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Section A

Answer all questions in this section.

1 In this experiment you will measure the ratio of the volume of 20 spheres to the total volume the 

spheres take up when placed in a beaker.

You have been provided with a 100 cm
3
 glass beaker labelled A containing 20 glass spheres, a 

beaker labelled B containing water, a measuring cylinder, two metre rules and two set squares.

(a) (i) Place the two metre rules on the bench so that the rules are parallel with a small space

between them. Place the 20 glass spheres in this space so that the spheres are 

touching. The arrangement is shown in Fig. 1.1.

(ii) Measure and record, on page 3 of your Answer Booklet, the total length L of the line of

spheres.

(iii) Use your answer to (ii) to determine the average diameter D of a sphere. [1]

Fig. 1.1
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(b) Explain how you made sure that L was determined as precisely as possible. [1]

(c) (i) Carefully place the 20 spheres back into beaker A. Pour water from beaker B onto the 

spheres until the water just covers all of the spheres.

(ii) Use the measuring cylinder to determine the volume V of water in beaker A. [1]

(d) Calculate the total volume Vs of the 20 spheres using the expression

10 □ D
3

Vs = ––––––– .

3 [1]

Vs

(e) Calculate the ratio –––––– .

Vs + V [1]

2 In this experiment you will calculate a ratio involving the time for one complete oscillation of a 

mass-spring system and the extension of the spring.

You have been provided with a spring, a mass, a metre rule, a set square, a stopwatch and a 

stand with two clamps and two bosses.

(a) (i) Set up the apparatus as shown in Fig. 2.1.

Fig. 2.1

(ii) Determine the extension x of the spring when the mass is suspended from the spring. 

Show carefully, on page 4 of your Answer Booklet, all the measurements that you took 

to determine the extension. [1]

(b) Explain, with the aid of a diagram, how you made sure that the metre rule was vertical when 

the extension was determined. [1]
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(c) Remove the metre rule. Carefully pull the mass down a small distance and release it.

(i) Measure the time for 20 complete oscillations of the mass. One complete oscillation is

shown in Fig. 2.2.

Fig. 2.2

(ii) State one precaution that you took to make your answer to (i) as precise as possible.

(iii) Calculate the time T for one complete oscillation. [2]

2

T

(d) Calculate –– .

x [1]

3 In this experiment you will investigate a parallel circuit.

You have been provided with a d.c. power supply, an ammeter, a switch and two resistors. The 

Supervisor has made some connections and has labelled some of the leads.

(a) On page 5 of your Answer Booklet, draw a circuit diagram of the arrangement that has been 

set up by the Supervisor. [1]

(b) Connect lead A to the negative terminal of the power supply. Close the switch. Measure the 

current I1 in the resistor R1. Open the switch. [1]

(c) Disconnect lead A from the power supply and connect lead B to the negative terminal of the 

power supply. Close the switch. Measure the current I2 in the resistor R2. Open the switch.

[1]

(d) Connect both lead A and lead B to the negative terminal of the power supply. Close the 

switch. Measure the total current IT in the circuit. Open the switch. [1]

(e) The resistance of R1 is 10 Ω. Estimate the resistance of R2. [1]

Section B

4 In this experiment you will investigate the heating of some water in a beaker by means of a 

candle flame.

You have been provided with a beaker, a thermometer, a quantity of water at room temperature, 

a candle, a means of lighting the candle, a plastic stirrer, a stopwatch and a stand with two 

bosses and one clamp. You have access to a top-pan balance. The thermometer is held in a 

second clamp and should stay in the clamp throughout the experiment.
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(a) (i) Measure and record, on page 6 of your Answer Booklet, the mass mB in grams of the

empty beaker.

(ii) Hold the thermometer vertically in the beaker without touching the sides or base of the

beaker. Pour sufficient water into the beaker to just cover the bulb of the thermometer.

(iii) Determine the mass mW in grams of the water in the beaker. [2]

(b) (i) Light the candle.

(ii) Set up the apparatus as shown in Fig. 4.1 with the candle away from the beaker.

thermometer

beaker containing water
stand,

clamps

and bosses candle with top of flame

level with base of beaker

Fig. 4.1

(iii) Record the temperature □R of the water in the beaker. [1]

(c) Carefully place the lit candle under the base of the beaker and start the stopwatch. Record, 

in the table on page 6 of your Answer Booklet, the time t and the temperature □ of the water 

at regular intervals for a period of 300 seconds. [4]

(d) Using the grid on page 7 of your Answer Booklet, plot a graph of □/ °C on the y-axis against 

t/ s on the x-axis. [4]

(e) Using your graph, determine the rate of rise of temperature with time at t = 150 s. Give the 

unit of your answer. [2]

(f) The power of the candle flame is given by

power = (mWcW + mBcB) × (rate of rise of temperature)

where cW = 4.2 J / (g °C) and cB = 0.67 J / (g °C).

Calculate the power of the candle flame. Give the unit of your answer. [2]
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