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Data Sheet

� A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

� This sheet may be useful for answering some of the questions in the 
examination.

� You may wish to detach this sheet before you begin work.







SECTION  A NUCLEAR  INSTABILITY

Answer all parts of the question.

1 The radioactive isotope of sodium    Na has a half life of 2.6 years.  A particular sample of this isotope
has an initial activity of 5.5 × 105 Bq (disintegrations per second).

(a) Explain what is meant by the random nature of radioactive decay.

You may be awarded marks for the quality of written communication provided in your answer.

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

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

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

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

.........................................................................................................................................................
(2 marks)

(b) Use the axes to sketch a graph of the activity of the sample of sodium over a period of 6 years.

(2 marks)
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(c) Calculate

(i) the decay constant, in s�1, of    Na, 
1 year = 3.15 × 107s

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

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

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

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

(ii) the number of atoms of    Na in the sample initially,

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

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

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

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

(iii) the time taken, in s, for the activity of the sample to fall from 1.0 × 105 Bq to 
0.75 × 105 Bq.

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

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

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

...............................................................................................................................................
(6 marks)

10

TURN  OVER  FOR  THE  NEXT QUESTION
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SECTION  B    APPLIED  PHYSICS

Answer all questions. 

2 The diagram shows a street sign designed to rotate under windy conditions. 

(a) On a still day, a gust of wind from a passing vehicle imparts an angular impulse of 
1.2 kg m2 rad s�1 to the sign, which accelerates from rest during a time of 2.8 s.  The moment of
inertia of the sign about its axis of rotation is 4.8 × 10�2 kg m2.  Assuming that the frictional
couple acting on the sign is negligible, calculate

(i) the angular momentum acquired by the sign as a result of the angular impulse, showing
your reasoning clearly,

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

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

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

(ii) the angular speed of the sign immediately after the impulse has been imparted,

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

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

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

(iii) the average torque acting on the sign during the time the impulse was imparted.

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

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

...............................................................................................................................................
(4 marks)
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(b) A second sign, of the same type and with the same moment of inertia, continues to rotate for
14 s after an impulse has been imparted, before friction brings it to rest from an angular speed of
30 rad s�1.  Calculate the number of complete turns made by the sign during this time.

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

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

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

.........................................................................................................................................................
(2 marks)

6

TURN  OVER  FOR  THE  NEXT QUESTION
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3 Figure 1 shows a human centrifuge used in pilot training to simulate the large �g� forces experienced
by pilots during aerial manoeuvres.  The trainee sits in the capsule at the end of the rotating centrifuge
arm, which is driven by an electric motor.

Figure 1

(a) When working at maximum power, the motor is capable of increasing the angular speed of the
arm from its minimum working speed of 1.6 rad s�1 to its maximum speed of 7.4 rad s�1 in 4.4 s.
The net power needed to achieve this acceleration is 150 kW.

(i) Assuming that this power remains constant during the acceleration, calculate the energy
supplied to the centrifuge by the motor.

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

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

(ii) Hence estimate the moment of inertia of the rotating system.

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

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

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

...............................................................................................................................................
(4 marks)
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(b) Bending stresses on the central shaft could have been reduced at the design stage by extending
the arm beyond the shaft and fixing a counterweight, as shown in Figure 2.  Its designers rejected
this because savings in the manufacturing and maintenance costs of the system would be far less
than the increased costs associated with a higher power motor.

Figure 2

State and explain why, apart from increased friction associated with a heavier arm, the use of a
counterweight would require greatly increased motor power.
You may be awarded marks for the quality of written communication provided in your answer.   

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

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

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

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

.........................................................................................................................................................
(2 marks)

6

TURN  OVER  FOR  THE  NEXT QUESTION

0103/PHA7/W

LEAVE 
MARGIN
BLANK

Turn over��

11

counterweight



4 Test-bed measurements made on a single-cylinder 4-stroke petrol engine produced the following data:

mean temperature of gases in cylinder during combustion stroke 820 °C
mean temperature of exhaust gases 77 °C
area enclosed by indicator diagram loop 380 J
rotational speed of output shaft 1800 rev min�1

power developed by engine at output shaft 4.7 kW
calorific value of fuel 45 MJ kg�1

flow rate of fuel 2.1 × 10�2 kg min�1

(a) Estimate the maximum theoretical efficiency of this engine.

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

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

.........................................................................................................................................................
(2 marks)

(b) Calculate the indicated power of the engine.

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

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

.........................................................................................................................................................
(2 marks)

(c) Calculate the power dissipated in overcoming the frictional losses in the engine.

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

.........................................................................................................................................................
(1 mark)

(d) Calculate the rate at which energy is supplied to the engine.

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

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

.........................................................................................................................................................
(1 mark)

(e) Calculate the overall efficiency of the engine.

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

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

.........................................................................................................................................................
(1 mark)

7
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5 The p V diagram shows a cycle in which a fixed mass of an ideal gas is taken through the following
processes:  A B isothermal compression, B C expansion at constant pressure, C A reduction
in pressure at constant volume.

(a) Show that the compression in process A B is isothermal.

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

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

.........................................................................................................................................................
(2 marks)

(b) In which two of the three processes must heat be removed from the gas?

.........................................................................................................................................................
(1 mark)

(c) Calculate the work done by the gas during process B C.

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

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

.........................................................................................................................................................
(2 marks)
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(d) The cycle shown in the diagram involves 6.9 × 10�2 mol of gas.

(i) At which point in the cycle is the temperature of the gas greatest?

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

(ii) Calculate the temperature of the gas at this point.

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

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

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

...............................................................................................................................................
(4 marks)

9

QUALITY OF WRITTEN COMMUNICATION (2 marks)

2

END  OF QUESTIONS
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