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! a pencil and a ruler.
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! Use blue or black ink or ball-point pen. 
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marked. 
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perforated sheet at the start of the examination.  
! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate.  The degree of legibility of your handwriting and the level
of accuracy of your spelling, punctuation and grammar will also be taken into
account.
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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) The lead nuclide Pb is unstable and decays in three stages through α and β emissions to a
different lead nuclide Pb.  The position of these lead nuclides on a grid of neutron number, N,
against proton number, Z, is shown below.

On the grid draw three arrows to represent one possible decay route.
Label each arrow with the decay taking place. (3 marks)

(b) The copper nuclide    Cu may decay by positron emission or by electron capture to form a
nickel (Ni) nuclide.
Complete the two equations that represent these two possible modes of decay.

positron emission

electron capture

(4 marks)
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(c) The nucleus of an atom may be investigated by scattering experiments in which radiation or
particles bombard the nucleus.

Name one type of radiation or particle that may be used in this investigation and describe the
main physical principle of the scattering process.

State the information which can be obtained from the results of this scattering.

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 load carrier of a spinning centrifuge, used to separate solid
particles from the liquid in which they are suspended.

(a) When the centrifuge is operated with empty tubes, it reaches its working angular speed of 
1100 rad s�1 in a time of 4.2 s, starting from rest.  The moment of inertia of this system is 
7.6 × 10�4kg m2.  Calculate

(i) the angular acceleration of the system,

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

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

(ii) the torque required to produce this angular acceleration.

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

0104/PHA7/W

LEAVE 
MARGIN
BLANK

8

liquid tube

84 mm



(b) In normal operation, each of the eight tubes contains 3.0 × 10�3kg of liquid, whose centre of
mass, when spinning, is 84 mm from the axis of rotation.  The torque produced by the motor is
the same as when the tubes are empty.

Show that this system takes approximately 5 s to reach its working speed of 1100 rad s�1, starting
from rest.

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

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

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

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

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

(c) The normal operating cycle of the centrifuge takes a total time of 1 min.  The centrifuge
accelerates uniformly during the first 5.0 s to a speed of 1100 rad s�1, after which the speed
remains constant until the final 6.0 s of the cycle, during which it is brought to rest uniformly.
Calculate the angle turned by a tube during one complete operating cycle.

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

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

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

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

.........................................................................................................................................................
(3 marks)
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3 An electric motor drives a machine which stamps out washers from a metal sheet.  The motor is coupled
to a flywheel of moment of inertia 38 kg m2, which is accelerated until it is rotating at 480 rev min�1.
The  motor drive to the flywheel is then disconnected and some of the kinetic energy of the flywheel
is used to do work in the stamping operation.

(a) (i) Calculate the angular speed of the flywheel, in rad s�1, when it is rotating at 480 rev min�1.

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

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

(ii) Show that the rotational kinetic energy of the flywheel when it is rotating at this speed 
is 48kJ.

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

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

(b) During the stamping operation, the punch is in contact with the metal sheet for 150 ms.
The kinetic energy of the flywheel is reduced by 12 kJ during this time.  Calculate

(i) the angular speed of the flywheel immediately after the stamping,

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

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

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

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

(ii) the angular impulse acting on the flywheel during the stamping,

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

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

(iii) the mean retarding torque acting on the flywheel during the stamping.

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

...............................................................................................................................................
(3 marks)
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4 The diagram shows the mechanism of an air gun.  The energy needed to propel the pellet is stored in a
spring which is held in compression by a trigger.  Pulling the trigger releases the spring, which pushes
the piston rapidly along the cylinder from A to B.  This compresses the air behind the pellet, exerting
a force on it and causing it to accelerate along the barrel.

When the piston is at A, the air in the cylinder is at a pressure of 103 kPa and a temperature of 291 K.
After the spring is released, the pellet remains in place until the piston reaches B.

(a) (i) The internal cross-sectional area of the cylinder is 1.77 × 10�4m2.  Calculate the quantity
of air, in moles, contained in the cylinder.

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

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

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

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

(ii) Estimate the pressure of the air in the cylinder when the piston has just reached B.
γ for air = 1.4

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

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

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

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

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

(iii) Estimate the temperature of the air in the cylinder when the piston has just reached B.

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

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

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

...............................................................................................................................................
(6 marks)
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5 The indicator diagram below is for a single-cylinder, four-stroke internal combustion engine.  The
measurements were made during a test in which a constant load was applied to the engine output shaft,
which was rotating at a steady 2400 rev min�1.  During the test, fuel with a calorific value of
42.9 MJ kg�1 was supplied at a rate of 4.45 × 10�4kg s�1.

(a) Calculate the input power to the engine.

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

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

(b) (i) Show that the indicated work output per cycle is about 350 J.

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

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

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

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

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

(ii) Calculate the indicated output power of the engine.

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

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

...............................................................................................................................................
(5 marks)
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(c) The actual output power of the engine was measured as 6.3 kW.

(i) Explain why this value is not the same as the indicated output power of the engine.

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

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

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

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

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

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

(ii) Calculate the overall efficiency of the engine under the conditions of the test.

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

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

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