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1 When a ray of light is incident on a rectangular transparent block at an angle of incidence i,
the ray of light is refracted. The emergent ray is displaced sideways by a distance t.

A student is investigating how t depends on the angle of incidence i. The apparatus is
shown in Fig. 1.1.

Fig. 1.1

The line AB represents the direction of an incident ray at an angle of incidence of 50°. 
Two pins P1 and P2 are inserted to show the direction of the incident ray. The direction of
the emergent ray is found by aligning P1 and P2, as seen through the block, with two more
pins P3 and P4.

The displacement of the ray is measured and both i and t are recorded in a tabl e. The
experiment is repeated with different values for i.

(a) Why is it important that the pins P1, P2, P3 and P4 are standing perpendicular to the
piece of the paper?

..........................................................................................................................................

..........................................................................................................................................

.................................................................................................................................... [2]
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(b) In the space below, draw a table in which you could record the results of the
experiment. Do not write any numerical values in the table.

[1]

(c) Fig. 1.2 shows a sketch graph of the results obtained for a glass block.

Fig. 1.2

(i) Using the graph, obtain an estimate for the value for t when i = 10°.

t = ....................................

(ii) Suggest two reasons why some of the points do not lie on the curve.

1 ...............................................................................................................................

..................................................................................................................................

..................................................................................................................................

2 ...............................................................................................................................

..................................................................................................................................

..................................................................................................................................
[3]
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2 A pendulum of length l = 250 mm is attached to a thread supported from two points A and
B on a rule, as shown in Fig. 2.1. 

Fig. 2.1

The bob is pushed away from you so that the pendulum swings backwards and forwards.

The apparatus is used to investigate how the time T for one oscillation depends on the
value of s. Different values of s are obtained by moving the paper clip so that the point B is
at different places on the rule.

(a) (i) D e s c ribe how you would determine a precise value for the time T for one oscillation
when its value is about 1 s.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................

(ii) State where you would place your eye when observing the pendulum and give a
reason for your choice of position.

position .....................................................................................................................

..................................................................................................................................

reason ......................................................................................................................

..................................................................................................................................

..................................................................................................................................
[4]
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(b) To obtain different values of s, the thread is released from the paper clip and a new
position for B is used. The clip is moved to hold the thread at the new place for B. For
all the values of s, the length of thread between A and B is equal to 800 mm.

Suggest how you would ensure that the length of thread between A and B is always
800 mm. You may draw a diagram.

..........................................................................................................................................

.................................................................................................................................... [1]

(c) A clamp and stand hold the rule shown in Fig. 2.1. How would you check that this rule
is horizontal? You may draw a diagram.

..........................................................................................................................................

.................................................................................................................................... [1]
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3 The voltmeter shown in Fig. 3.1 is used to determine the potential difference V across the
resistor R.

Fig. 3.1

(a) The voltmeter has three ranges, 3 V, 15 V and 30 V. There are three terminals for these
ranges and one common terminal.

(i) Why is the common terminal marked with a + sign?

..................................................................................................................................

(ii) The potential difference across the resistor R is 10 V. On Fig. 3.1, draw lines to
show the connections you would make between the voltmeter and the terminals x
and y of the resistor.

(iii) Explain your connection from x to the voltmeter terminal.

..................................................................................................................................

..................................................................................................................................
[3]
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(b) Pa rt of the voltmeter scale is shown in Fig. 3.2. Two scale divisions are labelled p 
and q.

Fig. 3.2

State what change in the potential difference would make the pointer move from p to q

(i) when using the 0 V to 3 V range, ..............................................................................

(ii) when using the 0 V to 30 V range. ............................................................................
[2]

(c) On the voltmeter face shown in Fig. 3.1, draw a line to represent the pointer when it
indicates a potential difference of 22.5 V. [1]
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4 A large cylindrical tank of water is being emptied by filling cans. The apparatus used is
shown in Fig. 4.1.

Fig. 4.1

The tap is opened at time t = 0. As soon as a can is filled it is replaced by another can and
the time t is noted.

During the experiment a record of time and volume of water removed from the tank is kept
in a table.

For each can filled, the volume V of water left in the tank is calculated. The values for V are
recorded.

A graph of V / cm3 against t / s is shown in Fig. 4.2.

Fig. 4.2
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(a) The volume V left in the tank decreases as t increases.

(i) Mark the graph to show

1. the change in V from t = 0 to t = 200 s,

2. the change in V from t = 1300 s to t = 1500 s.

(ii) Use your answer to (i) above to describe how the change of V varies with t.

..................................................................................................................................

..................................................................................................................................

..................................................................................................................................
[3]

(b) (i) The volume of water in the tank at the beginning of the experiment is V0.

Use the graph to complete the table in Fig. 4.3.

Fig. 4.3

(ii) How long does it take for any volume of water in the tank to decay to one half of
its initial value?

time = .................................................
[3]
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t / s V / cm3
V
––
V0

0

420

840

1260



5 A known mass X of brass at a temperature of 100 °C is placed into 30 cm3 of cold water at
room temperature 16.7 ° C. The highest temperature Y reached by the cold water is
measured and recorded. The apparatus is shown in Fig. 5.1.

Fig. 5.1

The experiment is repeated using different masses of brass to obtain five sets of readings
of Y and X. The results of the experiment are shown in Fig. 5.2.

Fig. 5.2

(a) On the graph grid on page 11, plot the graph of Y / °C (y-axis) against X / g (x-axis).

Start your y-axis at the point Y / °C = 21 and your x-axis at the point X / g = 10. The
graph is slightly curved. The temperatures are given to the nearest 0.1 °C. Choose a
scale that allows you to plot each point to 0.1 °C. [3]

(b) The brass is heated for at least 60 s. State why this is good experimental practice.

..........................................................................................................................................

.................................................................................................................................... [1]
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Y / °C 21.8 25.4 27.5 31.1 34.5

X / g 20 40 50 70 90



(c) The thermometer shown in Fig.5.3 is full size. Before taking a reading, the therm o m e t e r
is held so that the mercury thread is just touching the temperature scale, as shown.

Fig. 5.3

(i) Estimate the temperature reading shown by the thermometer.

temperature = ............................... °C

(ii) State two things you could do to estimate the temperature as accurately as
possible.

1 ...............................................................................................................................

..................................................................................................................................

2 ...............................................................................................................................

..................................................................................................................................
[2]
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