure
(two types)

oz
p.i.v.
p.v.c.
r.f.
r.m.s.
s.p.s.t.
s.r.b.p.
s.w.g.
t.r.f.
u.h.f.
u.j.t.
v.h.f.
0/0

X

A
dB
F
H
Hz
C/

V

p

m
k
M

ounces (avoirdupois)
peak inverse voltage
polyvinyl chloride
radio frequency
root mean square
single -pole single -throw (switch)
synthetic resin bonded paper
standard wire gauge
tuned radio frequency
ultra high frequency
unijunction transistor
very high frequency
per cent
reactance
impedance
ampere (amp)
decibel
farad
henry
hertz (cycles per second)
ohm
volt
watt
pico (÷ 1,000,000,000,000)
micro 1,000,000)
milli 1,000)
kilo (x 1,000)
Mega ( x 1,000,000)
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EARLIEARLIER

this year I visited Paris for
ERAudio Engineering Societyspring

convention and the Festival du Son hi
fi exhibition. These ran back-to-back
and thus enabled foreign visitors to
visit both exhibitions with a weekend
off duty in between, a clever idea that
exhibition organisers elsewhere should
note for the future.

To make the event a hat trick, the
dates were chosen to coincide (more or
less) with the drafting of plans one
hundred years ago, by French poet and
thinker Charles Cros of a scheme to
record sound using a combination of
photographic and engraving techniques.

There is no record of Cros ever
having made the system work, and
Edison achieved success using a quite
different system, six months later, in
the winter of 1877.

But this has not deterred the French
from officially regarding Cros as the
originator of recorded sound. Both the
Audio Engineering Society convention
and the Festival du Son included
museum exhibitions of old recording
equipment, but the Festival show
(which, unlike the AES, was open to the
public) put on by far the more im-
pressive display, which was reputedly
insured for well over a million pounds.
Amongst the treasures on view was an
1878 Edison phonograph and a 1910
stereo disc player. This used two
separate mechanical, pick-up arms, both
with its own horn, tracking a double
groove on the same shellac disc.

The AES convention kicked off to a
bad start. A recent hotel fire in Moscow
had made the French authorities jittery,
and they banned every working demon-
stration, presumably on the assumption
that everything electric must be
dangerous. Alternatively this may have
been an official admission that even
expensive French hotels are made of
such inflammable material that one
spark or overheated transistor will
burn them to the ground. There were
also problems, incidentally, at the
British Spring hi fi show at the Heath-
row hotel which followed a few weeks
later. There, demonstrations were

T
By ADRIAN HOPE

allowed but to drastically limited
numbers.

Although sensible in their own right
the Heathrow restrictions left queues
of visitors waiting to get up to the
first floor rooms and doubtless vowing
never again. The limit on numbers was
no more than 900 people at any one
time and one estimate was that there
were 500 exhibiting staff on that floor!

Cordless Headphones
In Paris, several exhibitors showed

commendable ingenuity in the face of
the ban on AES demonstrations.
Sennheiser, for instance, simply loaned
every visitor a pair of the company's
new cordless headphones with built-in
infra -red receiver and then transmitted
the sound they wanted to demonstrate.
In fact, infra -red cordless connections,
either between an amplifier and a pair
of headphones, must be the next
domestic craze.

Infra -red links can provide very high
audio quality in mono or stereo, are
reasonably free from interference, and
are legally acceptable because they are
of a non -radio frequency nature which
does not contravene any of the British
Post Office Regulations.

The transmission technique used is an
interesting combination of amplitude
and frequency modulation. As it is
impossible to frequency -modulate the
fixed frequency transmitter diode, its
output is amplitude -modulated with a
carrier, and the carrier then frequency -
modulated.

Power Boosters
Another interesting pointer to the

future was the demonstration by the
fairly new American firm, Setton, who
had on show some amplifier boosters
for use in cars and in domestic situations.

The idea is that anyone with a rela-
tively low powered car sound system or
domestic hi fi setup can buy a booster
to increase its effective power. This
will either make it better to cope with
less efficient loudspeakers or produce

more volume of sound. It's an alterna-
tive to junking everything and starting
again with new, higher powered gear.
But whether the whole exercise will
prove cost effective is an open question.

Crosstalk
However efficiently and cleanly you

boost the sound, you will also be
boosting whatever distortion is con-
tained in that sound at the same time.
It follows that the system will only be
useful when the original sound source
is low powered but distortion -free and
some audio equipment is low powered
because it's cheap and because it is
cheap it has a fairly high distortion
factor.

From Nippon Columbia, in Japan
(trade mark Denon), came signs of
another new trend-crosstalk cancel-
lers. Circuitry to cancel crosstalk is now
being built into Denon amplifiers, and it
is claimed to provide dramatically in-
creased inter -channel separation. Fig-
ures of 70dB were bandied around!

Details are not yet available, but a
prototype add-on unit may provide
improvement in existing audio systems
where crosstalk, for instance between
left and right cartridge outputs, is not
all it should be.

Dolby B
There were, of course, also some

disappointments. High amongst these
must rank the Beyer "black box"
which is intended to make ordinary
headphones sound like loudspeakers in
a room. It's called the LSE I 'amplifier
for loudspeaker simulation through
headphones', but on demonstration in
Paris it succeeded only in making music
played through its headphones sound
shrieky and unpleasant to the ear.
Definitely a miss.

If ever Dolby B broadcasts get under
way in the UK there will be no shortage
of receivers suitable for correct
reception. Dr Ray Dolby, inventor of
the Dolby noise reduction system, was
present at the AES and confirmed that
there are now forty six different Dolby
B radio receivers available in the USA
with well over a hundred American
radio stations equipped with the
necessary encoders to broadcast in this
fashion.

Finally, it may surprise and please the
British firm Garrard to know that their
turntables are installed in the extra-
ordinary new public library and art
gallery, the Centre Georges Pompidou
near Les Halles in the middle of Paris.
This building can only be described as
a real, live giant multi -coloured version
of the Yellow Submarine. It has,
amongst a wealth of other audio-visual
equipment, a rest area where weary
visitors can sit and relax in armchairs,
while listening over hi fi headphones to
jazz or classical records played in stereo
from a central control desk-it was
there that I counted upwards of eight
Garrard direct -drive turntables.
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FAULT

CoNTINuiNG from last month,
.- we now turn our attention
to circuits used in transistor radios
and audio amplifiers.

Referring to Fig. 3.1a, this
circuit used to be very frequent in
transistor radios using germanium
transistors. You'll see that it's a
variant on Fig. 2.1c, using the
same method of biasing the
transistor but different arrange-
ments (transformers) for leading
the signals in and out.

An experienced fault-finder will
start by measuring the emitter
voltage, because the emitter is
earthed to signal frequencies by
C3: connecting the meter is there-
fore unlikely to cause oscillation.
If you try to measure the base
voltage by connecting to the
actual base lead -out you may pro-
voke oscillation. A better step is
to measure the voltage where R1
joins R2. This should be the same
as the base voltage, since the
input transformer connects this
point to the base.

If the transformer base wind-
ing is open -circuited, the voltage
at the R1 -R2 junction will be
what you expect but the emitter
voltage will be zero.

Practical radio circuits include
an automatic gain control (a.g.c.)
system which reduces the gain

FIKDIVIG
By DOUGLAS VERE

PART THREE

This month we continue increasing
our knowledge of fault finding by
looking at fairly complex circuits.

when signals are strong. It usually
works by reducing the base volt-
age of the first i.f. amplifier
transistor. So if you find that the
biasing arrangement is not just
RI and R2, but more complex, you
are probably dealing with an a.g.c.
arrangement. Remember, in this
case, that the voltages should be
normal if there' is no signal
present. Remember also that if
the whole circuit is oscillating,
this corresponds to very strong
signals, and the voltages will be
peculiar.

(a)

Fig. 3.1a. A typical one transistor stage,
used in transistor radios as an i.f.
amplifier.

A modern i.f. amplifier stage,
designed for component economy
is shown in Fig. 3.1b. Here R2 is
a decoupling resistance, which
along with C3 keeps audio out of
the radio part of the circuit and
helps to keep radio -frequency
currents inside the r.f. part. It
also has a slight but useful d.c.
stabilising effect, since an increase
in collector current brings an in-
creased voltage drop in R2 which
reduces the voltage available for
driving base current through Rl.

(b)

Fig. 3.1b. This circuit is similar to
Fig. 3.1a, but in this instance uses fewer
components. A.g.c. in each circuit is
usually connected to the junction of RI
and Cl.
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Again, a.g.c. arrangements may
complicate the circuit, e.g. by con-
necting other components to RI,
Cl junction. To avoid provoking
oscillation, measure the base volt-
age across CI and the collector
voltage across C3 in the first
instance.

CLASS A AUDIO AMPLIFIER
Now that you know how to

swim, take a plunge into the deep
end by estimating the d.c. volt-
ages in Fig. 3.2. This is a class A
audio amplifier of a type once
popular in car radios. It is
complicated, with three transis-
tors all connected directly to-
gether. But don't worry. Your
knowledge and common sense will
see you through.

Starting with the easiest volt-
age: it can be assumed that the
primary of Ti won't have enough
resistance to drop much d.c. volt-
age, because that would reduce
the audio power by reducing TR3
collector voltage. So TR3 collector
must be at nearly the supply volt-
age, a nominal 14V. (Measure
VEr: maybe the battery is flat!)

Now look at the way one
transistor is connected to another.
The collector of TR1 to the base
of TR2 means TR1 collector is
0.7V more positive than TR2
emitter. Similarly, TR2 emitter
must be 0.7V more positive than
TR3 emitter. And since TR3
emitter voltage drives base
current through TR1 via R1 and
R5, TR3 emitter must be at least
0.7V up on TR1 base.

Going back through this chain
of voltages, adding them up on
the way, you arrive at TR1
collector with 2.1V. Remember
this is a minimum value. We
neglected the voltage drops in R1
and R5 (typically about 0.2V).
Also, TR3 is a power transistor
operated at a high current (as
you can see from the low valve
of R6). This is one case where
our carefree approximation that
its VBE equals 0.7V is likely to
be wrong: with some power
transistors it could be as high as
1.2V.

Never mind. We have still got
a reasonable estimate of TR1
collector voltage (about 2V). This
leaves 12V across R2 (22 kil-
ohms) which puts the current in
R2 at (14- 2)V/221d1 = 0.6mA
approx. Not all this is TR1
collector current: a small portion
supplies TR2 base current.
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Fig. 3.2. Circuit of a typical class "A" audio amplifier as used in many car radios

In a well -designed circuit, the
base current should be much less
than the collector current. Allow-
ing one -sixth of the 0.6mA for
TR2 base current leaves 0.5mA
for TRI collector current. This
immediately enables us to get a
much better estimate of the volt-
ages. Why? Because 0.5mA in R3
raises TR1 emitter voltage to
0.5V. So TR1 base is now at
(0.5V + 0.7V) = 1.2V. Allowing
0.2V in (R1 + R5 gives 1.4V at
TR3 emitter. The base of TR3
(using 1V for VBE) is at 2.4V,
and TR2 base ( = TR1 collector)
at 3.1V.

If you like, you can now re-
calculate the current in R2 and
carry out the whole process again.
But you'll find that the answer
is not very different.

We've been carrying out what
mathematicians call a process of
successive approximation, which
means that the more times you
do it the closer you get to the
truth. In electronic engineering,
however, there are so many vari-
ables (such as resistor tolerances)
that there's no point in going on.

We can now fault -find with the
voltmeter with reasonable con-
fidence. Before starting, just work
out the current in TR3. With 1.4V
across R3 (2.751) it is 1.4V/
2.751 = 0.5A approx.

Now, assuming no d.c. voltage
drop in Ti primary, there is
(14 - 1.4)V = 12.6V across TR3.
The power (in watts, W) dissi-
pated in TR3 is (collector to
emitter volts times collector
current) = (12.6 X 0.5) = 6.3W.

To get rid of this, TR3 needs a
good big heat sink. If the bolts
which clamp it to the sink work
loose, TR3 can overheat and burn
out. So if tests reveal that TR3
is no longer in the land of the
living, make sure that its suc-
cessor is clamped firmly in place.

Incidentally, the d.c. power
dissipated by TR3 is roughly twice
the maximum undistorted sine -
wave r.m.s. power output. (This
is true of class A amplifiers like
this. Class A means that the
transistors conduct the same d.c.
current all the time, whether
there's an a.c. signal or not.) So
the audio power will be about 3W.
This is useful to know because if
it turns out that the loudspeaker
is faulty you need to replace it
with one which can take the full
power.

LEAKY CAPACITOR
Let's put in a few plausible

faults and see what happens.
First, leaky electrolytic
capacitors. If C2 leaks, TR1 is
deprived of base current. So its
collector current falls and its
collector voltage rises. Transistors
TR2 and TR3 base voltages rise
and these transistors pass more
current.

The d.c. negative feedback in
the circuit (whereby the increased
current produces an increased
voltage across R6 which tends to
turn on TR1 and remedy the
error) can only work up to a
point. If C2 leaks badly, TR3
passes a lot more collector current
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than it should. In a power
transistor, this can easily spell
disaster plus an internal burn -out.

Clearly, if TR3 has gone west,
C2 must be carefully checked.
This can be done, without remov-
ing it from circuit, by connecting
a resistance from Vcc to TR3
emitter, low enough to pass
about 0.5A. You haven't got such
a resistance, of course (you need
25 ohms, rated at 6W or more)
but perhaps you have a 12V, 6W
car bulb? Connecting this will put
something like the normal voltage
at TR3 emitter. If C2 is all right
there should be very little voltage
lost in R5, so the voltage across
C2 should be practically the
same as at TR3 emitter (which
you measure, of course, since your
car bulb probably passes a
current different from the
nominal 0 -5A).

VOLTMETERS-OHMS PER
VOLT

This is a very convenient point
for raising one of the great bogey-
men of voltage measurements. I
have a test meter which, if used
on its 10V range to measure the
voltage across C2, would register
just half the voltage of TR3
emitter, even if C2 were perfect
and not leaking at all.

The reason is that the meter
itself takes so much current that
it produces a significant voltage
drop in R5. Look at it this way:
the meter takes current, so it has
resistance. This resistance is con-
nected across C2. Current flowing
through the meter resistance via
R5 reduces the very voltage you
are trying to measure.

My meter (on its d.c. voltage
ranges) has a resistance which is
given by its makers by the
mysterious formula "1,000 ohms
per volt d.c.". This means quite
simply that when switched to its
IV range, its resistance is 1000
ohms (1 kilohm). On its 10V
range, 10 kilohms; on 100V, 100
kilohms and so on. When switched
to the 10V range and connected
across C2, it puts 10 kilohms
across C2. This, being the same
as R5, must reduce the voltage
to half what it should be. (In
practice, some current passes
through R1 also, and TR1 base,
so the voltage is reduced a little
further, but as it is only a few
microamps the effect is
negligible.)

One answer to this problem is
to use a more sensitive meter.
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A modern example of a multimeter, having excellent ranges. One attraction is the
use of a "mirror" scale.

One rated at 20 kilohms per volt,
on a 10V range, puts 200 kilohms
across C2 and the error is small
(it reads about 5 per cent low).

If you haven't got a more
sensitive meter, switch to a higher
range. On "100V d.c." my 1000
ohms per volt meter is 100 kil-
ohms, which is ten times R5 and
so gives an error of about 10 per
cent (actually 9 per cent, reading
low, of course). The price you
pay is that the meter needle
hardly moves, and the voltage is
hard to read. Even so, your meter
may still be usable, since high
accuracy is not required here.

If the capacitor does seem to be
leaky, unsolder the positive lead,
having first noted the voltage
measurement carefully, then
measure again. If it is leaky, the
second voltage must be higher
than the first. Note however that
all electrolytics leak a little bit:
but in this circuit a leak of a few
microamps should have little
effect on the voltage levels.

To return briefly to meter
specifications, your meter should
have a rating of at least 1000
ohms (1 kilohm) per volt d.c. In
general, the higher the ohms per
volt the less risk there is that
the meter will read low when
connected to a circuit with high
resistances in it.

Mental arithmetic gives a quick
check. The meter's resistance on
a particular voltage range is the
range voltage times the ohms per
volt rating. This, for reasonable
freedom from error, should be at
least 10 times the resistance at
the point where the voltage is
measured.

For example, to measure the
collector voltage of TR1 where
the resistance must be something
approaching 22 kilohms, you need
at least 220 kilohms for the meter.
Thus a 20kli/V meter on a 10V

range, giving 200 kilohms is a
little on the low side but the same
meter on a 30V range (600 kil-
ohms) is all right. The meter
reads low by a fraction which is
easily calculated:

Circuit resistance
Error -

Circuit resistance+
meter resistance

Example. A meter of 10kfl/V on
10V (100 kilohms) connected to
a point whose resistance is 20
kilohm gives an error (low read-
ing), from above, of 20/120=1/6.
In most cases it is all right to use
an approximation:

Circuit resistanceError-
Meter resistance

This comes to 1/5 for the example
just given. Not accurate, but near
enough for most test purposes.

High accuracy is seldom needed
in fault-finding on ordinary
domestic equipment. It is seldom
obtainable anyway, because the
average cheap test meter is only
accurate to about 3 per cent on
its d.c. ranges: 5 per cent is usable
and 1 per cent is very good. On
the whole it's better to go for
sensitivity (high ohms per volt)
and handiness than accuracy. But
on the other hand, it may pay to
go for robustness (the ability to
survive overloads, for example)
rather than sensitivity.

To get back to our circuit. A
leak in C4 passes extra current
through R4 and R3, which tries
to turn TR1 off and therefore
TR2 and TR3 on, with possible
damage to TR2 or TR3. A sus-
tained high current here may
well cause R6 to overheat (watch
for charred paint) or burn out.
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If Rfi does burn out and go open,
base current for TR1 can still
flow to earth via R5, R6, so the
circuit voltages may not change
very much.

One circuit voltage, which
we've ignored, so far, will change
dramatically. This is the small
voltage across T1 primary, due to
the collector current flowing in
the resistance of the winding. If
the resistance is 0.1 ohm and the
current 0.5A the voltage drop is
0.05V. To measure this it's neces-
sary to depart from our usual
practice of connecting one side
of the meter (negative, for this
circuit) to earth. We must instead
connect meter negative to TR3
collector and meter positive to
Vcc ( +14V).

Always start with a voltage
range high enough to take any
voltage in the circuit i.e. up to
14V here, then switch to pro-
gressively lower ranges. Most
meters have a 1V range on which
0.05V is easily measured.

If R6 is open circuit, there is

no collector current to speak of
and the meter reads zero. Note
that it does not follow that a read-
ing of zero proves that R6 is burnt
out. A damaged TR3 or TR2 could
produce the same effect, for
instance.

TRANSISTOR FAILURE
The commonest faults in

amplifiers like this are transistor
faults, especially damage to
power transistors, which are often
operated uncomfortably close to
their maximum power dissipation
ratings and are therefore vulner-
able. A damaged transistor is
easily detected (by voltage

measurements discussed earlier
in this article). But it is dangerous
simply to replace a transistor
without first trying to find out
why it got damaged. If you don't
find out, when you replace the
faulty transistor the same fate
may overtake it again, which can
be expensive. So try to check
resistances, capacitors, even
things like ventilation of the
equipment, before replacing the
faulty component.

In fault finding you are seeking
the abnormal: this calls for a non-
electronic faculty which we all
possess but don't always exercise.
It's called imagination.

To be continued

Measure V", maybe the battery is flat.

THE French have a saying, "The
more things change, the more they

remain the same" and I remember this
point being very well illustrated by a
cartoon film.

It showed a bunch of boffins working
away to supply higher and higher
octane petrol as the aircraft engineers
kept raising the compression of their
engines. Finally the boffins went to the
engineers and said, here it is, the ulti-
mate, 120 octane. The engineers raised
their weary heads and said, "Oh! we do
not need that, all we need is parafin"

Apparently while the boffins were
prodigously working away, young
master Whittle had invented the jet
engine!

Even so I have always told myself this
cannot happen to electronics. Wrong
again! Just as I am about to consign my
valve transformers and coils and chokes
to the dustbin, someone invents the
f.e.t. and we are back in business again.
Full marks to the French.

Component Show
It is usually a pleasant break for me at

this time of the year to go to the Paris
Electronic Components Show, in fact I

have urged readers to go at least once
to see one of the largest international
exhibitions of its kind, certainly in
Europe and spend a night in Paris. I

persuaded one of my young friends to
go this year, and he said, yes I am going
and I am coming back the same day. I

told him that anyone who went to
Paris and came back the same day is
only fit for incarceration in a nut house.
Last Saturday on his return, I eagerly
asked him, "How did it go!" "It did
not", he replied. "Those dear kind
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maintenance men at Heathrow airport
went on strike, and I had a choice of
returning the same day or not at all."

Words fail me!! Come to think of it I

did not go either, although it is only
the second time I have missed it in
twelve years. This was because it
clashed with the Easter school holidays
and the last time this happened I could
not get a seat on the boat let alone the
trains!

Guide For Buyers
I was very impressed with the Buyers

Guide which appeared in the April '77
issue. The only thing it cannot show is
strengths and weaknesses of various
suppliers. This implies no criticism
because I think what I am suggesting is
impossible.

For example, supplier A stocks three
values of variable capacitor supplier B
stocks thirty three values of the same
item. When they filled in the question-
aire, they both quite rightly put a tick
against "variable capacitors".

This Buyers Guide is a splendid quick,
handy reference of who stocks what,

By PAUL YOUNG

but if you are a serious constructor, and
I am sure you are one in the making, lay
out some money on as many catalogues
as you can afford and then compare
them section by section.

Emergency Measures
The late Duke of Windsor had a

motto which I have always liked "Adopt,
Adapt, Improve". I did just this the
other night when my wife said that she
could hear water running. I opened the
larder door and beheld Niagara Falls in
miniature.

The trouble was quickly tracked
down to a blocked overflow pipe in the
main storage tank in the loft. This,
combined with a sticking ball cock
valve produced the deluge.

Unfortunately it will be several
weeks before the plumber can replace
the overflow pipe and all the while, we
are at risk. My answer was to fix up a
rain warning device in the tank, so if
the water rises a little higher than it
should, it wets the sensor, and rings a
bell in the kitchen. So do not forget, in
an emergency, Adopt, Adapt, Improve/
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Electronics
WE ARE now half -way through

1977 so this is as good a
time as any to review the elec-
tronics industry as a whole. Where
is the industry going, how does
it fit in with industry in general,
what are its long-term prospects,
is it really worthwhile as a career?

When I started my own career
in electronics some 40 years ago
the bulk of the business was in
communications of one sort or
another. Electronic capital goods
was largely in broadcast equip-
ment and professional quality
transmitters and receivers for
organisations like the Post Office
and the armed services. Consumer
goods were the traditional broad-
cast receivers and the first genera-
tion of TV receivers which were
then an expensive but exciting
luxury. It was much easier to
identify what electronics was all
about.

TECHNOLOGICAL
EXPLOSION

In just two generations, elec-
tronics has enjoyed, perhaps
suffered would be a more appro-
priate word, a technological ex-
plosion. Whole new sectors of
electronics have come into being
and spun themselves off as in-
dustries in their own right, the
supreme example being the corn -
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puter industry.
Very few sectors of general

industry and commerce are now
free from the influence of elec-
tronics. The old style copper
pounding his beat never had a
two-way radio in his pocket. The
steel worker never imagined that
his heavy and unpleasant job
would one day be transformed
into dial -watching and button -
pushing. The small-time offshore
fisherman used to get by with a
magnetic compass, a good weather
eye and a lot of instinct. Today
he has an electronic fish -finder,
two-way radio and radar. There
are countless other examples.

And on top of all this the man
or woman as an individual may
well sport an electronic watch,
have an electronic calculator in
the pocket or handbag and go
home to a whole range of elec-
tronic products, radio, TV, hi fi
on disc or tape or both, push-
button telephone with built-in
memory, burglar alarm, TV
games, electronic toys in the
nursery, an electronically pro-
grammed washing machine.
Again we have what appears to
be a boom situation with industry
and commerce using more and
more electronics to stay in busi-
ness and with the consumer
hooked on electronic entertain-
ment and household aids.

Checking out o Solortron/Schlumberger
Type 5212 oscilloscope.

If we look at the penetration
of electronics into our daily lives
it is clear that we are becoming
more and more dependent on
electronic products in all their
variety. This must be the best
business in which to build a
career. Or is it?

PARADOX
Paradoxically, this great

modern industry called elec-
tronics, while creating new em-
ployment in itself, generates
products which create unemploy-
ment elsewhere. Automation con-
trolled by an electronic brain in-
creases production and uses less
people and that's what progress
ought to be all about. In theory,
automation promised less un-
pleasant repetitive work and
shorter working hours, the aboli-
tion of drudgery for millions, and
with a shorter working week it
was thought there would be more
leisure time for ordinary folk to
indulge in activities of their own
choice.

Well, it hasn't worked out like
that. People lucky enough to be
in full employment are generally
still working as many hours a
week as before and the unem-
ployment figures tell their own
story. But this sorry tale is not
the fault of automation or elec-
tronics. It is because we have
failed to take account of the im-
pact of applied science on our
social structure. Utopia is still a
long way in the future and may
never come.

REDUCED STAFFING
You would imagine that with

the vast production of electronics
which is displacing people in in-
dustry and commerce there would
be a corresponding large influx
of people into the electronics in-
dustry. To begin with, this had
some truth. There was a rapid
expansion of people in the elec-
tronics workforce when equip-
ment still used valves and when
every interconnecting wire had
to be cut to length, stripped,
tinned and hand -soldered point-
to-point.

Electronics hardware is no
longer built in this way. Today,
the industry is geared to the
printed circuit board, the inte-
grated circuit and to flow solder -
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ing. As a consequence, although
the value of production of elec-
tronics equipment rises year after
year this is achieved with less
people or, at most, the same num-
ber of people.

In short, electronics production
has itself become automated ex-
cept in those cases where the
equipment is so specialised and
is produced in such small quanti-
ties that automating the process
would be uneconomic.

SKILLED OPERATORS
In some cases there is no option

but automation. Let's take a
simple example of testing a
simple semiconductor memory of
only 256 bits. If you gave one of
these to a skilled tester equipped
with power source, meters, note-
book and pencil and told him or
her to test completely all its pos-
sible combinations and functions
it would take over 100 years at
normal working rates to do the
job. With modern automated test
equipment an infinitely more
complex 64,000 bit memory can
be tested with a high level of
confidence in 30 seconds.

Let's take another simple ex-
ample. When a young person on
Racal Instruments' production
line inserts a 24 -pin component
into a printed circuit board of a

Automatic tester and grader for MOS semiconductor memories at the Mullard, Southamp-
ton, plant.

99 Series frequency meter or
counter -timer, he or she needs
no particular knowledge of elec-
tronics and only a little manual
dexterity. The whole operation
takes only a few seconds. And
yet the equivalent of 5,000 dis-
crete components of the old type
are now in circuit, fully wired
and already pre -tested.

Using the old methods the

Modern radio communications exemplified by this Marconi drive
unit and I kilowatt fast tuning transmitter.

finished instrument would be ten
times the size and weight, would
take months to wire up and test,
would be less reliable in use,
and would cost so much that it
couldn't compete in the world
market as the 99 Series does, and
not least in the United States
where it sells well.

Fine for Racal whose assembly
costs are saved by this little
miracle of Large Scale Integra-
tion (LSI). So you may now
imagine that because a lot of the
assembly time of the instrument
has been saved by an LSI circuit
the labour has been transferred
to the semiconductor manufac-
turer, in this case Ferranti. Not
so, because once you have mas-
tered the art of semiconductor
manufacture the automated pro-
cess couldn't care less if a chip
has one component, or a hundred
or five thousand in it. The design
of the circuit, the mask making
and similar pre -production activi-
ties and the final mounting of
the processed chip and its testing
are a different matter and are
related to electronic engineering
rather than production.

The point is that with each
jump in technology there is no
corresponding jump in employ-
ment at production level. Good
electronics manufacturers have
doubled and trebled the value of
their manufactured output, even
after allowing for inflation, with
no general increase in production
staff during the past five years
and in many cases with less pro-
duction people.
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Herbert photo -electric control system on an automated packaging
line for Chivers Jelly at Cadbury -Schweppes factory at Histon,
Cambridgeshire.

THE ENGINEER
What is being sold today from

the electronics industry is tech-
nology, not labour. So if you
want to build a career in elec-
tronics the best area is in tech-
nology because this is where the
growth lies and where there is
a long-term future. The good en-
gineer will always be in demand
as part of a design team, or as
a test engineer, or an on -site
commissioning engineer, or as a
qualified service engineer.

To be an electronics engineer
you don't need to work in the
electronics manufacturing indus-
try. As electronics has now pene-
trated most human activities an
electronics engineer may easily
find himself working on elec-
tronics in the gas industry, petro-
chemicals, in the aircraft industry
or dozens of others which are
users of electronic equipment.
The field is very large and the
opportunities are world-wide.
Once you are qualified there is
no reason why you shouldn't find
work overseas.

MONEY MATTERS

But what about the rewards?
Electronic engineers are a happy
breed. It is fascinating work and
most wouldn't want to do any-
thing else. But the fact has to
be faced that in the past three
years the trend in wages policy
in the UK has increased the
earning power of the lower paid
unskilled worker to a level where
the skilled person with years of
training is no better rewarded in
cash terms than those who have
never bothered to develop their
talents. More recently, however,
there has been pressure for the

Electronics in the office. Siemens keyboards and visual display
units keep track on the availability and order processing of 36,000
different spore parts.

wages pendulum to swing back
in favour of the skilled.

The levels of income of quali-
fied engineers were recently re-
vealed in the annual survey of
the Institution of Electrical En-
gineers whose membership em-
braces a very large number of
electronics engineers. The survey
was based on a questionnaire
sent to a representative sample
of 16,000 members (40 per cent
of the total membership) of which
9,623 gave details of their salaries
as at January 1, 1977.

Taken right across the board
of all grades of membership, i.e.
Fellows, Members and Associate
Members, the average member
was getting £5,890 a year com-
pared with £5,370 at the same
time in 1976, a year -on -year in-
crease of just under 10 per cent.
This is lower than the average
wage and salary increase for the
nation as a whole and well below
the rate of inflation. So the
average qualified engineer started
1977 with a worse position than
before and his relative position
in the wages and salary league
table continues to decline and
with it his relative standard of
living.

The overall average of £5,890
is arrived at by including all
the senior people, managers,
directors of research, production
managers and in the academic
scale those with second or third
degrees, the sort of people with
long experience commanding
salaries up to £11,000. This may
sound a lot but it is only reached
by those over 35 years of age,
often not untill 55, and reflects
heavy managerial responsibility.

If we look at the lower end
of the scale we find Associate
Members of the IEE getting as

little as £2,850 as development
engineers in the under -24 age
group and £3,500 in the 25 to 29
age group. The figures quoted
are the lower quartile, the figures
being those below which 25 per
cent of the sample fall. This
means that many development
engineers are receiving less re-
ward than the figures at first
suggest. And they are the levels
of incomes that are now scoffed
at by unskilled workers in many
other industries or even by un-
skilled workers in the electronics
industry itself.

An interesting fact, once again
highlighted by the present sur-
vey, is that earnings of those in
the public sector of employment
in the various age groups are
generally about £1,000 a year
ahead of those employed in the
private sector of industry. And it
comes as no surprise that the
highest salary levels are obtained
in Greater London and the South
East.

When looking at these salaries
one has to remember that they
refer to Associates, Members and
Fellows of the IEE. Reaching the
status of Chartered Engineer
granted by the IEE takes a mini-
mum of seven years during which
time the would-be engineer has
to acquire the right mix of aca-
demic qualifications, training and
industrial experience. The re-
quirements to achieve the status
of Technician Engineer are less
arduous but, naturally, the re-
wards in pay are proportionately
less. There are plenty of unskilled
and semi -skilled jobs going which
pay just as well as the lower
echelons of electronics engineers
and for which the training re-
quired can be measured in days
or weeks.
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DEMAND
So is it all worth the effort?

Let us for the moment forget the
financial reward which, admit-
tedly, is ridiculously poor at this
time but has every hope of being
adjusted in the near future. Let
us instead look at the overall
employment situation in the UK,
in mainland Europe and in the
United States. Every one of these
areas has an unemployment prob-
lem and the great bulk of the un-
employed are unskilled. A glance
through the job advertisements
in newspapers and technical
journals shows that the demand
for electronics engineers is en-
tirely undiminished.

No qualified electronics en-
gineer needs to be unemployed
unless through his own fault,
either through laziness or per-
haps because of his reluctance to
move to another area. What
needs to be decided is whether
you want just a job or an in-
teresting career.. In the one you
can be just a works number to

Decca Radar's Airfield Surface Movement Indicator (ASMI) bright display, one of four,
in the Visual Control Room at London Airport, Heathrow. Similar equipment, had it
been installed at Tenerife, would probably have prevented the largest air disaster
ever experienced last March.

be laid off in bad times, in the
other a valued member of a
team. Looked at in this light, the

electronics engineer with his per-
sonal investment in sought-after
skill is indeed fortunate.

Physics Is Fun
I was prompted to write on seeing

the Physics Is Fun article in the May '77
issue concerning wave travel. I should
like to point out that in our school the
ripple tank is still used. This is a slight
advance on the water tray shown in the
article.

However in our experiments, one
problem encountered was that the
waves moved too fast to be seen. Never-
theless the waves can be made to
appear stationary by moving a hand
rapidly backwards and forwards in front
of the eyes with the fingers spread
slightly apart. Of course a better stro-
boscope can be made using a rotating
disc with slits cut around the edge.

Another modification uses a motor
instead of a bell to make the ripples.

Finally another experiment showing
the principle of refraction can be set up
by virtue of the fact that waves travel
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more slowly in shallow water than they
do in deeper water.

A piece of glass or similar material is
placed in the tank to make a shallow
area. In order to obtain clear results
"straight" waves must be made. These
are made with the edge of a ruler
instead of a point source.

The waves are bent over the shallow
area. This is analogous to the bending
of light when it enters glass or water.

Matthew Page,
Cheltenham,

Glos.

Wiper Delay Unit
I am a university graduate studying

Electrical and Electronic Engineering.
I therefore take an interest in your
magazine. One article which particu-
larly interested me, and one which I

built was the Wiper Delay Unit in the
Feb. '77 issue.

However, when the unit I made was
tested the thyristor did not stop con-
ducting when it should have, and the
wipers continued to work as normal.
This was due to a heavy back e.m.f.
generated when the windscreen wiper
was switched off, by the magnetic field
collapsing. Switching transient voltages
then occur keeping the thyristor con-
ducting all the time.

I found a cure for this was to place
a IµF capacitor across the existing wind-
screen wiper switch. This capacitor
limits the rate of rise of the anode

voltage of the thyristor. My wind-
screen wiper motor is a field wound
type.

I hope this information may be of use
to other readers who might have ex-
perienced similar problems, and serve
as a suitable remedy.

P. G. Long,
Pen -Y -Can,

Cardiff.

Thank you for taking the trouble to let
us know of your fault and its cure. We
are always pleased to receive such helpful
information.

Electronics Club?
I have recently taken an interest in

EVERYDAY ELECTRONICS magazine
and would be pleased to know if there
are any clubs or such -like in the Dublin
area for beginners in electronics.

Charles Griffin,
25 Whitehall Park,

Terenure,
Dublin 12.

Unfortunately we know of no elec-
tronics clubs in the Dublin area, but hope
that any readers who can supply this
information will write to you at the
address above. You may be interested to
know that a Teach -In course aimed at the
beginner will be starting in this magazine
later this year.
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A novel circuit which has the ability to control a wide variety of appliances.

THIS
project is simple to build

and operate, and can be
used to control a wide variety of
a.c. mains appliances in complete
safety.

Switch operation is achieved by
the lightest finger touch on the
appropriate on or OFF pad, and
the state of the switch is indi-
cated by an 1.e.d. (light emitting
diode) adjacent to the touch -
sensitive areas. The active com-
ponents are housed in a small
plastic box, while the small lami-
nated plastic control panel is on
flying leads so that it may be
mounted independently for a
neat appearance.

FOR
GUIDANCE
ONLY  

fre
ESTIMATED COST
OF COMPONENTS

excluding V.AT.

£7.00
excluding case

The touch switch principle is
well known of course, but many
designs published previously have
been unable to handle worthwhile
switch loads, or have been limited
to specialist low voltage applica-
tions. By employing a heavy-duty
relay in the design, the circuit is
able to switch up to 3 amps a.c.
or d.c. at up to 250 volts.

The need for such a design has
become increasingly obvious to
the writers but was prompted in
the first place by a letter from a
dairy farmer in Northern Ireland,
who was having a lot of trouble
with a mechanical switch installed
in his milking parlour.

We cannot be certain that this
switch will solve his problem, but
it has already found lots of uses
in the domestic environment with
the prototype in constant use as
a bedroom light switch, a job for
which it is particularly well suited
due to the "easy -find" 1.e.d. indi-
cator which is on when the load
is off.

CIRCUIT OPERATION
The touch switch circuit shown

in Fig. 1 is based on a design by
Texas Instruments and uses
junction field effect transistors
(j.f.e.t.$) as the sensing devices

and a thyristor bistable to provide
the necessary latching control for
the relay.

The touch pads are connected
to the gates of a pair of f.e.t.s.
which have 10 megohom resis-
tors linking their gate and source
so that the bias level is set under
quiescent conditions. Field effect
transistors have characteristics
quite similar to thermionic valves
including a very high input
impedance, and with a resistor
linking source and gate the sens-
ing devices are normally on so
that their drain terminals tend to
fall to zero volts, and will remain
in this condition until a negative
gate voltage is applied.

Experienced constructors will
remember the buzzing noise that
resulted when the grid of a valve
in an audio amplifier was touched
with a finger, it is this principle,
caused by the human body acting
as an aerial and picking up in-
duced voltages from the 50Hz
mains supply, which is used here
to energise the touch pads.

The induced voltage which is
being picked up by the human
body, is applied via, say the
finger, to the touch pad. The f.e.t.
associated with the particular
touch pad is turned off at a rate
of 50 hertz as this voltage swings
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Fig. I. Circuit diagram of the Touch Operated Power Switch.

negative. This results in a 50 hertz
square wave appearing at the
drain terminal of the f.e.t., this
in turn triggers one side of the
thyristor latch. Once the thyristor
has been triggered it will turn on
and behave like a forward biased
diode, effectively connecting its
anode load, either resistor R4 or
relay RLA to zero volts.

This action also shorts out the
supply voltage to its respective
f.e.t. sensing circuit, which can
then have no further effect on the
operation of the circuit until the
atch is reversed by operation of

the other pad and its associated
sensing circuit.

When a thyristor is made to
conduct, it cannot be turned off
again until the current through
it has been reduced to zero, this
can best be arranged by taking
its anode voltage negative with
respect to the cathode. With two
thyristors connected as a bistable
latch, it is necessary to make the
"on" state of one device turn the
other off, and this is made pos-
sible in this circuit by the coup-
ling capacitor C2.

With thyristor CSR1 conducting,

HOW IT WORKS

RELAY
CONTACTS

TOUCH PAD

240V AC
MAINS

Mains hum picked up by the human body induces a voltage via
the ON pad when touched, to the circuitry. A trigger voltage is
produced and this is fed to the electronic switch which turns on
and "latches" on. This causes the relay to be energised, and via
its contacts the electrical appliance to be switched on.
Touching the OFF pad causes a similar action to take place and
the relay to be de -energised thereby turning off the appliance.

C2 becomes charged to the supply
voltage with its left hand end
negative at a voltage just above
ground. If now thyristor CSR2 is
triggered, the right hand end of
capacitor C2 is shorted to ground
and so the left hand end must
momentarily move below ground,
turning off CSR1 and allowing its
anode voltage to return to a posi-
tive level, re -enabling the touch
sensing circuit and recharging C2
with the opposite polarity.

The circuit is of course symmet-
rical except that the thyristor
load on one side is a resistor and
on the other a relay, and that an
1.e.d. with an associated current
limiting resistor R5 has been con-
nected on one side to give a posi-
tive indication that the relay is
off.

SENSITIVITY ADJUSTMENT
In just the same way that a

human body acts as an aerial to
operate the circuit, so would long
pieces of wire used to connect
the touch pads to the main
assembly, with unfortunate re-
sults such as random operation or
sticking.

For this reason it is best to
keep the distance between the
touch pads and the sensing cir-
cuit fairly short, although the
effect of long connections can be
reduced by reducing the value of
R1 and R8, which lowers the sen-
sitivity. Adjustments of this kind
should be made with the switch
installed in its final position, since
50 cycle field strengths can vary
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the connecting block goes to a solder tag which is trapped under the lid when fitted.
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throughout a building, altering
the apparent sensitivity.

Capacitors Cl and C3 are neces-
sary to ensure that the thyristors
are not triggered by noise spikes
on the a.c. supply whereas capa-
citors C4 and C5 are not always
necessary, but if included in the
circuit can prevent false opera-
tion and over sensitivity in areas
of high r.f. field strength, 500 pF
being the maximum value nor-
mally required.

The d.c. power requirements
for the circuit are not at all
stringent and so a simple trans-
former, bridge rectifier, and
capacitor combination is all that
is required to produce the nomi-
nal 12V d.c. The transformer is
necessary to provide complete
isolation of the sensing circuitry
from the mains supply for safety
reasons, as well as to provide the
low voltage a.c. input for the
rectifier.

CONSTRUCTION
The entire circuitry is housed

in a 130 x 100 x 50mm plastic
box which has a steel front panel
used here only as a lid. The
chosen box is sturdy and yet easy
to drill, and has the advantage of

TO BOARD A
413 119

1 2 3 4 5 6 / 9 10 12

A 0 IIIIII 0 0 0 0 0 0 0
B 0

Co
D 0 1 111 D1-04

0
F 0

G 0

H 0
o 0 0 0 0 0 0 0 0

DIRECTION OF COPPER STRIPS
NO BREAKS ON UNDERSIDE

20 22 2314 16 18

0 0 0 0 0 0 0 0 0

BOARD B

C) =VEROPINS

0 0 0 0 o 0 0

T1 SECONDARY

0 0 0

Fig. 3. Stripboard layout of the power supply, board B.

built in slots to accept circuit
boards.

Two 0.1 inch matrix strip -
boards 9 strips by 23 holes are
used to support the small elec-
tronic components used. These
are fitted transversely into the
slotted box. The mains trans-
former is by far the largest com-
ponent, and this is fitted, tags
uppermost, at one end of the case
near the mains input lead.

The relay is installed between
the two circuit boards, next to
the output terminal block, and
is secured with tags uppermost
by means of a bolt which passes

Components %IV '4,
n I

Resistors
RI 10M0
R2 I Id/
R3 I 21d1
R4 I kfl
R5 3 .9kf2
R6 I ki2
R7 12kf2
R8 10Mf1
All resistors +W ± 5%

Capacitors
CI, C2, C3 0.22µF disc ceramic (3 off)
C4, CS 500pF polystyrene (2 off) (see text)
C6 100,uF 25V elect.

Semiconductors
TR I 2N3819 n channel field effect transistor
TR2 2N38I9 n channel field effect transistor
CSR I IA IOOV TAG 1/100 or similar rated thyristor
CSR2 IA IOOV TAG I/100 or similar rated thyristor
DI -D4 (1-6A SOV) bridge rectifier REC63 or similar
D5 I N4002 (IA 100V) rectifier
D6 TIL209 or similar light emitting diode

Shoe
Talk
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Miscellaneous
RLA 2 -pole change over, heavy duty contacts, I2V coil relay (Doram

348-920)
TI mains primary/0-12V, 0-12V, +A secondary (Doram type 196-303)
Stripboard 0.1 inch matrix, 9 strips by 23 holes (2 off); case 100mm x
130mm x 50mm; 3 -way terminal block; mains cable; material for touch plate
esclitrheon;:brass paper fasteners (2 off); rubber grommet; connecting wire;
sleeving.

0

O

0
0

0

O

0

through its plastic cover and the
bottom of the box. Layout of the
main circuit board (board A) is
fairly spacious and straightfor-
ward as can be seen from Fig. 2
which also shows the track breaks
which must be made. Terminal
pins were used on the prototype
boards as anchor points for the
wires, although this is not essen-
tial and can be omitted if desired.

The power supply board (board
B), shown in Fig. 3, is empty
apart from the bridge rectifier
and the smoothing capacitor, but
mounting these components in
this way defines their position
accurately and allows them to
nestle alongside the transformer
when installed in the case.

INTERCONNECTIONS
The number of interconnecting

wires are small but because much
of the circuit has lethal mains
voltages, which are carried by
some of these links, particular
care must be taken that the wire
is adequate for the job, and that
joints are well made and pro-
tected with sleeving where neces-
sary.

The pair of wires from the
mains transformer primary to the
relay contacts, and the pair from
the relay contacts to the termi-
nal block are the mains voltage
links, and the best wire to use
for this job is the blue and brown
core wire stripped from a length
of the main supply flex which
should be good quality p.v.c.
cable rated at 6 amps or more.
The other links can be made with
standard flexible hook-up wire,
which can also be used to con-
nect the touch pads and the l.e.d.
lamp.

Because the lid of the box is
made of steel, it is necessary to

Everyday Electronics, July 1977 329
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Fig. 6. Illustrating the way in which the Touch Switch is
connected to the appliance.

connect this to mains earth by
means of a wire link from the
terminal block to a solder tag
which is trapped under one of the
panel fixing screws, when the
box is assembled; Fig. 4 shows
the connections required.

TOUCH PLATE
CONSTRUCTION

The touch plate escutcheon
detailed in Fig. 5 may be made
from a variety of insulating
materials, but in the prototype a
laminated plastic material was
used, and this proved to be an

Fig. 5. Touch plate escutcheon.
The holes are drilled to suit.

excellent choice. The touch pads
themselves were formed from
brass -stud paper fasteners with
their legs trimmed to size and the
wire soldered directly to them
behind the escutcheon.

The 1.e.d. was mounted in the
simple plastic holder which is
usually sold with these devices,
and it is necessary to ensure that
one of these will be supplied with
the 1.e.d. when ordering. The
completed escutcheon can be
mounted in a convenient place
according to the constructors own
personal choice.

METHOD OF USE

The ease of use of the touch
switch is demonstrated in Fig. 6
where you can see that it is
simply a matter of inserting the
unit in series with the mains lead
to the appliance to be controlled
in the same way that you would
with a conventional mechanical
switch.

The mains supply arrives via a
three -core cable which would nor-
mally be terminated with a 13
amp three -pin plug, and the

Photograph showing the positions
taken up by the two boards, relay
and transformer.

switched supply together with an
earth is available on a three -con-
nection terminal block housed
inside the units' main case. Two -
pole switching is employed to
provide complete isolation for the
switched appliance when off.

A further point to note is that
the touch pads are completely
isolated from the mains supply
thereby ensuring complete safety,
especially where the younger
members of the family are in-
volved.

General view of the completed unit.
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E. LYNDSELL

HOW IT WORKS

HIGH GAIN
AMPLIFIER

STILL high on the popularity list
of musical effects units is that

old campaigner the "fuzz box".
There have been many designs
published in this and other maga-
zines to produce the "fuzz sound"
but most have little or no control
over the tone of the sound pro-
duced. Admittedly, there have
been "tone" or "effect" controls
on some of these designs but
these merely control the amount
of fuzz or the sustain.

This design differs from the
rest by adding the facilities of
bass and treble boost and cut to
the "fuzzed" signal thereby allow-
ing a whole range of tonal quali-
ties to choose from.

DIODE
LIMITERS

ACTIVE TONE
CONTROL

TREBLE

BASS

0

0 000000000,_,
POWER AMP

Electrical signals from a musical instrument, usually electric
guitar or organ, are first fed into a high impedance high gain
amplifier. The output signal is modified by the diode limiters
allowing a maximum peak signal of about 200mV to pass, result-
ing in a severely distorted waveform. It is this kind of distortion
that produces the well known fuzz sound.
The clipped signal is next fed to an active tone control section
which allows the bass and treble frequencies to be boosted or cut
as required. The resulting signal is then passed to the power
amplifier.

CIRCUIT DESCRIPTION
The complete circuit diagram

of the Fuzz Tone is shown in Fig.
1. It can be seen to consist of two
distinct sections: (a) a high gain
non -inverting amplifier IC1 with
diode limiters across its output
feeding (b) an active tone con-
trol of the Baxandall type con-
structed around IC2.

Input to the unit is at SK1 via
d.c. blocking capacitor Cl. Resis-
tor R1 sets the input impedance
of the unit at 100 kilohms making
it suitable for almost all elec-
tronic guitars, organs, etc.

The gain of the first stage is
set by the ratio R3 to R2 being
Everyday Electronics, July 1977
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The complete circuit diagram of the Fuzz Tone Unit.

equal to (1+ R3/R2) which with
the values chosen is seen to be
approximately 200.

Because diodes, D1 and D2 are
germanium types, they start con-
ducting heavily when the voltage
appearing across them exceeds
about 200 millivolts, so signals
with an amplitude greater than
about 200 millivolts reaching the
diode limiter will produce a
clipped waveform and therefore
produce the fuzz sound. In other
words, all input signals greater
than about 1 millivolt will pro-
duce the fuzz sound, accompanied
by sustain. The latter is propor-
tional to the input level.

The tone section of the Fuzz
Tone is a variety of the well
known Baxandall arrangement
which provides both boost and cut
of the treble and bass frequen-
cies keeping mid -band gain con-
stant.

The feedback around IC2 is
frequency dependent producing
maximum gains and cut at about
100Hz (bass) and 10kHz (treble).
The amount of gain or (cut) de-
pends on the settings of VR1 and
VR2. The input signal to the tone
section is unaffected for midway
settings of VR1 and VR2.

Resistor R9 and potentiometer
VR3 form a variable attenuator
allowing an output signal up to
about 550 millivolts peak which

Everyday Electronics, July 1977

Components

Resistors
R 1 100 ku
R2 470k12
R3 100k0
R4 10k0
R5 3.31d2
R6 221a1
R7 10k12
R8 3.3k0
R9 I50kS2
All l\N carbon f 10%

ao1.. '1"1
III. iv FOR

GUIDANCE
ONLY  
ESTIMATED COST
OF COMPONENTS *

excluding VAT.

£5.50
excluding case

Potentiometers
VRI, 2 100k12 carbon lin. (2 off)
VR3/S1 10kS2 carbon log. with ganged d.p.d.t. switch

Capacitors
Cl 100nF plastic or ceramic
C2 20pF ceramic or polystyrene
C3 47nF plastic or ceramic
C4 22nF plastic or ceramic
CS 20pF ceramic or polystyrene
C6 220nF plastic or ceramic

Semiconductors
ICI, 2 748 operational amplifier 8 pin d.i.l. (2 off)
DI, 2 0A91 or similar germanium types (2 off)

See

Sho
Talk

page 311

1

Miscellaneous
SKI, 2 standard jack socket (2 off)
S2 s.p.d.t. successional action footswitch
B1, 2 9V type PP3 (2 off)
Stripboard: 0. I inch matrix 15 strips by 36 holes; control knobs (3 off);
connectors for batteries (2 off); material for case; screened cable; mounting

t bracket material; connecting wire; solder; 6BA fixings.
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Photograph showing prototype component board re-
moved from unit.
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Fig. 4. Layout of the components within the case
and on the lid with wiring up details.
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Fig. 3. Marking out details for the case. Both base and lid are shown. Note that the bend lines are shown
dotted. The lid in the prototype was fitted to the base by self tapping screws.
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Fig. 2. The layout of the components on the stripboard and breaks to be made on the underside.

is more than sufficient for all
amplifiers likely to be used.

A footswitch S2 has been incor-
porated in the design to allow the
unit to be rapidly brought into
effect or by-passed as required.
The input impedance is high
enough for the unit to be left con-
nected to the instrument in the
by-pass position thereby allowing
S2 to be a s.p.d.t. footswitch
which is more easily obtained
than the d.p.d.t variety. The unit
is switched on and off by a d.p.d.t.
switch ganged to the volume con-
trol VR3. Remember to switch off
the unit when not in use.

COMPONENT BOARD
The prototype Fuzz Tone was

constructed on a piece of 0.1 inch
matrix stripboard size 15 strips .7;
36 holes. Details of this board are
shown in Fig. 2 which shows the
layout of the components on the
topside of the board, drilling de -
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tails and the breaks to be made
along the copper strips on the
underside.

You will see from the photo-
graph that i.c. sockets have not
been used to hold ICI and IC2,
but the use of sockets (or Solder -
con pins) is recommended to
avoid damage to the devices
through heat from the soldering
iron. The use of sockets allows
easy replacement should this
prove necessary.

Begin construction by cutting
the board to size, drilling the fix-
ing hole and feed through holes
and then making the breaks along
the strips as indicated in Fig. 2.
Position and solder, the sockets,
resistors, capacitors and suitable
lengths of flying leads to the
board. Lastly, using a heat shunt
on the diodes, Dl and D2, position
and solder in place. It is advisable
to use screened cable where
shown. Place ICI and IC2 in their
respective sockets.

CASE AND WIRING UP
The case was made specifically

for the job. It consists of two
sections, lid and base, and
dimensions and construction de-
tails are shown in Fig. 3. The
prototype case was made from
18 gauge mild sheet with welded
edges but this material is prob-
ably not suitable for the amateur
constructor.

A suitable alternative would be
16 gauge aluminium folded as
indicated, with Araldite fillets laid
along the inside open -edge joints
for strength. The external edges
can later be filed round to im-
prove the appearance of the case
when the adhesive has set firm.

Begin by marking out the
aluminium sheet and then drilling
the holes for the jack sockets,
potentiometers, footswitch and
lid fixing holes. Next cut to shape
and fold as indicated in Fig. 3
and photograph. The lid is held
in position on the base by six
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small self -tapping screws.
A small bracket is required for

holding the component board in
place. The bracket is placed on
the shank of VR3 and is held
steady when the potentiometer
fixing nut is tightened.

Next fix all the components in
position including the component
board, and wire up according to
Fig. 4.

A further bracket can be made
on the same principle as that
used for the component board, to
hold the batteries in place. It
would be held steady under S2.
Alternatively, Btu-Tak can be
used as in the prototype.

When wiring up is complete,
screw the lid in position and the
unit is ready for use.

IN USE
An additional screened lead

will need to be made up or pur-
chased to connect the unit to the
amplifier. The unit is placed in
line between the musical instru-
ment and the amplifier. The Fuzz
Tone is switched on by rotating
VR3 clockwise, further rotation
increases the volume.

Continued from page 310

Phone/Door

Bell

Repeater

A view of the Fuzz Tone Unit from
above showing importance of pointers
on the knobs.

Switch S2 will either be in the
by-pass position (no effect) or the
fuzz position. With it in the latter
position, set VR1 and VR2 and
VR3 for the required tone and
volume. Anti -clockwise rotation
of VR1 and VR2 produces bass
and treble cut whereas clockwise
rotation produces boost. Press S2
and release, the unit should now
be in the by-pass position. The
level control (VR3) may need
adjustment, to make the two
levels comparable.

As the unit is to stand on the
floor when in use, it is a good idea
to fix some rubber feet on the
case base to prevent it slipping
about when being operated. Also,
attention should be paid to select-
ing the knobs. Ideally these
should have some form of pointer,
be flat on top and of robust con-
struction. A scale printed around
the controls will be useful. The
reason for these specifications is
that the controls may be "foot -
controlled" by the user during a
performance.

The prototype unit was given a
couple of coats of aerosol paint
and Letraset used to label the
unit and its controls.

Photograph of the prototype component board above, and the completed loudspeaker unit ready for
use shown below.

TESTING

After checking all the wiring
thoroughly, connect a battery to
unit and switch on. Incidentally,
there is a space for the PP3
battery at the bottom of the case
beneath the speaker.

Upon switching on, a tone
should be produced by the unit
for a few seconds while the
capacitors in the circuit settle to
their normal quiescent charges.
Once this tone has died away,

blowing into the microphone
should cause the tone to return.
Then it will slightly and gradually
fall in pitch, and then after a
few seconds it will cease.

The unit is then ready for use.
It is not particularly sensitive
and it is necessary to place the
microphone close to the monitored
equipment. This is not really a
disadvantage though, as it ensures
that extraneous noises do not
trigger the unit and so mislead
the user.
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The Extra
ordinar

Experi-

of
ment5

Profess
Ernes

Evemure
by phony John Bassett

THE Professor had just re-
entered his laboratory to con-

tinue with some investigations on
his latest tap -secret super -project.
Surrounded by futuristic and
grandiose pieces of amazing
apparatus which he was in the
process of assembling with the
aid of his latest experimental
electronic robot, he was carefully
planning the next stage of a com-
plicated experiment when sud-
denly there was an unexpected
interruption. A bleeper sounded,
coloured lights flashed on a
control -panel and a series of
symbols lit up on a larger com-
puter viewscreen.

"That's strange", thought the
Prof. "the weather was fine a few
moments ago, dry and sunny, not
a cloud in the sky for a change!
Maybe there is something wrong
with my Electronic Weather Prog-
nosticator, which is forecasting an
immediate violent electrical tem-
pest!"

HOME-MADE
ELECTROPHORUS

Although the weather remained
fine and the Prof.'s "Prognostica-
tor" was functioning correctly,
the tempest which it has forecast
soon entered the laboratory itself
in the form of the Prof.'s young
Everyday Electronics, July 1977

friend Bob with his home-made
electrophorus. Apparently he had
been waving this highly -charged
piece of apparatus about in the
garden on his way to the labora-
tory, and had inadvertently
waved it near the sensor of the
Professor's electronic weather
station.

"Hi, Prof., what's happened?"
Bob greeted the Prof., viewing
the various alarm signals.

"What's happened is that
you've arrived and as usual we
know all about it. You've just set
off a few extra alarms this time
by bringing in your electrophorus
in a highly -charged state. But
that's a rather unusual electro-
phorus, Bob. I can see that, dur-
ing the course of over 200 years
since it was originally invented
by Alessandro Volta in 1775, the
electrophorus has been modern-
ised!"

"Yes, Prof., this is the latest
super-slimline space-age electro-
phorus, made of materials from
the local handyman's supermarket
and every bit as good as the old
resin, rubber and sulphur blocks!
Here, let we show you!"

Bob's electrophorus consisted of
two tiles which he had purchased
at the decorators. One was a plain
polystyrene tile. It was not the
polystyrene foam type, but a solid

glossy tile made of thin plastic
sheet. The other was an alu-
minium tile which Bob had care-
fully filled and smoothed down,
rounding the edges and corners
to avoid loss of -charge by corona
action. So now the aluminium tile
was slightly smaller than the
other, and Bob had used a small
piece of plastic rod a few inches
long, carefully glued in place, to
make an insulative handle, see
Fig. 1.

Now he rubbed one side of the
plastic tile vigorously on his hair,
and almost immediately, loud
crackling sounds indicated a
build-up of static charges.

Bob placed the electrically -
charged polystyrene tile on the
nearest workbench and lowered
the aluminium tile onto it. He
placed his hand near to the alu-
minium tile, and a lively electric
spark leapt from the tile into his
knuckle.

"Ouch! Prof. that was a much
bigger spark than I usually get!"

"That is because today the air
in the laboratory is unusually dry,
Bob, and experiments with static
electricity usually work best in a
dry atmosphere. In damp weather
they often do not work at all!

"The robot had laid out a few
trays of silica gel to absorb
moisture from the air in the
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laboratory, as part of a test I am
doing on new humidity sensors
for my experimental Tempest.
Prognosticator."

SILICA GEL
Bob could see, on nearby work-

benches, several trays of deep
blue coloured silica gel, exposed
to the air. The gel contained a
cobalt indicator which was blue
when dry, and as the gel
absorbed moisture the colour
would gradually fade until it was
replaced by a pale pink when the
gel was saturated with moisture.
It could then be dried out again
in an oven.

"Where did you get all that
silica gel, Prof.?" Bob enquired.

"From one of my friends who
is an electronics engineer, and
regularly installs electronic equip-
ment. Packaged in with each item
of equipment is a a small bag of
silica gel, and I found that he
usually threw this away. But
when he heard that I could make
use of it, he saved some, and
delivered a lot of it just in time
for my experiments on atmos-
pheric humidity!"

Bob once more placed his hand
near the electrophorus and drew
a few more, smaller sparks from
it until he was touching the
metal tile. He then placed a small
object in the middle of the metal
tile. The Prof. could see that this
was a model of some strange
vehicle of futuristic design, care-
fully constructed in lightweight
materials such as polystyrene
foam or pith, and tissue paper.
Printed on it in tiny letters was

CHARGED ALUMINIUM
TILE

CHARGED PLASTIC
TILE

EXPERIMENTAL ELECTROPHORCRAFT
HOVER VEHICLE

INSULATIVE
HANDLE
GLUED TO TILE

WORKBENCH

Fig. I. Showing how the two tiles are positioned, in the experiment with the home
made electrophorus.
the word ELECTROPHORCRAFT.

Bob used the insulative handle
raise the metal tile, gradually
separating it from the plastic one,
and as he did so, the Electrophor-
craft took off, arose and hovered
in mid air just above the tile. By
tilting the tile slightly, Bob made
the craft move from the centre
towards one edge, and he then
skilfully persuaded it to orbit
around within the periphery of
the tile, and then to perform
figures of eight and other more
complex manoeuvres.

He became absorbed in this
fascinating occupation and some-
times lost control so that the
craft flew over the edge of the
tile. He would then pick up more
charge by resting the metal tile
back on the plastic one, touching
it with his finger for a moment,
place the Electrophorcraft back
on the tile and raise the tile once
again.

INCREASED HEIGHT
Suddenly to Bob's surprise the

Electrophorcraft rose to almost
twice its previous height.

This was because the Prof. was
holding the metal plate of
another electrophorus in the air
above Bob's.

"Hey, Prof.", Bob suddenly
shouted as something suddenly
dawned on him, "if your electro-
phorus were carrying the same
charge as mine, it would neutra-
lise the effect and cause the
Electrophorcraft to sink back
down again. But it has caused it
to rise even higher, so you must
have built an electrophorus
which generates a charge oppo-
site to mine. How on earth did
you manage to do that?"

"Aha!" remarked the Prof.
enigmatically, "you should have
studied your books on electro-
statics a little more thoroughly at
school-then you would know the
answer to that for yourself!"

Now Bob began to think. "If
the Prof. could so easily almost
double the height at which it
hovers, maybe by a bit of investi-
gation and experiment I could
make it hover even higher, or
carry a heavier load!"

To be continued
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Readers' Bright Ideas; any idea that is published
will be awarded payment according to its merit. The
ideas have not been proved by us.

P.C.B. DRAWING AID

I recently completed my first printed circuit
board and quite by accident discovered an aid to
easy production.

After drawing the areas on a piece of paper on
which the etch resistant was to be placed, I

filled in the area with different coloured crayons.
When transferring the pattern to the board it
was a simple matter to follow the different out-
lines on the drawing. Even the most congested
areas around i.c. sockets could be easily dis-
tinguished at a distance.

W.H. Gurney,
Dudley,

West Midlands.
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Physics
is FUN! By DERRICK DAINES

ASERVICEABLE and sensitive galvano-
meter can be made easily and at

little cost. Refering to Fig. I, cut a
piece of thick ply 200mm by 100mm and
through this drill three small holes in
line down the centre.

The middle hole should be exactly
central and the other holes about 75mm
from each end. Now wind fifteen turns
of fairly thick copper wire round the
edge of the base-that is, temporarily
using the base as a former for the coil.
When the coil is wound, slip it off the
former and secure it with a few turns of
Sellotape here and there. The two ends
should be left about 150mm long.

Pass these two ends through the
outer pair of holes previously drilled in
the base and bend them across the
bottom, thus holding the coil in
position. If desired, a fillet of glue may
be run along the bottom of the coil to
secure it. For a nice touch, secure the
wire ends to two brass screws for ter-
minal posts. Pieces of Sellotape or
masking tape keep the leadout wires
safe from snagging.

The central hole already drilled will
be totally or partly covered by the
turns of the coil and it is now necessary
gently to ease in a suitable steel wire or
darning needle to act as a pivot. Adjust
it so that the tip is exactly halfway
between the top and bottom turns of
the coil and bend over or cut off the
excess underneath. Secure with Aral-
dite or similar glue in the hole.

Armature
Attention may now be turned to the

moving part-the armature. Refering
to Fig. I, take an old razor blade and
magnetise it by stroking it with a

powerful magnet such as that taken out
of an old car magneto. The strokes
must be taken in one direction only,
lifting the magnet clear at each stroke.

When the blade has been magnetised
as much as possible, mix a little Araldite
and stick in the middle of the blade half
of a press -stud mounted on a small
metal bridge and a pointer of thin
straight wire. The press -stud of course
is to pivot on top of the needle and for
stability should protrude through the
razor blade.

Neutralisation of stray magnetic
fields can be affected by securing a
narrow strip of tinplate on the under -
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HALF A PRESS STUD

MAGNETISED
RAZOR BLADE

SCALE

COIL

BRASS
SCREW

Fig. I. Detailed contruction of the simple and low cost galvanometer. A piece of
tin plate may be secured under the base, in line with the coil to reduce stray magnetic
fields.
side of the base, in line with the coil.
The armature is now mounted on the
needle support and the razor -blade will
assume a position in line with the coil.
Passing a direct current through the
coil will deflect the magnetised blade
(and hence the indicator wire) to one
side or the other depending upon
polarity.

Calibration
Calibration is achieved by one of two

methods. (a) screw a simple protractor
into place beneath the indicator needle,
or (b) stick a plain piece of card and
mark it with a fine-nibbed pen. For
both options put the galvanometer in
series with a borrowed mil liameter and
an adjustable current source. For the
protractor option, it will be necessary
to work out the milliamps of current
applicable to each degree of turn and to
stick a small notice to this effect some-
where on the base.

It may be found that shaking may
dislodge the press -stud support from
its best position and the best cure is to
make a small dent in the centre

with a centre -punch. As an additional
refinement, a large coffee jar upturned
over the instrument will shield it
from stray draughts and accident.

"Good morning, sir. Ever thought of con-
structing your own knitting machine?"
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GEORGE HYLTON
brings it

own
Oscilloscopes

AYOUNG reader from Wales writes
to say that he has been given a

second-hand oscilloscope. How is it
used?

This article isn't long enough to
go into detail. There's only enough
room here to cover the basic principles.

Nowadays everybody is familiar with
graphs. They appear on the TV screen,
to show the rise in the cost of living,
and so on. All these familiar graphs have
one thing in common. They show how
things change with time.

This is what the cathode-ray oscillo-
scope (c.r.o. for short)y does. In elec-
tronics, we are constantly dealing with
things that change with time. Sound
waves are changes of air pressure with
time. Radio transmissions are changes
of electric and magnetic fields with
time. All these changes can be turned
into changes of voltag

For example, a mi hone can turn
sound into a volta By drawing a
graph of these voltag e can examine
them with our eyes. audio system,
for example, we can'. k at the audio
waveforms at diffe points in an
amplifier and see, ju y the shape of
them, where some m of serious
distortion such as peeipping is taking
place.

It is also possibl make rough
measurements of vol s from the size
of the picture on oscilloscope
screen.

Moving the spot
So much for what a .r.o. does. But

how does it do it?
A spot of light moves steadily from

one side of the screek to the other.
(Usually from left to,sight, from the
onlooker's point of vr .) The controls
on the oscilloscope e e you to select

the speed. It can be set so that the spot
moves quickly or slowly. But it always
moves at a steady, even rate. If it moves
very quickly, then it looks like a
straight line rather than a moving spot.

If a voltage is applied to the normal
input point of the oscilloscope the spot
is deflected up or down, depending on
the polarity of the voltage. (In modern
oscilloscopes a positive input usually
deflects the spot upwards.) So if the
instrument is the kind that responds to
d.c. and you connect a battery when
the spot is halfway across, the move-
ment will follow the path as in Fig. I.

The size of the upward step depends
on the sensitivity, which in turn

Fig. I. The spot traces out a path
similar to this, when deflected by a
d.c. voltage.

depends on the setting of the input
attenuator. Sensitivity settings are
usually quoted as the input voltage
needed to deflect the spot one centi-
metre. Common values are from
10 mV per cm to perhaps 50 V per cm.

Flyback
A trace which just goes across the

screen once, then stops, has its uses,
but if the speed is high the eye can't see
much. Fortunately most of the voltages
we are interested in repeat themselves
again and again. This enables many
traces across the screen to be super-
imposed, to give a clear, steady picture.

What happens is this. The spot,
once it has traversed the screen,
"whips" back very quickly and then
does another traverse, and so on.
Internal circuits ensure that the precise
moment at which the trace starts to
traverse is conditioned by the input
signal. For example, if the trace always
starts to sweep across at the positive
peak of a sine wave the picture on the
screen begins at that peak, as shown in
Fig. 2.

In this example two cycles are shown.
By adjusting the sweep speed a greater
or smaller number of cycles can be
displayed. You'll notice that the end of
the trace doesn't match up with the
beginning. A little bit is missing. This
bit happens while the spot is moving
back to its starting point. This flyback is
not normally displayed on the screen,
as it confuses the picture. (You may see
it if you turn up the brightness too high,
but this is not recommended as it may
damage the screen.)

Adjustments
This is about as far as we can go here.

To make a quick check on a 'scope,
switch on and adjust the brightness and
trace length (sweep length) controls
to give a straight line which nearly goes
right across the screen. Select a low
sweep speed (time base speed). Put
your finger on the input (Y amplifier,
vertical input) terminal. This injects
mains hum which produces a sine wave
trace (usually rather distorted and
whiskery). Adjust the input attenuator
(Y gain) to give a reasonable deflection
(say one third of the way across the
screen, up and down).

Fig. 2. Flyback causes the spot to
follow a path as shown here.

If the picture is not steady, adjust the
time base frequency or sync -control.
You should be able to obtain a steady
trace of a number of waves. The
number depends on the time base
speed.

To make tests with an oscilloscope
calls for auxilliary equipment such as an
audio oscillator. You also need guidance,
either from someone who is used to
working with oscilloscopes or from a
book or magazine. A book which
contains useful information is The
Oscilloscope Book by E. N. Bradley.
This deals with valve oscilloscopes, not
transistor ones, but your secondhand
'scope is probably a valve one anyway.

PUBLISHERS

ANNOUNCEMENT

The current 1977 Binders
will now only hold 8 issues
as the September 1977 issue
format will be increased in
size.

A larger Binder to accom-
modate 16 issues from
September 1977 to December
1978 will be introduced.

Remittances with overseas
orders for binders: please
add 60p to cover dispatch
and postage.

Everyday Electronics, July 1977



50 PROJECTS USING IC CA3130
Author R. A. Penfold
Price 95p
Size 180 110mm, 96 pages paperback
Publisher Bernards (Publishers) Ltd.
ISBN 0 900162 65 1

ARECENTLY introduced device to the amateur mar-
ket is the CA3130 cmos operational amplifier.

Similar in many respects to the "old faithful" 741
type, but has one major and useful difference;
input impedance 1.5Til; 1.5 million million ohms is
quite a bit different to the 1 megohm of the 741!

The book is divided into six chapters, the first
containing basic information about the i.c., the
remaining five are split up as follows:

Audio Projects, ranging from a magnetic cartridge
preamp to a 500mW amplifier.

R.F. Projects, including a m.w. radio and a signal
tracer.

Test equipment, which includes amongst others
a high impedance voltmeter and a sinewave
generator. The last two chapters detail many miscel-
laneous projects ranging from a metronome to a
touch switch.

An interesting book which has been well written,
and is sure to be useful to the amateur and profes-
sional alike. T.J.J.

HOW TO BUILD YOUR OWN METAL AND
TREASURE LOCATORS
Author F. G. Rayer, T.Eng. (CE ), Assoc. IERE
Price 85p
Size 180 > 110mm, 90 pages paperback
Publisher Babani Press
ISBN 0 85934 035 X

ONE
hobby which is fast gaining popularity in the

world of electronics is treasure tracing, or to be
more precise, metal locating. During the summer
months, many people make their way out of doors in
search of buried treasure. The chances of finding
something along the lines of the Crown Jewels are
pretty remote, nevertheless interesting finds can be
made using simple equipment.

This book gives an excellent treatise of the subject,
from the legal requirements, construction, and
method of use. Part one gives very detailed informa-
tion for the construction of the various sections,
which when completed and connected together makes
a complete metal locator. Part two gives details of
alternative coils, oscillators etc, which may all be
tried in different combinations to improve results.

The last section in the book gives general construc-
tion details, and changes which can be made if the
locator is to be used in European countries.

A useful book to anyone interested in treasure
tracing, and is sure to be a "mine" of information.

T.J.J.

ELEETROF11h11

The Famous DENSHI kits
-now even better value

The kits are suitable both for the beginner to gain a wide practical
understanding of electronics and for the more experienced to
carry out many advanced experiments not available elsewhere.

Illustrated is the SR-4ADX kit-over 150 different actual working
projects can be built, dismantled and rebuilt any number of times,
plus any circuits of your own design.

Each component is beautifully encapsulated in transparent
plastic, engraved with its electronic symbol. No soldering is
involved with any kit and yet this fantastic versatility Is provided.
The kits are complete in every respect, including educational
manuals and batteries. NOTHING ELSE NEEDED.

This Is the most practical and effective way to learn about
electronics-the kits are also first-class testing kits for laying -out
and testing new circuits quickly. There is no danger whatsoever
in the use of these kits.

Add-on kits and spares are available too, to increase the scope
of each kit if required.

SR-3A-over 100 experiments-radio receivers, transmitters,
amplifiers, microphones, alarms, morse code, electronic birds,
cats, sirens, organs, intercoms, metronomes, photoelectric cell,
high voltage generator, circuits demonstrating Amps, Ohms,
Watts, etc., etc. £26.45 COMPLETE

SR-3ADX-over105 experiments-similar to 5R -3A plus sophis-
ticated control panel and solar cell circuits, etc., etc.

33.45 COMPLETE

SR-4ADX-over 150 experiments-similar to SR-3ADX plus
Relay and Multi -meter circuits-ammeter, voltmeter, resistance
meter, water purity -, ion concentration -, volume -, output

field Intensity meter, illuminometer, etc., etc.
E41.45 COMPLETE

PRICES INCLUDE VAT, P P, MANUALS, BATTERIES. etc.
NOTHING ELSE TO PAY-FANTASTIC VALUE for MONEY.

Educational and Trade enquiries welcomed.

Personal callers welcome

CHEQUE!P.O. (or 11p for Illustrated literature) to: DEPT. EE

ELECTRONI-KIT LTD., 20 Bride Lane,
Ludgate Circus, London, EC4Y 8DX

Tel : 353-6430.
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RECEIVERS and COMPONENTS

ELECTRONIC DEVICES and com-
ponents, Latest free lists from N.K.M.
Box 65, Eastbourne, Sussex. Telephone
32921. (Export welcome).

Loud sirens for Burglar Alarms etc. 6v. D.C.
E1.28. Buzzer alarms 65p. Reed switch small 10p.
Magnets 6p. Large reed switch 12p. Micro
switches 10p. Buloin key switch 89p. Electro-
lytics 6808.4f 250 10 for 57p. 81-1 earphone 6 plug 18p.
Large red L.E.D.S. 20p. Component panels 15p.
Jap radio tuning capacitors 30p. Knobs 5p. 90v
neons 8p. Resistors )w 10C1. -10m 2p ea.
PRICES INCLUDE VAT. ADD 16p POSTAGE.

GRIMSBY ELECTRONICS
04 Tennyson Road, Cluthorpes, Humberside.
Veroboard, pots etc., at our Lambert Road Corn-
Ponents shop (open Saturdays). List no 12 10p.

71b ASSORTED COMPONENTS £2.95.
Small audio amplifiers. 3 transistors
equivalent to AC128, 0072, with cir-
cuit. 3 for £1, Goods post paid. List
15p. Refund on purchase. Insurance
add 10p. J. W. B, Radio, 2 Barnfield
Crescent, Sale, Cheshire M33 1NL.

BUILD 5 TESTED CIRCUITS. Metal
Detector, Digital Precision Timer (2-
30 min). Sensitive Burglar Alarm.
Voltmeter/Ammeter. A. F. Circuit
Tracer. Diagrams 50p each plus SAE.
FREE kits and parts lists. Buildit, 100
Coltstead, New Ash Green, Kent DA3

SMALL ADS
The prepaid rate for classified advertisements is 14
pence per word (minimum 12 words), box number
40p extra. Semi -display setting £9.00 per single
column inch (2.5cm). All cheques, postal orders, etc.,
to be made payable to Everyday Electronics and
crossed "Lloyds Bank Ltd." Treasury notes should
always be sent registered post. Advertisements,
together with remittance, should be sent to the
Classified Advertisement Manager, Everyday Elec-
tronics, Room 2337, 1PC Magazines Limited, King's
Reach Tower, Stamford St., London, SE1 9LS.
(Telephone 01-261 5918).

CONDITIONS OF ACCEPTANCE

OF CLASSIFIED ADVERTISEMENTS

1. Advertisements are accepted subject
to the conditions appearing on our current
advertisement rate card and on the express
understanding that the Advertiser
warrants that the advertisement does not
contravene any Act of Parliament nor is it
an infringement of the British Code of
Advertising Practice.
2. The publishers reserve the right to
refuse or withdraw any advertisement.
3. Although every care is taken, the
Publishers shall not be liable for clerical
or printers' errors or their consequences.

DISCOVER ELECTRONICS. Build
twenty easy projects including; Metal
Detector; Wireless Transmitter;
Breathalyser; Miniature Radios; Stetho-
scope; Lie Detector; Touch, time
switches; Burglar Alarms; etc. Circuits,
plans all for £1.29 including circuit
board. Mail only. Ridley photo/elec-
tronics, Box 62, 111 Rockspark Road,
Uckfield, Sussex.

FOR SALE

COMPLETE SET of Everyday Elec-
tronics from November '71 to present
for sale. Offers. 1 Leyshon Close,
Taffswell, Cardiff. (0222 810991).

FOR SALE: 1950's American Juke Box
-faulty wiring, worth a fortune in
the hands of an electronic genius -
needs a lot of time spent on it. £40.00.
Tel: Dunsfold 234.

BOOKS and PUBLICATIONS
SIMPLIFIED TV REPAIRS. Full repair
instructions individual British sets
£4.50, request free circuit diagram.
Stamp brings details unique TV pub-
lications. Ausee, 76 Church Street,
Larkhall, Lanarkshire.

SERVICE SHEETS

BELL'S TELEVISION SERVICE for
service sheets of Radio, TV etc. 75p
plus SAE. Colour TV Service Manuals
on request. SAE with enquiries to
BTS, 190 King's Road, Harrogate,
N. Yorkshire. Tel: 0423 55885.

SERVICE SHEETS for Radio, Tele-
vision, Tape Recorders, Stereo, etc.
With free fault-finding guide, from 50p
and s.a.e. Catalogue 25p and s.a.e.
Hamilton Radio, 47 Bohemia Road, St.
Leonards, Sussex.

MISCELLANEOUS
KEYBOARDS super touch fast action
ideal for synthesisers made from hard
acrylic plastic 3 octave model only
£12. Send SAE for details to D.C.S.
Keyboards, 16 Neville Avenue, Port-
chester, Hants P019 9NX.

ENAMELLED COPPER WIRE
ewg 1 lb Sox 4oz fez
14-10 8.40 1.20 89
20-20 2.411 1111 II .59
30-34 2 U 1.70 .89 .14
35-40 2 U 190 1 114 -75

Inclusive of p6p and VAT.
SAE brings Catalogue of copper and resistance
wires in all coverings.

THE SCIENTIFIC WIRE COMPANY
PO Boa 30, London Et OBW

Rep: office 22, ConIngsby Gardens.

STYLI. CARTRIDGES & AUDIO
LEADS ETC. For the best at keenest
prices send SAE for free illustrated
list to: FELSTEAD ELECTRONICS.
(EE), Longley Lane, Gatley, Cheadle,
Cheshire SK8 4EE.
TRANSFORMER BARGAIN. 30V, 1,2A
output, 200 to 250V input. £2.95. Post
and Package 90p VAT 8,2%. MJE 3055
Transistor 48p P&P 20p VAT 12,2%.
EDENCOMBE LTD., PO Box 276, 67
Gloucester Street, London SW1V 4DZ.

BARGAIN BOX for BEGINNERS containing
2 Transistor/component panels, 1 Relay, 1

Rectifier, learphons Insert, 1 mike Insert, 2 diodes,
1 buzzer, 3 core cord, 1 salvaged tool -en Ideal
collection for experiments: LI MI Inc, VAT &
P.P. 5 digit counter. 10 Malts/sec., 24-48v. non -
reset, brand new GPO type flip Inc. Also 3, 4, 5,
8 L 9 core cords many other telephone spares at
ghee away prices!
Trade enquiries welcome. S.A.E. for lists sr
orders to:

B. B. SUPPLIES
141, Sha/msford St., Near

Canterbury, Kent. CT4 701.

Data' Sue

4th ISSUE INCLUDES NEW METERS
This 144 page catalogue-Electrovalue Catalogue No. 8 (Issue 4, up -dated)
offers items from advanced opto-electronic components to humble (but
essential) washers. Many things listed are very difficult to obtain elsewhere.
The Company's own computer is programmed to expedite delivery and
maintain customer satisfaction. Attractive discounts continue on many
purchases; Access and Barclaycard orders are accepted. FREE POSTAGE
on oil C.W.O. mail orders in U.K. over 12.00 list value (excluding V.A.T.) If
under add 1.5p handling charge.

BUILD WITH THE EVERYDAY ELECTRONICS

TEACH -IN KIT nett £15-75 Inc. V.A.T.
from Electrovalue as described in this journal

All communications to Dept. 5E4.
28 ST. RIDES RD., ENOLEFIELD GREEN, &FRAM, SURREY
TW20 CHB. Phone Egham 3603. Telex 284475.
NORTHERN BRANCH: 680 Burnage Lane, Homage, Manchester
5019 1NA. Phone (0811 432 9945.
Shop hours both ailiire.qcs 9-5.30 p m.; 1 pro Oats.

144 Page

40p
inc. refund

voucher worth
40p
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RECHARGEABLE BATTERIES
'AA' pencell (HP7) £1.26; Sub 'C' £1 29; 'C'
(HP11) £238; 'D' (HP2) £2.92; PP3 £498.
Matching chargers £591 each except PP3 charger
£4.99. Charging holders for 2, 3, 4, 5 or 6 pencells
35p. 'C' & 'D' size holders, 4 cell only 50p. Prices
include VAT. Add 10% post package and In-
surance orders under £20. 5% over £20. SAE for
full details plus 50p for 'Nickel Cadmium Power'
booklet. Mall orders to SANDWELL PLANT
LTD., 1 Denholm Road, Sutton Coldfleld,
West Midlands. Tel 021 354 9784. Callers to
T.L.C., 32 Craven Street, Charing Cross,
London W.C.2.

DIY BURGLAR ALARM EQUIPMENT
COMPLETE INSTALLATION KITS

Magnetic switches. Pressure mats. Bells & Bell
Housings. Junction Boxes. Control Panels.
Foil. etc.
Send s.a.e. for lists:

DACH ELECTRONICS,
13 Hamilton Square, Birkenhead, Merseyside
L41 9BP Tel. 051 647 5030

NO LICENCE EXAMS NEEDED
To operate this miniature, solid-
state Transmitter - Receiver Kit.
Only £8.25 plus 20p P&P.
'Brain-Freeze'em with a MINI -
STROBE Kit, pocket -sized 'lightning
Rashes', vari-speed, for discos and
parties. A mere £3.80 plus 20p P&P.
Experiment with a psychedelic
DREAM LAB, or pick up faint
speech/sounds with the BIG EAR
sound -catcher; ready-made multi-
function modules. £5.00 each plus
20p P&P.
LOTS MORE! Send 20p for lists.
Prices include VAT. (Mail order
U.K. only).

BOFFIN PROJECTS
4 Cunliffe Road, Stoneletah

Ewell, Surrey. (E.E.)

110 TREASURE TRACER
%.

MK III Metal Locator
 Varicep tuning
 Britain's best selling metal

locator kit; 4,000 sold
 Weighs only 22oz. Fitted with

Faraday shield
 Speaker and earphone operation
 Knocks down to only 17In
 Prebuilt search coil assembly
 Thoroughly professional finish
 As seen on BBCI and BBC2 TV
 You only need soldering iron,

screwdriver, pliers and snips
 Five transistor circuit

Send stamped addressed
envelope for leaflet

£14.7551,<'£19.75
P,,,' ' 00 tAl P, c' `,3 v AT (8°)

MINIKITS ELECTRONICS
66 CLEVELAND ROAD,

LONDON, 2AN (Marl order only)

DENCO
(CLACTON)

LIMITED
Dept. E.E.

357-8-9 OLD RD.,
CLACTON -ON -SEA

ESSEX C015 3RH

Our components are
chosen by technical
authors and con-
structors throughout
the world for their
performance and re-
liability, every coil
being inspected twice
plus a final test and

near spot-on alignment.
General Catalogue showing full
product range 34p. Overseas Cus-
tomers 70p, Air -Mail Post Paid.

U.K. & OVERSEAS MANU-
FACTURERS/STOCKISTS

ENQUIRIES WELCOME

Australian Readers Please Note -
Our Complete Range of Coils are
available from Watkin Wynne Pty.
Ltd., 32, Falcon Street, CROWS
NEST, 2065, AUSTRALIA. P.O.
Box 392.

PLEASE MENTION

Everyday
ElectronicsElectronics

WHEN
REPLYING TO

- ADVERTISEMENTS

IT'S EASY WHEN YOU KNOW!
To avoid missing your copy of EVERYDAY ELECTRONICS -simply complete

this order form and hand it to your newsagent.
ORDER FORM

To'

Address

(name of newsagent)

Please reserve/deliver every month one copy of EVERYDAY ELECTRONICS
until further notice.
My Name

Address

TV GAMES CHIP
AY -3-8500 £11-50. Printed circuit and kit of extra
parts £7.95. Add-on colour kit P.O.A. Send sae
for data.

NEW COMPONENTS SERVICE
Resistors 5% carbon E12 2.70 to 10M 1W 1p.
1W 2p. Preset pots subminiature 0.1W E3 1000
to 4M7. Vertical 9p. Horizontal fp. Poten-
tiometers 0-25W E3 4K7 to 2M2 log or lie. Single
24p. Dual 75p. Polystyrene capacitors E12 63V
22pf to 8200pf 34.p. Ceramic capacitors vert. 50V
E6 22pf to 47000pf 3p. Mylar capacitors 100V
-001, .002, -005 4p.  01, .02,  025 41p. Poly
capacitors 250V E6 -01 to Imf sip.  15, 22m1
7p, 47mf 11p. Electrolytics 50V 47, 1, 2m1 Sp.
25V 5. 10mf 5p. 16V 22, 47mf 6p. 100mf 7p. 220mf
ilp. 470mf 11p. 1000mf 18p. Zener diodes 400mW
E24 3V3 to 33V Illp,

MAINS TRANSFORMERS
6-0-6V 100mA 94p, 9-0-9V 75mA 94p. 18V IA
Et .95. 0/12/15/20/24/30V 1A £3-65. 12-0-12V 50mA
94p. 0/12/15/20/24r30V 2A £495. 6-3V 1-/A £210.
6-0-6V 11.4 £2-55. 9-0-9V 1A £2.19. 12-0-12V 1A
E2.49. 15-0-15V IA if.2 - 69. 30-0-30V 1A E3.39.

PRINTED CIRCUIT KITS ETC
Contains etching dish, 100 so Ins of pc board,

1 lb ferric chloride, etch resist pen, drIll bit and
laminate cutter £3.65. 100 sq ins pc board 75p.

1 lb FeC1 95p. Etch resist pen 75p.

S-DECS AND T-DECS
S-DeC lE1 94. T-DeC £361.

1 iu-DeCA I ,

'u-DeCB £6-97. .,IC carrirs with ,
sockets:-
16 dil £191. 10705 E1 -79. eV
SINCLAIR CALCULATORS, WATCHES
AND POCKET TV.
Sinclair pocket TV £165. Cambridge Scientific
E0.45. Cambridge Prog. £13.95. Oxford Scien-
tific £10.60. Mains adaptors (State model) £3-20.

BATTERY ELIMINATOR BARGAINS
3 -WAY MODELS
With switched output and 4 -way multi -lack
connector. Type 1: 3/41/6V at 100mA £230.
Type 2: 6/7}/9V 300mA £2.90.
100MA RADIO MODELS
With press -stud connectors. 9V £3.45. 6V £3.45.
9V + 9V £5-45. 6V + 6V £545. 4/V + 41V £5.45.
CASSETTE MAINS UNIT
7}V with 5 pin din plug 150mA £3.115.
FULLY STABILIZED MODEL £5.45
Switched output of 3/6/71/9V 400mA stabilized.
CAR CONVERTORS 12V INPUT
Output 9V 300mA £1.80. Output 7/V 300mA £1.80

BATTERY ELIMINATOR KITS
Send sae for free leaflet on range.
100mA radio types with press stud battery
terminals. 4/V £2-10. 6V £2-10. 9v £2.1e. siV +
4IV £2.50. 6V + 6V £2.50. 9V + 9V £2-50.
Cassette type 7/V 100mA with din plug £2-10.
Transistor stabilized 8 -way type for low hum
3/41/6/7}/9/12/15/18V. 100mA £3.20. 1Amp £8.50.
Heavy duty 13 -way types 4//6/7/8//11/13114/17/
21/25/28/34/42V. 1 Amp £4-95. 2 Amp £795..
Car convertor kit Input 12V DC. Output 6/7}/9V
DC 1A transistor stabilized £195
Stabilized Laboratory power kit Switched
1 to 30V in 0.1V steps. 1Arnp £12 -45. 2 Amp £14.95

SINCLAIR PROJECT 80 AUDIO MODULES
PZ5 ECM. Z40 £5-75.
BI-PAK AUDIO MODULES
S450 tuner £21-95. AL60 £4.116. PA100 £14-95.
MK60 audio kit £3645. Stereo 30 £1795. SPAM
£3 75. BMT £4.25. Send sae for free data.

SINCLAIR IC20
IC20 10W+10W stereo integrated circuit amp kit

with printed circuit and data £9.95.
PZ20 Power supply kit for above E365.
VP20 Volume, tone control and preamp kit £9.9S.
package offer IC 20 & PZ20 £10.95

J C12 AND JC40 AMPLIFIERS
J C12 6W IC audio
amp with free data
and printed
circuit Et I15
Also new JC40 20W
model with pcb
£395. Send sae for tree leaflet on both models
and associated power supply and preamp kits.

FERRANTI ZN414
IC radio chip GI .44. Extra parts and pet. for radio
£3-85, Case LI. Send sae for tree data.

SWAN LEY ELECTRONICS
Dept E.E. PO BOX 68,
32, GOLDSEL ROAD,

SWANLEY, KENT BR88TQ.
Mall order only. No callers. Send sae for free data
on kits. Post 30p on orders under £4.50, otherwise
free. Prices include VAT. Official orders wel-
come. Overseas customers deduct 7% on Items
marked e and 11% on others.

...-
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ROME RADIO....
How could I ever

forget them?

Yes, I remember it well-Home Radio supplied all the parts for
me to make this little project. It's an 8 -transistor radio you know.
Mind you, this was some time ago, and when a certain doggie
got in on the act I rather lost interest However, we elephants
never forget, and when I returned to the hobby, why bless me,
there was good old Home Radio busier than ever dishing out
components. And today? Well, have you seen their fabulous
catalogue? It's Jumbo sized-and I should know! It's crammed L
with all the things the amateur constructor is bound to need.
With each catalogue they give a bargain list of unrepeatable
offers. Anothei thing-they have a wonderful credit scheme,
simple to join, and it enables members to order by phone.
Now, when I need components I just put through a trunk call
(get it?) and they're sent off without delay. Why not join the
club? You'll need a catalogue first. It has over 200 pages, lists
over 5,000 items, with nearly 2,000 illustrations. The cost? A
modest £1 plus 40p for packing and postage.

Send the coupon today-now, before you forget!

.as tr

I Please write your Name and Address in block capitals

NAME

ADDRESS

I HOME RADIO (Components) LTD Dept. EE
214-240 London Road. Mitcham. Surrey CR4 3440

(Reg^ No
London 917966)

HOME RADIO (Components) LTD. Dept. E.E., 234-240 London Rodd Mitcham,CR4 3HD Phone 01-648 8422

CRESCENT RADIO LTD.
164-166 HIGH ROAD LONDON N22 6EJ 888-3206
(also) 13 SOUTH MALL, Edmonton, N.9 803-1685

MAIL ORDER DEPT. 1 St Michaels Terrace Wood Green
London N22 4SJ Phone 888-4474

POWER PACKS
PP! Switched 3, 45, 6. 75, 9 and 12
volt ® 600 m/a. with on/off switch and
pilot light. Size - 130 mm x 56 mm x
75 mm ONLY - 85.60 + 8%

T1 MULTI -METER
Ideal tester for everybody Interested In
electronic.. Weighing less than 100
grammes and only 60mm x 24mm x
90mm. Range.: AC volts: 0-10v, 60v,
260v, 1,000v. D.C. volts: 0-10v, 60v,
250v, 1,000v. DC current: 0-1m/a,
0-100m/a. Resistance: 0-150K ohm.

PRICE 16-60 + VAT 8%
'0100" 100 WATT AMPLIFIER

All built and tested. mounted on a
plain aluminium chassis which meas-
ures 18" x 94" x 4" and which you can
mount into a cabinet of your choice.
Four Controlled Inputs, Master Vol-
ume, Treble, Middle and Baas Controls.
SIC protected output. 100 watts Clean
Into 8ohm L/8. Ideal for Disco, Music
Groups. PA and Clubs.
A Bargain at LSB + El cart. + 8% VAT.

FERRIC CHLORIDE
Anhydrous ferric chloride In double
sealed one pound Poly packs.
OUR PRICE - 869 + PP + 8% per lb.

ABS PLASTIC BOXES
Handy boxes for construction projects.
Moulded extrusion rails for P.C. or
chassis panels. Fitted with 1mm front
panels.
1005 --- 105mm x 78mm x 45mm = 82p
1006 = 150rom x 74mm x 47mrn - ElOp
1007 -185mm x 124mm x 60mm- 81-80
1022 =107mm x 85mm x 45rnm = 829

(sloping front) Plus 8 %VAT

PIEZO ELECTRIC HORN UNITS
New High Quality High Power Tweeter.
No form of crossover network is re-
quired as low frequency voltages simply
have no effect on the Tweeter.
Specification:
Frequency Response: 3.8KHz to
2811Hz ± 3db. (Input 4V ems Pink
Noise-Output 106db) Max. continuous
RMB Input Voltage: 25V .
Minimum Series Resistor: 10 ohm at
IW.
Weight: 63 gm. (2.25 oz.).
Panel Cut Out: 76mm dia. (31n).
Size: 85mm x 85mm x 75mm.
Rating: Depending on connections up
to 100W approx.
Price: 2900 + 8% VAT.

8 K'WATTS PSYCHEDELIC LIGHT CONTROL UNIT

Three Channel Bass,
Middle, Treble. Each
channel has its own
sensitivity control.
Just connect the in-
put of this unit to
the loudspeaker ter-
minals of an amplifier and connect three 250V up to
]000W lamps to the output terminals of the unit, and
you produce a fascinating sound -light display. (All
guaranteed). 11850 plus 76p P. & P. + 8%

/MI LOUDSPEAKERS
25" 80 ohm 905,
25" 40 ohm I/0P VAT25^ 8 ohm 120p

BARGAIN PROJECT BOX
A plastic box with moulded
extrusion rails for PC or
Chassis panels with metal
front plate fitted with four
screws (all supplied). SIZE
(internal) 81mm x 51mm
x 28mm
OUR PRICE 50p + 8%

U.K. CARR. All prices are excluding VAT. Please
50p unless otherwise add to each item the VAT rate in-

stated dicated to all orders
ACCESS AND BARCLAYCARD ACCEPTED

Become
a radio
amateur.
Learn Now to become a radio -
amateur in contact with the whole
world. We give skilled preparation
for the G.P.O. licence.

WM

Brcchure, with obligation to:

BRITISH NATIONAL RADIO
& ELECTRONICS SCHOOL,

P.O.Box 156, Jersey, Channel Islands.

NAME

ADDRESS
(Bock cep, pleasej
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A. MARSHALL (LONDON) LTD. DEPT. E.E.
LONDON -10-12 CrIcklewood Broadway, NW2 3ET

Tel. 01-452 0161 Telex 21492
GLASGOW - 85 West Regent Street, G2 20D

Tel. 041-332 4133
BRISTOL - 1 Straits Parade, Fishponds Rd. BS16 2LX

Tel. 0272 654201

NEW CATALOGUE 77
2ND EDITION FOR AUTUMN
OVER 8,000 LINE ITEMS
Plenty of New Products and Ideas
3Sp POST PAID (25p to callers)

25696 0.35 253639 040 2N6101 5.65 BC142 1130 BCY32 1.70 BF245 0.34 TIP32A 0-51 LM7105 O II TAD100 1 95

25697 0.30 2N3641 0-211 2N6107 42 BC143 0.36 BCY33 1.06 13E246 0-75 TIP33A 040 LM723C 0 SS TBA120 0 65
219698 0.02 2N3702 6.17 256109 0-42 BC147 4.12 BCY34 1.20 BF254 5.24 TIP34A 4.90 LM723N 0 75 TBA400 1  50
25699 0.55 253703 4.15 256121 0-38 BC148 5-12 BCY311 244 13F255 5-24 TIP354 2.50 LM741C 0.05 TBA500 2 21
25706 0.24 253704 015 256122 0.41 BC149 0.13 BCY42 0 44 BF257 0.37 TIP36.4 3'35 LM7415 0.30 TBA5000
257064 0.12 2N3705 0.11 2N6123 0.43 BC153 0-27 BCY58 0.26 BF258 0.45 TIP41 A 0.70 LM741-8 0.40 2.30
25708 0-21 2N3708 018 256126 0-45 130154 O. 27 BCY59 0-25 BF2S9 0.49 TIP42A 0'00 LM747N 0.90 TBA510 2 21
25709 6.54 253707 0.18 40361 045 Bel S7 0-12 BCY70 0.25 8E459 6.45 TIP29c 0.50 LM748-8 0 SO TBA5100
25718 0.27 253108 CIS 40362 0.48 BC158 0.11 BCY71 0 26 BFR39 0-71 TIP30c 0.65 LM748h1 0-5O 2 30
257184 11.50 2N3709 440 40363 1.20 BC159 0.14 BCY72 0 24 BES214 2-60 TIP31c 0.66 LM3301 NO IS TBA520 2 21
257204 LSO 253710 0-16 40406 0-59 BC160 051/ BD115 1 20 BFS28 1-00 TIP32c 0.75 LM330251 -40 11345200
25914 0.35 2N3711 0.18 40407 0 45 BC161 0 50 80110 1.20 13E361 6-30 TIP33c 1.10 LM3401 0.70 2 30
25016 0-30 253712 1-24 40408 0.65 BC167 0 12 BD131 441 8E598 0-27 TIP34c 1 20 LM3900 0.75 TBA530 1 98
2N518 0.30
2N929 0-25

253713
2N3714

2.36
2.45

40409 0.65
40410 045

BC168 0.12
BC169 0 12

00132
80135

044
0.27

BFX29 0-31
BFX30 0.40

TIP4Ic 0 $5
TIP42c 0 55

LM3905 1 60
LM3909 0 60

TBA5300
2 07

25030 0-20
251131 0-00

253715
253716

2.55
2-80

40411 2.85
40594 0.75

BC170 0 15
BC171 0.14

80136
130137

0.37
6.38

BFX84 0.40
8FX85 0.41

TIP2955 0'65
TIP3055 0 - SS

MC1035 1 75
MC1303 1 47 TBA540 2 21

2N1132 0-50 2193771 185 40595 0 55 BC172 0.12 130138 0 36 BFX87 0-40 T1S43 0.30 Mc1304 1 85 TBA5400
2N1613 0.35 2N3772 240 40673 0 73 BC177 0.20 80130 0 40 BFX88 0.40 CA3020 1.711 MC1305 1 55 2 30
2N1711 0.37
2N1893 048

253773
253789

2.90
2-90

AC126 0.37
AC127 0 44

BC170 0-20
BC179 0 23

80140
BD239

0 40
0.4.

BfX89 1'25
13FY50 0.34

CA30204
2-25

MC1306 1 00
MC1310 1 91

TBA550 3.13
TBA5500

2N2102 0.141 2N3790 3.10 AC128 0 37 BC182 5.11 00240 0.45 13FY51 0 30 CA30284 MC1312 1 90 3 22
252218 0 33
25221840.37
2N2219 0.30
25221940 32
252220 0.35

2193791
253792
253794
253819
2N3820

3.10
3.54
0.26
0-34
0-30

ACISI V 0-35
AC152V 0 50
AC153 1149
AC1536 0 55
AC176 0 40

BC182L 0 14
BC183 0.11
BC183L 11-14
BC184 0-12
8c1841 0.14

80241
130242
80243
BD244

0.45

047
0'88
0.82

BEY52 0.36
BFY53 0'34
BEY00 1-37
BRY39 0'50
BSX20 0.31

1-01
CA3028B

1.21
CA3030 1-24
CA30304

MC1327 1 54
MC1330 0 92
MC1350 0.75
MC1351 1 20
MC1352 0.97

7845600
3 22

TBA570 1 29
TBA570Q

2N2221 0 22 2N3823 0.75 AC1766 0 60 13C207 0-12 00245 0.65 BSX21 0.32 1'19 MC1357 145 1.30

25222140.211
2N2222 0 25
25222240 25
2N2368 0 25
2N2369 0 2S

253904
2N3906
2N4036
254037
254058

0-21
0.22
0.87
0.55
0.20

AC1876 0 S5
AC1886 0 55
40181 0 IS
40162 0 05
AF106 0 55
AF109 0 75

BC208 0.11
BC212 0.14
BC212L 11-17
BC213 0-14
BC218L 0.10
BC214 0.111

BD246
BD529
BD530
80V20
BF115

0.
0 12
047
1.13
0.3$

BU105 1.50
BU205 2.20
ME0402 0.20
ME0404 0-15
14E0412 0-20
ME4102 0-10

CA3045 1.40
CA3046 0.89
CA3048 2.23
CA3049 1 66

CA3052 1 62

CA3053 0 60

MC1458 0 91
NE555 0 53
NE556 1 05
NE565 1 20
NE566 1 05
NE567 1 110

TBA641 B
2 50

TBA651 1 10
TBA700 1 52

71547000
1 SI

2N236940 25 254059 0.20 AF124 0.65 BC214L 5-17 BF117 0-70 ME4104 010 CA3080 0 68 SAS560 2 SO TBA7200
2N2646 0 75 2N4060 4-20 AF125 0 65 BC237 0-14 8E121 0.55 MJ480 1.35 CA30804 SAS570 2 SO 2 30
2N2847 1.40 2N4061 0.17 AF1213 0 65 BC238 0.12 BF123 0 55 MJ481 1.55 1 1/8 760035 2 SS TBA750 1 118

2N2904 0.31 2N4062 0 18 AFI27 0 65 BC239 0.15 BF152 0 25 MJ490 1 35 CA3086 0 31 760135 70 TBA 7500
25290440 37 2N4126 0.17 AF139 069 BC251 0-15 8E153 0 25 MJ491 1.55 CAJJ: 1 59 16013501 57 2.07
2N2905 0 37 254289 0-20 A F186 0 50 BC253 0.22 8E154 0 25 MJ2955 1.25 043019

44

760235 1 57 7I54800 1 20
25290540.3$
252906 0.2

2N4919
2N4920

0.65
0.70

A F200 0 70
A F239 0 74

BC2574 0.17
BC258A 0.17

8E159
BF160

0 35
0 30

MJE340 0 50
MJE370 0.58

04.1090 3 SO
CA3130 0.94 760335 2.55

T443014
7I34810 1.16
TBA820 1 93

25290540 25 2N4921 0 00 4F240 0 98 8C2598 0.18 13F161 0 60 MJE371 014 L518014 -65
1 50 TBA920 1 79

251907 0 21 2N4922 0-55 AF279 0 50 BC261 A 0.21 13E166 040 MJE520 11.45 LM301N OM 7443204 TBA 9200
25290740.22 2N4923 0.70 AF280 0 05 BC262B 0-19 8E167 0 35 MJE521 5.55 LM3075 0-6S 1 15 2 99
2N2924 0.15 2N5190 0.60 BC107 0 15 BC263C 0 24 8E173 0 38 MJE29551 .40 LM308C 1 02 TA 43504 184940 1 62

2N2926 0 13
253019 0 55
2N3053 0 30
2N3054 0.80
2N3055 0 70
2N3390 0 25

255191
255192
255195
2N5245

2N5294
2N5295

0.70
0-75
0.90
0-35
9.40
010

BC108 0 15
BC109 0 15
BC113 0.17
BC115 0.19
BC116 0-19
BC1164 0 20

BC300 045
BC30I 0 45
BC303 O ON

BC307 020
BC308 0.10
BC309C 0-25

BFI 77
13E178
13E179

BF180
8E181
8E182

0 30
0 35
0 35
0 40
040
0 45

MJE30550.115
MP8111 0-35
MP8112 0.40
MP8113 0 45
MPF102 0.30
MPS4050.23

LM308N 1.17
LM309K 2 10
LM3176 3 00
LM3185 2-25
LM323K 6.00
LM339N 1 75

2-A
T44521 1 00
TAA522 1-90
744550 0 60
7445601 NI
744570 2 30

TC4160C
1 IS

TCA160B
1 81

TC4270 2 25
TCA280A

1 30
2N3391 0.25
25331940.25

2N5296
2N5298

0 40
0-40

BC117 0 22
BC118 0 18

BC317 0.14
BC318 5.12

13E183

8E184
0 45
0 30

MPS4060-24
A PSA120 35

LM379N 3.05
LM380-8 0.88

744611E TC42904
3.13

2N3392 0 16 255447 0.15 BC119 0 30 8C327 11.20 BF185 0 35 MPS.4550-24 LM380N 0 95 744621 2 15 TC44204
2N3393 0 15
2N3394 0.15
253439 0 56

2N5448
255449
2N5457

0.1S
0-12
0-32

BC121 0.45
BC132 0 30
BC134 0 15

BC328 0.19
BC337 0.19
0C338 0 21

8F194
8F195
8E196

0.14
0 13
0 14

MPS4560 24
MPSU050 50
MPSU060 SS

LM381 A 2.45
LM381N 1 IN
LM3825 1.25

TAA6614
1.32

744661B
1 32

1 04
TC4736 3 22
TC4740 2 76

2N3440 0 64 2N5458 0.33 BC135 0 15 BC547 0.12 8F197 0 17 MPSU550 55 LM389N 1 00 744700 3 91 TCA750 2 30
2N3441 0 85 2N5459 0-22 BC136 0 19 8C548 0.12 8E198 0 It MPSU560 60 LM702C 0 75 7449304 TC4760 1 31
2N3442 1 35 2N5484 0-34 BC137 0 14 BC549 0.13 I3F200 0 35 TIP294 0 45 LM709C 0.65 1.00 TC4800 3 13
2N3638 0.18 2N5486 0.38 BC140 0 10 BCY30 1-03 BF225J 0 25 TIP304 0.49 744,9308 U44170 2 00
253636.40 16 2N6027 0-53 BC141 0 45 BCY31 1-06 BF244 035 TIP314 0 50 LM710C 0.60 1.05 U441802 00

QUALITY TTL FROM NATIONAL, ITT, TEXAS, SIGNETICS etc.,
7400 21 7411 0.28 7432 0 39 7451 0 21 7481 1 10 7495 0 70 74145 1 06 74164 1-23 74188 2 00
7401 21 7412 021 7437 0 55 7453 0 21 7482 0 87 7496 1-03 74150 146 74165 1.23 74189 3 99
7402 21 7413 0.51 7438 0 55 7454 0.21 7483 1 33 7497 4-60 74151 1.11 74167 3.70 74190 1 91

7403 21 7414 144 7440 0 21 7460 0.21 7484 0 85 74100 1.15 74153 1.11 74174 1.52 74191 1 91

7404 28 7416 0.61 7441 1 03 7470 0 46 7485 1 85 74107 0.43 74154 185 74175 1.35 74192 1 62
7405 28 7417 0 61 7442 0 75 7472 0 32 7486 o 41 74118 0.99 74155 1.11 74176 1.23 74193 1 62
7406 74 7420 0-21 7445 1 35 7473 0.43 7490 0 61 74119 1-N 74157 0-28 74180 1.77 74196 17
7407
7408

74
28

7423
7425

0.32
0.311

7446 1 23 7474 0.13
7447 1 17 7475 0.58

7491
7492

0'95 74121 4-46
0.61 74122 0.45

74160 1.41
74161 1-41

74181 374
74182 1 08 74197 1 17

7409 29 7427 0-38 7448 1.17 7476 0-51 7493 0 61 74123 0.58 74162 1.41 74814 2 41 74198 2 93
7410 21 7430 0 21 7450 0 27 7480 0 45 7494 0'74 74141 1.03 74163 1-41 74185 2 46 74199 2 93

VEROBOARD
1 MATRIX COPPER BACKED BOARD
2.5"x5" 50p 3 75" x 5" S6p
2.5"x3.75" 42p 3.75"x 3,75" SOP
2.5"x17" 1.54 3 75", 17" 1 99
Spot Face Cutters 74p pkt. 36 pins 36p
Full range incl. ind. hoard in catalogue

SOLDERING EQUIPMENT
Antex Irons Mod "C" 15 watt ES 20
Stand El '00 Mod x 25 25 watt £3'20
Spare tips 4, elements available
Multicore solder dispenser 36p

CLOCK MODULES
Built and tested -requires only switches
and transformer to complete. 12 or 24 hr
alarm modules.
MA1002F 12hr '5" display 11'90
MA1002H 24hr -5" dIsplay 11-N
MA1010E 12hr '84" display 17.00
MA1010G 24hr  84" display 1700

Transformers £1 50

CAR CLOCK MODULE
MA1003 Built Tested 12v supply 4
digit module 17 50

Data Sheet Sp + SAE

WE ALSO STOCK MOST
COMPONENTS FOR E.E.

'PROJECTS'
Our new catalogue lists en extensive
range of components and accessories.
invaluable info on pin connections etc.
Crystals Cases Transformers
Valves Fuses Heatsi nks
Chokes Books Indicators
Knobs Meters Hardware
Cables Data Sockets
Please remember -to add VAT to order.
Post and packing charge 40p.

TRIACS Plastic pack 400V
4 arnp 070 10 amp 044
8 amp 0 75 12 amp 1.10
8 amp 000 16 amp 111
DIACS

sBTR2100 42(lepp

BRIDGES
Full range of Bridge Rectifiers and
Diodes listed In New Catalogue
THYRISTORS Plastic 0106 Ito
5 amp 100V 0 35 8 amp 100V atl 43
5 amp 200V 040 8 arnp 200V 0-45
5 amp 400V 0 49 8 amp 400V 0.62

OPTO ELECTRONICS
Full range of Opto devices
In our New Catalogue
LEDS
3mm Red tip, Gr. 25p, Y. 2SP
5mm Red 20p. Gr. 26p, Y. 26p
TIL209 24p, ORP12 10P.
BPX25 E1 115
DISPLAYS 7 Scorn. t

Single Double Display
D L704 2.00 3.05 3" Red
DL707 2.00 3.09 3" Red
DL747 2-50 3.441 5" Red
DL750 2.50 3.441 5" Red

SEE MARSHALL'S FOR CMOS
C04000 0 20 CD4018101 CD4042 0 82
CD4001 020 C040191'10 CD4043 1
CO4002 0-20 CD40201.12 CD40440.94
CD40061111 CD4021 101 CD40451'43
CD4007 0-20 CD4022 0 97 CD4046132
CD4008 0.97 CD4023 0-20 CD40471 -II
C04009 0.57 CD4024 0'79 C04049
C 4010 0-57 C D 40250-20 C D4050   51
CD4011 0.20 CD4027 0-55 CD45101-S4
CD4012 0-29 CD4028 0.91 CD4511 114
CD4013 0-57 CD40291.17 CD45161 45
CD40141.111 CD4030 0 57
CC/40151M CD4031 226 00/518145
CD4016 0-56 C040370.97 CD45201 25
C04017 1-01 CD4041 0.53 CD4553 4 07
Please enquire about CMOS not listed

PLUGS -SOCKETS -COUPLERS
PL.

DIN 2 pin loudspeaker 10p
3, 1, 5, 6, 7 pIn 15p

COAX Standard T.V. 10p
PHONO. Red, BI., Wh.,

Gr. Yel 10p
JACK )" mono plastic 16p
3" mono screened 25p
1" stereo plastic 25p
-}" stereo screened 3Sp
3.5m standard 10p
2 55m standard 10p
MAINS USA 2 pin flat 15P

SK.
7p

12p
10p

7p
20p

25p

12p
10p
15p

Line
10p
15p
30p

10p
20p
30p
25p
45p
10p

15p

SWITCHES
SPST 60p
SPOT 66p
DPDT 70p
DPDT C/otT OOP
As above but micro
SPST 50p SPDT 55p DPDT 60p
Full range of rocker, slide & rotary
switches always In stock.
POTENTIOMETERSiK+2 meg
Lin or Log (E3) Single Double
Rotary Pots (1,101K log) 25p 75p
Rotary Switched 55p -
Sliders 45p 75p
Presets Hor. or Vert. -1W 9p 3W 12p

CAPACITORS
Ceramic 63 volt 1pf
to -01 MFD Op
Polyester C280 250v
-01 --1 Sp, -15-22
Bp

'33, 47,10p lid 17p
Full range 01 mica Polystyrene, Tanta-
lum, Polycarbonate, and electrolytic;
always in stock.
RESISTORS
10R-10Meg '25w 2p each. -5w 3p each
also 1w 2w 2-5w 5w 10w + metoxide In
stock. See catalogue.



The only organ you can build in stages and
tailor to your requirements as you go
along-and at each stage you'll have a fully
working instrument! We haven't got the
gimmicks (yet-they're coming soon), but we
have got the most beautiful sounds-you
won't find them on any organ less than twice
our price, So get our MESS° series leaflets
now! 65p buys the three available so far.
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TOOLS

We stock an excellent range of
tools especially for the elec-
tronics enthusiast. From miniater.,
wiring tools to multimeters in-
cluding soldering irons and
desoldering tools, screwdrivers,
cutters, pliers, strippers,
miniature electric drills for
p.c.b.'s, transistor tester etc.
Full details on catalogue pages
167 to 176.

Our bi-monthly newsletter keeps you up to a with
guaranteed prices - our latest special offers (they save
pounds) - details of new projects and new lines. Send 30p

r the next six issues (5p discount voucher with each copy

LIN ELECTRONIC SUPPLI
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR

Telephone: Southend (0702) 715155
Shop: 284, London Road, Westcliff-on-Sea, Ess.

(Closed on Monday) Telephone. Southend (0702147379

GRAPHIC EQUALISER

This high quality Graphic Equaliser will enhance even the most
sophisticated system at a fraction of the cost of a ready-made
equaliser of equal quality. You can get all the parts from us
(except woodwork) including drilled and printed metalwork.
Construction details in our leaflet, 15p.

PEDAL UNIT

A completely sel,contained pedal
unit. 13 -note ?octave range,
4 organ stops. It can be added to
any organ! A really unusual extra
is the bass guitar stop which uses
four envelope shapers to give a
real bass guitar sound. A must for
the solo guitarist. Full construction
details in our catalogue-post the
coupon below now!

TV GAME

Play fascinating games NOW
on your own t.v. in your own
living room. The kids will think
it's magic when the scores pop
up on the screen. Lay your bets-
-anyone could win-with Maplin's
prices everyone can win.
Complete kit to play four games
only £24.50. Add 35p for copy of
construction details. See our
June newsletter for details of
rifle kit,

IT'S A FANTASTIC BESTSELLER!
216 big [11" x 8") pages! Over a thousand illustrations!
Over 30 pages of complete projects to build!
Thousands and thousands of useful components described
and illustrated! No wonder it's a bestseller!

POST THIS COUPONNOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 60p

Please rush me a copy of your 216 page catalogue by return of post.
I enclose 60p, but understand that if I am not completely satisfied I may
return the catalogue to you within 14 days and have my 50p refunded
immediately.

ADDRESS


