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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) A radioactive source gives an initial count rate of 110 counts per second.  After 10 minutes the
count rate is 84 counts per second.

background radiation = 3 counts per second

(i) Give three origins of the radiation that contributes to this background radiation.

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

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

3 .............................................................................................................................................

(ii) Calculate the decay constant of the radioactive source in s�1.

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

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

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

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

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

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

(iii) Calculate the number of radioactive nuclei in the initial sample assuming that the detector
counts all the radiation emitted from the source.

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

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

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

...............................................................................................................................................
(7 marks)
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(b) Discuss the dangers of exposing the human body to a source of α radiation.  In particular
compare the dangers when the α source is held outside, but in contact with the body, with those
when the source is placed inside the body.

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 The diagram shows an overhead view of the jib of a tower crane carrying its maximum permitted load
of 9.4 × 104kg at a distance of 100 m from the pivot of the jib.  The manufacturer states that, under
these conditions, at least 2.5 minutes must be allowed for one complete turn of the jib at constant speed.

(a) The moment of inertia of the unloaded jib about the pivot is 5.3 × 108kg m2.

(a) The moment of inertia of the unloaded jib about the pivot is 5.3 × 108 kg m2.

(i) Calculate the moment of inertia of the jib when carrying its maximum load, as shown in
the diagram.

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

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

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

(ii) Calculate the maximum permitted angular speed of the jib, in rad s�1.

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

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

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

(iii) Show that the rotational kinetic energy of the jib when rotating at this angular speed 
is 1.3 × 106J.

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

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

...............................................................................................................................................
(3 marks)
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(b) When the jib is at maximum loading, the motor used to rotate it accelerates the jib from rest to
its maximum permitted angular speed in 25 s.  Assuming that frictional forces can be neglected,
calculate the output power of the motor.

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

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

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

(c) When frictional forces in the bearing are taken into account and the jib is rotating at its maximum
permitted speed, the motor must produce an output power of 3.0 kW to do work against the
frictional torque.  Calculate

(i) the frictional torque in the bearings,

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

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

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

(ii) the total work done against friction in making one turn.

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

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

...............................................................................................................................................
(2 marks)
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3 A small, two-cylinder pump shown in the diagram is used for aerating water in an aquarium.  The two
cylinders are identical and each has a piston driven by a rotating driveshaft so that both cylinders pump
air to the aquarium during one rotation of the driveshaft.  The inlet and outlet valves controlling the
airflow are not shown.
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Air at a pressure of 1.00 × 105 Pa is drawn into the cylinders, is compressed and exhausted to an
underwater outlet in the aquarium, where it is released as a stream of bubbles.  The graph shows
the p-V diagram for one cycle of one cylinder.

(a) Use the graph to determine the outlet pressure of the air from the pump.

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

(b) Estimate

(i) the net work done on the air in one cylinder during one revolution of the driveshaft,

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

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

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

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

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

(ii) the power input to the pump if the driveshaft rotates at 360 rev min�1.

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

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

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

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

(c) Give one reason why the motor driving the pump would need to have a greater power than your
answer to part (b) (ii).

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

.........................................................................................................................................................
(1 mark)
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4 (a) The first law of thermodynamics can be represented by ∆Q =  ∆U +  ∆W.

State and explain, with reference to the equation, two ways in which the internal energy of a gas
can be decreased.

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

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

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

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

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

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

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

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

(b) A volume of 20 m3 of exhaust gas from a diesel engine leaves the exhaust pipe at a pressure of
1.0 × 105Pa.  The gas is cooled by the surrounding atmosphere, which is also at a pressure of 
1.0 × 105Pa, and, as a result, the exhaust gas contracts to half its volume.

(i) Calculate the work done by the atmosphere on the gas during this contraction.

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

...............................................................................................................................................
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(ii) 4.9 MJ of heat is transferred to the atmosphere during cooling.  Using the first law of
thermodynamics, calculate the change in internal energy of the gas.

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

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

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

(iii) Use the axes below to represent this process as a p-V diagram, showing the direction of
the process.

(5 marks)
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5 After replacing a tyre on a car wheel, the wheel must be �balanced� before refitting on the car to prevent
excessive vibration.  The wheel is balanced using a wheel-balancing machine which measures the
characteristics of the wheel as it rotates at steady speed.  One such machine has a cycle of operation in
which the wheel is accelerated uniformly from rest to an angular speed of 35 rad s�1 during the first
1.7 s.  It is kept at constant speed while measurements are made and finally braked uniformly to rest in
the last 3.0 s.  The complete cycle takes 12 s.

(a) Calculate

(i) the angular acceleration of the wheel during the first part of the cycle,

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

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

(ii) the torque needed to produce this acceleration in a wheel which has a moment of inertia
of 0.85 kg m2,

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

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

(iii) the angular impulse applied to this wheel during the first part of the cycle.

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

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

(b) Show that the wheel makes approximately 54 turns during one cycle of operation.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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QUALITY OF WRITTEN COMMUNICATION  (2 marks)

2
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