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9. A bulb and a motor connected in parallel.

Slide the switch 15 to the on position, the bulb 18 will light brightly and the
motor will turn much faster. Switch off, the bulb will go out and the motor
stop rotating.

In a parallel circuit, the electricity flows directly to the motor and to the bulb.
The battery voltage is 3 volts so they both get the full 3 volts. If you unscrew
the bulb, the motor will continue to rotate,

10. A bulb and a motor connected in series.
Slide the switch 15 to the on position, the bulb will light dimly and flicker
and the motor will turn slowly. Switch off, the bulb will go out and the

motor stop rotating.

water coming out ot a hose pipe. It you put your tinger over the end ot
the pipe the jet of water will travel further but not so much water will

flow.



12. Batteries connected in parallel.
The circuit on the right shows how batteries can be
connected in parallel.

The + terminal of one battery is connected to the +
terminal of the other battery and the two — terminals are
also connected together. The voltage remains the same
at 3 Volts but the capacity of the batteries is doubled so
they will last twice as long. This arrangement is not used
much these days and it is a throwback to the days when
batteries were lass powerful

11. Batteries connected in series.

The circuit on the left shows the batteries connected in
series. It is a folded out version of circuit 7. When batter-
ies are arranged in this way, the fotal voltage is the com-
bined voltage of both batteries added together. In this
case as both batteries are 3volts, the output to the bulb
and the LED is 6volts.
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13. A light emitting diode. (LED).

LED’s require a resistor wired in series to prevent too much electricity
going through the LED and buming it out. You can see this resistor if you
look on the underside of the LED.

In this circuit, the LED 17 and the bulb are connected in series. When you
switch on, the LED will light but the bulb does not light. This is because the
current required to light the LED is much less than is required to light the
bulb. Electricity will still flow through the bulb but not enough to make it
light.

If you unscrew the bulb, the LED will go out.

Current is measured in Amps and it is a measure of the amount of
electricity flowing. In the hose pipe idea, it is the amount of water flowing
through the pipe. If you are filling a watering can, it will fill much more
quickly if you do not put you finger over the end to increase the pressure.

14. LED controlled by a magnet.

Replace the switch 15 with the dry reed switch 13. Bring the magnet
close to the dry reed switch and the LED will light. Remove the magnet
and the LED will go out.

15. One way conductivity of an LED.
This circuit is the same as number 13 but notice that the LED has been

reversed.
When this circuit is switched on, neither the bulb or the LED will light,

this is because electricity will only flow through an LED from positive to
negative. It is said to be a polarized device.
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Close the switch, the LED and lamp will light up at the
same time.

As a general rule, if you wish to have all the components
working at the same time, then wire them in parallel and
not in series.

® -—@— @—@ I I 16. An LED and a lamp connected in parallel.

18. An LED and an electric motor connected in parallel.
Switch on and the LED will light and the motor will rotate.
This is because the motor and the LED are connected in

parallel.
17. An LED and an electric motor connected in series. if the LED was fauhy, would the motor still rotate?
Switch on and the LED will light but the motor will not rotate. _
This is because the motor requires a large current to make it If you are unsure of the answer, just remove the LED and see.

rotate and this is prevented by the LED.
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19. An LED, lamp and electric motor connected in

parallel.
Close the switch and the LED and the lamp will light up
and at the same time, the motor will rotate.

LED's are often used as visual indicators to show that a
circuit is switched on.

20. Series-parallel connection of LED, lamp and electric motor.
Press the switch and the LED and lamp will light up, the motor
will also begin to rotate. Remove the LED and notice that the Motor and Lamp still work.

21. Parallel connection of an LED and a switched lamp.

Replace the press switch with the slide switch and replace the motor with the press
switch. Switch the slide switch to the on position and the LED will light up. Press the
press switch and the lamp will light as well.

22. Magnetically operated warning light.

Replace the motor with the dry reed switch and replace the press switch with the slide
switch. Switch on at the slide switch and the LED will light showing that the circuit is live.
Now bring a magnet close to the dry reed switch and the lamp will light.

This circuit could be used to show if a door was open or shut. Fix the dry reed switch on
the frame of a door and connected it to the circuit with long wires. Fix the magnet to the
door so that when the door is shut, the magnet nearly touches the dry reed switch. In
this position, the lamp will light showing that the door is closed. If the door is opened, the
lamp will go cut and alert security to the fact .
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23. Switch lamp and LED.

Close the switch, only the LED will light up, put a magnet
near to dry reed switch, the LED will go out and the lamp
will light up.

@ = @ === QFE -.ﬁ®

24. Switched lamp and motor.

Close the switch, the lamp will light up and the
motor will slowly rotate. Press the press switch, the
motor will stop and the lamp will get brighter.

Note, if the motor fails to restart when the
switch is released, switch off at the slide switch. ; @—"‘/ C e 3)

OFF 0.:]0 ON
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25. Conductor tester.
Put a piece of tin foil across terminals A and B, if the LED lights
up then the material conducts electricity.

Try other things like wood, plastic, paper, wire and things made
of metal. You could make a list of materials that conduct
electricity and another list of things that do not conduct electricity.

Things that conduct electricity are called ‘Conductors’ and things
that do not are called ‘Insulators’.

26. Using the variable resistor.

In experiment 13, a resistor was used to prevent too much |
electricity flowing through an LED. This was a fixed resistor and

the resistance could not be changed.

The resistance of the variable resistor can be changed by turning
the shaft. Inside the resistor case is a long length of wire coiled
up to make it fit inside the case. One end of the wire is
connected to one of the press studs. The shaft is connected to a
slider which touches the coil of wire. When the shaft is turned,

the slider adds more wire to the circuit and so increases the 27. Controlling the speed of a motor.

resistance. The slider is connected to the other press stud. Replace the bulb with the motor and rotate the variable
resistor to control the speed of the motor. If you put the

Switch on an change the brightness of the bulb by yellow fan on the motor, remember to keep your head

rotating the shaft of the variable resistor, out of the way as the fan may fly off!
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28. Simple and easy signalling practice.

Press the switch in a series of short bursts; the LED will
flash, so it can be used for sending messages in Morse
code or perhaps make up your own code!

29. Changing the direction of rotation of an electric motor.
Press the switch, the fan will be rotated anticlockwise. Release the switch, put a magnet near to

the dry reed switch, the fan will rotate in clockwise direction.
(Safety Note: Do not have both switches on at the same time, or you will blow both the fuses or

damage the batteries.)
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31. The OR gate.

Two switches in parallel are used to control a lamp.
The lamp can be switched on by either of the
switches.

It is called an OR gate because the lamp can be
switched on by switch 1 OR switch 2.

This arrangement could be used to switch a bulb on
from two different places.

30. The AND gate.
Two switches are connected in series to control a lamp. To make the

lamp light, both switches must be used at the same time.

It is called an AND gate because both switch 1 AND switch 2 must be
on.

This circuit could be used to fire a missile. Two people have to make
the decision to fire the missile, one person alone can not do it. The
switches would be operated by keys and each person would only have
their own key.
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32. This circuit uses two switches in series with one switch
in parallel to control a lamp or other device.

The lamp can be switched on by closing switch 15, or by
closing both the other switches and at the same time.

The circuit might be used in a missile site. The commander
could fire the missile by closing switch 15. If he was away,
the missile could be fired if two other officers closed their
switches at the same time.

33. Stop-Go traffic light.

Slide switch 15 to the on position, the Red LED will
light. Switch off and press switch 14, the Red LED will
go out and the Green LED will light.

This could be used to control traffic at road works or
entering a car park.
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Using the sound module 22.

Sound is caused when anything vibrates. Try holding
a ruler over the edge of a table. Flip the free end and
the ruler will vibrate. Vary the amount of the ruler over
the table and the pitch of the sound will change. The
vibrations reach our ears by moving the air and when
the air hits our eardrums it causes them to vibrate
and produce sounds.

Electricity can also produce vibrations and produce
sounds. In module 22 there is a integrated circuit
which causes the electricity to vibrate and these
vibrations are passed to the speaker which moves the
air and so lets us hear the sounds.

34. Sound of police car.
Close the switch, the speaker will make the sound
of a police car.

35. Sound of machine gun 1.
Connect terminals CD and EF, close the switch,
the speaker will make the sound of a machine gun.

36. Sound of machine gun 2.

Replace the speaker with the motor and the yellow fan.
Close the switch, the motor will make the sound of a
machine gun and the fan will rotate.

37.Sound of a fire engine
Connect terminals AB and CD, close the switch,
the speaker will make the sound of a fire engine.

38.Sound of an ambulance
Connect terminals CD and BG, close the switch,
the speaker will make the sound of an ambulance.

39. Sound of gaming machine.

Connect terminals AB, close the switch, the
speaker will make the sound of a gaming machine.

14
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More about sound.

All musical instruments produce their sound by vibration.
A violin has strings which vibrate, as does a piano.

A flute vibrates a column of air. A drum has a skin which
vibrates when struck with a drumstick. The greater the
vibration, the louder the sound. The pitch of sound is
measured in vibrations per second. The sound of middle
C is 256 vibrations per second so anything that vibrates at
that speed will play middle C.

We humans have a limited range of sounds that we can
hear, our range is about 20vps to 22,000vps. As we get
older the range gets less and less. A dog whistle vibrates
at 26,000vps, we are unable to hear it but a dog can. Bats
use sound out of our hearing range as a navigation aid..
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40. Sound of police car with red light.

Close the switch, the speaker will make the sound

of a police car. The LED will give out a red light at the
same time.

41. Sound of a machine gun with red warning light.
Connect terminals CD and EF. Close the switch, the
speaker will make the sound of a machine gun. The
LED will give out a red light at the same time.

42. Sound of fire engine with red light.

Connect terminals AB and CD. Close the switch, the
speaker will make the sound of a fire engine. The
LED will give out red light at the same time.

43. Sound of ambulance with red warning light.
Connect terminals CD and BG, close the switch, the
speaker will make the sound of an ambulance, the LED
will give out red light at the same time.

44, Sound of a gaming machine with red light.
Connect terminals AB. Close the switch, the speaker
will make the sound of a gaming machine. The LED
will give out red light at the same time.
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