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SECTION  A NUCLEAR  INSTABILITY

Answer all parts of the question.

1 Figure 1 shows a grid of neutron number against proton number.  A nucleus      is marked.

Figure 1

(a) Draw arrows on Figure 1, each starting on     and ending on a daughter nucleus after the
following transitions:

(i) β� emission (label this arrow A)
neutron emission (label this arrow B)
electron capture (label this arrow C).

(ii) Give the equation for electron capture by the nucleus     .

...............................................................................................................................................
(4 marks)
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(b) When     Mg decays to     Al by β� decay, the daughter nucleus is produced in one of two possible
excited states.  These two states are shown in Figure 2 together with their corresponding
energies.

Figure 2

(i) Calculate the maximum possible kinetic energy, in J, which an emitted β� particle can
have.

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

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

(ii) The excited aluminium nuclei emit γ photons.  Calculate each of the three possible γ 
photon energies in J.

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

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

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

(iii) Calculate the frequency of the most energetic γ photon emitted.

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

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

...................................................................................................................................................
(3 marks)
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(c) (i) State and explain two precautions that should be taken when working with a sample of 
Mg in a school laboratory.

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

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

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

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

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

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

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

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

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

(ii) Discuss which of the two types of radiation, β� or γ, emitted from a sample of     Mg would
be the more hazardous.

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

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

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

Answer all questions.

2 The diagram below shows a method used in a steel mill to transport steel slabs during the manufacture
of steel beams.  The slab rests on rollers of radius 0.20 m, each of which is driven by its own electric
motor.  In one operation, a slab moving at 3.5 m s�1 along the rollers must be brought to rest and its
direction of motion reversed.  

(a) Assuming that no sliding occurs between the surfaces of a loaded roller and the slab, calculate
the angular speed of the roller when the slab is moving at a steady speed of 3.5 m s�1.

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

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

(b) While the slab is moving at 3.5 m s�1, the motor driving each roller exerts a uniform torque for
4.6 s on its roller such that the direction of motion of the slab is reversed.  At the end of this time,
the slab is moving at 3.5 m s�1 in the opposite direction.  

Calculate

(i) the angular acceleration of a roller during this reversal,

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

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

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

(ii) the uniform torque that its motor must exert to produce this angular acceleration in an
unloaded roller.  The moment of inertia of each unloaded roller system is 40 kg m2,

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

...............................................................................................................................................
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(iii) the angular impulse imparted when this torque acts on the system for 4.6 s,

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

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

(iv) the number of complete turns made by a loaded roller in bringing the slab momentarily to
rest from a speed of 3.5 m s�1 before reversing its direction of motion. 

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

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

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

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

...............................................................................................................................................
(6 marks)
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3 A rotating flower bed forms a novelty feature in the annual display of a horticultural society.  The
circular platform supporting the plants floats in a water tank and is caused to rotate by means of four
water jets directed at the rim of the platform.

Each of the four jets exerts a tangential force of 0.60 N on the platform at a distance of 1.8 m from the
axis of the rotation.  The platform rotates at a steady angular speed, making one complete revolution in
110 s.

(a) Calculate

(i) the total torque exerted on the platform by the four jets,

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

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

(ii) the power dissipated by the frictional couple acting on the rotating platform, showing your
reasoning.

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

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

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

...............................................................................................................................................
(4 marks)
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(b) When the water jets are switched off, all the kinetic energy of the loaded platform is dissipated
as heat by the frictional couple and the platform comes to rest from its normal steady speed in
12 s.

(i) The kinetic energy of the loaded platform when rotating at its normal steady speed is 1.5 J.
Show that this value is consistent with your answer to part (a)(ii).

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

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

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

(ii) Calculate the moment of inertia of the loaded platform. 

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

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

...............................................................................................................................................
(3 marks)
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4 The diagram below shows a pump used to inflate a rubber dinghy.  When the piston is pushed down,
the pressure of air in the cylinder increases until it reaches the pressure of the air in the dinghy.  At this
pressure the valve opens and air flows at almost constant pressure into the dinghy.

(a) The pump is operated quickly so the compression of the air in the cylinder before the valve opens
can be considered adiabatic.
At the start of a pump stroke, the pump cylinder contains 4.25 × 10�4 m3 of air at a pressure of
1.01 × 105 Pa and a temperature of 23 °C.  The pressure of air in the dinghy is 1.70 × 105 Pa.

Show that, when the valve is about to open, the volume of air in the pump is 2.93 × 10�4 m3.

γ for air = 1.4

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

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

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

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

(b) Calculate the temperature of the air in the pump when the valve is about to open.

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

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

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

.........................................................................................................................................................
(3 marks)
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(c) State, explaining your reasons, whether the volume of air in the cylinder at the point when the
valve opens would be less than, equal to or greater than 2.93 × 10�4m3 if the compression of the
air had been carried out very slowly.  You may find it helpful to sketch a pV diagram of the
compression.

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

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

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

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

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

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

(3 marks)
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5 A single cylinder steam engine has an idealised indicator diagram as shown in Figure 1.  Between A
and B the cylinder is connected directly to a source of high pressure steam.  Between C and D the
cylinder is connected to the atmosphere.  

(a) Calculate the indicated power output of the engine when it is working at a rate such that one
cycle takes 0.20 s.

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

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

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

.........................................................................................................................................................
(2 marks)
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(b) In a modified version of the engine, the steam input is cut off when the piston is part way along
its stroke.  The new indicator diagram is shown in Figure 2.

Use Figures 1 and 2 to compare the performance of an engine based on the modified cycle with
that of the original engine when both engines are making the same number of cycles per second.
In your comparison you should consider the steam supplied to the engines, their power outputs
and their efficiencies.  

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

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

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

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

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

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

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

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