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INSTRUCTIONS TO CANDIDATES

Write your name, centre number and candidate
number in the boxes on the first page. Please write
clearly and in capital letters.

Use black ink. HB pencil may be used for graphs and
diagrams only.

Answer ALL the questions.

Read each question carefully. Make sure you know
what you have to do before starting your answer.

Write your answer to each question in the space
provided. Additional paper may be used if necessary
but you must clearly show your candidate number,
centre number and question number(s).



INFORMATION FOR CANDIDATES

The number of marks is given in brackets [ ] at the
end of each question or part question.

The total number of marks for this paper is 60.

You are advised to spend about 20 minutes on
Section A and 55 minutes on Section B.

The values of standard physical constants are given
in the Data, Formulae and Relationships Booklet. Any
additional data required are given in the appropriate
question.

Where you see this icon you will be awarded
marks for the quality of written communication
in your answer.

This means, for example, you should

* ensure that text is legible and that spelling,
punctuation and grammar are accurate so that
meaning is clear;

e organise information clearly and coherently, using
specialist vocabulary when appropriate.



Answer ALL the questions.

SECTION A

1 Here is a list of units.
kgms™ kgms kgm™3 kgm?2s~2
(a) Which ONE is the correct unit for momentum?

answer [1]

(b) Which ONE is the correct unit for kinetic energy?

answer [1]




2 Fig. 2.1 shows a sealed bag of air in a container.

Fig. 2.1

| container

sealed bag of air \Y_\%

In Fig. 2.2, some of the air in the container has been
removed.

Fig. 2.2

air removed ——
from here (—j

Explain why the sealed bag expands when air is
removed from the container. [2]




3 The top graph of Fig. 3.1 shows how the displacement
of an object in simple harmonic motion varies with
time.

Complete the other two graphs to show how the
velocity and kinetic energy of the object vary with
time over the same time interval. [2]

Fig. 3.1
_ I\
displacement
7 | N
/ N\
= time
\\ //
A
velocity
» time
e A
kinetic energy
» time




4 Fig. 4.1 shows a satellite in a circular orbit around a
planet. [1]

Fig. 4.1

orbit
satellite

planet

(a) Draw an arrow on Fig. 4.1 to represent the
resultant force on the satellite.

(b) State why this force does not do any work on the
satellite. [1]



5 Air at a pressure of 1.0 x 10° Pa and temperature 280K
is trapped in a cylinder by a piston.

Fig. 5.1

O

L

/

fixed mass of air

The trapped air has an initial volume of 1.4 x 1075m3.
The air is then compressed until its pressure is raised
to 5.6 x 10° Pa.

The final temperature of the air is 320K.

Calculate the final volume of the air.

volume = m3 [2]
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6 Fig. 6.1 shows four versions of the same circuit with
different component values.

Fig. 6.1
—— 4 uF —— 4 uF
' 6V — , 3V —
_— _— [
‘ 3kQ ‘ 6kQ
A B
—— 1yF —— 2 pF
12V — . 6V ——
—
‘ 3kQ ‘ 6kQ
C D
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In all four circuits the capacitor is uncharged before
the switch is closed.

(a) Which circuit (A, B, C or D) has the greatest
final charge on the capacitor when the switch is
closed?

answer [1]

(b) Which circuit (A, B, C or D) takes the least time
to charge up the capacitor when the switch is
closed?

answer [1]

11



7 The rate of rotation of a distant spiral galaxy, like that
shown in Fig. 7.1, can be found by comparing the light
from the left and right hand side of the galaxy.

Fig. 7.1

(a) Explain why there will be a difference in the
redshift of the light from the left and right hand
sides of the galaxy. [2]

(b) State what effect, if any, the motion of a distant
galaxy relative to Earth has on the speed of light
from it measured by observers on the Earth. [1]
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8 Slabs of aluminium with insulated handles are used in
some restaurants to keep dishes hot at the table.

Fig. 8.1

slab of aluminium

(a) Show that an aluminium slab with dimensions
0.40m x 0.20m x 0.01 m will have a mass of
about 2kg. [1]

density of aluminium = 2700 kgm™3

(b) Calculate the thermal energy released by the plate
as it cools from an initial temperature of 100°C to
room temperature of 20 °C.

specific thermal capacity of aluminium = 920Jkg~!°C"

energy released = J [2]
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9 A gas cylinder of internal volume 2.9 x 102m?3 is
filled with helium gas to a pressure of 2.1 x 10’Pa at a
temperature of 290 K.

Calculate the mass of helium in the cylinder.

R = 8.3mol 1K1
molar mass of helium is 4.0 x 10~3kg mol™!

mass of helium = kg [2]

[Section A Total: 20]
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SECTION B

10 This question is about the energy of a
communications satellite in orbit around the Earth.

(a) The satellite is launched into a circular orbit of
radius r with an orbit time T.
Write down an expression for the speed v of the
satellite in terms of rand T. [1]

(b) By equating the centripetal force on the satellite
of mass m with its gravitational attraction to the
Earth of mass M, show that the radius r of its orbit
is given by the expression [2]

GMT?

3
rY =
A2

15



(c) A useful communications satellite has an orbit
time of 24 hours (8.6 x 10%s).
Show that the radius r of its orbit is about
4 x 10" m. [1]

mass of Earth = 6.0 x 102*kg
G=6.7x10"""m3kg1s2

(d) Calculate the gravitational potential energy of
a satellite of mass 4.7 x 102kg when it is in this
orbit.

gravitational potential energy = J [3]

16



(e) The speed of the satellite in its orbit is
3.1 x103ms™.

Calculate the total energy of the satellite.

total energy = J [2]

[Total: 9]
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11 Fig. 11.1 is an incomplete circuit diagram to measure
the conductance of an electrical component called a
thermistor.

Fig. 11.1

(a) Complete the circuit diagram, including an
ammeter and voltmeter. [2]

(b) At 300K, the current in the thermistor is 1.4 mA
when the p.d. across it is 5.6\V.
Show that the conductance of the thermistor is
about 3 x 1074S.[1]

18



(c) The electrical behaviour of a thermistor can be
modelled as follows:

e most electrons are bound to atoms

 those few electrons with an extra energy € are
able to move freely

(i) Use ideas about the Boltzmann factor to
explain why the conductance of a thermistor
increases with increasing temperature. [3]

Your answer should use correct spelling and
grammar.

19



(ii) The Boltzmann factor can be used with the
model to predict that the conductance G of
the thermistor at temperature Tis given by the
relationship

€

G=Gye K.

Use your answer to (b) to calculate the
conductance of the thermistor at 400K.

£E=5.0x 1020y
k=1.4 x 10723 JK1

conductance = S [3]

[Total: 9]
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12 Fig. 12.1 shows the worldline of a spacecraft which
passes the Earth and then returns.

Fig. 12.1
10
Earth tiyr::'{ 9\\
oL N\
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distance from Earth/light-year
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Clocks on the Earth and spacecraft are zeroed at the
instant that the spacecraft passes the Earth.

(a) The worldline for the spacecraft is a straight line
until t=>5 year.
What does this tell you about the motion of the
spacecraft? [1]

(b) A single pulse of light is sent towards the
spacecraft from the Earth when the Earth clock
reads t = 1.0 year. It reflects off the spacecraft and
returns to Earth.

(i) Why is the worldline for light always at 45° on
Fig. 12.1? [1]

(ii) Draw the complete worldline of the pulse of
light on Fig. 12.1. [2]

23



(c) The arrival of the pulse of light at the spacecraft
is the signal for it to turn around and return to the

Earth.

(1) Explain how an observer on Earth can use the
times of emission and reception of the pulse
to calculate that the spacecraft was 4.0 light-
year from the Earth when the pulse reached it.

[2]

(ii) Explain how an observer on the Earth can use
the time of emission and return of the pulse to
deduce that the spacecraft turned round when
the Earth clock reads t = 5.0 year. [2]

(iii) Show that the outward speed of the spacecraft
relative to the Earth is 2.4 x 108ms™1. [1]

c=3.0x108ms™

24



(d) (i) Show that the time dilation factor y for a
spacecraft travelling relative to the Earth at

velocity v=2.4 x 108ms~ is about 1.7. [1]

(ii) Here are some possible times in year for the
round trip according to observers on the
spacecraft. Put a ring around the correct value.

[1]
6.0 8.0 10 17

[Total: 11]
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13 Fig. 13.1, opposite. In an experiment, liquid bromine
is released into an EVACUATED tube. The brown
bromine vapour is seen to fill the tube very quickly, in
less than a second.

(a) Show that the average energy of a bromine
molecule at room temperature (17 °C) is about
5 x 10721 J. [2]

k=1.4 x 1073 JK1

(b) Calculate the mean speed of the bromine
molecules in the bromine vapour.

molar mass of bromine vapour = 0.16 kg
N, = 6.0 x 102> mol

speed = ms~1 [3]

26
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(c) When liquid bromine is released into a tube full
of air at atmospheric pressure, it can take up to
an hour for the brown colour to completely fill
the tube. This is because the bromine molecules
follow a random walk through the air.

(i) Explain what is meant by a random walk and
why the bromine molecules in the air-filled
tube undergo a random walk. [3]

Your answer should clearly link the behaviour
of the molecules to their motion.

28



(ii) The average displacement of a particle
which follows a random walk of N steps is
proportional to VN. Explain how this rule can
be used to justify the relationship x = Cit,
where x is the average displacement of a
bromine molecule in atime tand Cis a
constant. [3]

[Total: 11]

[Section B Total: 40]

END OF QUESTION PAPER
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