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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 The high energy electron diffraction apparatus represented in Figure 1 can be used to determine
nuclear radii.  The intensity of the electron beam received by the detector is measured at various
diffraction angles, θ.

Figure 1

(a) Sketch on the axes below a graph of the results expected from such an electron diffraction
experiment.

(2 marks)
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(b) (i) Use the data in the table to plot a straight line graph that confirms the relationship 
R = r0A ��.

(ii) Estimate the value of r0 from the graph.

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

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

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

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

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

(c) Discuss the merits of using high energy electrons to determine nuclear radii rather than 
using α particles.

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

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

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

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

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

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

.........................................................................................................................................................
(3 marks)
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element
radius of

nucleonnucleus, R
number, A10�15m

lead 6.66 208
tin 5.49 120

iron 4.35 56
silicon 3.43 28
carbon 2.66 12
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SECTION  B :  APPLIED  PHYSICS

Answer all questions

2 Figure 2 shows a ‘firewheel’ used at a firework display.  Thrust produced by the captive rockets creates
a torque which rotates the beam about a horizontal pivot at its centre.  The shower of brilliant sparks
in the exhaust gases of the rapidly orbiting rockets creates the illusion of a solid wheel.

Figure 2

(a) The rockets are fixed symmetrically about the pivot at distances of 0.50 m and 0.80 m from the
pivot. The initial mass of each rocket is 0.54 kg and the moment of inertia of the beam about
the pivot is 0.14 kg m2.
Show that the initial moment of inertia of the firewheel about the pivot is 1.10 kg m2.

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

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

.........................................................................................................................................................
(2 marks)
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(b) The rockets are ignited simultaneously and each produces a constant thrust of 3.5 N. 
The frictional torque at the pivot is negligible.  Calculate

(i) the total torque about the pivot when all the rockets are producing thrust,

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

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

(ii) the initial angular acceleration of the firewheel,

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

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

(iii) the time taken for the firewheel to make its first complete turn, starting from rest.

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

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

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

(c) The total thrust exerted by the rockets remains constant as the firewheel accelerates.  Explain
why, after a short time, the firewheel is rotating at a constant angular speed which is maintained
until the rocket fuel is exhausted.

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

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

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

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

.........................................................................................................................................................
(2 marks)
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3 In electrical resistance welding, two steel components are pressed together and a pulse of current
passed through the junction between them.  Local heating in the junction softens the metal and the
components fuse together.  One heavy-duty welding rig uses a rotating flywheel as the energy source
for the welding operation.  The flywheel drives a generator which sets up a current in the junction
until the flywheel comes to rest.

(a) The flywheel is driven from rest up to its working angular speed by a motor which produces
an output power of 15 kW for 3.0 minutes.  The moment of inertia of the flywheel is 9.5 kg m2.
Assuming that frictional losses are negligible, show that the working angular speed of the
flywheel is about 750 rad s–1.

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

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

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

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

(b) When the flywheel reaches an angular speed of 750 rad s–1, it is disconnected from the motor and
connected to the generator.  The energy stored in the flywheel is dissipated as heat in the junction
between the steel components and the flywheel comes to rest in 4.5 s.  Assuming that friction can
be neglected, calculate

(i) the angular impulse acting on the flywheel during the welding operation,

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

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

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

(ii) the average torque acting on the flywheel during the time it takes to come to rest.

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

...............................................................................................................................................
(2 marks)
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(c) The torque is not constant during the retardation but is a maximum just after the current is
established in the junction.  The graph below shows the way that the torque varies with time
during any welding operation.

Explain how you could use the graph, if the axes were fully calibrated, to estimate the average
torque acting on the system during a welding operation.

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

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

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

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

.........................................................................................................................................................
(3 marks)
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4 A spray can contains liquid paint with compressed gas in the space above it, as shown in Figure 3.
Pressing down the cap opens a valve which allows the gas to expand, forcing paint through the nozzle.
The cap is pressed until all the paint is expelled, leaving the can filled with gas at a pressure which is
still greater than atmospheric.

Figure 3

(a) The can has an internal volume of 6.6 × 10–4m3 and initially contains 5.0 × 10–4m3 of  paint.  The
gas in the can is at an initial pressure of 7.8 × 105Pa.  The pressure of the gas left in the can when
all the paint has just been expelled is 1.9 × 105Pa.  Show that the expansion of the gas was an
approximately isothermal process.

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

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

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

.........................................................................................................................................................
(2 marks)
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(b) The cap is now pressed again to open the valve and is held down to allow the gas to expand
rapidly into the air around the can. The atmospheric pressure is 9.8 × 104Pa and the temperature
of the gas at the start of the expansion is 22 °C.

(i) Explain why this expansion can be considered to be approximately adiabatic.

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

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

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

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

(ii) Calculate the total volume that the gas would occupy if it were collected at atmospheric
pressure immediately after the expansion.

γ for the gas = 1.4

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

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

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

...............................................................................................................................................
(3 marks)
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5 The line ABCD in the graph below is the indicator diagram for a single cylinder steam engine in which
the exhaust steam is released directly into the atmosphere.

(a) (i) Calculate the work done by the engine during the cycle ABCD.

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

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

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

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

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

(ii) Calculate the indicated output power of the engine when running at 3 cycles per second.

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

...............................................................................................................................................
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(iii) To achieve this output power, fuel of calorific value 34 MJ kg–1 must be burnt at a rate of
2.4 × 10–2kg s–1.  Calculate the thermal efficiency of the engine.

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

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

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

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

(b) The line ABED in the graph is the indicator diagram for the same engine after a modification
has been made so that the exhaust steam is passed into a condenser, where it is converted to
water.  The hot water formed is returned to the boiler for reheating.

Without further calculation, compare the performance of the modified engine 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 fuel consumption of the engines, the mass of steam supplied
to them, their power outputs and efficiencies.

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

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

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

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

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

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

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

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