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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 of this question.

1 (a) X and Y are two different β emitting sources.  Initially they contain the same number
of unstable nuclei.  Both sources have their emissions recorded over a period of time.
The decay constant of source X is greater than that of Y.  State what is meant by decay
constant and describe two differences in the recordings from the two sources.

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

............................................................................................................................................
(3 marks)

(b) The activity of a sample of radioactive iodine, I, is presented in the following graph.   131
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(i) Show that the decay constant of I is about 1 × 10�6 s�1.

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

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

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

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

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

(ii) Calculate the half-life of I in days.

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

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

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

(iii) Calculate the initial number of I atoms in the sample.

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

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

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

....................................................................................................................................
(7 marks)

Turn over for the next question
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SECTION  B:  APPLIED  PHYSICS

Answer all questions.

2 Wood chips are burned in a power plant to produce steam that drives turbine generators to
generate electricity.  Fast-growing trees are specially grown for this purpose.  The power
plant has an efficiency of 24 %.

(a) Calculate the energy input to the power plant to give a daily electrical energy output of
1.30 × 1011 J.

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

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

(b) The calorific value of the wood chips is 10.4 MJ kg�1.  Calculate the daily mass of
wood chips required.

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

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

(c) The maximum temperature of the steam is 420 °C and the minimum temperature is
10 °C.

(i) Calculate the maximum theoretical efficiency of a heat engine operating between
these temperatures.

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

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

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

(ii) State one reason why in practice the power plant has a lower efficiency than your
answer to part (c)(i).

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

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

(iii) State one advantage of wood grown for fuel instead of oil or coal to produce steam
for the power plant, even though the wood-fuelled power plant may be less efficient.

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

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

____
6



10 LEAVE
MARGIN
BLANK

M/Jun07/PHA7/W

3 A swing bridge carries road traffic over a river.  To allow movement of river boats, the bridge
opens by turning through an angle of 90 ° in a time of 80 seconds.  Figure 1 shows plan
views of the bridge in closed and open positions.

The graph below shows the variation of angular speed of the bridge from fully closed to fully
open.  The bridge accelerates, moves at constant angular speed and then decelerates to a
standstill. 

0
0 25 50 80 time/s

angular
speed

ωmax

Figure 1
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(a) (i) Show that the maximum angular speed, ωmax, of the bridge is 0.030 rad s�1.

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

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

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

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

(ii) Calculate the angular acceleration of the bridge in the first 25 s.

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

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

....................................................................................................................................
(3 marks)

(b) The moment of inertia of the bridge about its axis of rotation is 9.1 × 108 kg m2.
When the bridge is moving, a constant frictional torque of 3.5 × 105 N m acts to oppose
its motion.

Calculate

(i) the torque that must be applied by the driving motor of the bridge to give the
bridge the angular acceleration calculated in part (a)(ii),

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

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

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

(ii) the power output of the driving motor to keep the bridge moving at constant
angular speed between 25 s and 50 s,

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

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

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

(iii) the maximum kinetic energy of the bridge.

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

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

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

____
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4 Figure 2  shows a friction clutch which enables an electric motor to be easily connected to
and disconnected from a flywheel.  When the motor needs to be connected to the flywheel
the discs are forced into contact and slipping occurs for a short time until the motor and
flywheel rotate at a common angular speed.  The clutch is then said to be engaged.

(a) The flywheel is initially stationary and the motor is rotating at 1500 rev min�1.  The
rotating parts (the rotor and clutch disc) of the electric motor have a moment of inertia
of 0.56 kg m2.
Calculate the angular momentum of the motor.

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

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

(b) The motor is now connected by means of the clutch to the flywheel.  The moment of
inertia of the flywheel and driveshaft is 0.94 kg m2.

(i) Explain why the speed of the motor falls as the clutch engages.

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

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

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

Figure 2

Electric motor
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(ii) Calculate the common angular speed of the motor and flywheel immediately after
the clutch is engaged.

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

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

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

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

(iii) Calculate the angular impulse on the flywheel as the clutch engages.

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

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

Turn over for the next question

____
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5 (a) The p-V diagram in Figure 3 shows the theoretical cycle for a petrol engine in which a
fixed mass of air is taken through the following four processes:

A → B  adiabatic compression from an initial temperature of 293 K
B → C  addition of 700 J of energy at constant volume
C → D  adiabatic expansion
D → A reduction in pressure at constant volume.

Figure 3

(i) Apply the first law of thermodynamics to determine the change in internal energy
of the air in process B → C.

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

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

(ii) Show that 0.021 mol of air are taken through the cycle.

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

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

....................................................................................................................................
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(iii) Determine the work output of the cycle.

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

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

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

(b) Figure 4 shows the p-V diagram taken from a real four-stroke petrol engine having the
same maximum and minimum volumes as the cycle shown in Figure 3.

Figure 4

Explain two differences between the theoretical and real cycles (as illustrated by
Figures 3 and 4).

You may be awarded additional marks to those shown in brackets for the quality of
written communication in your answer.

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

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

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

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

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

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

Quality of Written Communication  (2 marks)

END  OF QUESTIONS
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