[image: image1.png]4.6.3 The Earth wire and fuses

You can construct a demonstration board (see Figure 4.6) to show the importance
of the Earth wire and of the fuse in the live circuit. The idea comes from Exploring
Physics. Book 5, by Tom Duncan (see the Section on ‘Further reading’ at the end
of this booklet) and it builds upon the information outlined in Section 4.5.2

12v

supply Wiring Green4 mm Copperwire
behind ~* socketand plug figfr‘:a !
board Green and yellow

Earth wire to
‘kettle’ casing

Black socket Black

Green and yellow

Earthwire andplug

Coil of resistance wire
{heating element)

“Cack

socket and
plug

Brown live wire

Earth {aluminium strip)

Figure 4.6 Demonstration board to show the importance of the Earth wire and of the fuse in the live circuit.

The humanoid figure and the kettle and plug

The “figure” and 'kettle’ are made from thick copper wires soldered together. A
lamp is connected to the centre of the copper wire figure and this lights up to
show that a current is passing through the figure. Two terminals are mounted on
the board inside the kettle, and a small coil of resistance wire is connected
between them to represent the heating element of the kettle. Near the kettle are
three 4 mm sockets representing the plug on the kettle: the green and yellow Earth
wire correctly goes from the “plug” to the copper wire casing of the kettle, and the
live and neutral wires are connected to the element of the kettle.

The supply

On the supply side the brown live wire goes (via the cable and a fuse) to the

positive terminal of a low-voltage power supply which is setat 12V, and the blue

neutral wire goes (via the cable) to the negative terminal of the power supply. The

Earth wire goes (via the cable) down to an aluminium strip to which the copper

figure is firmly connected. (Caution: Do not use a car battery because it will deliver DO NOT USE A CAR
100 great a current, which can cause burns and may make the fuse explode.) BATTERY.

To make the simulation work, the Earth and neutral terminals at the set of sockets
to which the cable is attached on the supply side have to be connected together
behind the board—this is a legitimate bit of cheating because in real life the neutral
cable is earthed at the substation.

“
The demonstration
First remove the Earth by pulling out the green 4mm plug. Now create a short

Circuit between the kettle and the coil (the element) by pushing the coil against
the copper wire outline of the kettle with a screwdriver—make sure that you are
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[image: image2.png]following good practice by holding the insulated handle of the screwdriver. The
bulb shoutd light up indicating an electric shock

Now replace the Earth plug and again cause a short circuit. This time the lamp will
not light up; instead the fuse will blow and the heating element will cut off. If the
students are very quiet they may hear the fuse pop.

With a suitably dramatic presentation parailels can be drawn with real-life
situations! Although there is considerable technical work involved in making up
the demonstration board, the impact of the demonstration can be substantial and.
of course, the demonstration can be re-used since the copper humanoid does not
receive a fatal shock!

4.7 Suggested further activities

e Devise a classroom experiment to determine how the diameter of fuse wire
varies with its rating in amps.

—What objective(s) could the student achieve with such an experiment?
__What variation in the results would you expect?

__Suppose the results obtained by a particular pair or group of students show
no discernible pattern. What would you guess might be wrong?

—Suppose nobody's results show any discernible pattern. What would you
guess might be wrong?

—Would it be a good idea to extend this experiment 1o find how the fusing
current depends on the length of fuse wire used?

@ For a given source of electrical energy itis possible to design a circuit that will
draw maximum power. This process is called optimization. Devise an
experiment to find the best value for a resistor connected in series with a solar
cell if the highest possible power output is to be achieved. (For an example of
this see the sequence relating to Block C on the PST Videocassette.)

@ Ask your students to find out about:

__Miniature circuit breakers (used in place of fuses in many houses).
_Earth leakage circuit breakers ('ELCBs').

__Double insulation. When do appliances need an Earth wire?

_ The power ratings of different appliances.

@ Then ask them to consider the different roles of:
__The fuse in the plug of an appliance.
_.The fuse in the consumer unit (or main control box).
_The main fuse fitted by the Electricity Board.
—A Slo-Blow fuse.

e Find out how houses are earthed and where the Earth cable goes in different
houses.

e Get some students to find out why the Electricity Board encourages consumers
10 use electricity at night by charging less during the seven hours of the
"Economy 7" tariff. Should the Board charge less at weekends too?

Overview of Section 4

Objectives .
After reading this Section you should be able to:
e Do calculations on electrical energy and power.

o Read an electricity meter and calculate the cost of domestic electricity when
different consumptions occur.

o Wire aplug.

Optimization




