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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.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all parts of the question.

1 (a) Sketch, using the axes provided, a graph of neutron number, N, against proton number, Z, for
stable nuclei over the range Z = 0 to Z = 80.  Show suitable numerical values on the N axis.

(2 marks)

(b) On the graph indicate, for each of the following, a possible position of a nuclide that may 
decay by 

(i) α emission, labelling the position with W,

(ii) β � emission, labelling the position with X,

(iii) β+ emission, labelling the position with Y.
(3 marks)
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(c) The isotope     Rn decays sequentially by emitting α particles and β � particles, eventually 
forming the isotope      Pb.  Four α particles are emitted in the sequence.

Calculate the number of β � particles in the sequence. 

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

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

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

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

(d) A particular nuclide is described as proton-rich.  Discuss two ways in which the nuclide may
decay. 

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

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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SECTION  B:  APPLIED  PHYSICS

Answer all questions.

2 �Low inertia� motors are used in applications requiring rapid changes of speed and direction of rotation.
These motors are designed so that the rotor has a very low moment of inertia about its axis of rotation.

(a) (i) Explain why a low moment of inertia is desirable when the speed and direction of rotation
must be changed quickly.

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

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

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

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

(ii) State, giving a reason in each case, two features of rotor design which would lead to a low
moment of inertia about the axis of rotation.

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

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

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

...............................................................................................................................................
(4 marks)
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(b) In one application, a rotor of moment of inertia 4.4 × 10�5kg m2 about its axis of rotation is
required to reverse direction from an angular speed of 120 rad s�1 to the same speed in the
opposite direction in a time of 50 ms.  Assuming that the torque acting is constant throughout the
change, calculate

(i) the angular acceleration of the rotor, 

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

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

(ii) the torque needed to achieve this acceleration,

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

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

(iii) the angular impulse given to the rotor during the time the torque is acting,

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

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

(iv) the angle turned through by the rotor in coming to rest momentarily before reversing
direction.

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

...............................................................................................................................................
(4 marks)
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3 An early form of four-stroke gas engine stores kinetic energy in a large flywheel driven by the
crankshaft.  The engine is started from rest with its load disconnected and produces a torque which
accelerates the flywheel to its off-load running speed of 110 rev min�1.

(a) The flywheel has a moment of inertia of 150 kg m2 and takes 15 s to accelerate from rest to an
angular speed of 110 rev min�1.

(i) Show that the rotational kinetic energy stored in the flywheel at this speed is
approximately 10 kJ.

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

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

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

(ii) Calculate the average useful power output of the engine during the acceleration.

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

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

(iii) Use your answer to part (ii) to calculate the average net torque acting on the flywheel
during the acceleration.

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

...............................................................................................................................................
(5 marks)

(b) When the engine is running at 110 rev min�1 off-load, the gas supply to the engine is suddenly
cut off and the flywheel continues to rotate for a further 35 complete turns before coming to rest.
Calculate the average retarding torque acting on the flywheel.

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

.........................................................................................................................................................
(2 marks)
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4 In the pneumatic tool shown in Figure 1, preheated air enters the cylinder via the inlet valve at a
pressure of 2.0 × 106Pa and a temperature of 77 °C.  The pressure and temperature remain constant
while the inlet valve is open, and the piston is forced down the cylinder.  
When the volume of air contained in the cylinder between the inlet valve and the piston is 3.5 × 10�4m3

the inlet valve closes and the air expands to a final volume of 6.2 × 10�4m3.  Figure 2 shows the p-V
diagram for this stroke of the piston.  Details of the return stroke are not needed in this question.

Figure 1

(a) Using the values of pressure and volume from Figure 2, show that the expansion of the air
between points B and C is approximately adiabatic.

γ for air = 1.4

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

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

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

(b) Calculate the amount of air in the cylinder, in moles, when the inlet valve closes.

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

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

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

(c) Calculate the temperature of the air at the end of the outward stroke, corresponding to the point
marked C in Figure 2.

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

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

.........................................................................................................................................................
(1 mark)
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Figure 2

(d) Calculate the total work done by the air during the outward stroke of the piston, between points
A and C in Figure 2.

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

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

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

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

.........................................................................................................................................................
(2 marks)
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5 An inventor has designed a gas engine for a small combined heat and power plant which will operate
between temperatures of 1400 K and 360 K.  The inventor makes two claims about the performance of
the engine:

claim 1 When the engine consumes gas of calorific value 36 MJ kg�1 at a rate of 9.6 kg h�1, it will 
deliver a useful mechanical output power of 80 kW.

claim 2 At the same time, the engine will also provide energy at the rate of at least 20 kW for heating 
purposes.

(a) Show that the input power to the engine is approximately 100 kW.

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

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

(b) Calculate the maximum possible efficiency of any heat engine which operates between
temperatures of 1400 K and 360 K.

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

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

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

(c) Using the result of your calculation in part (b) and any other necessary calculations, explain
whether either or both of the inventor�s claims are justified.

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

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

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

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

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

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

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

7

2

END  OF QUESTIONS

QUALITY OF WRITTEN COMMUNICATION  (2 marks)
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