Domestic Electricity

1.
Draw a labelled circuit diagram which shows how a ring main is wired up in a house.

2.
Draw a labelled diagram of a ‘3-pin 13 amp plug’, which shows clearly the colour coding used for the wire, the position of the fuse and the names given to the 3 terminal pins.

3.
(a)
(i)
Name a household electrical device which has a metal case.



(ii)

Explain why this case must be ‘earthed’.



(iii)
Why must the fuse be in the ‘live’ wire?


(b)
(i)

A hair dryer is often ‘double insulated’.  What does this mean?



(ii)

Why does a hair dryer not need an earth connection?
Bulbs

One cell across one bulb produces normal brightness.

The circuits below have switches A to E and bulbs P to Z.  The switches are not drawn quite conventionally and can be open or closed.

for the bulbs, B = bright: N = normal: D = dim: O = out

for the switches, 1 = closed circuit: 0 = open circuit

Study the circuits and fill in the tables with a letter indicating the brightness of the bulb in each case.
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Ohm’s Law
You will need to know that
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where R = resistance/ohm, V = potential difference/volt, P = power/watt and I = current/amp.

1.
Draw a labelled circuit diagram, which should include both an ammeter and a voltmeter, to show how you would vary the current through a small bulb in order to take pairs of readings of current and voltage with a view to plotting a graph to illustrate how the current through the bulb changes as the voltage across the bulb changes.

2.
The table below shows corresponding readings of current measured in amperes (A) and voltage measured in volts (V) for a small bulb.


I/A
0.00
0.20
0.30
0.40
0.45
0.50


V/V
0.0
1.0
2.0
3.5
4.5
6.0


(a)
Plot a graph (graph paper required) showing how the current through the bulb (Y-axis) depends on the voltage across the bulb (X-axis).


(b)
Now use your graph from part (a) or your calculator as appropriate to help to fill in the missing values in each of the two separate parts (i) and (ii) below.  Use only 2 sig.fig. for your answers, which should replace the dots in the table.




I/A
V/V
R/
P/W



(i)
0.25
....
....
....



(ii)
....
6.0
....
....

(c)
Comment briefly on the principles of Physics that the graph and table illustrate

3.
Draw a labelled diagram of the circuit that you would use to measure the resistance of a resistor.

4.
The following set of observations show how the current through a particular resistor varies with the applied


voltage.


I/mA

0
11
19
25
35
40
50
55


V/V

0
1.0
2.0
2.5
3.5
4.0
5.5
7.0

(a)
Plot these observations onto a grid and draw a graph to show that for lower currents I is proportional to V (the graph is straight), but that for higher currents the graph is curved.

(b)
Why do you think that the graph is curved for higher currents?

(c)
What is the maximum voltage that can be applied if the resistor is to be used only on the straight part of the line?

(d)
What is the resistance of the resistor for the linear section of the graph?

(e)
What is the resistance of the resistor when the current through the resistor is 50 mA?

5.
(a)
A bulb is labelled '2.5 V, 0.25 A'.  Calculate the resistance  and power of the bulb when in normal use.


(b)

A bulb is labelled '240 V, 60 W'.  Calculate the current through the bulb and the resistance of the bulb when in normal use.

6.
(a)

Draw a circuit diagram of the two bulbs referred to in question 5 connected in series with a 240 V ('mains') supply.  Represent the supply by 2 terminals labelled '240 V' and draw the bulbs in the normal way.


(b)
When two resistors are connected in series, the total resistance of the combination is found by adding the values of the two resistors.  What is the total resistance of this circuit?


(c)
Describe what you would be likely to observe if you were to make up this circuit.  (On no account must you do this experiment - 'mains' voltages are dangerous.)

7.
Fill in the gaps in the following table.  Note that the units are included in the body of the table and that the gaps are represented by 'dashes'.



V
I
P
R



240 V
--- mA
 60 W
--- ohm



  10 V
--- mA
 --- mW
  1 kilohm



    5 V
--- mA
   1 W
 -- ohm



250 V
--- A
   1 kW
--- ohm



 --- V
  1 mA
  --- W
   1 megohm

Electrical Energy

1.
By using the equation energy = power x time, show that 1kWh = 3.6 MJ.

2.
To heat up the water for a hot bath the temperature of 100 kg of water of specific heat capacity 4200 J/kgK has to be raised from 20 oC to 50 oC.


Calculate:


(a)
the rise in temperature of the water






(b)
the energy, measured in joules, required to produce this rise in temperature








(c)
the energy, measured in kWh, required to produce this rise in temperature








(d)
the cost of heating the water if 1 kWh of electricity costs 10 p.





3.
The actual energy required to heat the water in question 2 is greater than that calculated.  Explain carefully why that is to be expected.

Here are three challenges
(graph and lined paper required)
1.
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(a)
In the two diagrams of Figure 1 and Figure 2, each resistor in the combinations of resistors has a value 1 .  Calculate the resistance of each of the combinations.


(b)
One resistor in the combination sketched in Figure 1 is now replaced by a piece of wire.  Calculate the new resistance of the combination.


(c)
One resistor in the combination sketched in Figure 2 is now removed.  Calculate the new resistance of the combination.

2.
A cube is made up from twelve 1  resistors, one of which occupies each edge of the cube.  Calculate the resistance across opposite corners of the cube.

3.
The graph of V against I for a bulb is not a straight line.   A particular bulb behaves such that V is proportional to I2 .  When I = 1 A, V = 0.5 V.


(a)
What is V for the bulb when I = 3 A?


(b)
Plot a graph of V against I for the range 0<I<5 A


(c)
The bulb is now placed in series with a 5   resistor and a 12 V supply.  



On the same axes plot a graph of V against I for the 5  resistor. 


(d)
Use the graphs to show that the current in the series circuit is about 2 A.


(e)
Can you manage to calculate the current without plotting the graphs?
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