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Answer all questions in the spaces provided.

1 Total for this question: 11 marks

(a) Define the Young modulus of a material.

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

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

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

(b) Figure 1 shows the stress-strain graphs for samples of copper and steel wires up to their
breaking points.

Figure 1

(i) Which sample, A or B, is steel?

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

(ii) Support your choice by relating two features of the graph to properties of steel.

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

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

..................................................................................................................................................
(2 marks)
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(c) Describe a method for the accurate measurement of the Young modulus of a wire.  Draw a
labelled diagram of the apparatus to help your description.  Two of the 6 marks in this question
are for the quality of your written communication.

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

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

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

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

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

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

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

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

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

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

TURN OVER FOR THE NEXT QUESTION
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2 Total for this question: 7 marks

Figure 2 shows a mass suspended on a spring.

Figure 2

The mass is pulled down by a distance A below the equilibrium position and then released at time 
t = 0.  It undergoes simple harmonic motion.
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(a) Taking upward displacements as being positive, draw graphs on Figure 3 to show the variation
of displacement, velocity and the acceleration with time.  Use the same time scale for each of the
three graphs.

(4 marks)
Figure 3

(b) The spring stiffness, k, is 32 N m�1.  The spring is loaded with a mass of 0.45 kg.  Calculate the
frequency of the oscillation.

(3 marks)
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3 Total for this question: 12 marks

(a) The first law of thermodynamics may be written as:

�U = Q + W

State the meaning of positive values for each of the symbols in this equation.

�U......................................................................................................................................................

Q ........................................................................................................................................................

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

(b) For an isothermal change in an ideal gas:

(i) explain why �U = 0;

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

(ii) explain the effects on Q and W.

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

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

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

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

..................................................................................................................................................
(2 marks)
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(c) Figure 4 shows an isothermal expansion for 1.2 � 10�3 mol of an ideal gas.

Figure 4

(i) Show that the temperature at which this expansion occurs is approximately 600 K.

molar gas constant, R= 8.3 J mol�1 K�1

(2 marks)

(ii) Add to Figure 4 a second line to show the expansion of the ideal gas at a temperature of
400 K.  Show how you have chosen your values.

(4 marks)
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4 Total for this question: 11 marks

A meteorite of mass 1.2 � 104 kg enters the Earth’s atmosphere at a speed of 2.5 km s�1.

(a) Calculate the kinetic energy of the meteorite as it enters the atmosphere.

(2 marks)

(b) The meteorite is initially at a temperature of 25 °C.  It is made of iron of specific heat capacity
110 J kg�1 K�1 and of melting point 1810 °C.  As the meteorite travels through the Earth’s
atmosphere friction causes its temperature to rise.  Calculate the energy needed to raise the
temperature of the meteorite to its melting point.  You should assume that the specific heat
capacity of iron remains constant.

(3 marks)

(c) When it reaches the surface of the Earth the mass of the meteorite has fallen to 5.5 � 103 kg and
its speed to 150 m s�1 so that its kinetic energy is only 6.2 � 107 J.  On striking the Earth this
mass penetrates the Earth’s crust and is brought to rest in a distance of 25 m.  Calculate:

(i) the average force acting on the meteorite as it penetrates the Earth’s crust;

(2 marks)

(ii) the time it takes for the meteorite to be brought to rest by the Earth’s crust;

(2 marks)

(iii) the rate at which the meteorite dissipates energy in this time.

(2 marks)
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5 Total for this question: 9 marks

Figure 5 shows a dust particle at position D on a rotating vinyl disc.  A combination of electrostatic
and frictional forces act on the dust particle to keep it in the same position.

Figure 5

The dust particle is at a distance of 0.125 m from the centre of the disc.  The disc rotates at 
45 revolutions per minute.

(a) Calculate the linear speed of the dust particle at D.

(3 marks)

(b) (i) Mark on Figure 5 an arrow to show the direction of the resultant horizontal force on the
dust particle. (1 mark)

(ii) Calculate the centripetal acceleration at position D.

(2 marks)
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(c) On looking closely at the rotating disc it can be seen that there is more dust concentrated on the
inner part of the disc than the outer part.  Suggest why this should be so.

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

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

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

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

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

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

6 Total for this question: 15 marks

Figure 6 shows a 2.0�F capacitor connected to 150 V supply.

Figure 6

(a) Calculate the charge on the capacitor.

(2 marks)

(b) (i) Suggest a graph that could be drawn in order to calculate the energy stored in the capacitor
by finding the area under the graph.

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

..................................................................................................................................................
(1 mark)
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(ii) Calculate the energy stored by the capacitor when it has a p.d. of 150 V across it.

(2 marks)

(c) The charged capacitor is removed from the power supply and discharged by connecting a 220 k�
resistor across it.

(i) Calculate the maximum discharge current.

(1 mark)

(ii) Show that the current will have fallen to 10% of its maximum value in a time of
approximately 1 s.

(4 marks)

(d) A pair of identical capacitors are connected across a d.c. power supply and connected (i) in series
and (ii) in parallel.  The energy stored in each arrangement is different.  State and explain which
arrangement stores the greater energy.  Two of the 5 marks in this question are for the quality of
your written communication.

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

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

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

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

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

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

...........................................................................................................................................................
(5 marks)
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7 Total for this question: 10 marks

(a) Discovery of the photoelectric effect was largely responsible for the development of the theory
that electromagnetic radiation can behave as a particle or as a wave under different
circumstances.  Figure 7 shows an experimental arrangement used to demonstrate aspects of the
photoelectric effect.  When photoelectrons are emitted the ammeter registers a current.

Figure 7

(i) The metal plate is illuminated with radiation but does not emit photoelectrons.  The
intensity of the radiation is increased.  State and explain what effect this increase in
intensity has.

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

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

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

(ii) The metal plate is illuminated with radiation such that photoelectrons are emitted. The
intensity of the radiation is increased.  State and explain what effect this increase in
intensity has.

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

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

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

..................................................................................................................................................
(2 marks)
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(iii) The metal plate is illuminated with radiation such that photoelectrons are emitted.  Air is
now allowed to enter the enclosure.  State and explain what effect allowing air into the
enclosure has.

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

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

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

(b) (i) Show that the de Broglie wavelength of an electron travelling at 0.15c should be
approximately 1.6 � 10�11 m.

the Plank constant, h = 6.6 � 10�34 J s
the speed of electromagnetic waves in a vacuum, c = 3.0 � 108 m s�1

the mass of an electron, me = 9.1 � 10�31 kg

(2 marks)

(ii) Suggest a suitable material to give an observable diffraction pattern with electrons.
Explain your choice.

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

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

END OF QUESTIONS
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