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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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Answer  all questions in the spaces provided.

1 An electric car is driven by an electric motor connected to a 120 V battery.  When the car travels on a
horizontal road at a steady speed of 21 m s�1, the battery delivers 7.2 kW of power to the motor.

(a) (i) Calculate the battery current.

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

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

(ii) The battery is capable of delivering a charge of 4.8 × 105C before it needs to be recharged.
Calculate the range of the car at a speed of 21 m s�1 on a horizontal road.

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

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

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

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

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

(b) When the car travels downhill at the same steady speed of 21 m s�1, the motor current is less than
the current calculated in part (a)(i).  Explain why this is so.

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

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

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

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

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

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

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

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

.........................................................................................................................................................
(4 marks)
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2 A beaker contains 1.3 × 10�4m3 of water at a temperature of 18 °C.  The beaker is placed in a freezer.
The water cools to 0 °C and freezes in a total time of 1700 s.

(a) (i) Calculate the mass of water in the beaker.

density of water = 1000 kg m�3

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

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

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

(ii) Calculate the average energy per second transferred from the water.  Assume the beaker
has negligible heat capacity.

specific heat capacity of water = 4200 J kg�1K�1

specific latent heat of fusion of ice = 3.4 × 105J kg�1

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

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

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

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

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

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

(b) The freezer uses electrical energy from the mains at a rate of 25 J s�1.  Calculate the total energy
transferred to the surroundings from the time the beaker of water is placed in the freezer to when
it freezes completely.

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

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

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

.........................................................................................................................................................
(2 marks)
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3 In a football match, a player kicks a stationary football of mass 0.44 kg and gives it a speed of 32 m s�1.

(a) (i) Calculate the change of momentum of the football.

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

(ii) The contact time between the football and the footballer�s boot was 9.2 ms.  Calculate the
average force of impact on the football.

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

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

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

(b) A video recording showed that the toe of the boot was moving on a circular arc of radius 0.62 m
centred on the knee joint when the football was struck.  The force of the impact slowed the boot
down from a speed of 24 m s�1 to a speed of 15 m s�1.

Figure 1

(i) Calculate the deceleration of the boot along the line of the impact force when it struck
the football.

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

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

...............................................................................................................................................
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(ii) Calculate the centripetal acceleration of the boot just before impact.

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

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

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

(iii) Discuss briefly the radial force on the knee joint before impact and during the impact.

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

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

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

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

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

...............................................................................................................................................
(4 marks)
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4 A dish on a communications satellite is used to transmit a beam of microwaves of wavelength λ. The
beam spreads with an angular width λ/d, in radians, where d is the diameter of the dish.

Figure 2

(a) (i) Calculate the angular width, in degrees, of a beam of frequency 1200 MHz transmitted
using a dish of diameter 1.8 m.

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

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

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

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

(ii) Show that the beam has a width of 2100 km at a distance of 15 000 km from the satellite.

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

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

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

(b) (i) Show that the speed, υ, of a satellite in a circular orbit at height h above the Earth is given
by 

where R is the radius of the Earth and M is the mass of the Earth.

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

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

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

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

...............................................................................................................................................
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(ii) Calculate the speed and the time period of a satellite at a height of 15 000 km in a circular
orbit about the Earth.

mass of the Earth = 6.00 × 1024kg
radius of the Earth = 6.40 × 106m

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

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

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

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

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

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

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

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

(iii) The satellite passes directly over a stationary receiver at the North Pole.  Show that the
beam moves at a speed of 1.3 km s-1 across the Earth�s surface and that the receiver can
remain in contact with the satellite for no more than 27 minutes each orbit.  

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

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

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

...............................................................................................................................................
(9 marks)
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5 A student investigates the variation of electric potential with distance along a strip of conducting paper
of length l and of uniform thickness.  The strip tapers uniformly from a width 4w at the broad end to
2w at the narrow end, as shown in Figure 3.  A constant pd is applied across the two ends of the strip,
with the narrow end at positive potential, Vl, and the broad end at zero potential.  The student aims to
produce a graph of pd against distance x, measured from the broad end of the strip.

Figure 3

(a) Draw a labelled circuit diagram which would be suitable for the investigation.

(2 marks)

(b) The student obtained some preliminary measurements which are shown below.

By reference to the physical principles involved, explain why the increase of V with x is
greater than a linear increase.

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

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

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

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

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

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

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

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

pd, V/ V 0 2.1 4.5 7.2

Distance, x/m 0 0.100 0.200 0.300

2w4w x

l



(c) The potential, V, at a distance x from the broad end is given by

V = k � 1.44 Vl ln (2l � x),

where Vl is the potential at the narrow end, and k is a constant.

(i) The student�s results are given below.  Complete the table.
l = 0.400 m

(ii) Plot a graph of V against ln (2l � x) and explain whether or not it confirms the equation.

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

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

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

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

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

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

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

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

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

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

(iii) Use the graph to calculate Vl .

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

...............................................................................................................................................
(10 marks)
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distance x/m potential V/V (2l � x)/m ln (2l � x)

0.100 2.1 0.700 � 0.357

0.200 4.5

0.270 6.4

0.330 8.3

0.360 9.3

0.380 10.1
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6 An accelerometer in a vehicle consists of a steel bar mounted on two springy blades.  The bar passes
through two coils, as shown in Figure 4.  An alternating voltage is applied to the primary coil.

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

Figure  4

(a) (i) Explain why a voltage is induced in the secondary coil.

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

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

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

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

(ii) Explain why the bar is displaced from its equilibrium position when the vehicle
accelerates in a direction parallel to the axis of the bar, as shown in Figure 5.

Figure 5

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

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

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

...............................................................................................................................................
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(iii) Explain why the amplitude of the secondary voltage changes when the bar is displaced
from its equilibrium position in a direction along the axis of the bar.

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

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

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

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

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

(b) An ac voltage is converted to a dc voltage using the circuit shown in Figure 6.
The variation of the dc voltage with time is shown by the graph.

Figure  6

(i) Explain why the dc voltage varies with time in this way.

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

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

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

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

(ii) Describe and explain how the variation of the dc voltage with time would change if the
capacitance of the capacitor were increased by a factor of 10.

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

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

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

...............................................................................................................................................
(3 marks)
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7 (a) (i) State the function of the moderator in a thermal nuclear reactor.

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

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

(ii) By considering the free neutrons in a thermal nuclear reactor to behave like the atoms of
an ideal gas, estimate the speed of free neutrons in the core of a thermal nuclear reactor
when the core temperature is 700 K.

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

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

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

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

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

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

(b) In the core of a nuclear reactor, a fission neutron moving at a speed of 3.9 × 106m s�1 collides
with a carbon 12 nucleus which is initially at rest.  Immediately after the collision, the carbon
nucleus has a velocity of 6.0 × 105m s�1 in the same direction as the initial direction of the
neutron.

molar mass of carbon 12 = 0.012 kg

(i) Show that the neutron rebounds with a speed of 3.3 × 106m s�1.

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

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

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

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

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

...............................................................................................................................................
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(ii) Show that the collision is an elastic collision.

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

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

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

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

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

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

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

(iii) Calculate the percentage of the initial kinetic energy of the neutron that is transferred to
the carbon nucleus.

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

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

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

...............................................................................................................................................
(7 marks)
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8 (a) An electron is trapped in a solid between a group of atoms where the potential is +2.8 V.

The de Broglie wavelength of this electron is 1.2 nm.  Calculate 

(i) its speed,

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

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

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

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

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

(ii) its kinetic energy,

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

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

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

(iii) the sum of its kinetic energy and its potential energy.

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

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

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

(b) (i) Calculate the energy of a photon of wavelength 650 nm.

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

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

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

(ii) State and explain whether or not the electron in part (a) can escape from this group of
atoms as a result of absorbing this photon.

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

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

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

8
(2 marks)
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