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price bombshell!

STIALINl3 SOUND

THE FACTORY
organised in the name of better
service. Now our mail order dept.
is right where the goods are made

THE SHOP
really 3 shops-audio showroom,
component bargains, modules,
etc. etc. Well worth a visit

NO

V.A.T. @ POSTAGE

Jll EMS

+ NEW DIRECT FROM FACTORY DELIVERY SPEED-UP
Another FIRST for Stirling Sound and 13-12-P
Why worry any more about working out V.A.T. (121% on £4.87 plus 8% on L3.39. plus
85p for p/p, or should it be 54p?) We do it for you. Just send your order with the advertised
prices-we do the rest. The prices we give include V.A.T. at the appropriate rate and cost
of postage and package. Buy at our shop in person and we deduct the postage charges
automatically. This is not all. Now you send your orders direct to our factory (see below)

ii where we make Stirling Sound products and send back your order from there even quicker-
real time saving that! AND STIRLING SOUND PRICES REMAIN KEENLY COMPETITIVE
ALL THE TIME maintaining the lead we took in 1959 by being first in the U.K. to sell bargain
component packs. We've come a long way since then-with an exciting programme for the
seventies we're going even further!

YOU PAY THE PRICE YOU
READ AND NOTHING MORE
subject only to (very rarely) there being a printing
error or really vicious price rise in production costs.
You're SAFE when you buy from Stirling Sound-the
business that has grown on really understanding
customers' needs and interests.

SPECIAL QUOTATIONS TO QUANTITY BUYERS.
U.K. s6 OVERSEAS TRADE ENQUIRIES INVITED

BEST SELLERS 1N OUR 1977 RANGE OF Q.V MODULES
The Power Amps
SS.103 3 watt r.m.s. mono. Uses one I.C. pro-
tected against short circuit L2.33
S5.103-3 Stereo version of above using two
I.C.s L4.33
55.105 5 watts r.m.s. into 3 ohms, using 12V
supply £3.49
SS.110 10 watts r.m.s. using 24V and 4 ohm load

E4 05
55.120 20 watts r.m.s. into 4 ohms, using 34V

L4.61
SS.I40 Delivers 40 watts R.M.S. into 4 ohms
using 45 volts supply unit such as SS.345. Ideal
for small disco, P.A. etc. L4.99
55.1100 100 watts R.M.S. with heatsink mount-
ing flange and built-in protection against short-
circuiting L10-43
SS. I 100/H As SS.I 100 but with full size heatsink

L11.82
(Heatsink alone £1.39)

THE BARGAIN THEY ALL WANT!
IT'S THE S5.1100 100 WATT R.M.S.
AMPLIFIER MO 43) TOGETHER WITH
SS.370 POWER UNIT (L14 63) plus full size
heatsink for amp. (LI '39)
You pay L24.25
YOU SAVE £2.20 ! inc. VAT & pip
(Items bought separately come to E26.45-see
above)
Your chance to lay the foundations of a really
powerful disco or P.A assembly at a marvellous
price. This guaranteed Stirling Sound triumph
is built for real hard work, so why pay more?

Tone Control and
Pre -amp Modules
SS.I00 Active stereo tone control, r, I 5dB
on both bass and on treble L3.00
S5.101 Stereo pre -amp for ceramic cartridges,
etc. Passive tone control details supplied. E2.33
SS.102 Stereo pre -amp for low output magnetic
P.Us. R.I.A.A. corrected. With circuit for
adding passive tone control E4.04
UNIT ONE
Combined pre -amp with active tone -control
circuits. ± I 5dB at lOkHz treble and 30Hz bass.
Stereo. Vol./balance/treble/bass. 200mV out for
50mV in. Operates from 10 to 16V supply. E9.00
UNIT TWO
As Unit One, but for magnetic pick-ups. For
inputs 1 to 5 mV per channel. R.I.A.A. corrected.
Adaptable to ceramic. Designed to genuine hi-fi
standards E12.43

The F.M. Tuning Modules
SS.201 Front end tuner, slow geared drive, two
gang. A.F.C. facility. Tunes 88-108 MHz. L5-90
SS.202 I.F. amplifier. Metering and A.F.C.
facilities E3.46
SS.203 Phase lock loop Stereo Decoder for use
with the FM mono tuners. A LED may be fitted

£419
SS.203-1 Coil -type stereo decoder Neg. earth
with I.C. L3.06. 55.203-3 Pos. earth transistor
decoder C250

Every effort is made to ensure correctness
in 'motion at time o oin to ress STIRLING SOUND DEPT. PW6,

37 VANGUARD WAY,
SHOEBURYNESS, ESSEX
Telephone-Shoeburyness (0702-28) 5543

8 POWER UNITS
AT VERY COMPETITIVE PRICES
Firstly, the range covers well over 65% of all
constructors' needs. Secondly, with 13-15 volt
take off points on all models except SS.312, you
get a valuable bonus; thirdly, the stabilised
models with variable outputs complete a range
to suit almost all requirements.

S5.312 12V/IA L6-35
SS.318 18V/IA E6.54
SS.324 24V/ 1 A E727
55.334 34V/2A E8.31
55.345 45V/2A L9.98
55.350 50V/2A E10-38
SS.370 70V/2A E14.63

SS.310/50 Stabilised power supply with variable
output from 10V to 50V/2A. Built-in protection
against shorting E16.69

SS.300 Power stabilising unit 10-50V adjustable
for adding to unstabilised supplies. Built-in pro-
tection against shorting £502

GET MORE OUT OF YOUR CAR
with a STIRLING SOUND "SUPER SPARK"
Mk5 electronic ignition unit. Adjustable for
pos. or neg. earth. Simple rev. limiting control;
on -off imobilising switch; switch for instant
revert to normal ignition; neon indicator. In
strong, totally enclosed metal box 16cm x
12cm x 10cm. 12 mths. guarantee.
yam fete L1028 £1 2kitof pares cesced

SHOP AND SHOWROOM
220-224 WEST ROAD, WESTCLIFF-ON-SEA,
ESSEX SSO 9DF
Open all day Saturday
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AMAMI
By A. J. BASSETT

I

THERE
are many ways in which

fish may be attracted and
caught. Some ways are legal and
sportsmanlike. Other methods are
illegal, unsporting and in some
cases so efficient that, in the hands
of irresponsible persons they
could quickly clear our fishing
places of stock and might, if un-
controlled, even lead to the extinc-
tion of whole species of fish.

One method which is illegal, but
which might, paradoxically, be
useful in helping to conserve the
fish stocks if it were correctly
used, involves passing electronic
currents through the water in
which the fish live. If a heavy
current is used, the fish are
stunned, paralysed or even killed
by its effects.

If a weaker current is used it
has an effect on the muscles and
nerves of the fish, causing them to
swim towards one of the elec-
trodes in a zombie -like manner.
Most fish are unable to escape
this compulsion and are in effect,
trapped the moment the current
begins to flow in the water.

PRINCIPLES OF OPERATION
The electronic fish attractor

described here is legal and sports-
manlike; it does not cause elec-
tronic current to flow in the water
or rely on anything illegal. The
fish are attracted, by their own
curiosity, to the vicinity of the
device, and, having investigated
the strange object, are free to
swim away.

However, if a fisherman's hook
is placed near the attractor with
a suitable bait, the chances of a
catch are definitely increased.
The fish, having investigated the
electronic attractor and found
that they cannot eat it, will be
quite likely to take the bait. It's
this element of chance, combined
with the fact that the fisherman
must still exercise his skills in
order to land a catch, that
separates this electronic fish
attractor from other less sporting
methods.

Fish are naturally attracted by
certain sounds and repelled by
others. Low audio frequencies are
for most fish a danger sign from
which the fish will flee.

The clicking, buzzing and other
high-pitched sounds made by
insects and other potential prey
are very attractive to fish, and a
small flashing light is also attrac-
tive, especially at night or in a
dark pool. Many highly -effective
fish attractors have been made by

THE VERT IDEA

The idea for a Sight & Sound Fish

Attractor was proposed by a reader of

E.E. who receives oJr special award.

mechanical or electrical means to
produce similar sounds, or sounds
in the same frequency range. The
use of lights to attract fish,
especially for night fishing, is also
well known.

CIRCUIT DESCRIPTION
The complete circuit diagram of

the Sight And Sound Fish
Attractor is shown in Fig. 1. Tran-
sistors TR1, TR2 and associated
components form a circuit called
an astable multivibrator (free -
running square wave oscillator)
which operates as follows.

When the circuit is switched on,
both transistors attempt to turn
on (become conducting) but due
to component tolerances, one will
draw current faster than the
other. Say for argument's sake
TR1 turns on faster than TR2,
then the voltage on the collector
of Till will become more positive,
and this change will be fed back

FOR
GUIDANCEONLY  
ESTIMATED COST
OF COMPONENTS

excluding VAT.
£3.00

excluding fishing line
and weights
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R3 1012

RI
1700
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TR1
AC -28

D2
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CI 100p
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R5 2200 100kI2

C3 inn
/OFF

VR2
100k!) R6 10512

TL1
(SEE TEXT)
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GRAVITY
SWITCH

B1
I -5V

Fig. I. Circuit diagram of the Sight and Sound Fish Attractor. Switch SI is a home constructed gravity switch.

to the base of TR2 via C2 and R4.
A positive voltage on the base of
TR2 will cause TR2 collector
current to fall thereby causing
the collector potential to move
towards the negative rail. This
falling negative voltage is fed
back to the base of TR1 via Cl
and R3 causing TR1 to conduct
more and in turn cause TR2 to
move towards a non conducting
state.

This regenerative action will
continue until TR1 is completely
on and TR2 is off. Only one tran-
sistor can be on at any one time.

Capacitor C2 now charges via
D2 and R4 until the charge on
the positive plate reaches a
sufficiently negative potential such

that TR2 starts to conduct and
switches hard on. We now have
the situation where TR2 is on and
TR1 is off.

Since the collector voltage of
TR2 is at a low potential,
capacitor Cl is free to charge via
D1 and R3. The capacitor in
charging reduces the collector
current of TR1 and increases the
voltage. This increase is fed back
via C2 and R4 to the base of
TR2, thus increasing the action
still further. This continues until
such time as when TR1 is on and
TR2 is off. The entire process
continues in this way illuminating
the l.e.d.s, each time the tran-
sistors switch on and off, thus
producing the "sight" part of the
attractor.

RED (FLASHING)

LOW FREQUENCY
MULTIVIBRATOR

GREEN (FLASHING)

AUDIO
OSCILLATOR

STEEL LID

MAGNETIC
EARPIECE

HOW IT WORKS

COCK

) CLICK

o -
)41141,1004

The fish attractor comprises two oscillators. The first oscillator
runs at a low frequency about 1Hz and causes two I.e.d.s to flash
on and off. The I.e.d.s have been chosen to be of different colours,
one red, one green to enhance the effect.
The second oscillator is set to produce an audible tone in the
magnetic transducer attached to the lid of container holding the
unit. The lid being of "magnetic" material oscillates in sympathy.
To enhance the sound effect produced the output of the first
oscillator is used to modulate the second to produce both clicks
and a varying audio tone.
The resulting combination of lights and tone has a strange effect
on fish, in which they find themselves attracted to the source, and
hence the bait conveniently left there by the angler.

Components TR3, TR4 and
associated circuitry form a second
oscillator, this one being known
as a relaxation oscillator. The
principle of operation of this type
of oscillator is that capacitor C3 is
charged up to a pre -determined
value and then rapidly discharged
through the transistors TR3 and
TR4 and this process repeated.

At the instant of switching on,
capacitor C3 is discharged, hence
the emitter voltage of TR3 is
more positive than its base. There-
fore no current flows in TR3 and
remains non -conducting. As a
result no base current flows in
TR4 and so this is also in a non-
conducting state.

The capacitor begins to charge
through TL1, VR2 and R6 and a
point is reached where the emitter
of R3 becomes less positive than
the base and TR3 starts to switch
on (conduct). This allows TR4 base
current to flow i.e. TR4 begins to
conduct. Because the collector/
emitter resistance of TR4 has now
reduced slightly due to its con-
duction, the potential on the base
of TR3 is made to rise causing
TR3 to conduct more heavily,
which in turn causes TR4 to con-
duct more (reducing still further
the collector/emitter resistance).
The end result is that both tran-
sistors become saturated (turned
on fully).

The capacitor now starts to dis-
charge through VR2, R6 and the
collector/emitter resistance of
TR4. As C3 discharges, TR3
emitter potential rises and so
reduces TR3 collector current and
hence TR4 base current. The
resultant increase in the collector/
emitter resistance of TR4 reduces
the potential on TR3 base thereby
reducing collector current. This
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clearly leads to both transistors
being fully off with the capacitor
discharged. This chain of events
is repeated for as long as the
supply is connected and produces
an audible tone in TL1, the
collector load of TR4, forming the
"sound" section of the attractor.

A modulated tone is produced
in TL1 by coupling the output of
the first oscillator to a voltage
sensitive point in the second
oscillator, this point being the
emitter of TR3.

The flash rate of the l.e.d.s may
be altered by changing the values
of R1 and R2 or CI and C2,
however the values of these
capacitors determine the bright-
ness of the I.e.d.s if they are de-
creased to a very low value, this
will result in an apparent loss of
brightness.

By varying the resistance of
VR2, the basic frequency of the
relaxation oscillator m a y be
changed, and by altering the value
of VR1, the modulating signal,
which consists of a series of
square waves may also be
changed.

TRANSDUCER
The circuit may be installed in

a container such as a clear screw-
top jar with a thin steel lid. A
low-cost magnetic transducer
causes the steel lid to vibrate at
the frequency of the audio oscil-
lator.

By this means the audio output
of the oscillator is coupled to the
water in the form of acoustic
waves, Fig. 2a shows how the
transducer operates.

A horseshoe magnet carries a
coil of wire, and a pulsating
current through this coil causes a
soft iron diaphragm to vibrate at
the frequency of the pulses.

A vast number of moving -
d i a p h r a g m headphone -inserts
were made for the Government
and these are available at a
number of Government Surplus
and electronic stores. The correct
type can be easily identified by
unscrewing the cover, which re-
veals the loose iron diaphragm.
When this is removed the poles
of the magnet can be seen. The
d.c. resistance of the coil is
usually about 25 ohms.

Instead of using the iron dia-
phragm which comes with the
headphones insert, place the
magnet and coil assembly inside
the lid of the jar, so that the rim
of the inset automatically spaces
the steel lid a little away from
260

Components ,st) 1""
um IN

Resistors
RI 470 S2
R2 470
R3 1052
R4 1052
R5 22052
R6 I Okil
R7 4.7k12
R8 2.2k12
R9 10t2
All PN ± 10% carbon

Potentiometers
VRI 1004(0 horizontal skeleton preset
VR2 1001d1 horizontal skeleton preset

Capacitors
CI 100,uF elect. IOV
C2 100,uF elect. 10V
C3 10,uF elect. lOy

Semiconductors
TR I ACI28 germanium pnp
TR2 ACI28 germanium pnp
TR3 AC176 germanium npn
TR4 ACI28 germanium pnp
DI TIL209 light emitting diode (green)
D2 TIL209 light emitting diode (red)
D3 0A47 or similar germanium diode

Miscellaneous
TL I magnetic transducer insert (see text)
SI gravity switch (see text)
BI 1.5V U7 battery
Stripboard 0.1 inch matrix 10 strips x 21 holes; small plastic tube; small ball -
bearing; washer; wide necked screw top jar; Blu-tak or plasticine as
required; 18 s.w.g. or 20 s.w.g. soft steel wire (see text); fishing line, weights
as required; connecting wire; solder.

See

Shop
Talk

page 263

the magnets, but the insert is
magneticaly stuck to the lid.
Momentarily connect a 1.5 volt
battery to the coil. A loud click
should be heard from the lid. A
small quantity of adhesive may
then be used to attach the lid to
the rim of the insert. Do not use
a lot of adhesive as this may
interfere with the efficiency.

Alternatively, remove the
plastic ear insert and the soft
iron diaphragm from a magnetic
type radio or hearing -aid piece,
and attach the magnet and coil
assembly to the inside of the lid.
In this case, there is usually a
central pole -piece, around which
the coil is wound, surrounded by
an outer circular magnet as shown
in Fig. 2b.

GRAVITY SWITCH
The author considered a number

of methods of switching the
circuit on and off, without open-
ing the jar, as it would disturb
the waterproof seal each time.
Magnetic switches operated by

means of the influence of a
magnet through the glass, were
considered, as was a mercury
switch which proved successful
but because the latter are not
readily available, a home-made
gravity switch was devised using
a moving ball -bearing to make
contact.

The construction of the gravity
switch is shown in Fig. 3. A short
piece of plastic tubing, and a
ball -bearing are chosen so that
the ball -bearing is a loose fit
inside the tube and will easily
roll about. Two small holes are
drilled opposite one another about
3mm from one end of the tube,
and into each hole is inserted a
bent piece of solid copper wire,
so that when the ball -bearing falls
to this end of the tube, it bridges
both pieces of wire and switches
the circuit on.

A check is made to ensure that
the ball -bearing makes and
breaks contact freely when the
tube is tilted. The opposite end of
the tube is then sealed by cement-
ing in place a plastic disc or a
Everyday Electronics, June 1977



SOFT IRON DIAPHRAGM

(a)

SOFT STEEL
BACK PLATE

COIL

CENTRE POLE PIECE (AROUND
WHICH THE COIL IS WOUND)

S

MAGNETIC
FERRITE
RING

SOFT IRON DIAPHRAGM

(b)

BI +ve

D

of

Fig. 2 (a) Illustrating the operation of a transducer.
(b) A small earphone is usually constructed as in the
diagram. For use in the Fish Attractor, the plastic
insert and diaphragm are removed.

END COVER

PLASTIC TUBE

BALL BEARING TR1,2,3 & 4
UNDERSIDE VIEW

TWO CONTACT WIRES
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Fig. 3. Construction of the gravity switch. Ensure that
the ball bearing makes and breaks contact freely.

BI -ye

Fig. 4. Component layout on the stripboard, also show-
ing the breaks required on the underside.

Photograph showing the completed circuit as built on
a piece of stripboard.
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suitably sized washer. This traps
the ball -bearing in the tube and
completes the construction of the
gravity switch.

CONSTRUCTION AND
TESTING

The circuit is built on a piece
of 0.1 inch matrix stripboard size
10 strips by 21 holes. The layout
of the components on the topside
and the breaks to be made along
the copper strips on the under-
side of the stripboard are shown
in Fig. 4. The layout is not critical
and may be changed to suit re-
quirements.

Begin by making the breaks
and then positioning and solder-
ing the resistors, capacitors,
potentiometers and gravity
switch leaving the semiconductors
until last. It is recommended that
a heatshunt be used on the leads
of the semiconductors when these
are being soldered in position
reducing the risk of thermal
damage from the hot soldering
iron.

The magnetic earpiece trans-
ducer is next connected to the
board by means of about 15cm
of thin flexible twin wire, and
the battery connected by means
of short lengths of wire soldered
to its terminals. If the battery is
not leakproof, it should be
wrapped in several layers of blot-
ting paper.

The circuit can now be tested.
When the stripboard is held with
the component side upwards, the
gravity switch should make con-
tact, the l.e.d.s should begin to
flash alternatively, and if the
transducer is placed in contact
with the lid of the jar, it should
produce a sound dependent upon
the setting of VR1 and VR2.

The sound can be varied from
a series of clicks through a low
buzz to a high pitched note, which
varies in sympathy with the flash-
ing of the l.e.d.s all of these
sounds appear to attract fish and
the degree of attraction depends
upon the type, age and size of
the fish, among other factors
which allow plenty of room for
experiment.

To install the circuit, use a wide
necked screw top jar. Press a
layer of Bostik-Blu-Tak or
plasticine over the bottom of the
inside of the jar, which must be
clean and dry in order that the
material will stick. It also helps
if both the jar and the material
are slightly warm. Use a quantity

sufficient to ensure that the jar
will float upright in water, but
insufficient to cause it to sink
when the circuit components and
lid are added.

Press the circuit board and
battery lightly into the material,
as in the photograph and secure
in place using several strips of
plasticine.

When satisfied that it is in work-
ing order, and the gravity switch
is functioning satisfactorily seal
the lid in place with a thin layer
of Blu-Tak or other non -setting
water-resistant adhesive to act as
a water resistant seal.

Although the lid should be
easily removable for adjustment
of VR1, VR2 and battery chang-
ing, it is best not to open the jar
very frequently as this may re-
quire frequent attention to the
water seal.

WIRE CASE
Prepare a wire case for the jar

as shown in Fig. 5 using soft steel
wire about 18 s.w.g. or 20 s.w.g.
Suitable wire is often used for
binding parcels or packing cases,
and this is best as it is treated
with a rust -resistant coating.
Alternatively thin birdcage wire
can be used, and is obtainable
from some pet stores. Three
fixing -loops are made, equally
around the neck of the jar and
connected to a fourth loop under-
neath.

Now the jar may be used with

DEPTH ADJUSTMENT -

Fig. 6a. Using a float and weight to
position the unit.

ADJUST DISTANCE
FROM BOTTOM

FIXING RINGS

Fig. 5. Details of the wire cage.

a float and weight as seen in
Fig. 6a, or with a weight only as
in Fig. 6b, as circumstances re-
quire, together with a recovery
line for retrieval.

USING THE ATTRACTOR
When using the attractor with

a weight only, the length of line
between the weight and the
attractor will determine the
distance between the attractor
and the bottom.

The breaking -strain of this line
should be less than that of the
recovery line, so that if the weight
is caught by some underwater
obstacle, a heavy pull in the re-
covery line will snap the thinner
line and allow the jar to float
free.

A useful tip here, is that if a
float is also being used, and the
weight is lost in this way and, if
by some misfortune the recovery
line also comes off, the attractor
can be recovered by casting in
between the jar and the float.

Remembering too that for posi-
tive sinking in salt water a
heavier weight is needed than for
fresh water, and that by tying a
cloth around the weight the jar
is less liable to be broken.
Good Fishing! I=1

WEIGHT

Fig. 6b. Positioning the unit using"bed"
weight and own buoyancy.
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CTRONIC SUPPLIES

By Brian Terrell
New products and component

buying for constructional projects.

AS FROM this issue I shall be writing
this column now that Mike Kenward

has departed, and will endeavour to
maintain the high standard of the
services of this page that you have been
accustomed to in the past years.

Component Packs
Two packs of components arrived on

my desk last month, for my inspection,
from Home Radio Ltd. One contained
400 resistors with values in the E12
range from 4.7 ohms to I megohm, all
gold band tolerance (5 per cent) with
wattages in the range to .1.W. This
pack designated SP22 costs £6 excluding
V.A.T., making the cost per resistor

The other pack, No. C121 contained
many different types of capacitor and
covered an extensive range. There

The contents of the SP22 resistor pack.
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were 30 electrolytics, 22 silver mica,
20 paper/polyester and 32 ceramics,
with values between I  5pF and 5000µF.
The cost of this is £7 excluding V.A.T.
giving a mean unit price of 7p. These
packs could make an economic start
for those wishing to build up a stock of
components for project building.

Last Month
In the May '77 issue we published

details for building a Remote Reading
Thermometer which specified the use of
a 10mA d.c. meter. Some readers have
found difficulty in locating a meter of
the type specified/used in the proto-
type. Only more expensive types could
be found. We see from advertisements
that I mA types are more readily
available at less cost. These can be used
if fitted with a shunt resistor (RS) the
value of this being determined from
Rs = 0.11 x meter resistance (ohms).
The minimum wattage required is

obtained from W = (0.009)2 x Rs watts.

Electronic Component Kit
The Denshi electronic construction

kits now available from Electroni-Kit
Ltd., (advertising in this issue) are ideal
for those people who want to learn
about electronics but do not wish, or
do not feel competent enough to
handle a soldering iron, component
board, wiring etc. The method employ-
ed in this system is that of plug-in
components encapsulated in trans-
parent plastic boxes which are marked
with component symbol and value.

All kits are accompanied by manuals
which explain technical details of
projects with diagrams and expla-
nations.

The three kits available SR -3A
(100 projects), SR-3ADX (105 projects)
and SR-4ADX (150 projects) also in-
clude basic electrical experiments and
theory such as Ohm's law, resistors in
parallel and series etc.

Transistor Lead Out Indicator
There should be no buying problems

encountered when buying components
for the Transistor Lead Out Indicator.
The 3 -pole 6 -way switch seen in the
photograph is most difficult to locate,
hence the Maka switch assembly
specified-these are available from
many component suppliers. Some con-
structors may be lucky enough to find
a suitable type in a Government
surplus store and save themselves some
cash as the Maka switches are costly.

Almost any miniature push-pull out-
put transformer will do for the in-
ductor, if not you have details for a
home-made version which will probably
call for a larger case than that listed.

Sight & Sound Fish Attractor
Only two components out of the

ordinary are called for in the Sight and
Sound Attroctor these being the magnetic
transducer insert and the gravity
switch. The first component is dealt

with fully in the text and you have two
alternatives. If you are going to cut
open an earpiece, make sure that it's
the magnetic type as this is the only one
that will work.

Mechanical details are given in the
text for constructing the gravity
switch. Instead a mercury switch can be
used, a suitable type is available from
J. Bull (Electrical) Ltd., 7 Park Street,
Croydon, Surrey for a cost of £1.95
including V.A.T. and post and packing.

Remaining Constructional
Projects

Very few components are used in the
remaining two constructional projects
this month and all should be easily
obtainable. With regards the relay in
the Door Chime Inhibitor any type that
will operate from a 9 volt battery and
has two sets of normally open contacts
may be used. Bear in mind that if a type
other than that specified is chosen, the
wiring up on the component board will
probably need adjustment.

Bright Idea
An American invention, known as a

Lightstick, is now available in the U.K.
It provides up to 10 hours of light
without using batteries, flame, sparks
or heat. The light is the result of a
chemical reaction contained in a 125mm
long plastic tube, activated by bending
the tube.

It provides sufficient light in an
average sized room for reading, tele-
phoning, repairs, etc, and can also
be used with complete safety in
potentially dangerous environments
where petrol and gas are about.

The light produced can be seen a
mile away; it is unaffected by adverse
weather conditions and works under-
water.

Generally available in the shops
later this year priced at £1.95 per
pack of three, but at present only
available from Tye Security Ltd.,
Dolphin Road North, Sunbury -on -
Thames, Middlesex.

A motorist putting a Lightstick to
good use.
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Only allo
times t

ne "ding dong" from your chime however many
bell -push is operated during a preset period

THE
OtOle unit to be dt*bed

wa,Ktfesigned to thve'ig the
efforts et those bent on
ing thCOthor's sanity. T t: are
various:; *vays of abusig door
chime#44.11 of them aXf#0)ng.
Child*Cli sometimes gi# the
buttoreW*ery short press; 3That
the oft" part of the ing-
dong" 'idly sounds, a hey
tend r#:.:4;lo this over a ver
again..::A)Pe tradesman, ling
rung of '< chimes and no ..eiv-
ing attgf*mediate replydift.g. it
again,li:1#60 again. This of
thing f#::.paranteed to dist any
sleepitfifWby.

Since door chimes ogkpud
enough be heard with js one
"ding4t*", the follow{"cir-
cuit '''14evised to imp <this
limitatia00 It allows o

"ding-dong" no matter how the
button is pressed. Further press-
ing will give no results until
about 20 seconds have elapsed
and this time delay may be easily
varied to suit individual require-
ments.

THE CIRCUIT
The circuit is shown in Fig. 1

and is seen to be hardly "elec-
tronic" at all, in the sense that
there are no active components.
It consists of a general-purpose
relay, which is an electro-
mechanical component, a resistor
of about 10 kilohms and an
electrolytic capacitor of about
1,000 microfarads. Details of the
relay are given later.

On pressing the bell -push, and
thus closing the circuit, the relay

HOW IT WORKS;

BELL
PUSH

r --

SOLENOID

L__

DECAYING
CONTROL
VOLTAGE

ELECTROMECHANICAL
SWITCH

D 4

DOOR
CHIMES

On depressing the bell -push the chimes start to sound but
further chime action is prevented by the electromechanical
switch becoming open circuit. It is kept in this state by the derived
control voltage. Further action of the bell -push has no effect.

After a while (about 20 seconds in the prototype) the control
voltage decays to a level such that the switch is once again closed
(rest position). This process is repeated next time the bell -push is
operated.

is energised and the capacitor
begins to charge up from the 9
volt battery. This charging
current falls off as the capacitor
charges and, typically, takes about
one second for the relay to drop
out into its original state.

The relay switches the chimes
via RLA2, one set of normally -
open contacts, which remain
closed just long enough to give
the initial ding-dong. If this time
is too short or too long, a different
value of electrolytic capacitor can
be tried, or a different relay used.
A higher value of capacitor will
give a long 'ding dong',
while a smaller value will have
a shortening effect.

CHARGE AND DISCHARGE
TIME

Further operation of the bell -
push will fail to work the chimes
because the capacitor will be left
in a charged state and cannot be
charged further and so will not
allow sufficient current to flow to
energise the relay. Under such
conditions the capacitor would
take a long time to discharge
sufficiently to render the circuit
operational again and so a
resistor of 10 kilohms is placed
across it. This allows the

FOR
GUIDANCE
ONLY  0.
ESTIMATED COST
OF COMPONENTS *

excluding VAT.

£2.50
excluding case
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Fig. I. The complete circuit diagram of the Door Chime Inhibitor.

capacitor to discharge through the
resistor in about 20 seconds.

If it is required to shorten or
lengthen this time, a lower or
higher value resistor could be
used, but a more flexible arrange.
ment is to use a small preset
variable resistor of about 100
kilohms which can be adjusted to
give the desired time factor.

Another feature of the circuit
is that even a very short press of
the bell -push will give a full ding
dong. This is because a second
set of normally -open contacts
(RLA1) on the relay short cir-
cuits the bell -push while the relay
is energised.

OPERATION OF RELAY
Constructors who have not pre-

viously used relays may find a
brief description of their action
helpful. A small current flows
through a coil consisting of many
turns of fine copper wire. This
coil is wound around a soft -iron
core so that as the current flows
it becomes energised and behaves
as a magnet. Near the coil is an
armature which is attracted to it
by the magnetic field and in
moving is caused to make or
break various contacts which may
be used to switch circuits on or
off.

When the current is turned off,
the magnetic field collapses and
due to spring action the armature

Everyday Electronics, June 1977

moves away to its original posi-
tion, thus rendering the relay
static again.

The simplest relays have only
one normally -open or one
normally -closed set of contacts.
Normally -open contacts will
switch a circuit on when the relay
coil carries current; normally -
closed contacts will switch it off.
Relays frequently have change-
over contacts, which are a com-
bination of normally -open and
normally -closed contacts.

CHOICE OF RELAY
The relay to be used for this

project should not have a coil
which demands a high voltage for
operation. Some 'surplus' or
cheap relays have 24V coils and,

although they may very well work
on less than this, they are unlikely
to operate reliably from a 9V
supply as specified here.

Some 12V relays may prove to
be suitable, but reliable operation
is essential and they must be
checked by connecting their coils
to batteries, taking care to avoid
touching the bare connections
with the hands. The rapid col-
lapse of the magnetic field causes
a high induced e.m.f. which can,
on occasions, deliver an un-
pleasant shock!

The relay chosen for the proto-
type was a Doram type No 348-
908, which has a coil resistance of
185 ohms; coils with resistances of
much less than this are unsuit-
able. This relay operates reliably
from about 6V upwards.

Components 9l'III
-ft, ow

110

Resistor
RI 10k0 PA/ carbon ± 10%

Capacitor
C I 1000µF 10V elect.

See
Sho
Tali(

page 263
Miscellaneous

RLA 9V 185 ohm relay with at least two sets of normally open contacts
(Doram 348-908)
81 9V type PP3
Plain matrix board 0.1 inch pitch size 36 x 21 holes; p.c.b. type base to suit
RLAI; Veropins; case to suit; battery clip to suit B I ; connecting wire; solder.
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Fig. 2. The layout of the components on the topside of the plain matrix board and
the interconnections on the underside.

The relay to be used must be
fitted with two sets of normally -
open contacts. The 348-908 has
two pairs of changeover contacts
which, of course, may be used as
normally -open contacts. If a relay
is fitted with too many unused
contacts, the mechanical com-
plexity may render it slow and
perhaps unreliable. The resource-
ful constructor may take such a
relay to pieces and remove any
unwanted contacts.

It was decided to power the
prototype from a small 9 volt
battery mounted on the circuit
panel itself. Although a battery
clip is shown in the diagram, the
connections could be soldered
directly to the terminals since
battery life will be quite long. It
is possible to draw the power

from the batteries of the door
chimes themselves, if they are
battery operated, but if they are
run from a transformer then the
trouble of providing rectification

E

and smoothing would not
worthwhile.

CONSTRUCTION
The layout of the project is non-

critical, as the drawings of the
prototype will reveal. Layout
details and wiring will depend
largely on the type of relay used.

When wiring up, however, be
sure to observe the polarity of the
electrolytic capacitor (the positive
end is marked + or will be
colour coded; the negative end is
connected direct to the metal
casing). The capacitor should
have a working voltage in excess'
of 9V and, although small 15V
types are available (and suitable),
a 25V one was used in the proto-
type because it happened to be
handy.

The battery itself was secured
to the matrix board by the simple
but effective method of using two
loops of wire to secure it in place.

The unit should be housed in
some kind of small box, prefer-
ably of wood. If a metal box is
used, take care not to short cir-
cuit any of the wiring.

CHECKING THE UNIT
Basic operation may be

checked, without connecting the
unit to the chimes, by listening to
the clicking of the relay. Final
checking, to ensure that it is
working as desired, will be made
by temporarily connecting it to
the chimes. To do this, the two
bell -push wires should be broken
at some convenient point. The
broken ends still leading to the
bell -push are then connected to
the points marked X -X in the cir-
cuit diagram (i.e. to RLA1 con-
tacts) and the ends of the wires
leading to the chimes are con-
nected to the points Y -Y (i.e. to
RLA2 contacts).

Concerning Doing It Digitally Part 6, there is
an error in Fig. 6.5 which gives details of a
tape reader. The "post" between the ones
marked "recorded" and "B" should read OV
and not as printed. The diagram in
Fig. 7a is correct.

With reference to the Info. Chart presented
free with the March '77 issue, there is a mistake
in the capacitor colour code table. The "Tens/
Units" column under "C280 Series and
Ceramics" should read the same as the "Tens/
Units" column under "Tantalum Capacitors".
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Physics
is FUN! By DERRICK DAINES

Pitch and Volume
THE pitch of a note is entirely

dependent upon the number of
pressure waves reaching the ear in any
small unit of time. This is termed its
frequency, in the past expressed as
c.o.s. (cycles per second) but nowadays
in hertz (contracted to Hz.) The terms
are synonymous. The humming top is
a familiar example but observers
sometimes think that the sound is

getting louder when in fact it is
getting higher. They are not to be
scorned for this since the human ear
is not too good at the differentiation at
the extremes of the hearing range,
generally given as about 50Hz to about
15,000Hz.

Readers with access to a variable
tone generator can conduct a series of
experiments on the acuity of their
friends' hearing, but start with the
generator giving a note outside the
range of human hearing and ask them
to raise a hand when they hear it and
not vice -versa, as sometimes a zealous
participant will insist that he can still
hear the sound long after it has been
switched off! It goes without saying
that the speaker system used must be
able to generate these very high
frequencies.

A reasonable substitute to a tone
generator is afforded by a paint -
stirring paddle in an electric drill that
is fitted with a variable -speed control
see Fig. I. The drill is mounted in a
frame and a springy flap of metal is
arranged so that the paddle blades
strike it. If the drill is run at full speed

Fig. I. A note is produced when a paint
stirring paddle is struck against a

springy flap of metal.

the metal flap acting like a sounding
board will give off a note which is the
product of the motor speed and the
number of paddle blades. Slowing the
drill will lower the tone, lower and
lower, until the individual beats will
be discernible.

Cardboard Discs
A toy suitable for children to play

with is made out of four discs of
tough card, see Fig. 2. Cut them all
the same size with a radius of about
10 to 12cm and pierce the centres with

a knitting needle. Now round the
circumference of the first disc mark
out 12 teeth equidistant. The others
have 24, 36 and 48 teeth respectively.
Mount them on the knitting needle
with a slice of cork between each,
secured with a dab of glue. The whole

Fig. 2. If a card is held against all four
discs, a chord is heard when the
knitting needle is rotated.

arrangement may be spun by a small
electric drill, driven by a clockwork
motor, or by some domestic appliance
such as a food mixer.

A strip of postcard applied to each
disc in turn will produce four different
notes, while if a wider strip of card is
allowed to touch all four at once a
pleasant chord is sounded. In fact, if
we call the lowest notes the funda-
mental, the others are the 2nd, 3rd and
4th harmonics respectively. Incidentally,
this tone -wheel system is the founda-
tion of the Hammond organ sound.

In our cardboard toy all the discs
sound at roughly the same volume or
amplitude. Were we to make a sound
generator with a fundamental note and
(say) all of the next 16 harmonics at
equal volume, the result might not be
all that pleasant since some harmonics
are not harmonious to the ear.

However, it is axiomatic that every
musical instrument sounds some har-
monics louder than others and that as
a general rule the higher harmonics
are softer than the lower. It is the
blending of the various harmonics that
gives each instrument much of its
timbre or quality of sound.

JACk PLUG & FAMILY...
DID YOU CONSTRUCT THE
MODEL RAILWAY CONTROLLER?

YES, I DID. I CAN START
AND RUN THE TRAIN AT AN
EXCEPTIONALLY LOW SPEED.

(IT'S A UNIQUE
PROJECT.

..SURELY BRITISH
RAIL. HAVE BEEN USING IT

FOR YEARS.

.1111104111011.110..
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THIS MONTH we continue with
more projects illustrating the

uses to which digital circuits can
be put.

DIGITAL DICE
A digital dice can be used in-
stead of an ordinary cubical dice
when playing many kinds of
games-it is absolutely cheat -
proof !

The dice uses a 7493 counter
driven by a clock working at
several hundred (or even thou-
sand) hertz. The circuit is shown
in Fig. 9.1.

The counter starts at zero
(0000) but when it gets to six
(0110) the two outputs B and C
both go high. These outputs are
fed to a NAND gate, the output of
which immediately goes low. This
signal is then inverted by another
NAND gate giving a high which
resets the counter to zero.

The reset acts immediately the
counter gets to six so the actual
sequence of counting is: 0-1-2-3-4-
5-0-1-2-3-4-5-0 ... and so on.

By 0. N. Bishop

Use a slow clock to check that
this really happens, but in actual
use a fast clock is necessary so
that it is impossible for anyone
watching to see what number the
counter has reached.

To stop the clock the switch is
closed, thus preventing pulses
reaching the counter and freezing
it at what ever state it was in.
If all lamps are at zero this
should be counted as six, the
other numbers being indicated by
their binary equivalents.

Of course this is a very simple
form of dice yet it is cheat -proof
because nobody can possibly
know exactly when to press the
switch to score any particular
number. Also the counter is
operating regularly so there is
no bias towards any one number
al- there would be with a "loaded"
dice.

It is also possible to design
circuits which will count from
one to six (instead of 0 to 5)
and will also display the result
on a set of seven lamps arranged
like the face of an ordinary dice.

LAMPS

Fig. 9.1. Circuit diagram of a simple digital dice. The throw of the
dice is indicated on the lamps when the switch is closed.
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Fig. 9.2. Layout of the components for the digital dice on the experimental board.

Such circuits are more complex
and the seven lamps add to the
expense. Several circuits have
been published in this magazine
so you could try making up one
of these for yourself or better
still try designing one.

The layout for the Digital Dice
excluding the clock is shown in
Fig. 9.2. The clock can be con-
structed around the third i.c.
socket if it has not been made
permanent.

WHO WAS FIRST?
The circuit shown in Fig. 9.3.

indicates which of two events

SWITCH A

SWITCH B

Ov

ICIJC2.7400

(Dv
Fig. 9.3. Circuit diagram of the "Who Was First" unit.
Switches A and B are normally closed. The lamp will indicate
which switch was opened first.
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happened first-even if one was
only a millionth of a second be-
fore the other. Logic circuits act
quickly!

The two "events" are the open-
ing of switch A and switch B.

It can be seen that the two
switches are connected to two
bistables via NAND gates. Each
bistable is connected to a lamp
to show which switch was opened
first.

The circuit is first reset by
closing both switches and taking
the reset line low. Since a low
input on either of the inputs to
a NAND gate causes the output to
go h.gh, this forces the outputs

LAMP 2

RESET

of gates ICla, IC1b and IC2d to
go high. Both inputs to gates IC2a
and IC2c will be high causing
the outputs of these gates to go
low and the lamps to be off. Pro-
viding the switches A and B are
still closed, the circuit will stay
in this state when the reset line
is released.

Now supposing switch A is re-
leased. Both inputs to ICla will
be high so pin 6 will go low thus
setting the bistable in its other
state-pin 11 high (lamp on) and
pin 8 low. Since pin 8 is low,
gate IC1b is effectively closed-
operating switch B can have no
effect on the output of the gate.
Thus A has blocked the action
of B.

Exactly the reverse situation
occurs if button B is released
before A.

The circuit can be used when
playing "snap" or some similar
game to decide "who was first".

A pair of light -operated
switches can be attached to the
circuit to see which of two model
racing cars wins a race. These
go high in the dark so will give
a brief high pulse as a car passes
between the lamp and the photo-
cell. A phototransistor circuit is
required because of its fast res-
ponse.

The layout on the experimental
board is shown in Fig. 9.4. The
switches used are those con-
structed on the "keyboard" in an
earlier part of this series.

A set-up for a race track is
shown in Fig. 9.5.
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Fig. 9.4. Layout of the components on the experimental
board for the "Who Was First" circuit. The switches used
are those on the keyboard described earlier in the series.



LIGHT OPERATED TRACK
SWITCH

LIGHT OPERATED SWITCH

TO CIRCUIT
BOARD

Fig. 9.5. By connecting light operated switches to the "Who
Was First" circuit and placing them as shown, the first car past
the lamp can be indicated.

FLIP OR FLOP

The game "flip or flop" is just
about as difficult to play as
noughts and crosses and is like
that game in that after playing
it a few times one never loses-
except by making a mistake!

The game is based on the 7472
flip flop. This i.c. has only one
flip flop inside it as compared
with two in the 7473 but it is
cheaper. The flip flop has three
each J and K inputs, also a clear
which sets the Q output low and

a preset which sets it high. These
act independently of the state of
the clock pulse.

The i.c. is shown connected up
in Fig. 9.6. To play the game
start with all the J and K inputs
low (to ground) and ground the
clear input for a moment so that
Q goes low and the lamp is out.

The two or more players play
in turn. At each turn a player
must change any two of the in-
puts. If, after he has done this,
he thinks that the lamp will
change state when the clock in -

ow o o o o o o o o o o o oo o oo oo o oo o o oo o o o o o o o oo
o
0
o
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Fig. 9.6. Layout of the wiring on the experimental board
the "Flip Or Flop" game.

for

put is taken low he may ground
the clock input. If the lamp
changes he wins a point if it does
not then his opponent has the
point. If the player does not wish
to ground the clock line the turn
passes to the next player and no
points are scored. The winner of
the game is the first to score 20
points.

This is not a difficult circuit to
build permanently. Some varia-
tions could also be incorporated.
For instance, playing blind: In-
stead of using toggle switches
where it is easy to tell the state
of each input just by looking at
the switch, use push -on, push -off
switches. This makes the game
almost one of chance.

One could also play against
the clock. Instead of having a
clock button to ground the clock
input when a player thinks he
can change the state of a lamp,
this version has a slow clock
with a period of about 0.2
seconds. The player who is in the
middle of his turn or the player
who has just completed his turn
when the lamp changes scores a
point.

In this version one has the
additional feature of trying to
get the inputs to the right state
at the right time. One could wire
an extra lamp to show the state
of the lamp or one could just
leave the players in the dark!

EGG TIMER AND
PHONE TIMER

The device to be described will
time short periods and light a
lamp or sound an alarm when
the period is complete. There are
lots of uses for this sort of device
in the home.

The circuit uses a clock
operating at about 0.2Hz, the
output of which is connected to
a 7493 counter. This will register
one count every five seconds so
will reach the full capacity of
the counter in 75 (5 times 15)
seconds. This may not be long
enough for some applications but
the period can be extended in
several ways. The count can be
passed first through a flip flop
which will double the period, or
through two flip flops which will
extend the period to 300 seconds
or five minutes (long enough for
an egg timer).

The circuit with just the 7493
is shown in Fig. 9.7. and with
the two extra flip flops in Fig.
9.8.
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Fig. 9.7. A simple timer using a slow clock and a
counter.

CLOCK
5Secs.

2

3

4

5

6

0RESET\0.

0V

7

6V

7473

14

13

12

11

10

9

Components
Digital Dice
7400
7493
Clock circuit
Push -to -make switch

Who Was First?
7400 (2 off)
Keyboard switches (2 off)

""ism IA)

Flip or Flop
7472
Push -to -make, push -to -break (8 off)

Timers
Clock: 7473 Alarm Unit: Rotary

7493 switch I -pole 5 -way
7400
7440

OV 6V

Yz.
TO PIN 14
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Fig. 9.8. The period of the counter may be extended
placing two flip flops between the clock and the 7493.

The time is up when all the
outputs of the 7493 go high. If
all outputs are fed to a four -input
NAND gate the output will stay
high for five minutes then go
low. This can be used to drive a
lamp or alarm.

If the counter keeps going
even after the alarm has gone
off then the alarm will cease at
the next count. To overcome this,
the output of the NAND gate could

CLOCK
T. 5Secs.

CLOCK

1

CLOCK

2

7473

01

CLOCK

7493

C

50

TO LAMP
OR ALARM
SYSTEM

Fig. 9.10. Four two input and one four input NAND gates
can be used to give timing periods of one to five minutes as
selected by a rotary switch.

be fed to a bistable which feeds
the alarm. This will then con-
tinue sounding even when the
counter has gone back to zero.

The alarm can be made to
sound after shorter periods than
the full capacity of the counter.

Q2

7493

POWER
SWITCH

A

C

CLOCK
200 Hz

LOUDSPEAKER
UNIT

LAMP

Fig. 9.9. The building blocks of a complete timer. The outputs of the 7493 can be
connected to any type of NAND gate and the output of the NAND gate can be con-
nected to the bistable, the lamp or the loudspeaker alarm.
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This can be achieved by using
only some of the outputs of the
7493 fed into a NAND gate. For
instance if the A and B outputs
are fed into a two -input NAND
gate then the alarm will sound
after 60 seconds.

Thus the timer may be wired
up in several ways and Fig. 9.9.
shows the complete system. Parts
of this may be left out depend-
ing on the application required.

Several NAND gates can be
wired up if desired to give the
option of different timing periods.
The outputs of the gates can be
taken to a rotary switch as shown
in Fig. 9.10. so that the switch
selects the period.

As can be seen this is the sort
of circuit which can be tailor
made to specific requirements. It
is best to set it up on the cir-
cuit board, play around with it
until the desired results are
achieved (learning a lot about
logic in the process) and then
build up the circuit permanently.

To be continued
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I N ANCIENT China, it is said,
I patients paid their doctors only
when they were healthy. It must
have given the doctors a great
incentive to cure diseases quickly!
But it must also have raised a few
problems. What is health? Until
you know, it becomes hard to
diagnose a disease.

It's the same with circuitry.
Unless you know how a circuit
should work, you are unlikely to
be much good at diagnosing
faults. It may seem a tall order
to expect everybody to know how
every circuit works, in detail, just
so that he can do a bit of fault-
finding.

Fortunately it isn't necessary to
know anything like as much as
the chap who designs circuits. If
he is a competent designer, then
he gets his component values
right in the first place. The fault-
finder only needs to know enough
to see where things have gone
wrong. Another fortunate circum-
stance is that the same types of
circuit tend to repeat themselves
over and over again, in slightly
modified forms. Once you've got
the hang of them fault-finding
becomes easy.

DEDUCTIONS
Knowledge of the d.c. voltages

to be expected in a working cir-
cuit is invaluable. If a particular
272
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PART TWO

Last month saw the introduction to
fault finding, we continue by looking at
one -transistor amplifiers.
voltage is wrong, some component
or device associated with it is
faulty. But how do you know what
the circuit voltages should be? It's
much easier to make intelligent
deductions than you might think,
because everybody, even the
beginner with only a knowledge
of Ohm's law and a general idea
of how a transistor works has
enough knowledge to do so.

We'll begin by looking at a
simple single -stage transistor
amplifier (Fig. 2.1a). This is
an a.c. amplifier, as you can see
by the input and output capaci-
tors, put there to block d.c. Sup-
pose you have traced a fault to
this stage (by the signal -tracing
methods mentioned in the last
article), how can you identify the
precise cause of trouble? D.c.
voltage checks are normally used
by repair men to do this. So what
should the voltages be in a work-
ing amplifier of this type?

To work, the transistor must be
turned on. This means that base
current must flow in R1 and col-
lector current in R2. In both
cases the flow is down from the
positive line (marked lice on
many diagrams, or with the actual
voltage).

The current flow in the two
resistances produces voltage
drops, and we can say, just by
noting these, various useful
things. First, the collector must

be more positive than the base,
because there is a drop across
R1 which goes from collector to
base. Secondly, the collector must
be less positive than the Vrr line,
because of the drop in R2.

Fig. 2.1a. Single stage transistor
a.c. amplifier.

A third, perhaps less obvious
fact .can also be deduced. Where
does the base current go after
entering the transistor? It can
only flow to the negative terminal
of the battery. In doing so it must
set up a voltage drop across the
base -emitter junction of the
transistor, making the base more
positive than the emitter.

Even without knowing anything
about the actual sizes of these
voltages, you can still begin to
Everyday Electronics, June 1977



fault -find with your voltmeter. If,
on measurement, it turns out that
the collector is less positive than
the base, not more, as it should
be, then there's obviously some-
thing amiss. (We'll discuss what
it might be later.)

EARTH
However, it is much better to

get some idea of what the voltage
should be. Before looking into
that, let's just get one or two
general points straight. First, in
transistor circuits it is usual to
quote voltages with respect to the
common side of the power supply.
In npn circuits like this, the
common side is normally the
negative battery line, and is
normally drawn at the bottom of
the diagram. (In pnp circuits all
the voltages and current flows are
reversed, but the principles are
the same.)

To measure a voltage in this
npn circuit you connect the
negative terminal of the volt-
meter to the negative battery
connection and the positive volt-
meter terminal to whatever point
in the circuit you are interested
in. By the way, the "common" side
of the circuit is often referred to
as the "earthy" or "grounded"
side. British technicians just call
it "earth" (whether it is really
connected to the earth or not.)
This is a convenient short way of
talking about it which I'll use
from now on.

TRANSISTOR VOLTAGES
Where were we? Oh, yes, the

voltages. The base -emitter voltage
of a working silicon transistor is
usually in the range 0.5 to 0.9V
(at room temperature). The
lower voltages are found when
the transistor is passing only a
small current. To a rough
approximation, it's reasonable to
say that the base -emitter volt-
age is 0.7V, and I'll do so from
now on. (For germanium transis-
tors a typical voltage is 0.25V,
but the variation is much greater
than for silicon, and it could be
as low as 0.1V for a small audio
transistor.)

The only other voltage of
interest is the collector voltage.
There is no way of estimating it
unless you know the d.c. current
amplification factor (hFE) of the
transistor.

In general, the circuit designer
chooses resistances which set the

collector voltage to about half the
supply voltage, but variations may
be quite large. The collector volt-
age is about half the supply volt-
age when R1 is hFE times R2.
Thus if Vec = 6V, R2 = 1kil and
hFE = 100, the collector voltage
will be about 3V if RI = 100kfl.

Usually, in practice, hFE is not
known precisely. Transistor
makers give it only between cer-
tain limits (e.g. 100 to 300) and
designers use average values.
Since an individual transistor may
have an hFE which differs quite
significantly from the average, the
collector voltage may deviate
significantly from what is
expected. Fortunately there is a
certain degree of d.c. negative
feedback in the circuit which
helps to reduce the effects of hFE
variations, but it can't eliminate
them. (The same applies to Fig.
2.1b, where the emitter voltage
is about half Vcc when
RI = hFE R2.)

A short way of referring to the
d.c. voltages between the various
electrodes of a transistor is to
write VBE for base -emitter volt-
age, VcB for collector -base volt-
age, VBE for collector -emitter
voltage. If in Fig. 2.1a,
VBE 0.2V instead of the
expected 0.7V you know either
that you are hot on the trail of
the fault or that something has
gone wrong with the measure-
ment! I'll deal with measurement
errors (caused by using an un-
suitable voltmeter) later.

SHORT
A common fault in transistors

is an internal "short" between
base and emitter. Often this not a
complete short but has enough
resistance to drop a small voltage.
This could explain the 0-2V.
Before unsoldering, the transistor,
however, ask yourself what the
left-hand terminal of Cl is joined
to. It's just dangling in the air
in Fig. 2.1a, of course, but in a
real circuit it must be connected
to something.

If Cl has an internal short (or
"leak" this could affect VBE. For
example, if Cl (left hand) were
connected to earth via a low value
resistance such as a 5 kilohm
volume control, then an internal
short could allow d.c. to flow in
the 5k volume control, robbing a
transistor of base current and
pulling down the base voltage. A
quick test checks this. Measure
the voltage at Cl (left hand). If

it's not zero, Cl is leaky.
In other circuits Cl (l.h.) is

connected, not to an earthed
resistance but to the collector of
a previous stage. In this case the
l.h. side of Cl should be at a
voltage above earth. A leaky Cl
then allows current to flow from
the previous stage collector TR1
base. This augments the a.c. base
current and turns on TR1 harder,
pulling down VcE, and perhaps
to such a low value that TR1 can
no longer work properly. (With
this fault, VBE is raised slightly,
but not necessarily enough to
detect with a meter, unless you
have already measured it before
the fault developed and noted
exactly what it should be.

Fig. 2.1 b. Emitter follower stage,
Note that the transistor "load"

is R2.

In the circuit shown in Fig. 2.1b
the transistor "load" R2 is in the
emitter connection. This "emitter
follower" stage has an a.c. output
voltage slightly less than the
a.c. input voltage. Since the col-
lector and base currents flow in
R2, the emitter voltage is raised
above earth voltage. If R1 is hFE
times R2, the emitter voltage is
about half VEc. The base must be
the usual 0.7V more positive than
the emitter, making the base -earth
voltage that much more positive
than the emitter -earth voltage.

POTENTIAL DIVIDE BIAS
The simple circuit of Fig. 2.1c

uses what is often called "poten-
tial divider bias". Here RI and R2,
which are connected across the
battery, pass a current much
greater than the base current of
TR1. As a result, the flow of base
current in RI, being so much
smaller, makes little difference to
the voltage drop in Rl. Thus
the drop in R1, and therefore
the base voltage, is nearly
independent of base current.
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If R1 = R2, the base voltage
(base to earth, that is), is half
Vcc. 0 R1 is three times R2, then
three-quarters of Vcc is dropped
in R1 leaving one quarter across
R2 and so the base voltage is
Vcc/4. In a word, RI and R2 form
a potential divider which applies
a certain fraction of Vcc to the
base.

Suppose Vcc is 12V and RI =
3 X R2 then the base -earth volt-
age is 12/4 = 3V. The emitter
voltage is about 0.7V less, i.e.
2.3V. This 2.3V is across R4 and
the emitter current IE must there-
fore be 2.3V/R4. If R4 = lkfl, /E
=2.3mA. The collector current is
virtually the same, so if R3 is 2
kilohms it drops 4.6V and the col-
lector voltage must be about 7.4V.
So if you know the resistances, the
supply voltage (Vcc) and VBE you
can make a fair estimate of all
the circuit voltages. Not a 100 per
cent accurate estimate, of course,
but quite good enough to be of
use in fault finding.

If the collector voltage is
measured as 4V, for example, this
should strike you as much too
low. Is a leaky Cl feeding current
to the base from the collector of
the previous stage? Is C2 leaky
and by-passing R4 to d.c.? Has a
resistor changed value, or the
transistor developed a fault?
Checking all the expected volt-
ages in the circuit should help to
limit the possibilities.

Fig. 2.1c. In this circuit "potential
divider bias" is used, as explained

in the text.

OVERLOADING PROBLEMS
Incidentally, there is one quite

common fault which can throw
out all the circuit voltages even
though every component in the
circuit is perfect. This fault is
"overloading" of the transistor by
very strong signals. Quite often,
the signals get there by accident.

For example, an audio amplifier
may, because of accidental
coupling between output and
input, burst into radio frequency
oscillation. You hear nothing
(except perhaps a loud hiss) in
the speaker, but the strong
oscillations upset the voltages
(and may easily wreck the
transistors).

SHUNTS
A small piece of auxiliary

equipment takes care of the prob-
lem, temporarily. It is a genuine
bit of test gear in its own right,
though not often referred to in
the textbooks. It's just a capacitor,
of 100nF (0.1p.F) or more,
fitted with flexible leads which
terminate in crocodile clips. One
lead is clipped to earth. The other
is attached to points in the circuit
where the unwanted oscillations
may be present-say the collectors
or bases of transistors.

The impedance of 100nF to
radio frequencies is low, usually
low enough to short the r.f. to
earth and so stop the oscillation.
The transistor voltages should
then return to normal, if the
transistors have not been
damaged.

In some circuits, especially
radio receivers, the mere act of
connecting a voltmeter to a point
in the signal path may cause
oscillation, and in such circuits it
is a wise precaution to connect
the "shunt capacitor" (I'll call it
that in future) before starting to
test.

In audio circuits, connecting a
meter to a sensitive amplifier may
accidentally introduce strong
"hum" which upsets the d.c. con-
ditions. To bypass the hum (which
is at the mains frequency, a low
frequency) a large shunt capaci-
tance is required. Whereas the
100nF can with advantage be a
metallised foil type, its larger
hum -shorting brother will
probably have to be an electro-
lytic, because in large capaci-
tances these are so much cheaper.

In this case, remember to get the
polarity right. And, in both cases,
make sure that the working volt-
age is at least as high as lice. A
reasonable "hum shunt" would be
lOpF, 64V working. This will suit
most circuits.

In theory, 10,11F should perform
equally efficiently both as a hum
shunt and an oscillation stopper.
However, theory is misleading.
The impedance of electrolytic
capacitors does not go on falling
as the frequency is increased, as it
should, but starts to rise again
somewhere above the audio
range. So at, say, 10MHz, your
10/1F electrolytic may have a
much higher impedance than
your 100nF metallised foil, and
be less effective as a shunt to h.f.
signals.

If you have an assortment of
capacitors, and two double ended
croc-clip leads, you can, of course,
lash up shunt capacitors as the
occasion arises, and try out
different ones on the spot.

CIRCUITRY
To return to our circuitry.

We've now looked at some
common types of single -stage
amplifier, and indicated the cir-
cuit voltages, or at least how to
estimate them. Practical transistor
circuits seldom fall neatly into
one of these categories. Designers
modify them or use combinations
of them to suit their purposes.

For example, a designer may
put a resistance in the emitter
lead of Fig. 2.1a. This has the
effect of increasing the input
impedance and reducing distor-
tion at the expense of gain. The
circuit is then a sort of hybrid
between Figs. 2.1a and 2.1b. Then
again, two or more transistors
may be direct -coupled, with the
collector of one stage connected
directly to the base of the next.
This is a common arrangement
in audio power amplifiers. We'll
look at one of these multi -
transistor combinations later.

To be continued

Ask yourself what the left-hand terminal
of CI is joined to.
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TRANSISTOR
LEAD OUT INDICATOR

ALi, electronics constructors,
from the professional to the

occasional dabbler, find that over
a period of time a homogenous
collection of electronic bits and
pieces is amassed, which in-
variably includes a large number
of transistors. Many of these will
have had their markings rubbed
off, while others may bear an
unidentifiable code number.

It is possible with the aid of a
multimeter to identify the lead -
outs of unknown transistors, but
the process is very tedious and
one is never very sure of the
results.

With the unit described in this
article, however, the lead -outs of
bipolar transistors can be identi-
fied in a couple of seconds, which
is just what is required by those
who invest in semiconductor
packs containing unmarked and
untested transistors.

The indicator will also identify
the transistor as pnp or npn, con-
firm that the transistor is service-
able, and as a fringe benefit
serves as a very useful audible
continuity tester.

It will not, however, work with
field effect or unijunction tran-
sistors.

THE CIRCUIT
The complete circuit diagram

of the indicator is shown in Fig.
1. The heart of the indicator is
a Hartley oscillator. If the col-

lector, base and emitter of a tran-
sistor are connected to c, h and e
respectively the circuit will oscil-
late and a tone will be produced
by the loudspeaker.

If therefore an unknown tran-
sistor is connected to the oscil-
lator via a switch capable of
selecting all possible combina-
tions of the transistor's three
leads, a tone from the loud-
speaker will indicate that the
correct combination has been

made; the switch position can
then identify the three leads.

While this switching is being
carried out the full supply vol-
tage is applied across the transis-
tor's terminals in all possible
combinations, and to avoid break-
down of the semiconductor junc-
tions this voltage has to be kept
to the minimum. In the event,
tests revealed that a supply vol-
tage of 1.5 volts was sufficient
for a very adequate signal to be

TRANSISTOR
UNDER TEST

MULTI -WAY
SWITCH

111:1111

HOW IT WORKS

OSCILLATOR

OUTPUT AUDIBLE
LOUDSPEAKER TONE

I I

The circuit of the Transistor Lead Out Indicator is an oscillator
made complete by the insertion of a transistor (the one under
test). Being a 3 -lead device, the transistor can be connected in
circuit in six different ways. This is accomplished by means of
the multi -position switch. For only one position of the switch
does the device oscillate and produce an audible tone in the
loudspeaker. (Some transistors may produce a tone when c and
e are transposed, but with less intensity.)
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Fig. I. Circuit diagram of the Transistor Lead Out Indicator.

produced. Some transistors gave
a stronger output than others,
but in all cases the tone was
clearly audible.

Resistor RI provides base bias
for the transistor under test,
while the positive feedback path
is through Cl; C3 couples the
output to the loudspeaker. It is
important that the ground con-
nection of the loudspeaker be
brought to the supply side of S2:
this ensures that the negative
terminal of electrolytic capacitor
C3 is correctly connected what-
ever the position of S2. When
S2 is in the pnp position the loud-
speaker ground connection is
made through the dry cell.
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The frequency at which the
unit oscillates is governed by C2
and the inductance of Ll, but
it is also affected by Cl. It was
found that the frequency varied
with different transistors-some
transistors in fact oscillated at
near supersonic frequencies. The
unit had therefore to be de-
signed to oscillate at as low a
frequency as feasible, and the
values quoted for Cl and C2 were
found to be the most suitable
for the coil used in the prototype.

INDUCTOR
This coil in the prototype was

a miniature push-pull output

transformer filched from an un-
serviceable transistor radio.
Various types from the spares
box were tried and all worked
with varying degrees of efficiency.
Only the primary (i.e. the wind-
ing with three connections) is
used. The two leads from the
other winding may be used to
anchor the transformer in place,
but must be electrically isolated
from the rest of the circuit.

A home -constructed coil was
also tried, with excellent results.
For those who may be interested
a suitable coil can be made by
pile -winding 600 turns of 30 to
40 s.w.g. enamelled copper wire
on to a piece of 9mm (38in.) fer-
rite rod about 70mm long. A
centre -tap must be drawn out at
300 turns, see Fig. 2.

Switch S1 used on the proto-
type was a rotary 3 -pole 6 -way
type. It may be difficult to obtain
a ready-made switch of this
specification but one can very
easily be assembled from "Maka-
Switch" parts by using two 2 -
pole 6 -way wafers, one of the
poles being surplus.

The switching circuit is shown
in Fig. 3 and is drawn using two
2 -pole 6 -way wafers as men-
tioned above. This looks rather
complicated mainly because of
the cross -connections involved;
constructors may find it easier
to make up the connections by
following the switch position
table.

Socket SKI is a miniature 2.5
or 3.5mm jack socket with built-
in switch, and provides the conti-
nuity testing function of the unit.
A pair of prods are connected
to a suitable jack plug, see Fig.
3: when this is inserted into the
socket the built-in switch inter-
rupts the supply, which is only
restored when a short-circuit is
presented to the prod ends.

Readers will notice that no on/
off switch has been incorporated
in the design. There is no need
for one because the supply is
always interrupted when there
is no transistor in the test termi-
nals and when the jack plug is
inserted in its socket (provided,
of course, the prods are not
shorted!).

CONSTRUCTION
The prototype was built into

a wooden case measuring 180 x
83 x 48mm. The sides were
covered with laminate simulating
wood veneer, and the lid with
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Fig. 2. Construction of the alternative coil, which
may be used in place of the push-pull transformer.

Fig. 3. Diagram showing the
stripboard layout, with the
breaks shown on the under-
side. Also shown is the
wiring details for the 2 pole
6 way switches, and the
connectors required on the
front panel.
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Components 5131ont 111)

Resistor
R 1 10k CI PA/ carbon ± 10%

Capacitors
CI 0.22µF plastic or ceramic
C2 0. leF plastic or ceramic
C3 .5uF 3V elect.

Miscellaneous
SI 3 -pole 6 -way rotary switch (see text)
S2 2 -pole 2 -way toggle switch
SKI 2.5 or 3-5mm switched jack socket
SK2 three -pin transistor socket
L 1 miniature push-pull output transformer or home made inductor-

see text
LSI 80 ohm miniature loudspeaker approx. 60mm diameter
81 I .5V type U7 or similar
Stripboard 0. I5inch matrix 8 strips x 13 holes; Terry clip for 81; knob with
pointer; jack plug to suit SKI; crocodile clips (2 off); case-prototype size
180 x 83 x 48mm; connecting wire.

See

Sho
Tab(

page 263

white laminate. All the compo-
nents were mounted on the lid,
as can be seen in Fig. 3 and
photograph. The layout and wir-
ing of the various components is
not critical and constructors may
if they so wish adopt a different
layout.

The dry cell, Bl, is held in
place by a Terry clip, the supply
connections being soldered to the
cell's terminals. Current consump-
tion when the unit is in use is
in the region of 2 milliamps, and
since use is not continuous it
should be a very long time be-
fore the cell has to be replaced.

The layout of the components
on the stripboard and the breaks
to be made on the underside are
shown in Fig. 3. Begin by mount-
ing the components on the pre-
pared board as shown and then
prepare the lid of the case to
accept Si, S2, SK1 and SK2. The
front panel (lid) can be drilled
with a series of holes imme-
diately above the location of the
loudspeaker cone, or a suitably
sized hole backed with speaker
fret will do.

With all the components in
position wiring up should be car-
ried out according to Fig. 3. The
component board was mounted
on an aluminium bracket and
positioned over the loudspeaker
which was held in place with a
few dabs of Evostik.

The panel lettering was made
with Letraset transfers, which
give a very professional effect.
After lettering the face of the
panel should be coated with a
clear varnish (preferably matt)
to protect it.
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tone is heard, S2 (pnp/npn selec-
tor) is changed over and S1 again
rotated until a signal is heard.
The pointer on the knob of S1
will then indicate the identity of
each of the transistor's terminals,
and S2 the polarity of the device.

With some transistors the unit
will oscillate in two positions of
S1 i.e. with the emitter and col-
lector transposed. In these cases
there is usually a stronger out-
put at the position corresponding
to the correct terminals. In any
case the base terminal will always
be correctly indicated.

To use the unit as an audible
continuity tester a transistor has
to be inserted and the unit
adjusted until a tone is produced.
The jack plug is then put in
place and the tone will then
sound only when the prods are

Photograph showing how the components are mounted on the lid.

USING THE INDICATOR
The indicator is extremely

simple to use. The unknown
transistor is inserted in the tran-
sistor holder and S1 rotated
through its six positions; if no

shorted. In practice the presence
of a resistance of a few ohms
between the prods still produces
a tone: there should be no con-
fusion however because the pitch
of the tone changes noticeably.L1
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ALMOST everyone has a love/hate
relationship with their telephone.

Recently the British Post Office made a
gesture that should engender a little
more love. We all know it costs con-
siderably more to place a call through
an operator than to dial it direct. But
until recently this extra charge was
levied even where the subscriber had
only called the operator out of despera-
tion, for instance, because direct
dialling had produced wrong numbers
or dead or crossed lines.

This surely made the Post Office one
of the only firms that penalised custom-
ers for its own mistakes! But now a
concession has been made, and if a

call fails the operator will connect you
at around the cost of dialling direct.

Incidentally, it isn't an old wives' tale
that calls fail and the phones always go
wrong in wet weather. It's fact.
Because our skylines are now largely
clear of telephone lines (think when
you last saw a telephone pole, and it
may surprise you), virtually all our
phone cables run in channels under-
ground. And, quite simply, when it
rains the channels fill up with water,
the wires get wet and circuits short.
It's as simple as that; but you'd be
surprised how many people don't
realise it.

Interference Problems
A reader wrote recently asking if

there were any steps one can take to
minimise the interference one gets on
a.m. mains intercoms, i.e. wireless in-
tercoms. Because he was thoughtful
enough to enclose a stamped addressed
envelope, I promptly wrote back, but
with the depressing news that there is
really absolutely nothing one can do.

As we have previously reported the
mains is now horribly cluttered with
audio interference, as generated by
thermostats, fluorescent lights and
worst of all thyristor dimmers. As a
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result a.m. intercoms, which use the
mains as their audio frequency link
between station and station, are
inevitably terribly noise -prone. Things
got so bad in the USA that f.m.
(frequency modulation) rather than
a.m. (amplitude modulation) intercoms
are now available, and at least one
model is now sold in this country.
The cost is high, over £40 a pair.
However, because virtually all mains -
borne interference is a.m. rather than
f.m., they can provide virtually noise -
free communication, just as f.m. radio
reception is virtually immune from
most forms of interference.

Money In Your Pocket
With Post Office rental charges

continually rising, it is opportune to
recall how one can quite legally cut
Post Office costs in a small business
situation by using these instruments.
Consider, for instance, boss in one
room and secretary in another. Ideally
both have a telephone extension, but
the secretary has one of the type which
enables her to receive calls, talk to
boss, and selectively route calls
through. But of course these (the Post
Office call them Plan 107 installations)
cost more to rent than ordinary
extension phones. What you do
instead is have ordinary extension
phones in each room, with the boss's
phone equipped with the standard
Post Office switch to enable its bell
to be silenced. You also have a pair of
f.m. wireless intercoms, one in each
room. The crucial point, often over-
looked, is that when a telephone
receives an incoming call it can be
temporarily hung up without dis-
connecting that call. So when secretary
receives an incoming call, she simply
says "hold on", hangs up her phone
and buzzes through and talks to boss
on the wireless intercom to advise him
of the call.

Boss then either picks up his
extension phone or asks secretary to
pick up hers again and deal with the
call. What the secretary must never do
is hang up her phone on an outgoing call
before boss has picked up his, because
this will disconnect it.

At current Post Office prices, you
save £17.60 per year on phone rental
by adopting this simple approach!
All we need now is for an enterprising
British electronics firm to produce a
cheap and reliable f.m. wireless
intercom. (Certain regulations govern
the use of a.c. mains intercoms, and the
Local Electricity Area Board should be
consulted before installing such instru-
ments.-Ed.)

Regulations
Finally, although the Post Office

regulations may seem irksome to
anyone encountering them they are
founded on sound common sense.
For instance, it seems highly irritating
that the Post Office insists on answering
machines being connected by only a
few approved firms who are willing to
observe rigid technical specifications.
One such requirement is that an
automatic gain control must be built
into the answering machine record
circuitry, so that it will ignore any
signal more than 35dB below the
I volt reference level and disconnect
the machine from the telephone line
altogether if this minimum threshold
level is not reached again after I0
seconds.

This, of course, increases the price
of a machine; but is also means that no
low-level conversations, which may
result from crosstalk between un-
related lines, can be recorded. Think
of the number of times that you have
heard faint conversations in the
background to your own call equate
that with the number of times your
own conversations must interfere with
other calls, and be thankful that
legitimately installed recording mach-
ines won't be able to record them.

"A computer made Nigel redundant-it
took up all his office space."
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FOR many amateur gardeners,
the watering of plants is a

rather sporadic affair, depending
on luck rather than judgement
when they actually are watered.
For optimum results, however, it
is necessary to know how wet the
soil is at root level, and to a
reasonable degree of accuracy.

Obviously, some sort of gadget
is needed which can display this
information in a clear and direct
way. A design to do just this was
published in E.E., March 1975. It
used the principle that the mois-
ture of the soil is proportional
to its resistance. Using one tran-
sistor in an emitter follower con-
figuration, a light emitting diode
was made to light up, its bright-
ness being proportional to the
resistance between two probes
inserted into the earth

In theory, this circuit is excel-
lent, and has the advantage of
being cheap and simple Its limita-
tion, however, lies in the use of
a light emitting diode to display
the information. There is not
very much difference between,
say an l.e.d. which is at 40 per
cent of its potential brightness,
and one which is at 50 per cent.
The use of a visual method
means that the ambient lighting
can make results seem mislead-
ing; in bright sunlight, the 1.e.d.
might seem to be almost off,
while in subdued lighting, it
might seem quite bright, even
though the current flowing

through the diode in the two
cases was the same.

The author decided to try to
improve the situation and toyed
with the idea of using an am-
meter to display the current flow-
ing, but this idea was abandoned,
mainly because of the high cost
of meters. Instead the following
design was evolved.

The controlling factor is the
resistance of the soil between
two probes, but the indication is
through a loudspeaker, which
emits a loud clicking noise when
a circuit is made between two
probes; the rate of clicking is
dependent on the resistance be-
tween the probes.

CIRCUIT DESCRIPTION
The circuit diagram of the

Soil Moisture Monitor is shown
in Fig. 1. It is in fact a relaxation
oscillator. Its advantages over a
standard multivibrator are that
it only needs one capacitor, and
it can be made to have long off
periods, and short on periods,
thus cutting down on current
consumption.

When the voltage is applied
to the circuit, capacitor Cl begins
to charge up. The base of TR1,
which is an npn type is almost
at negative supply potential. It
begins to get more and more posi-
tive as the capacitor charges up
until it begins to conduct. Tran-
sistor TR2 now begins to charge
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The Soil Moisture Monitor consists of an oscillator with a
component missing-a resistor. This resistor is vital for the
oscillator to work and its ohmic value determines the frequency
of oscillation. This "resistor" is the d.c. resistance between two
specified points in the soil and is brought into circuit by means of
the probes inserted in the plant pot, usually to root level.

Moist earth has a lower resistance than dry earth so the output
frequency (heard in the loudspeaker) will indicate the dampness
of the earth in the vicinity of the probe tips.

LS1
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AC126

Fig. I. The circuit diagram of the Soil Moisture Monitor.

up until it too conducts. At this
point, a current is passed through
LS1. The voltage on the collec-
tor of TR2 now becomes more
positive, discharging Cl, and
starting the whole process again.

The rate at which this all hap-
pens depends on how quickly
the capacitor can charge up, and
its value. The former depends
on the resistance between the
probes, together with R1 in
series with it.

It was found that almost any
species of transistor will function
in this circuit, the only critical
factor being that one must be
npn and the other pnp. The two
named in the component list were
chosen because of their cheap-
ness and ready availability.

Soil resistance is typically
100,000 ohms and 2,000 ohms
ranging from completely dry to
saturated, and so the component
values have been chosen to give
between 3 clicks per second, and
one click every 3 seconds.

CONSTRUCTION
The unit was constructed on a

small piece of 0.1in. stripboard,
measuring 18 holes x 10 strips.
The board, with components is
shown in Fig. 2. Capacitor Cl is
mounted upright on the board,
taking note of the connections.
The lead out connections to the
two transistors are shown. These
should be noted, as the two are
different.

Just about any case could be
used to house the project. An old
tobacco tin covered with Fablon
was used to house the prototype,
but some will prefer the rather
more conventional aluminium
cases available. It is a good idea
to put a piece of foam rubber
in the box, to stop the battery
rattling inside. Holes must be
drilled to accommodate the
switch, and for the leads to the
probes. If a metal case is used,
it is a good idea to have a rub-
ber grommet on the hole to stop
the wires rubbing against the
metal. Holes must also be drilled
to allow the sound to escape
from the speaker.

PROBES

Details for constructing the
probes are given in Fig. 2.
Although the dimensions given
are not absolutely critical, it is
a good idea to stick reasonably
close to them. They are con-
structed from strong aluminium.

Components au 114

Resistor
RI 3.3k0 PN 10% carbon

Capacitor
CI 220F 10V elect.

Semiconductors
TR I BC109 silicon npn
TR2. ACI26 germanium pnp page 263

Miscellaneous
SI d.p.d.t. slide switch
LS I 8 ohms miniature loudspeaker approx. 56mm round
BI I -5V U7 battery
Stripboard 0.1 inch matrix 18 holes by 10 strips; small aluminium case;
grommet; connecting wire; insulation tape; wood for probes 25mm x 40mm x
15mm; aluminium 100mm x 15mm 14 s.w.g. (2 off); No. 8 round head screws
(4 off).

See

TAIK

1
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Fig. 2. Layout of the components within the case and complete wiring up

The easiest way to cut this is
with a hacksaw, and then filing
down the rough edges.

The aluminium is covered with
insulation tape, except for the
extreme ends. Care should be
taken that the screws which
secure the .metal do not touch
inside the wood, or the probes
will be shorted out.

TESTING
After connecting the battery,

switch on, and short out the
probes with a short length of
wire. A rapid clicking, possibly
even a buzz, should be heard
from the loudspeaker. If there is
nothing, the things to check are
battery polarity, transistor con-
nections, the polarity of the
capacitor, and to make sure that
all the soldered joints are firm.

Assuming that something is
heard from the speaker, grasp

40mm

100mm

details. Also shown are details of the probe.

the probes firmly in both hands. The clicking should continue, but
much slower (body resistance is roughly the same as that of dry
soil). Now insert the probes into samples of soil with varying
moisture content. If, in general the clicking is too rapid, add some
more insulation tape. If it is too fast, remove some. If this makes
no difference try changing the value of Rl. The value given should,
however, be adequate.
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The Extra, -
ordinar

Experi-
ments

of
Profess
Ernes

Evemure
by phony John Bassett

THE Prof. has just constructed
a simple contact -microphone

which can also be used to test
various materials for piezo-elec-
tric activity. By placing a slice of
material which has been coated
with metal or graphite on its
opposite sides, underneath a
spring, the experimental samples
can be changed very easily.

"Here is an interesting sample,
Bob," the Prof. remarked. He
carefully unwrapped a tiny disc
of metallic appearance from its
tissue -paper packaging. "It is a
specially prepared ceramic
material which has been silver -
coated on its opposite faces by
the manufacturer. We'll try this
in the contact -microphone, as I
think you'll find the result is quite
surprising."

Bob turned down the volume on
the audio amplifier whilst the
Prof. lifted the spring and care-
fully substituted the ceramic disc
for the previous sample. With the
disc firmly in place, Bob turned
the volume back up. Immediately
a loud rustling and rumbling
sound came from the loudspeaker,
and a startled Bob quickly turned
the volume back down again.

"Wow, Prof! That is amazing,"
Bob cried out in astonishment.
"That little disc is obviously very
much more sensitive than the
other samples which you
suggested. You were still handling

the contact -microphone when I
turned up the volume and the
sound was picked up and ampli-
fied to such an extent, that I
thought it might damage the
amplifier!

"With such high sensitivity it is
hardly surprising that ceramics
are used so much in pick-ups and
microphones!"

"Yes," agreed the Prof., "and
ceramic materials have a number
of other advantages, when used
for piezo-electric purposes, over
grown crystals of materials such
as Rochelle Salt and quartz.
Although the ceramics materials
are not as easy to prepare as, say,
crystals of Rochelle Salt, I will
describe their preparation briefly
to you, and then you will see
what some of these advantages
are, and how they come about
during the production processes.

"In many ways the production
of these materials is similar to the
making of other ceramics such as
unglazed pottery and porcelain,
which are made by carefully
shaping a wet mixture of clays,
drying it out, then heating it to
a high temperature in a kiln.

BLENDING
"When the claylike mixture is

prepared, one obvious advantage
is that other ingredients can be
blended in, to modify t h e

properties of the p r o d u c t.
Materials can be added to make
the product stronger, to change
its density or its co -efficient of
thermal expansion, to make its
output more linear and to modify
its properties in many, many de-
sirable ways which cannot be
done with grown crystals.

A DANGER
"A disadvantage is that many

of the materials used at this point,
such as lead zirconate, and barium
titanate, are poisonous, and pre-
cautions must be taken to ensure
that the material is not eaten or
allowed to enter cuts or wounds,
and that any airborne dust or
fumes are not breathed in.

"When the material has been
blended, it can be shaped, by pres-
sing, moulding or stamping, into
shapes which may be simple, like
the disc which we have here, or
rings, squares, cylinders, bowls
etc, and also other more compli-
cated shapes may be prepared
with electrically conducting
inserts moulded in, and each of
these shapes has special uses.

"When the shapes are fired in
the kiln they change slightly due
to shrinkage, so that wherever
accuracy is required, the final
shape and dimensions are reached
by grinding the ceramic after it
has been fired.
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POLARISATION,
MAGNET OR ELECTRET

"Thin coatings of silver, or
other electrically -conducting sub-
stances, are applied and the
material is then polarised."
"What does this mean, Prof?"
Bob enquired, "Is it something to
do with magnetisation?"

"The polarisation of a ceramic
material for piezo-electric
purposes is very similar in some
ways to magnetisation, Bob, but
instead of using a magnetic field
we use an electrostatic field.
Instead of becoming magnetically
polarised like a magnet, the
material becomes electrically
polarised. Sometimes a material
which has been permanently elec-
trically polarised is referred to as
an electret.

"The effects of temperature
changes are very important during
the process of polarisation. If we
consider the classic case of a
charged capacitor with a solid
dielectric, and use the concept
of lines of force to represent the
electric field, the capacitor can
be represented by a simple
diagram." The Prof. drew a sketch
(Fig. la.)

"Now if we remove the con-
ductive plates from the dielec-
tric", the Prof. again sketched on
his notepad (Fig. lb), "the dielec-
trice remains charged. The lines
of force of the electric field are
held in place in the dielectric by
the electric charges which remain
on its opposite faces. But the

\ \
I+ + + + +I
+ + + + +

\-/ / / \

Fig. I. Lines of force associated with a
charged capacitor (a) with conductive
plates (b) without plates.

dielectric is only temporarily
polarised, and by removing the
charges, which can be done by
re -assembling the capacitor and
discharging it, the electric field
can be made to disappear." (This
can be done with different metal
plates, proving that the charged
field resides in the dielectric.)

ELECTROPHORUS
"Prof!" Bob interrupted

excitedly, "that reminds me of a
really interesting experiment
which we did at school with a
gadget called an electrophorus. It

produced such a powerful electric
field that it caused small objects
to take off and hover in mid air
or fly through the air. After the
school teacher showed us that,
there was quite a crop of home-
made ones which the lads made
for themselves, and I was so
fascinated that I made one myself
at home. Next time I come to see
you I'll bring it to show you!"

"Hmmm, yes" mused the Prof.,
it's quite a while since I last
experimented with an electro-
phorus. It's also quite late, I must
remind you."

Bob in his enthusiasm had
stayed much later than he had
intended, and as he looked with
dismay at the time displayed in
huge luminous figures on the
viewscreen of one of the Prof's
computers, and hastily prepared
to leave, the Prof. continued: "I'll
be interested to see your home-
made electrophorus so I hope
you'll bring it soon! It will
certainly help to illustrate and
demonstrate some of the points
I am explaining about polarisa-
tion, and then we can continue
our discussion of piezo-electric,
magnetic and various types of
pick-ups. See you soon, Bob."

"Yes, bye Prof," and Bob hastily
made his way out of the labora-
tory and sped off home, his head
full of thoughts about electric
polarisation pick-ups and micro-
phones and anticipation of his
next visit to show the Prof. his
home-made electrophorus.

To be continued

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

HEAT SHUNT
I have thought of a tip that may prove useful to

constructors. It is the use of a split pin as a heat
shunt for use on transistor and diode lead -outs
when the latter are being soldered in place.

I have been using a 4mm thick pin with the

ends of its legs cut square, one being longer than
the other. The pin then clips over the lead -out on
the component side of the board and is small
enough to thread its way in among other com-
ponents in the vicinity.

0. Maxwell,
I.O.M.

P.C.B. AID
I have recently come across a way of accurately

placing an integrated circuit on a piece of copper
clad printed circuit board.

Take a small piece of 0 I inch matrix strip -
board and drill through the holes where the i.c.
pins go through using a No. 45 drill (2mm).

This then acts as a template, for it can now be
placed in the required position on the copper
side of the p.c.b. and a sharp pointed pencil used
to mark each hole through onto the board. The
outlines produced are next filled in using an etch
resist pen, and the rest of the pattern then drawn
on in the usual way.

I have found this ideal for making printed
circuit boards using i.c.s of various kinds.

K. Nuttall,
Bureley,

Lancs.
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Quasi -Quad Queries
I am one of your so called non-

specialist onlookers, and whilst brows-
ing through your March '77 issue, I

decided that I would have a go at
constructing the Quasi -Quad Adaptor.
Being a potential starter, with your
article my trainer, I am writing to ask a
few questions and ask for tips.

I have had limited experience of
electronics ('A' -level Physics failure,
and I have knocked up radio's etc. from
kit form and many years ago played
with those early Phillips kits of electric
wizardry for the under -15's), but I have
never touched a circuit -board and I was
confused by the diagram of Fig. 5 (page
116), of the Quasi -Quad Adaptor article,

as I cannot differentiate between the
"dots" and "circles" etc. Could you
clarify?

Another point I do not understand
(or cannot visualise) is the fitting of
copper strips to act as heatsinks to the
whole of the stripboard (or is this
because I have never seen a section of
stripboard?).

Also the LM380 has a rated output of
2 watts, but in my stereo system (20
watts per channel), this would surely
not suffice, as on average, the output
will be at 8 to 10 watts per channel.
Does this mean that the speakers will
be at less power, i.e. less volume? Will
this destroy the effect created (es-
pecially if four similar speakers are
used)? And lastly is there any real
danger to my hi fi system if I make a
constructional error?

J. Westray,
London SE23

The area of Fig. 5 you refer to (dots and
circles) shows the underside of a piece of
Stripboard. Stripboard consists of strips
of copper (shown white) bonded to a
synthetic board (shown black). The board
is perforated, with holes drilled on a
regular matrix at 0.1 inch or 0.15 inch
pitch. Not all these holes are shown on
the drawing in order to avoid a cluttered
effect, in fact only those immediately
inside the perimeter of the board are
shown.

The black dots you refer to are the
soldered connections of the component
leads (sited on the topside of the board-
shown adjacent to the underside view) to
the copper strips. What at first sight
appears to be a white dot surrounded by a
black area is used to represent a break
along the copper strip made by using say
a twist drill.
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The second part of your query should be
answered by the above and by you
inspecting a piece of stripboard.

Concerning the power rating of the
LM380, this should be adequate. You are
over -estimating the listening level. For
comfortable listening in the home, your
amplifier will only be delivering about I

watt or even less.
See Please Take Note in April issue

for wiring correction.

Indentification Data
Service

With respect to Mr. Pascoe's plea
for someone to operate a device data
and identification service I am willing
to undertake this operation for a cost
of 10p per device for a minimum of 10
devices. An additional 15p needs to be
included for postage and packing
expenses. With respect to i.c.s it
would be helpful if one or two of them
could be sent to assist with their
identification.

R. Houghton,
49 Addington Road,

Irthlingborough,
Northants.

Lin. and Log.
I am aged 12 and have been reading

your magazine for quite a while now. I
have constructed some of your "starter
projects" and am now ready to con-
struct the Transistor Tester in the May '74
issue. (I found it while looking through
some of my back -copies.)

One thing that puzzles me is linear,
logarithmic, anti -logarithmic etc., when
referring to potentiometer slider ro-
tation. I would be grateful if you could
explain these to me. Keep up the good
work publishing an excellent magazine.

Paul Bailey,
Rutherglen, Glasgow

The terms, logarithmic (log.), linear
(lin.) and anti -logarithmic (anti -log.)
refer to the variation of resistance between
the slider and one end of the potentiometer
as the shaft is rotated. In a linear type, the
resistance is directly proportional to the
angle of rotation, i.e. if 45 degrees
rotation produces 10 kilohms, then 90
degrees rotation produces 20 kilohms.

Now in a log. type, the variation of
resistance with angle of shaft rotation,
obeys a logarithmic relationship i.e. if a
45 degree rotation produces 10 kilohms,
then 90 degrees rotation produces 100
kilohms. A further 45 degree step in-
creases the resistance to 1,000 kilohms
(I megohm).

The anti -log. type potentiometer, has
as its name implies an anti -log relation-
ship of resistance with shaft rotation.

Revival Rally
We have been informed by the Radio

Society of Great Britain, that a rally,
named the "East Suffolk Wireless
Revival" is to take place at the Civil
Service Sports Ground, Straight Road,
Bucklesham, Ipswich The rally will be
open from I lam to 4pm, 29th May 1977.

It is intended to revive some of the
interest and enjoyment of the "pre -
black box" type of rally The emphasis
will be on finding out, participating as
well as purchasing.

By holding the event out of doors
rather than in a school or hall, whilst
providing covered areas for traders
and demonstrators, there will be
freedom to move around with the
family or just sit and ragchew.

Trade participation and the ability
to look for that special component etc
will be well catered for in a large
marquee. Presenting practical demon-
strations, competitions and information
it is hoped to encourage attendance
from licence holders, short wave
listeners (swl) and those interested in
the whole spectrum of amateur radio

It is hoped that by reference to those
with experience, ideas as to solutions
with problems on T V and radio
interference etc may be found.

A comprehensive range of equipment
will be used to provide a facility for
testing mobile equipment and an
antenna test range to check the gain
of both professional or home built
aerials brought to the rally It is hoped
to arrange demonstrations, to both
encourage the newcomer and interest
the active participant in, RTTY,
RAYNET, SSTV etc.

Plastic Money
I have read with interest the Counter

Intelligence article in the March '77
issue of E.E. and note the comments
regarding the "Metal Strip" in pound
notes This metal is in fact a fine strip
of polythene which has been sand-
wiched between two pieces of fine
quality paper.

I note that the editor makes mention
in his editorial of the "barrier" which
often surrounds the whole subject of
electronics. I have to date assembled a
capacitive discharge electronic ignition
system kit and the Wiper Delay unit
published earlier this year in E.E.
Other than this the subject is very new
to me.

The greatest hurdle is understanding
your abbreviations and nomenclatures
of components, i.e. s.p.s.t.; 500 kilohm
carbon lin.

Is it practical to publish some form of
dictionary or supplement to help
beginners like myself to understand
what these abbreviations mean? Apart
from this I find E.E. easy to follow and
most interesting.

J. Little,
Yorks.

We have recently, in the Feb. and April
issues published a list of abbreviations of
technical terms used in E.E. It is hoped to
publish such a list from time to time and
possibly extend it to include such things
as explanations of . . . 500 kilohm carbon
lin. The latter refers to a potentiometer
whose maximum resistance is five -
hundred -thousand ohms, is constructed
(internally) of carbon and has a linear
resistance/rotation relationship. See reply
to Mr. Bailey's letter above.
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LAST month, details of the mixer,
oscillator, and i.f. amplifier

were given. We continue this
month with the construction and
details of the optional b.f.o. unit.

Note once again that Denco
coils should now be used, as men-
tioned in part one (May '77 issue).

PANEL AND CHASSIS
The case sides are plywood,

190 X 115mm, and the chassis a
255 X 100mm "universal chassis"
flanged member secured with
four bolts through the flange
holes, and set 63mm back as in
Fig. 5. The chassis top is at a
height of 38mm.

The panel is a similar member,
but is fixed vertically with bolts
through the flange holes, and
leaving about 35mm clear be-
tween chassis and panel, as in
Fig. 5. Holes for the lower con-
trols are 25mm from the bottom,
and 41mm and 100mm from the
sides. Variable capacitor VC2 is
mounted as shown in Fig. 5, so
that the drive drum is about 3mm
clear of the panel top.

A piece of wood 127 X 45 X
10mm thick is screwed to the
panel to carry the scale.

Pivot one of the drive pulleys
on a bolt as shown in Fig. 5 so
that the top of the cord is level;
the second pulley is mounted
about level with the bottom of
the drum. The cord has one com-
plete turn round the tuning con-
trol shaft, and runs over the
pulleys to the drum. Here, the
ends are taken through the peri-
meter slot, and are tied to the
spring, which keeps the cord taut.

A scale about 100mm long is
needed, and in the author's model
a lOcm paper rule was used,
glued to card which was in turn
stuck to the wood. A small piece
of tinplate is bent and clipped to
the cord with pliers, and the
pointer is a straight wire soldered
to this.

The front of the receiver is
Perspex, 250 X 100mm, covered
with self-adhesive material in
which an aperture 115 X 28mm is
cut, to match the scale position.
Thin plywood or a metal front
could be used instead, with an

aperture cut in it. The front is
secured by four 613A bolts (at
least 25mm long) w ith extra nuts,
and running through the holes
present in the flanged member.

ADDITIONAL WIRING
The boards are filled as shown

in Fig. 5, which also shows inter-
connecting wiring. Inductors L.5
and L6 are secured with 6BA
bolts, and wired to a tag (MC)
bolted to the chassis. After mak-
ing the connections of Fig. 5,
reference should be made to Fig.
6, an underside plan with the
panel shown flat to clarify the
switch wiring. It may he pre-
ferred to first wire S1/4 for one
waveband only and then test the
tuner. If this system is not used,
take special care to ensure that
the correct tags are used in wir-
ing up the switch.

Inductors LI and L2 are
wound on a cored former llmm
(716 inch) in diameter, although
formers of 9mm to 13mm (38 to 12
inch) diameter would be suitable.

Designed to receive transmission on short, medium
and long wavebands,

Neeite--gsaad
NER
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Fig. 5. Topside view showing position of component boards. Note that Wearite coils are shown as
used in the prototype.

The secondary winding of L2
(points 1 to 2, Figs. 1 and 6) con-
sists of 31 turns of 26 s.w.g.
enamelled copper wire, the turns
being wound side by side. The
primary winding of Ll (points 3
to 4) is made up of 8 turns of
cotton -covered wire (or enamelled
wire on insulating tape) of 26 to
32 s.w.g. The ends of 2 and 4
should be taken to the tag MC, to
which also is wired the stator con-
nection of VC1. Ends 1 and 3
should be long enough to reach
Si and the aerial socket. A few
touches of adhesive should be
used to secure the coil turns in
place.

A 75 x 25mm strip of wood or
paxolin is bolted to the rear
flange of the chassis (Fig. 5) and
the ferrite rod is secured to this
with adhesive and thread or
string. Coils L3 and IA are posi-
tioned as shown and the leadout
wires are taken to a small tag
strip near the rod, so that longer
leads can be run to S1 and S2;
IA must be the correct way round

on the rod, as shown in the
maker's leaflet, otherwise it will
not be possible to obtain proper
long wave tuning.

DIAL MARKINGS
A slow-motion drive is not

essential for the aerial tuning
capacitor VC1, but it should be
provided with a pointer. The two
multiway switches will also re-
quire pointers. The scale for S1/4
should be marked up as follows:
Mark the L position: 125-309kHz
Mark the M position: 500-1685kHz
Mark the S position: 10-2.9MHz.

The scale for S5 should be
marked up as follows:

On the L band, mark position 6
309-238, position 7 238-191, posi-
tion 8 191-158, position 9 158-125.

On the M band, mark position
1 1685-885, position 2 885-620,
position 3 620-500.

On the S band, mark position 1
10-7.3, position 2 7.35.7, posi-
tion 3 5 -7-5  0, position 4 5.04.4,
position 5 4.4-3-9, position 6 3.9-

3.6, position 7 3.6-3.35, position
8 3.35-3.2, position 9 3.2-2.9.

The bands are arranged so as
to discount the slight overlap
which will be found at the ex-
treme positions of VC2 rotation.

The use of three different
colours will make the scale of S5
easier to read. See Fig. 9 for
suggested arrangement of the
markings for the two waveband
switch scales.

TUNING
Set the switches for the fre-

quency sector required. Then
tune in signals by means of VC2
and peak them with rotation of
VC1. The handling of the two con-
trols will soon become simple in
practice. If VC1 cannot reach the
lowest frequency on band S when
fully closed, screw the core of L2
slightly into the winding. Simi-
larly, place L3 and L4 on the
ferrite rod so that VC1 covers the
wanted ranges with a little to
spare.
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Fig. 9. Suggested markings for the
two waveband switches. These are
drawn full size, and may be traced.
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Fig. 6. Wiring details of the two waveband switcnes.
Note that the front panel has been opened out flat for

clarity.
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Fig. 8. The b.f.o. unit is wired on a small tagstrip as
shown here. MC denotes a direct connection to the
metal chassis. Usually made by fitting a solder tag with

a nut and bolt.
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The aerial for short wave recep-
tion may be an outdoor one or
a wire indoors (perhaps running
along a picture rail or similarly,
as high and long as practicable).

If an earth is available, this
should be plugged into a socket
connected to MC. A short aerial
will provide reasonable results on
the more powerful stations, but
for the weaker signals a long out-
door wire will give considerably
improved results.

BEAT FREQUENCY
OSCILLATOR

This unit is required only if the
operator wants to receive c.w.
and s.s.b. signals satisfactorily.
Amateur and commercial stations
using Morse code do so by using
c.w. transmission (an interrupted
unmodulated carrier wave) which
normally cannot be heard on an
ordinary receiver. Some stations
use m.c.w., which is a c.w. signal
modulated with an audio tone so
that it can be heard on any
receiver

The function of the b.f.o. is to
render the c.w. signal easily
audible. It is basically a simple
oscillator and when in use the
b.f.o. signal beats with the incom-
ing c.w. signal to produce a
heterodyne signal at a predeter-
mined audio pitch.

With single sideband signals,
the carrier wave and one side -
band have been removed. The
carrier/b.f.o. unit supplies a car-
rier at the tuner, thus enabling
the s.s.b. signals to be resolved as
speech This form of transmission
is widely used by amateurs, par-
ticularly in the 3.5-3.8MHz band.

The circuit of the carrier/b.f.o.
unit is shown in Fig. 7. The b.f.o.
coil L7 is a Red Range 2 valve
type coil and it has C21 in parallel
across its primary winding to com-
plete the tuned circuit. Adjust-
ment of the coil core allows the
oscillator to be tuned to the cor-
rect frequency, after which the
core should be locked with a
6BA nut.

Switch S7 is the on/off switch
which puts the b.f.o. off for a.m.
reception. The purpose of the
large value C23 is to prevent
modulation of the oscillator via
the battery supply.

The coil L7 is supplied in a can
which serves as a screen. The lid
should be bolted on the chassis
behind the volume control, and

IF

R13

330ka

121
C0
50pF

BLACK

WHITE.

RED

I "T

BFO
COIL

I.

ORANGE

TR5
2N3704

C8021

0
57

ON/OFF
RI4
6.842

T0 -

C22 C23
05pF 100pF

ov

9V+

Fig. 7. Circuit for the b.f.o. unit used in the Multi -band tuner.

a 6mm hole for the leads should
be provided. Next drill the bottom
of the can to take the coil. Solder
on four leads (which may be
colour coded) to the pins shown
and take the leads through the
hole and out under the chassis.

The other components are
mounted on a tag strip as shown
in Fig. 8, the oscillator coil L7
fitting nearby on the case side. A
lead should be run from the tag
used as a junction for the lead
from coil lead 8 and along under
the chassis and up to the pin from

T1 (pin 1) on the i.f. board; this
lead should be looped round the
pin without removing the insula-
tion. Because injection is at the
i.f. amplifier input, this very small
coupling capacitance is sufficient
for the purpose required.

B.F.O. ADJUSTMENT
The b.f.o. performs best with

the audio gain at or near maxi-
mum; if necessary the volume
can be kept down by slightly de -
tuning VC1. First tune in any

Underside photograph, showing the waveband switches, and the b.f.o. unit.

290 Everyday Electronics, June 1977



stable broadcast with the b.f.o.
switched off. Then switch on (S7)
and rotate the oscillator coil core
until a strong heterodyne is ob-
tained. This will fall in pitch as
the correct core position is
reached and rise again as it is
passed. Set the core at the posi-
tion where the tone is very low
in pitch, or ceases. Slight detun-
ing by means of VC2 either way
will then produce an audio tone
which rises as the tuning is
moved away from the correct
position.

Next, find a weak s.s.b. signal,
which will be recognised as dis-
torted, chopped up speech (try
the 3.5-3.9MHz amateur band)
and tune it for maximum volume
with S7 switched off. Then switch
S7 on and very slightly adjust
the core of the b.f.o. coil, if neces-
sary, for proper resolution of the
speech. The core should then be
locked in position.

With a.m, signals, of course,
tuning should be made for the
best volume. With c.w., note the
tuning will change the audio
pitch. With s.s.b., tuning is more

Photograph showing the completed prototype tuner.

critical for proper reception but
is aided by the bandspreading
effect of VC2.

It should be remembered that
a supherhet tuner can provide
reception of signals on its "second
channel". This image appears
930kHz higher in frequency than

the proper, wanted, signal on this
tuner but is only likely to cause
problems on the higher frequen-
cies and with VC1 tuned to place
the aerial circuit on a higher
frequency than the oscillator
tuning.

GREENWELD
443 N/lillbrook Road Southampton
SO1 OHX Tel:(0703) 772501

OPEN 6 DAYS A WEEK, 9 to 6.
Callers Welcome.
VAT INCLUSIVE PRICES -NO
EXTRAS TO PAY, JUST ADD
20p POST.
RESISTORS
Miniature Ord Watt Carbon Film
HI -stabs, 5% (Over 1M 10%). All
values from 1 ohm to 10 Megohm.
lip each.
1 Watt Metal Film 5%. All values from
27 ohms to 10 Megohms 2ip each.
2}W Wirewound, All values from
0.22 ohms to 4.7k. Op each.
5W Wirewound, All values from 0.47
ohms to 47k. 10p each.
15W Wirewound from lohm to 100k
15p each.
Sub -min presets, all values from
22 ohms to 4-7 Megohms 7p each.
Standard Pots 22p each.
TRANSFORMERS
6-0-6V 100mA 90p; 9-0-9V 75mA 90p;
12-0-12V 50mA 900; 12-0-12V 100mA
£1; 6-0-6V 11A £2.70; 12-0-12V IA
£2.90; 6' 3V 1 kA £2 30; Muititapped
type 0-12-15-20-24-30V 1 A £3-60; 2A
£5.00; 20-0-20V 2A £4 20; 55-0-55V 5A
£11.00.

TRANSISTORS AND IC's
AC127 15p BC184 12p 2N29266
AC126 15p BC212 lop 12p
AC176 16p BC213 14p 2N3053 18p
AC187 18p BC214 14p 2N3054 49p
AC188 111p BCY70 15p 2043055 30p
AD161 35p BCY71 15p 2N3440 54p
AD162 35p BCY72 15p 2043442
BC107 10p BD131 330 f1.20
BC108 10p BD132 40p 2043702 10p
BC109 10p BFY50 15p 2043703 10p
BC109C 15p BFY51 15p 2043704 10p
8C147 lop BFY52 15p 2043705 10p
BC148 10p TIP41A 60p 2N3708 10P
BC149 10p TIP42A 75p 2043819 22p
BC157 10P T1P2955 96p 2044059 10p
BC158 10p TIP305542p 2N4418 10p
13C159 .0P 2N2219 23p 2045295 30pBC161 18p
BCI82 12p 2042369 22p 741 25p
BC183 12p 2042646 60p 555 40p

44 Page Illustrated Catalogue only
10p + large S.A.E. FREE with
orders over £3.
DIODES IL LEDS
1044001, 25p; 1N4003, 46p; 1N40057P;
1044006 Bp; 1N4007 9p; 1N41413 4p;
0A81-91 etc. 5p; 8Y127 129; 100V3A
12p; 400V 3A 15p; Bridges 400V 1A
30p; 800V IA 40p; 250V 2jA 40p;
200V 5A 70p; TIL209 Red LED 15p;
0.2" Red, green or yellow 24p.
VEROBOARD
100sq ins asstd. size offcuts, in 4 Jiff.
packs: Pack A: All 0.1" Pack B: All
0.15" Pack C: Mixed Pack 13; All 0.1"
plain. All packs £1-20 each. 17 x 31"
boards 0.1" El AM. 0.15" £1.60;
Plain 0.1" £1 .40.
DEVELOPMENT PACKS
Save EEEE's by buying a full range of
components at one gol All full spec.
marked devices, no rejects or old
stock.
50V Ceramic plate Capacitors, 5%.
10 of each value from 22pF to 1000pF,
Total 210 for ft 70. Save El 501
Carbon Film Min. resistors, }rd watt
5%, 10 each value 10 ohms to 1

Megohm, total 610 for £6 00. Save
£3.15!
Electrolytics, 10 each value 1, 2.2,
4.7, 10, 22, 47, 100uF, All 25V. Total
70 for £3.20. Save 41.101
CAPACITORS
Miniature ceramic plate from 22pF to
1000pF 5% 2p; 1500pF to .047 4p.
Mylar 1000pF to 8200pF 5p each.
Polyester -01 to 0.1 uF 4p; .15, .225p;
-33 5p; 47 8p; 038 10p; luF 12p; 2-2
16p.
Electrolytic, 25V working: 1, 2'2, 4.7,
10, 22, 47uF All lip; 100uF 7p; 220uF
9p; 470uF 16V Op; 470uF 25V 11p;
470uF 63V 18p ; 1000uF 16V 15p;
1000uF 25V lop; 1000uF 50V 32p;
1000uF 63V 40p; 2200uF 16V 20p;
2200uF 25V 29p; 2200uF 40V 4$p;
4700uF 16V 43p; 4700uF 25V Sip;
All the above are wire ended. Tag
ended 4700uF 40V 72p.

SOLDERLESS BREADBOARD I NG-DECS
The famous DEC System of Solderless Breadboarding is ideal for both the young
and more mature students of Electronic Engineering as it enables circuits to be
tried and tested without the use of soldering and because of the specially de-
signed contacts allows components to be used over and over again. It is also
extremely useful for the Circuit Designer who wishes to experiment with and
perfect his circuit quickly yet economically.

S -DEC (Model PB11)
This, the most popular Board, is designed solely for the use of
discrete components and is particularly useful for basic
educational purposes.
(No. of Contacts: 70) 1 off £1.98

5 off £1 76

T -DEC (Model PB21)
This Board allows 2 TO5 or 1 DIL IC Station to be used and so
is primarily intended for discrete work or for linear IC applica-
tion where considerable numbers of discrete components may
be required.
(No. of Contacts: 208) 1 off £3.62

5 off £3 21

ii -DEC 'A' (Model PB31)
The M -DEC 'A' is specially designed for ease of use with IC's
and allows 2 DIL or 4 T05 stations to be used but will accom-
modate discrete components with equal facility.
(No. of Contacts: 208) 1 off 1E3.97

5 off £3 53

p. -DEC 'B' (Model PB41)
The µ-DEC 'B' is for similar uses as m -DEC 'A', but has two
16 lead IC sockets as part Of the Board.
(No. of Contacts: 208) 1 off £6.97

5 off E6 19

DEC ACCESSORIES
16 DIL adaptor (with socket) P8062
10 TO5 adaptor (with socket) P9072
Single ended leads (set of ten) P8101
Double ended leads (set of ten) P0102
lmm plugs (set of ten) PB103

All prices include 8% VAT. P. & P. 258.
Our retail counter Is now open, stocking a large variety of audio and electronic

parts and accessories, branded and surplus

£1 92
£1.80
£0.90
£0 99
£0.45

WE ARE SITUATED 2 MIN. WATFORD JUNCTION STATION

THE COMPONENTS CENTRE
7 Langley Road, Watford, Herts., WD1 3PS.

Tel.: Watford 45335
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GEORGE HYLTON
brings it

own

Using Old Meters
AREADER from Kent. Mr. L. N. Buik,

writes t y that he has picked
up a couple o ten Cheaply. He asks
if they can b for use as test
meters.

This is a co ough situation.
There are al ndhand meters
around. So let it.

The first t do (preferably
before buying e sure a meter
is operation a smoothly
increasing cur .plied does the
needle move ? A lot of old
meters stick '.int. Secondly,
do the scale tell the truth?
If the scale re. IV is the meter
really a voltm st an ordinary
moving coil ga r masquerading
as one?

Pocket Uni
A simple t (Fig. I) answers

both question ntend to go on
a meter hunt local shops it's
a good idea t this circuit as
a pocket size o test a meter
connect to t A" range and
turn up VR deflection is
produced leave VRI' at the halfway
point and sw tch 52 to progressively
higher current rangps until some
deflection appears, however small.
Then adjust VRI sl 'ly to vary the
deflection up to ful tale and back
again, watching for ing points.

If all appears well, a range which
gives a substantial de ction with VRI

to
eart
292

at maximum. In this position the
currents on Fig. I are approximately
correct. So you can see if the calibration
of the meter is about right.

If the meter is a voltmeter the
deflection will be about the same on
all the higher current ranges. But many
meters marked in volts are really
current meters designed to be con-
verted into voltmeters by adding an
external series resistance (called a
multiplier).

Voltmeter
On the whole the most useful

meters are voltmeters but a reasonably
sensitive current meter (1mA full
scale or less) can easily be converted
into a voltmeter. I'll illustrate how it's
done using one of our reader's meters
as an example. This is a 750µA
"galvanometer" (moving coil d.c.
meter) scaled 0 to 100. Its dial carries
the useful information: Resistance
14 ohms @ 20°C.

resistors the error due to the tolerance
can be far greater than 14 ohms. In any
case the full scale current may not be
exactly 750µA so unless you can check
this against an accurate meter you just
don't know whether it's worth buying
close tolerance resistors. I suggest
cheap 5 per cent ones: most voltage
measurements in electronics don't
need to be made with great accuracy
anyway.

Other voltage ranges can be obtained
by using a different multiplier calcu-
lated in the same way. Thus for a 300V
range the total resistance is 300V/
750µA =400 k 'ohms.

Higher Reading Ammeter
Our reader's other bargain meter

was 15mA d.c., resistance not given.
This is too insensitive for use as a
voltmeter but is quite handy as it
stands since currents in the 0 to 15mA
range are frequent in transistor
circuits. If a higher range is required
and you can find out the resistance

Si

82k1) (110pA)

27k1)(330pA)

8.2k12 (1-1mA)
S2

VR1
2.71(0(3.3mA)

mlo
I

I
B1

9V 82012(10m A)

4-7k11
OR 10k12
VOLUME
CONTROL METER
WITH SWITCH IS11 UNDER

27012 (33mA) TEST

Fig. I. The circuit diagram of the pocket meter tester. This may be constructed in
a small plastic box, with VRI/S1 and S2 on the front panel. Two leads terminated
in crocodile clips are used to connect the meter under test to the unit.

Ohm's Law
To use a "0 to 100" scale the voltage

range must bear some simple relation
to 100. Let's make it IV. Then with
10V applied the current has to be full
scale, i.e. 750µA.

By Ohm's law the resistance must
then be I OV/750µA=13,333 ohms. The
meter itself provides 14 ohms so the
multiplier must provide the rest; i.e.
13,319 ohms. This is not a standard
value. A fairly close approximation is
given by 15 kilohm in parallel with
120 kilohm, both standard E I 2 series
resistances. These give 13,333 ohms
which as we've seen is too high by the
meter's own resi'stance. But in practice
IS kilohm and 120 kilohm are as good
as you'll get without great expense.
Even if you buy I per cent tolerance

(please don't try to measure it on an
ohmeter or you'll wreck your bargain)
it is possible to connect a "current
shunt" resistance across the meter
terminals.

For example suppose the 15mA meter
has a resistance of 9 ohms and you want
to make it read 0 to 150mA. At full
scale 15mA must go through the meter
and the other I35mA through the
shunt. Since the voltage drop across
two resistances in parallel is the same
for each of them and since 135 is nine
times 15 it follows that the shunt must
be one -ninth of the resistance of the
meter; i.e. I ohm in our example.

Unfortunately real -life meter resist-
ances seldom work out quite as easily
as this one and making shunts is a lot
less simple than making voltage
multipliers.
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Bring tcope/to your interest.
There's only one way

1 Build 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 profes'sion. It
remains your property and represents a
very large saving over buying a similar
piece of essential equipment.

to master electronics...
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.

All students enrolling in our
courses receive a free circuit
board originating from a
Computer and containing
many different components
that can be used in experi
ments and provide an

,electronic practice.
excellent example of current !ADDRESS

C D

4 5 6 ?r-gEgAlk

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.

To find out more about how to learn electronics in a new exciting and absorbing
way,just clip the coupon for a free colour brochure and full detailaof enrolment.

'Write to:- British National Radio & Electronics School, I
P.O. Box 156, Jersey, Channel Islands.

NAME

1.=
EEB 67
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RECEIVERS and COMPONENTS

Three assorted meters 12111. T.V. convergence
Panel. ExAC128. 3 slugged coils, 3 slide switches
11 W.W. Pots, 3 Carbon Presets, 2 Ferrite Chokes
etc. 11,10. Small audio amp. 3 Transistors,
Equiv. AC128.0072 with circuit 40p, 3 for Et.
Talking Paps Panel 12 silicon Transistors, SCR,
2 pots etc. Et. 100 assorted C280 polyester caps
£1 15. 71b. assorted components 42 75.
List 15g, refund on purchases. Over 41 post paid,
under add 20p. Insurance add 10p.

J. W. B. RADIO,
2, Sarnfleld Crescent, Sal*, Cheshire M33 I NL

NO LICENCE EXAMS NEEDED
To operate this miniature, solid-
state Transmitter
Only £8.25 plus 20p P&P.
'Brain -Freeze' em with a MINI -
STROBE Kit, pocket -sized 'lightning
flashes', varl-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, Stoneleigh

Ewell, Surrey. (E.E.)

SMALL ADS
The prepaid rate for classified advertisements is 14
pence per word (minimum 12 words), box number
40p extra. Semi -display setting f9.00 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, IPC 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 ths conditions 'pouring on our current
advatisiment rats card end on ths amass
underitamilng that the Advertiser
warrants that the advertisement dots not
contravene any Act of Panamint nor is it
an Infringement of the British Code of
Advsnising Practice.
2. Tha publishers risme the right to
refuse or withdraw tiny advatisamint.
3. Although every cars is taken, ths
Pubilihors shell not be liable for clerical
or printers' errors or their consequences.

DISCOVER ELECTRONICS, Build
twenty easy projects including: Metal
Detector; VV ireless 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,
Uckfleld, Sussex.
ELECTRONIC DICE as March EE.
Complete kit -send £3.66. Case extra
58p. Components catalogue 25p (re-
fundable). MAGENTA ELECTRONICS
LIMITED, EEB, 61 Newton Leys,.
Burton on Trent, Staffs DE15 ODW.

FOR SALE

COMPLETE SET. E.E. Issue 1 to
present. Offers. BIGGS, 25 Gay Elms
Road, Withywood, Bristol.
BACK NOs, available of E.E./P.E./P.W.
Miscellaneous copies from 1967 to
1975. Also some complete volume
issues. Offers, enquiries SAE please,
to E. SHAW, 67 Wellstone Garth,
Bramley, Leeds 13, Yorks L'S13 4EJ.
FIRST 28 Everyday Electronics plus
Demo Deck £25. Buyer collects. Ched-
dington 668193.

BOOKS and PUBLICATIONS
SIMPLIFIED TWIREPAIRS. 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.
BUILD 5 TRIED AND TESTED CIR-
CUITS. Digital Precision Timer (2

30min). Sensitive burglar alarm. Volt-
meter/Ammeter. A. F. Circuit tracer.
Metal Detector. Diagrams 50p each+
SAE (£2 for 5). Buildit, 100 Coltstead,
New Ash Green, Kent DA3 8LW.

WANTED
WANTED. Info on Govt. Surplus
Monitor Unit Type 56. 41 Ronald Road,
Liverpool L22 3XU.

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, Radio, TV, etc.,
50p and SAE. Catalogue 20p and SAE.
Hamilton Radio, 47 Bohemia Road, St.
Leonards, Sussex.

MISCELLANEOUS

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.

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

Rectifier, 1earphone Insert, 1 mike insert, 2 diodes,
1 buzzer, 3 core cord, 1 salvaged tool -an Ideal
collection for experiments: E1110 Inc. VAT &
P.P. 5 digit counter. 10 digits/sec., 24-48v. non -
reset, brand new GPO type II5p inc. Also 3, 4, 6,
6 & 9 core cords many other telephone spares at
give away prices!
Trade enquiries welcome. S.A.E. for lists or
orders to:

B. B. SUPPLIES
141, Shalmsford St., Near

Canterbury, Kent. CT4 7QZ.

THE 0 - EN DOOR TO QUALITY
THE COVER
IS BLACK
& WHITE

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
nfaintain customer satisfaction. Attractive discounts continue on many
purchases; Access and Barclaycard orders are accepted. FREE POSTAGE
on all C.W.O. mad orders in U.K. over £2.00 list value (excluding V.A.T.) If
under add 15t, handling charge.

BUILD WITH THE EVERYDAY ELECTRONICS

TEACH -IN KIT nett £15.75 inc. V.A.T.tocclit0 MAIE.

Cate o9
ELECTRO ALOE LTD

from Electrovalue as described in this journal
All comicion. to Dept. EE4.
28 ST. 3UDESRD., ENGLEFIELD GREEN, COHAN, SURREY
TWPO ORB. Phone Etrham 3603. Telex 284475.
NORTHERN BRANCH: 880 Homage Lane, Emmaus, Manchester
5119 1NA. Phone (061.) 432 4945.
Sho hours both athlreect 0-x.:30 , I p1.1 `4.,t.

144 Page

40p
inc. refund

voucher worth
40p

294 Everyday Electronics, June 1977



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 %.
EDENCONIBE LTD., PO Box 276, 67
Gloucester Street, London SW1V 4DZ.

100 RESISTORS 75p
1W 5% c/FILM 2.20-2.2M a (E12)

10 each of any value
CM CASSETTES 30p All Cassettes in Plastic
C90 CASSETTES 45p Case with index and

Screwed Assembly.
All prices Include VAT. Add Postage 10p In £1.
Quantity Discounts SALOP ELECTRONICS,
10 Units 5% 23 WYLE COP,
50 Units 7% SHREWSBURY

100 Units 10% Tel. 53206

RECHARGEABLE NICAD BATTERIES
`AA' (11P7)-£1.26. Sub 'G'-£1.29. 'C'
(HP11)-£2.38. 'D' (HP2)-£2.92. PP3-
£4.98. Matching chargers, respectively,
£4.48, £4.48, £5.24, £5.24, £3.98. All
prices include VAT add 10% Post &
Package. SAE for full list, 1 plus, If
wanted, 50p for 'Nickel Cadmium
Power' Booklet. Sandwell Plant Ltd.,
1 Denholm Road, Sutton Coldfield,
West Midlands B73 6PP. Tel. 021-354
9764.

ENAMELLED COPPER WIRE
swg 1 lb Box 4or Sox
14-19 2.40 1.20 611 -114

20-29 2 46 1 11111 112 59
30-34 2 69 1.70 69 04
35-40 2 -IS 1N 1-04  75

Inclusive of pap and VAT.
SAE brings Catalogue of copper and resistance
wires In all coverings.

THE SCIENTIFIC WIRE COMPANY
PO Box 30, London E4 WSW

Reg: office 22, ConIngsby Gardens.

-.0 -fp TREASURE TRACER

MK III Metal locator
 Varicap 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 BBC1 and BBC2 TV
 You only need soldering iron.

screwdriver, pliers and snips
 Five transistor circuit

Send stamped add r d
nvlooe for leaflet

Coomiole 114.75 tr ,,1,1£19.75
Post ft 00 -fl 78 VA El 00 ft 53 VAT 10%)

MINIKITS ELECTRONICS
Bb CLEVELAND ROAD,

LONDON, £10 2AN (Mail order only)

A UNIQUE
OPPORTUNITY

We can show you how to earn a lot of
money working part or full time from home.
We are the ONLY company in the U.K. offer-
ing this unique information. A basic interest
in electrical engineering is necessary.
Government Departments are making use
of our system, why don't you. For complete
return of post details send a large stamped
addressed envelope to: -

MAGNUM
Dept. E.E., Brinksway Trading Estate,

Brinksway, Stockport.

GLASS FIBRE P.C.B'S.
From your own tape, film or Ink masters. Send
s.a.e. for quotation.
Everyday Electonics P.C.B'S In glass fibre, tinned
and drilled. Dec. 76 Mini Organ £2.48. C.W.O.
please. Practical Electronics P.C.B'S.
Send S.A.E. for list. R. 5. Components. All of these
well known suppliers components available.

PROTO DESIGN, 4, HIghellIfir Way,
Wickford, Essex, 8811 ILA.

4 -STATION INTERCOM

+£1895
V.A.I  52

Solve your communlea
tion problems with this

4 -Station Transistor Intercom system (1 master and
8 Subs), in robust plastic cabinets for desk or wall
mounting. Call/talk/listen from Bader to Sabi and
Subs to Master. Ideally suitable for Bushleaa, Sur-
gery, Schools, Hospitals and Office. Operates
on one 9V battery. On/off switch. Volume control
Complete with 3 connecting wires each 66ft. and
other accessories. P.& P. 90p.

MAINS INTERCOM NEW MODEL
No batteries -no wires. Just plug In the mains
for instant two-way, loud and clear communication.
On off switch and volume control. Price 133 74
per pair P. & P. 90D.

NEW N I AMERICAN TYPE CRADLE

TELEPHONE AMPLIFIER

NLY

1495
VAT El  20

Latest transistormed Telephone Amplifier with
detached plug -In speaker. Placing the receiver on
to the cradle activates a switch for Immediate
two-way conversation without holding the handset.
Many people can listen at a time. Increase efficiency
in office, shop, workshop. Perfect for "conference"
calls: leaves the user's hands free to make notes,
commit files. No long waiting, eaves time with
long-distance calls. On/Off switch, volume. Direct
tape recording model at 116-96 + VAT 11.36
P. P. 76p, 10 -day price refund guarantee.

WEST LONDON DIRECT SUPPLIES (E.L.6)
169 KENSINGTON HIGH STREET, LONDON, WS

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.

TV GAMES CHIP
AY -3-8500 £1150. Printed circuit and kit of extra
parts £7.95. Add-on colour kit P.O.A. Send sae
for free data.

NEW COMPONENTS SERVICE
Resistors 5% carbon E12 2.70 to 10M 1W 1p.
1W 2p. Preset pots subminiature 0.1W E31001]
to 4M7. Vertical 9p. Horizontal Op. Poten-
tiometers 025W E3 4K7 to 2142 log or Iln. Single
24p. Dual 75p. Polystyrene capacitors E12 63V
22pf to 8200pf Sip. Ceramic capacitors vert. 50V
E8 2201 to 47000pf 3p. Mylar capacitors 100V
 001, -002, -005 4p. -01, 02, -025 Ofrp. Polyester
capacitors 250V ES  01 to 1mf 51p. 15, 22mt
7p, 47mf 11p. Electrolytics 50V 47, 1, 2mf 5p.
25V 5, 10mf Sp. 16V 22, 47mf Op. 100mf 7p. 220mf
So. 470mf 11p. 1000mf 16p. Zener diodes 400mW
E74 3V3 to 33V alp.

MAINS TRANSFORMERS
6-0-.0V 100mA 94p. 9-0-9V 75mA 94p. 18V IA
E195. 0/12/15/20/24130V 1A £3-65. 12-0-12V 50mA
94p. 0/12/15/20/24/30V 2A E4.95. 13.3V 11A f.210.
6-0-6V 1,A £2-55. 9-0-9V 1A £2.19. 12-0-12V 1A
42 49. 15-045V IA £2.69. 30-0-30V 1A L339.

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 £365. 100 aci Ins pc board 75p.
1 lb Fed 95p. Etch resist pen 75p.

S-DECS AND T-DECS
S-DeC £1 94. T-DeC £3-61. i II Ifir
u-DeCA £397.
u-DeCB £697. 40114' 'IC carriers with s'iii -- - ie. .iNslitie
sockets:- vaasq..........
16 dli £1  91. 10T05 £1 79. yze

SINCLAIR CALCULATORS, WATCHES
AND POCKET TV
Sinclair pocket TV £165. Cambridge Scientific
0545. Cambridge Memory £5.95. Oxford Scien-
tific E1060. Mains adaptors (State model) £320.

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: 6/71/9V 300mA £2110.
100MA RADIO MODELS
With press -stud connectors. 9V £345. 6V £345.
9V + 9V £545. 6V + 6V £5.45. 41V + 44V L545.
CASSETTE MAINS UNIT
74V with 5 pin din plug 150mA £365.
FULLY STABILIZED MODEL £545
Switched output of 3/6/71/9V 400mA stabilized.
CAR CONVERTORS 12V INPUT
Output 9V 300mA E1 AN. Output 75V 300rnA £180

BATTERY ELIMINATOR KITS
Send sae for free leaflet on range.
100mA radio types with press stud battery
terminals. 45V £2.10. 6V £2 10. 9V L210. 401 +
4)V £250. 6V + I3V £250. 9V + 9V £250.
Cassette type 75V 100mA with din plug £210.
Transistor stabilized 8 -way type for low hum
3/41/6/75/9/12/15/18V. 100mA £320. 1 Amp C.I511.
Heavy duty 13 -way types 45/6/7/81/11/13/14/17/
2I/25/28/34/42V. 1 Amp £4115. 2 Amp £7415.
Car convertor kit Input 12V DC. Output 6/75/9V
DC IA transistor stabilized £1-9S
Stabilized Laboratory power kit Switched
1 to 30V In 0 IV steps. lAmp £1245. 2 Amp £1405

SINCLAIR PROJECT 80 AUDIO MODULES
PZ5 Ea 95. Z40 £5 75.
BI-PAK AUDIO MODULES
S450 tuner £20 95. ALSO £4 60. PA100 E14-95.
MK60 audio kit C31-95. Stereo 30 £1550. SPME10
E3 8S. BMT £3.32. Send sae for free data.

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

with printed circuit and data E495.
PZ20 Power supply kit for above £3 -OS.
VP20 Volume, tone control and preamp kit ELM.
Send sae for free leaflet on the whole system.

./C12 AND JC40 AMPLIFIERS
JC12 SW IC audio
amp with free data
and
circuit EI95
Also new JC40 20W --- al
model with pcb
E395. Send sae for free leaflet on both models
and associated power supply and preamp kits.

FERRANTI ZN414
IC radio chip E1 44, Extra parts and pcb for radio
E3115. Case £1. Send sae for free data.

SWANLEY ELECTRONICS
Dept E.E. PO BOX 68,
32, GOLDSEL ROAD,

SWAN LEY, KENT BR8 8TQ.
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. Overtime customers deduct 7% on Items
marked  and 11% on others.
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B. BAMBER ELECTRONICS Dept. EE, 5 STATION ROAD, LITTLEPORT, CAMBS., CB6 11:1E
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday

PLEASE ADD 8% VAT UNLESS OTHERWISE: STATED PLEASE ADD 8% VAT UNLESS OTHERWISE STATED

RED LEDIMin. type) 5 for 70p. MAINS ISOLATION TRANSFORMERS. Tapped
mains input 2401, at 3A  12V at 500mA output.

VIDICON SCAN COILS (Transistor type, but no data) New, boxed, made by Gardners. E12.
complete with vidicon base £6.50 aeon. Brand New.

GARRARD 9V DC MINIATURE MOTORS,
FULL RANGE OF BERNARDS/ I ELEC.- Type 31BM. 3211, RPM governed, size approx.

11in. dia. x high, with 2mm spindle. BrandTHOR ICS ROOKS IN STOCK. SAE FOB LIST.
sac

NEW FOR THE VHF CONSTRUCTOR. A range of
tuned circuits on formers M. slugs and screening cans.
frequencies quoted are approximate, and range can be
greatly extended by using varying ...odors In parallel.
Type S square, dumpy type).
Type SA 20 to 30MHz (when 33$ fined in parallel).
Type SIO 35 to 50MHz with link winding).
Type SC 70 to 100MHz (with link winding).
Type SO 135 to 175MHz (with link winding).
Type M (Min. }in. square NU.).
Type MA 19 to 28MHz (when 33pf fitted in parallel).
Type MB 22 to 32MHz (when 33pf fitted In parallel).
Type MC 25 to 35MHz (when 330 fined In petalled.
Type MD 38 to 50MHz (when 330 fined In parallel).
Type ME 45 to 80MHz (when 330 fined in Perelled.

30P1 SPECIAL OFFER ...
lilSTARPHONE HIGH BAND RF PC BOARDS,

' with conversion data for making into a good 2M
Converter. (All that is needed: 1 xtel, 7 caps.
2 resistors, end 9V DC.) PCB contains 2 Dual pate

PLASTIC PROJECT BOXES with screw on lids (in Mos Fat RF stages 139140). Diode ring mixer.
Black ABS) with brass inserts. 3 stage Osc/Multiplier. Alt on one PCB. approx. size
TYPE NB1 approx. 310.0211n. x 111n. 40p amok. V 11", ext. connections, 9V DC supply. AGC
TYPE N82 app.- 31In. x 211n. x 11in. SOP amok (can be left bias, or RF gain contro Arit.
TYPE NB3 411n. x 31in. x 111n. 80p eralt. Mout, IF output (works from a few

In
over

30MHz). All Brand New. £6.50 each, while

MULLARD 85A2 85V STABIUSER VALVES stocks last.
(13rend New) 70p each or 2 for £1.20.

Type MF 100 to 200MHz (without Slug) when 0 to
variable fitted in parallel.
All the above coils imitable in pecks of five o

type) at SOP per peck of 5.

SILICON HIGH] VOLTAGE RECTIFIER STICKS,
9Y185 (new) 35kV 2 5mA El each, BY140
iex-equip) 12kV 2 5mA 45p each.

PERSPEX TUNER PANELS (for FM Band 2
tuners) marked 88-108MHz and Channels 0-70,
clear numbers, rest blacked out, smart modern
appearance, size approx. 81in. x 1 lin., 2 for 35p.

PLUGS AND SOCKETS
N -Type Plugs 50 ohm, 60p each, 3 for £1.50.
PL259 Plugs IPTFEI, brand new, packed with
reducers, 66p or 5 for E3.
S0239 Sockets IPTFEI, brand new 14 -hole fixing
type), 50p each or 5 for £2.25.

VARIABLE STABILISED POWER SUPPLY,
mains input 0-24V output, stabilised end current
limiting :it 500mA  32V at 50mA. Brand new by
British manufacturer Size approx. 71 x 21 z 4in
complete with external 5k0 3 -turn pot for voltage
ontrol. Connection data supplied. E7.

14 OIL REED RELAYS, 5 to 12V DC, 450 ohm
col:. Designed to work directly from TTL Logic.
Single Pole Change over. Contact ratings 28V 1A1
3W. t1 .78 each.

TO3 transistor insulator sets, 10 for 50p.

2N3055 type Transistors. O.K., but unmarked,
5 for El.

110V NEONS, SCREW -IN -TYPE, 4 for 50p.

BS)(20 (VHF OscJMultl, 3 for 513p.
BC108 (metal cam. 4 for 50p.
PBC108 (plastic BC108). 5 for 50p
BEY51 Transistors. 4 for 60p.
BCY72 Transistors. 4 for 50p.
PNP audio type TO5 Transietors, 12 for 25p.
BF 152 (UHF amp/rnixen. 3 for 50p.
2N3819 Fet.. 3 for 60p.
BC148 NPN SILICON, 4 to, 50p.

4MHz XTAL PACKS 110 assorted sta. between BC158 PNP SILICON, 4 for 50p. MULTICORE SOLDER
4MHz and 5MHz/, our selection only. £1 Peck, BAY31 Signal Diodes, 10 for 35p. Size 5 Sevbit 18 s.w.g. in alloy dispenser, 32p

BAt 21 Vericap Diodes, 4 for 50p.  VAT (3p).
MINIATURE PLIERS. High quality "Crescent" Size CI SAV 18 Saybit 18 cw.g., 58p + VAT 140.
made in USA. £4.35 +VAT (35p). SMALL MAINS SUPPRESSORS Ismail chokes, Size 12 Savbit 18 s.w.g. on plastic reel 01.80

ideal for radio. Hi-Fi Inputs, etc.). approx. 11n. x + VAT (15p).
llin., 3 for SOp. i Kg. (1 11b11110 x 40, 20 s.w.g. on plastic reel C3.

A LARGE RANGE OF CAPACITORS AVAIL-
ABLE AT BARGAIN PRICES, SAE. FOR UST.

MIXED COMPONENT PACKS, containing
resistors. capacitors, pots, etc. All new. Hundreds
of items. E2 per pack, while stocks last.

ALU-SOL ALUMINIUM SOLDER (made by Multi -
core). Solders aluminium to itself or copper,
bra., steel, nickel or tinplate, 16 s.w.g. with
multicore flux, with instructions. Approx. 1 metre
coil 40p pack. Large reel £2.75.

SOLDER SUCKERS (Plunger Type). Standard VARICAP TUNERS Mullard Type ELC1043/05.Model, £4.50. Skirted Model. E4.95. Spate Brand New £4.40 + 121% VATNozzles 80p each.
SAROAIN PACK OF LOW VOLTAGE

WELLER SOLDERING IRONS ELECTROLYTIC CAPACITORS. Up to 50V

EXPERT. Built -in -spotlight illuminates work. Pistol working S""ni' APP"'' 100' °AI°
grip with fingertip trigger. High effklency copper Per Pack  121% VAT.

soldering tip, Moblle Convene. 24V DC Input13 80 et

etc.) £9.80 +VAT (711p). battery).
for running 120car radio lorry

EXPERT SOLDER GUN. CLIO  VAT (54p1.
EXPERT SOLDER GUN KIT (spare bite use. I(IZOX. 3 4A DC output fully stabilised. £3.60 each

SPARE BITS, PAIR, 30pF + VAT (2p).
MARKSMAN SOLDERING IRONS
SP15D 15W E3 VAT (24p).
SP25D 25W E3 + VAT (24p).
SP25DK 25W + bits, etc., kit £3.85 « VAT (31p).
SP4OD 40W £3.44 VAT (28p).
BENCH STAND with spring Marksman Irons.
£2.22 VAT (18p).
SPARE BITS
MTB for 15W, 48p + VAT (4P).
MT4 for 25W, 38p + VAT 13p),
MT I0 for 40W 42p 0 VAT (3p).
TCP2 TEMPERATURE CONTROLLED IRON.
Temperature controlled iron end PSU £27 VAT
(C2.161.
SPARE TIPS
Type CC single flat, Type K double flat fine tip,
Type P, very fume tip VI each . VAT (8p).

MOST SPARES AVAILABLE.

SIDE CUTTERS. High quality, £3.70 + VAT 30p.

We now stock Spiralux Tools for the electronic
enthusiast. Screwdrivers, Nuts

Spathe
BA and

Metric sizes, pop rivet guns. etc. SAE for list.

TWIN I.F. CANS, approx. tin. x }in. x 1 in, high,
around 3 5-5MHz, 2 separate transforms. In
1 can, Internally screened, 5 for 60p 12196 VAT.

Dubilier Electrolytics, 50pF. 450V. 2 for 50p.
Dubilier Electrolytics, 100,A, 276V, 210r 50p.
Plessey Electrolytics, 470pF, 83V, 3 for 50p.
TCC Electrolytick 1000pF, 30V. 3 for 60p.
Plessey Electrolytics, 1000$, 180V, 40p each
13 for E11.
Dubilier Electrolytics, 5000pF, 35V, SOp each.
Dubilier Electrolytic', 5000pF, 50V, 60p each.
ITT Electrolytice. 13800pF. 25V, high grade, screw
terminels, with mounting clips, 50p each.
Pie.. Electrolytical. t 0,000pF et 83V. 75p each.
Plessey Cathodrey Capacitors, 0-0-4pF at 12 5kV
DC. Screw terminals. £1.50 each.
PLEASE ADD 123% VAT TO ALL CAPACITORS.

TV PLUGS AND SOCKETS
TV Plugs (metal type). 5 for 60p.
TV Sockets (metal type). 4 for 50p.
TV Line Connectors (back -to -beck sockets/. 4 for 60p.
Mamas add 124.% VAT.

Terms of Business: CASH WITH ORDER. MINIMUM ORDER f2. ALL PRICES INCLUDE POST & PACKING (UK ONLY) SAE with ALL ENOUIRIES Please
PLEASE ADD VAT AS SHOWN. ALL GOODS IN STOCK DESPATCHED BY RETURN. CALLERS WELCOME BY APPOINTMENT ONLY

First of course you need our catalogue -all
200 pages of itl It's so packed with good
things that it's known as the constructor's
'Bible'. It costs just £1 plus 40p for post and
packing. With it comes a free Bargain List
showing many items at such knock -down
prices that the savings can pay for the cata-
logue several times over. Send for a catalogue
today, using the coupon on the right.

A wise
move -

Parr 71/6
cOUPON

with
Or P.O.

1.1'40

hn cooking up a new
electronic masterpiece/

I'm off to HomE RADIO now
o buy the components-.

During the many years we've been serving the needs of
radio and electronic constructors we've seen quite a few
odd customers at our Mitcham shop, but we must admit
we've not yet had a Chinese buffalo boy. However, even
such a customer wouldn't really surprise us, for we get
an amazing variety of characters, all having a common
enthusiasm for this ever-growing hobby. They come to
us knowing they can choose from a wonderful stock of
components. They know too they'll get that extra bit of
'service' that makes all the difference. Of course, apart
from those who call at our shop we have thousands of
faithful customers who order regularly by post, having
chosen their components from our famous catalogue.
Why not join them?

rPlease write your Name and Address in block capitals

HOME

NAME

ADDRESS

Is

RADIO (Components) LTD. Dept. EE
214240 London Road, Mitcham, Surrey CBI 3140

4154

IRegn N. I
London 9129661 j

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

Published approximately the third Friday of each month by IPC Magasinea Ltd., Fleet. oy Howe, FerrIngdon St., London EC4 4AD. Printed In England by Index Printer. Ltd., Dunstable
Beds. Bole Agents for Australia and New Zealand -Gordon and Gotch (Allis) Ltd. South Africa -Central News Agency Ltd. Everyday Electronics is sold subject tothe following conditions
namely that it shall not, without the written consent of the Publishers first given, be lent, resold, hired ont or otherwise disposed of by wayof Trade at more than the recommended selling
price shown on cover, excluding Eire where the selling price is subject to V.A.T., and that It shall not be lent, resold, or hired out or otherwise disposed of In a mutilated condition or in

Any unauthorised cover by way of Trade, or edited to or as part of spy publication or advertising, literary or pictorial matter whatsoever.



SEMICONDUCTORS -COMPONENTS
DIODES

Type Price Type Price Type Price
AA129 £0.08 BY100 £0.16 BYZ11 £0 31 0A91 £0 07
AAY30 £0.09 BY107 £0.12 BYZ12 £0 31 OA95 £0 07
AAZ13 £0.10 BY105 £0.18 BYZI3 £0.26 0A182 £0.07
AAZI7 £0.10 BY114 £0.12 BYZ16 £0 41 0A200 £0 08
BA100 £0.10 BY124 .£0,12 BYZ17 £0 36 0A202 £0.08
BAI02 £0.32 BY126 .£0.15 BYZ18 £0 36 SD10 £0 06
BA148 £0-15 BY127 BYZI9 £0.28 SD19 £0'06
BAt 54 £0-12 BY128 .£0.16 0A10 £035 N34 £0 07
BAI 55 £0-14 BY130 .£0.17 0A47 £007 N34A £0 07
BA156 £0-14 BY133 '£0.21 0A70 £0.07 N914 £0 06
BA173 £0.15 BY164 £0.51 0A79 £0 07 N916 £0 06
BB104 £0.15 BY176 .£0.75 0A81 £0 07 N4148 £0.06
BAX13 £0.07 BY206 £0.00 0A85 £0.09 S44 £0 05
BAX16 £0.08 BYZIO £0.36 0A90 £0 07 S920 £0.06

SILICON RECTIFIERS
Type Price Type Price Type Price Type Price
S920 £006 N4003 £0.07 S020 £0-10 S031 £0 25
S921 £0.07 N4004 £0.08 5021 £0-11 f45400 £0.13
5922 £0.08 N4005 £0.09 S023 £0-13 N5401 £0 15
S923 £0.09 N4006 £0.10 S025 £0-14 N5402 £0-16
S924 £0.10 N4007 £0.11 5027 £0.16 N5404 £0.17
N4001 £0-05 5015 £0.09 S029 £0.20 N5406 £0 21
N4002 £0.06 N5407 £0.25

TRIACS
2 AMP TO5 CASE

Volts No. Price
100 TRI2A/100 £0.31
200 TRI2A/200 £0.51
400 TR12A/400 £0.71

10 AMP TO48 CASE
Volts No. Price
100 TR110A/100 £0.77
200 TR1I0A/200 £0.92
400 TR110A/400 £1.12

6 AMP TO66 CASE
Volts No. Price
100 TRI6A/100 £0 51
200 TR16A/200 £061
400 TR16A/400 £0.77

10 AMP TO48 CASE
Volts No. Price
100 TR110A/100 £0.77
200 TR110A/200 £0.92
400 TR110A/400 £1-12

SUPER UNTESTED PAKS
Pak Order
No. Qty. No, Price
U50 100 Germ. gold bonded 0A47 diode 16130 £0.60
U51 150 Germ. 0A70/81 diode 16131 £0.60
U52 100 Silicon diodes 200mA 0A200 16132 £0.60
U53 150 Diodes 75mA 1 N4148 16133 £0.60
U54 50 Sil rect top hat 750mA 16134 £0.60
U55 20 Sil red stud type 3 amp 16135 £0 60
U56 50 400mW zeners DO7 case 16136 £0 60
U57 30 NPN trans BC107/13 plastic 16137 '£060
U58 30 PNP trans BC177/178 plastic 16138 '£0.60
U59 25 NPN T039 2N697/2N1711 silicon 16139 £0.60
U60 25 PNP T050 2N2905 silicon 16140 £0 60
U61 30 NPN T018 2N766 silicon 16141 £0 60
U62 25 NPN BEY50/51 16142 £0 60
U63 30 NPN plastic 2N3906 silicon 16143 £0.60
U64 30 PNP plastic 2N3905 silicon 16144 .£0.60
U65 30 Germ. 0071 PNP 16145 £0.60
U66 15 Plastic power 2N3055 NPN 16146 £1'20
U67 10 TO3 metal 2N3055 NPN 16147 £120
U68 20 Unijunction trans 11543 16148 £0.60
U69 10 1 amp SCR T039 16149 £1.20
U70 8 3 amp SCR TO66 case 16150 £1-20
Code Nos. mentioned above are given as a guide to the type of
device in the pak. The device themselves are normally unmarked.

LINEAR PAKS
Manufacturer's ''Fall Outs" which include
Functional and part -Functional Units.
These are classed as "out of -spec" from
the maker's very rigid specifications, but
are ideal for learning about ICs and ex-
perimental work.
U721-30 Assorted Linear Types, 709 741,
747, 748, 710, 588, etc.

ORDER No. 16227 .£1.50
U76SD FM STEREO DECODER
5 ICs 76110 equivalent to MC1310P-MA767.
Data supplied with pak.

ORDER No. 16229 .£1-50
U76A AUDIO POWER OUTPUT
AMPLIFIERS
8 assorted types. SL403, 76013, 76003, etc.
Data supplied with pak.

ORDER No. 16228 .£100

THYRISTORS
600mA TO18 CASE 7 AMP TO48 CASE

Volts No. Price Volts No. Price
10 THY600/10 £0.13 50 THY7A/50 £0 48
20 THY600/20 £0.13 100 THY7A/100 £0 51
30 THY600/30 £0 19 200 THY7A/200 £0 57
50 THY600/50 £13-22 400 THY7A/400 £0 62

100 THY600/100 £0.25 600 THY7A/600 £0.78
200 THY600/200 £0.38 800 THY7A/800 £0-92
400 THY600/400 £0 45

1 AMP TO5 CASE
Volts No. Price
50 THYI A/50 £0.26

100 THYIA/100 £0,27
200 THY1A/200 £0'28
400 THYI A/400 £0.36
600 THYI A/600 £0.45
800 THY1A/800 £0.58

10 AMP TO48 CASE
Volts No. Price
50 THY10A/50 £0.51

100 THY10A/100 £0.57
200 THY10A/200 £0.62
400 THY10A/400 £0 71
600 THY10A/600 £099
800 THY10A/800 E1 22

3 AMP TO66 CASE
Volts No. Price
50 THY3A/50 £0.25

100 THY3A/I00 £0.27
200 THY3A/200 £0-33
400 THY3A/400 £0-42
600 THY3A/600 £050
800 THY3A/800 £0.65

16 AMP TO48 CASE
Volts No. Price

50 THY16A/50 £0.54
100 THY16A/I00 £0.58
200 THY16A/200 £0 62
400 THY16A/400 £0.77
600 THY16A/600 £0 90
800 THYI6A/800 £1.39

5 AMP TO66 CASE
Volts No. Price
50 THY5A/50 £0-36

100 THY5A/100 £0 48
200 THY5A/200 £0.50
400 THY5A/400 £0 57
600 THY5A/600 £0.69
800 THY5A/800 £0'81

30 AMP TO94 CASE
Volts No. Price
50 THY30A/50 £1 -18

100 THY30A/100 £1.43
200 THY30A/200 £1 -63
400 THY30A/400 £1.79
600 THY30A/600 £3-50

COMPONENT PAKS
Pak
No. Qty.
Cl 200 Resistor mixed value approx.

(count by weight)
C2 150 Capacitors mixed value approx.

(count by weight)
C3 50 Precison resistors. Mixed

values
C4 80 1W resistors mixed preferred

values
C5 5 Pieces assorted ferrite rods
C6
Cl 1

2 Tuning gangs. MW/LW VHF
Pack wire 50 meters assorted

colours single strand
C8 10 Reed switches
C9 3 Micro switches
C10 15 Assorted pots
C11 5 Metal jack sockets 3 x 3.5mm

2 x standard switch types
C12 30 Paper condensers preferred

types mixed values
C13 20 Electrolytics trans. types
C14 1 Pak assorted hardware-

nuts/bolts, gromets, etc.
C15 5 Mains slide switches ass.
C16 20 Assorted tag strips and panels
C17 15 Assorted centre: kr,obs
C18 4 Rotary wave change snitches
CI9 2 Relays 6-24V operating
C20 1 Pak. copper laminate approx.

200 sq.in.
C21 15 Assorted fuses 100mA-5 amp
C22 50 Metres PVC sleeving assorted

size and colour
C23 60 1 watt resistors mixed preferred

values
C24 25 Presets assorted type and value
C25 30 Metres stranded wire assorted

colours

Order
No. Price
16164 .£0.60

16165 .E0 60

16166 £0 60

16167 0E0.60

16168 .£0 60
16169 .£0 60
16170 £0 60

16171 '£0.60
16172 .£0 60
16173 .£0 60
16174 .£0 60

16175 *£0 60

16176 .£11 60
16177 £0 60

16178 '£0.60
16179 £0 60
16180 .£0 60
16181 .£0 60
16182 .£0 60
16183 £0 60

16184 £0.60
16185 £0.60

16188 .£0 60

16186 .£0-60
16187 £0.60

74 SERIES PAKS
Manufacturer's "Fall Outs" which include
Functional and part -Functional Units.
These are classed as "out -of -spec" from
the maker's very rigid specifications, but
are ideal for learning about ICs and
experimental work.
74G-100 Gates assorted 7400-01-04-10-50-
60, etc.

ORDER No. 16224 £120
74F-50 Flip -Flops assorted 7470-72-73-74-
76-104-109, etc.

ORDER No. 16225 £1.20
74M-30 MSI. Assorted Types. 7441-47-90-
154, etc.
ORDER No. 16226 £1.20

VEROBOARDS PAKS
VB1-Approx. 30sq.in various sizes. All
0.1in matrix.

ORDER No. 16199 60p
VB2-Approx. 30sq.in various sizes. 0 '15in
matrix.

ORDER No. 16200 60p

ELECTROLYTIC PAKS
A range of paks each containing 18 first
quality, mixed value miniature electroly-
tics.
ECI-Values from 0.47µF to 10µF.

ORDER No. 16201 60p
EC2-Values from 10oF to 1004F.

ORDER No. 16202 .60p
EC3-Values from 1004F to 680µF.

ORDER No. 16203 60p

C280 CAPACITOR PAK
75 Mullard C280 capacitors, mixed values
ranging from 0.01/oF to 221./F complete with
identification sheet.

ORDER No. 16204 .£1.20

SLIDER PAKS
Pak
No. Qty.
St 6 Slider potentiometers, mixed values
S2 6 Slider potentiometers, all 470 ohms
S3 6 Slider potentiometers, all 10k 02 lin
S4 6 Slider potentiometers, all 22k 11 lin
S5 6 Slider potentiometers, all 47k G lin
S6 6 Slider potentiometers, all 47k ft log

Order
No.
16190
16191
16192
16193
16194
16195

Price

.£0-60
£0.50

.£0 60

.£0 60

5 AMP TO220 CASE
Volts No. Price
400 THY5A/400P £0-57
600 THY5A/600P £0.69
800 THY5A/800P £0.81

No. Price
BT101/500R £0.80
BTI02/500R £0.80
BT106 £1.25
BT107 £0.93
BT108 £0.98
2N3228 £0.70
2N3525 £0'77
BTX30/50L L0.33
BTX30/400L £046
C106/4 £0 60

ORDERING
PLEASE WORD YOUR ORDERS
EXACTLY AS PRINTED, NOT
FORGETTING TO INCLUDE

OUR PART NUMBER

VAT
ADD 12+% TO PRICES MARKED*
ADD 8% TO OTHERS EXCEPTING
THOSE MARKED t, THESE ARE

ZERO RATED

CERAMIC PAK
Containing a range of first quality miniature ceramic capacitors.
Unrepeatable value.
Pak Order
No. Qty. No. Price
MC1 24 miniature ceramic capacitors, 3 16160 *£0-60

of each value-22pF, 27pF,
33pF, 39pF, 47pF, 68pF, and
82pF

MC2 24 miniature ceramic capacitors, 3 16161 *E0 60
of each value-100pF, 120pF,
150pF, I 80pF, 220pF, 270pF,
330pF and 390F

MC3 24 miniature ceramic capacitors. 3 16162 .£0.60
3 of each value-470pF , 560pF,
680pF, 820pF, 1,000pF, 1,500pF
2,200pF and 3,300pF

MCA 21 miniature ceramic capacitors, 16163 .£0.60
3 of each value-4,700pF, 6,800pF
0.01µF, 0.015uF 0.022/./F.
0.033gF and 0-0470F

Just a selection from our
huge stocks!

SEE OUR
1977 CATALOGUE
126 pages packed with

valuable information
ORDER NOW

ONLY 50p
plus 15p p & p

CARBON RESISTOR PAKS
These paks contain a range of Carbon
Resistors, assorted into the following
groups:
R1-60 mixed 1W 100-820 ohms.

ORDER No. 16213 ''60p
R2-60 mixed 1W 1-8-2110.

ORDER No. 16214 '60p
R3-60 mixed 1W 10-82k22.

ORDER No. 16215 *60p
R4-60 mixed 1W 100-8205f2.

ORDER No. 16216 .60p
R5-40 mixed 1W 100-82012.

ORDER No. 16217 .60p
R6-40 mixed 1W 1-8-2k12.

ORDER No, 16218 60p
R7-40 mixed 1W 10-82k22.

ORDER No. 16219 60p
R8-40 mixed 1W 100-820k0.

ORDER No. 16220 60p
R9-60 mixed 1W 1-10MG.

ORDER No. 16230 '60p
R10-40 mixed 1-W 1-10M0.

ORDER No. 16231 60p

WORLD SCOOP JUMBO
SEMICONDUCTOR PAK

Transistors, Germ. and Silicon Rectifiers,
Diodes, Triacs, Thyristors, ICs and
Zen ers.

ALL NEW AND CODED
Approx. 100 pieces. Offering the amateur
a fantastic bargain PAK and an enormous
saving -identification and data sheet In
every pak.

ORDER No. 16222 £2.25

Dept. E.E.6, P.O. Box 6, Ware, Herts
COMPONENTS SHOP: 18 BALDOCK
STREET, WARE, HERTS



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 MES50 series leaflets
now! 65p buys the three available so far.

We stock a wide range of switches
including a really low-priced high
quality interlocking push-button
switch system, which is extremely
versatile. We've got toggle
switches, slide switches, push
switches, rotary switches-there
are dozens to choose from, but it's
only a tiny part of our fantastic
range.

Our bi-monthly newsletter keeps you up to date with latest
guaranteed prices - our latest special offers (they save you
pounds) - details of new projects and new lines. Send 30p
for the next six issues (5p discount voucher with each copy).

MAPLIN ELECTRONIC SUPPLIES
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR

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

(Closed un Monday) Telephone. Southend (0702147379

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.

A completely self-contained pedal
unit. 13 -note, 2 -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!

Play fascinating games NOW on
your own 1.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. All parts at
remarkably low prices (I.C. alone
£11 99)., send for our latest
newsletter for details. All prices
include VAT and Pt, P.

Complete Kit £24.50. Please add 3p
to Kitprice for copy of
constructional details.

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!
DON'T MISS OUT! SEND 50p NOW!r

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE
PRICE 50p

Please rush me a copy of your 216 page catalogue by return of post.
I enclose 50p, 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


