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Answer all the questions.

This question is about kicking a football.

(a) Fig. 1.1 shows how the force F applied to a ball varies with time t whilst it is being kicked
horizontally. The ball is initially at rest.
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Fig. 1.1
(i) Use the graph to find

1 the maximum force applied to the ball

maximum force = .....cooevvemeennennnnn. N

2 the time the boot is in contact with the ball.

time=....ccccceiiinnnan s [1]

(i) The mean force multiplied by the time of contact is called the impulse delivered to
the ball. Use the graph to estimate the impulse delivered to the ball.

impulse =........ccennn. Ns[2]
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(b) The mass of the ball is 0.50 kg. Use your answers to (a) to calculate ”

(i) the maximum acceleraﬁon of the ball

acceleration = ......ccvvreereceneae ms=2[2]
(if) the final speed of the ball
speed = .vveereerecinrene ms™1[2]
(iii) the kinetic energy of the ball after the kick.
kinetic enefgy = e J[2]

(c) The ball hits a wall with a speed of 14ms™. It rebounds from the wall along its initial
path with a speed of 8.0ms™!. The impact lasts for 0.18s. Calculate the mean force
exerted by the ball on the wall.

force = ..cccvvvinininnnnnn N [3]

[Total: 12]
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2 (a) Define gravitational field strength at a point in a gravitational field. %

(b) The gravitational field strength at the surface of a planet of uniform density is 40N kg~".

A satellite of mass 1500kg is launched from the surface into a circular orbit around the
planet at a height of 1.5 x 105m with an orbital period of 4.5 x 103s.

The radius of the planet is 2.0 x 107 m.

(i) Estimate the increase in potential energy of the satellite.

potential energy = ............... J [2]

(ii) Suggest with a reason whether your estimate in (i) is likely to be larger or smaller
than the true value.

(iii) Calculate the kinetic energy of the satellite in orbit.

kineticenergy = .......c.cocevvenenen. J [4]
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(c) Fig. 2.1 shows how the gravitational field strength g varies with distance r from the se

centre of the planet of radius 2.0 x 107 m.
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Fig. 2.1

(i) Use Fig. 2.1 to write down the value of g at a height of 4.0 x 10’ m above the
surface.

[ . Nkg™ [1]
(ii) Write down an algebraic expression for g at a distance r from the centre of the

planet. The planet can be treated as a point mass of magnitude M situated at its
centre.

(iii) The value of g at the surface is 40N kg™'. Use this information and your answer to
(ii) to check, by a suitable calculation, your answer to (i).

[2]
[Total: 12]
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(a) The equation of state of an ideal gas is pV = nRT. Explain why the temperature must be
measured in kelvin.

(b) A meteorological balloon rises through the atmosphere until it expands to a volume of
1.0 x 108m3, where the pressure is 1.0 x 108Pa. The temperature also fails from 17°C
to —43°C.

The pressure of the atmosphere at the Earth’s surface = 1.0 x 105Pa.

Show that the volume of the balloon at take off is about 1.3 x 104m3.

[3]

(c) The balloon is filled with helium gas of molar mass 4.0 x 103kgmol=! at 17°C at a
pressure of 1.0 x 10°Pa. Calculate

(i) the number of moles of gas in the balloon

numberof moles = ................. [2]

(if) the mass of gas in the balloon.

mass = ......ceeeeeune kg [1]

2824 Jun05

For
Examiner's
Use



9 For
Examiner's

(d) The internal energy of the helium gas is equal to the random kinetic energy of all of its e

molecules. When the balloon is filled at ground level at a temperature of 17°C the
internal energy is 1900 MJ. Estimate the internal energy of the helium when the balloon
has risen to a height where the temperature is —43 °C.

internal energy = .....coceeeee MJ [2]

(e) The upward force on the filled balloon at the Earth’s surface is 1.3 X 105N. The initial
acceleration of the balloon as it is released is 27 ms™2. The total mass of the filled
balloon and its load is M.

() On Fig. 3.1 draw and label suitable arrows to represent the forces acting on the
balloon immediately after lift off. [2]

Fig. 3.1

(ii) Calculate the vaiue of M.

Y IS kg [3]

[Total: 15]

2824 Junos [Turn over




10 For

Examiner's
. . Use
4 In nuclear fission, energy is released.

(a) Explain what is meant by nuclear fission.

b) In a possible fission reaction 233U captures a neutron to become a compound
e 14192 g0 ;
nucleus before splitting into 'z Ba and 55 Kr releasing three neutrons.

Write down the nuclear reaction equation for this event.

(c) The total mass of the compound nucleus 2§gu before fission is 236.053 u. The total
mass of the fission products is 235.867u. Use these data to calculate the energy
released in the fission process.

eNergy = ..ocvvvrirircnencnnnn J [3]
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(d) Most of the energy released arises from the electrostatic repulsion of the two nuclei as
they move apart. Use the information in (b) to show that the force F between the two
nuclei at the instant after fission occurs is about 3000 N.

Assume the nuclei act as point charges a distance rapart of 1.3 x 1 0~14m.

[4]

[Total: 10]
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(a) Define magnetic flux density.

(b) Fig.5.1 shows an evacuated circular tube in which charged particles can be
accelerated. A uniform magnetic field of flux density B acts in a direction perpendicular
to the plane of the tube.

Protons move with a speed v along a circular path within the tube.

evacuated
tube

Fig. 5.1

(i) On Fig. 5.1 draw an arrow at P to indicate the direction of the force on the protons
for them to move in a circle within the tube. [1]

(ii) State the direction of the magnetic field. Explain how you arrived at your answer.

-----------------------------------------------------------------------------------------------------------------------------------

(iii) Write down an algebraic expression for the force F on a proton in terms of the
magnetic field at point P.
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(iv) Calculate the value of the flux density B needed to contain protons of speed e

1.5 x 107 ms~! within a tube of radius 60 m. Give a suitable unit for your answer.

(v) State and explain what action must be taken to contain protons, injected at twice
the speed (2v), within the tube.

[Total: 13]
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6 (a) Fig. 6.1 shows a toy consisting of a light plastic aeroplane suspended from a long vee
spring.
=) =
Fig. 6.1

(i) The aeroplane is pulled down 0.040m and released. It undergoes a vertical

harmonic oscillation with a period of 1.0s. The oscillations are lightly damped.

Sketch on the axes of Fig. 6.2 the displacement y of the aeroplane against time

from the moment of release. [3]
0.05
y/m H i
0.04
HH
L1
0.03
(I
1T
11T
0.02
111
1]
[
0.01
10

| 1.0 2.0 3.0 4.0
—-0.0]1 t/s

HH
NN
-0.02
L
HEN
NN
-0.03
[
jEEE
REN]
~0.04]
[
L
IREE
~0.05

Fig. 6.2

2824 Jun05




15 For

Examiner’s
U
(i) The aeroplane is replaced by a heavier model made of the same plastic having the >

same fuselage but larger wings. State and explain two changes which this
substitution will make to the displacement against time graph that you have drawn
on Fig. 6.2.

(b) The top end of the spring in Fig. 6.1 is then vibrated vertically with a small constant
amplitude. The motion of the aeroplane changes as the frequency of oscillation of the
top end of the spring is increased slowly from zero through resonance to 2.0 Hz.
Explain the conditions for resonance to occur and describe the changes in the motion of
the aeroplane as the frequency changes from zero to 2.0 Hz.

[Total: 12]
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7 In this question, four marks are available for the quality of written communication. ¥

(a) State and compare the nature and properties of the three types of ionising radiations
emitted by naturally occurring radioactive substances.
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(b) Describe experiments which would enable you to determine the nature and energy of *

the emissions from a sample of rock containing several radioactive nuclides. A space
has been left for you to draw suitable diagram(s), if you wish to illustrate your answer.

Quality of Written Communication [4]

[Total: 16]

END OF QUESTION PAPER
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