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Answer all the questions.

Section A

1 Fig 1.1 shows three possible paths, A, B and C, of a spacecraft moving near the Earth, but well
above the atmosphere.

C
A
Fig. 1.1
(@) Which path follows a gravitational field line of the Earth?
= ES =] U [1]

(b) Which path follows a gravitational equipotential line of the Earth?
= [0 [1]

2 Study the graphs A, B, C, D.

(@) Which graph shows the variation in volume (y) of a fixed mass of ideal gas at constant
pressure with absolute temperature (x)?

= 1 L= R [11

(b) Which graph shows the variation in pressure (y) of a fixed mass of ideal gas at constant
temperature with volume (x)?

ANSWET ..ttt [1]
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3 A plastic duck hangs from a long spring. The duck oscillates vertically with a frequency of
0.42 Hz.
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The displacement x of the duck at time t is given by the equation
x=Acos (2rft)
where A =0.20 m.

Choose the value from the list below which gives the displacement of the duck when
t=20s.

0.11m 0.20 m -0.11m -0.20 m
chosenvalue = ........ccccccoiiiiiiiiiii s [1]
4 2.0 mol of an ideal gas is kept at a pressure of 1.5 x 10° Pa and a temperature of 310 K.
Calculate the volume occupied by the gas under these conditions.
R=8.3JK" mol’

VOIUME = e m

[Turn over
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5 The graph show how the charge on a capacitor varies with p.d. across the capacitor.

4)(10_3 LR 1 ) O : - { E L. j /"
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3x1073 HH : BRES L AH .
charge/C 1] : T A i
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= 5 /( T3 i' :
i s
O : 2 [ ! P F ]
0 2 4 6 8 10
p.d./V
Here are a number of values:
440 210 350 700

Use information from the graph to choose from the list the best value for

(@) the capacitance of the capacitor in microfarad

(b) the energy in uJ stored on the capacitor when a p.d. of 4.0 V is applied across it.
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6 A circus clown fires a water gun that ejects water horizontally at a speed of 7.3 m s™. The water
leaves the gun at a rate of 2.7 kg s™.

Fig.6.1

Explain why the clown holding the gun experiences a backward force of about 20 N.

[Turn over
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7 Fig 7.1 shows a circuit diagram of a capacitor discharging through a resistor.

C = 4700 pF

|
|

= e

R = 5000 ©
Fig. 7.1

A simple mathematical model of the discharge of the capacitor is shown in Fig. 7.2. It is

assumed that the current | is constant over each small time interval At. This process is repeated
as shown.

e

. '\\
|
( use charge on use current = time to subtract AC from /
~»| capacitor to calculate || calculate loss of L original charge to find ="
discharge current charge, ACQ new chargs
Fig. 7.2
(a) Complete the table for the discharge of the 4700 uF capacitor. The small time interval used
ISAt=2.0s.
V_ 4
3 JII‘—_—_ i el Q '—O";‘ﬂg
®, FR-Te AQ = 1AL nEw
564 x 10720 5.16 x 102G
5.16 x 1072C

(b) Suggest one reason why mathematical models are useful in physics.

[Section A Total: 15]
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Section B

8 This question is about the time it takes a planet to orbit once around the Sun. This is called the orbital
period of the planet.

In this question, the following symbols will be used:

orbital period T
mean radius of orbit R
mass of Sun M;

mass of planet M,

Fig. 8.1

Taken from Measuring the universe, Kitty Ferguson, Reproduced by
permission of headline publishing group limited

(@) The seventeenth century astronomer Johannes Kepler (Fig. 8.1) suggested a relationship
between the orbital period of a planet T and its radius of orbit R.

This relationship can be written as
T o R
Kepler found this mathematical relationship by trial and error.

Data for four of the planets are shown in Fig. 8.2.

Mars
3 I
1 A.U. = distance
. from Sun to Earth
Tefyear® o 1
L & Earth
Venus
Mercury ; . ,
1 T I 1
1 2 3 4
radinsg 3/ A 1).3
Fig. 8.2

State which features of the graph show that T2 is proportional to R°.
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(b) Isaac Newton (Fig. 8.3) developed a description
of gravity that confirmed Kepler's work.
Newton’s confirmation of Kepler was based on his laws

of motion and his gravitational law.

Fig 8.3
The centripetal force on a planet of mass M, orbiting with period T at radius R is given by
F=-M,(22rn)/ T°R

Use Newton’s Gravitational Law F = - GM,M/R? to show that T°/R® = (2r)’/ GM, and hence
find the mass of the Sun.

G=6.67x 10" N m? kg™
Mean radius of Earth’s orbit =1.5 x 10" m
1year=32x10"s

mass of Sun =

[Turn over
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(c) The Sun loses mass at a rate of 6.2 x 10" kg s™. Discuss whether this will have had any
significant affect on the orbit the Earth over the 40 000 years that humans have made an
impact on the planet.

& You will be awarded marks for the quality of your written communication.

(d) Although Kepler’'s findings were hugely important, Newton’s are considered to be more
significant.

Give one reason why Newton’s approach is considered an advance on Kepler's approach.

[Total: 10]
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9 This question is about heating soup with microwaves.

O OO
O OO

]
Fig. 9.1

(@) The microwave oven supplies energy to the soup at a rate of 600 W.
The soup, of mass 0.40 kg, has an initial temperature of 20 ° C.
Show that, after three minutes, the maximum temperature will be about 85 ° C.

specific thermal capacity of soup = 4200 J kg™ K™

[2]

(b) The Boltzmann factor is given as f = e . Describe what the Boltzmann factor indicates
and use it to explain why increasing numbers of molecules evaporate from the soup as its
temperature rises.

—E/KT

# You will be awarded marks for the quality of your written communication.

[Turn Over
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(c) The soup container has a tight fitting lid on it.
As the temperature rises:
the number of molecules in the vapour increases
the average speed of the molecules in the vapour increases.

Use ideas about momentum to explain why the growing number of molecules in the vapour
and the increase in average speed of the molecules both increase the pressure of the
vapour.

[Total: 10]
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10 This question is about some of the physics of the human ear.

eardrum —_
PRl

auditory canal —

Fig. 10.1
A given sound wave striking the ear drum sets it oscillating in simple harmonic motion.
The ear drum oscillates at a frequency of 2500 Hz with an amplitude of 1.0 x 107 m.

(@) (i) Calculate the period of the oscillation.

(ii) On the axes of Fig. 10.2, draw a graph to show how the displacement of the eardrum
varies with time for one oscillation. Assume that the displacement is zero at t = 0.

displacement/pm T T JugaEasug g
S o T ; TLET T L
o.10-Hrper el e
A T = 1
00541 e AEammmanr =
ml 1 HEET : 1177
- ] mpl : i3
3 ot 1 ;
o 01|___ 10.2 0.3 04717171 t/ms
P I = 1] Y NN
—J 05 pmn - J 5 ]
i - by P S 17
gffEsseannans il i i
~0.10 - A asEaE ;
e s
Fig. 10.2

[3]
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(iii) Calculate the maximum acceleration of the ear drum.

acceleration = ........ccooeveeceeeeeeee, ms’ [2]

(iv) Mark on the graph on Fig.10.2 a point at which this maximum acceleration occurs.
Mark this point a. [1]1

(b) The resonant frequency of the human auditory canal Is around 3000 Hz, which makes the
human ear most sensitive at those frequencies.

Explain clearly what this statement means, and suggest circumstances in which lower or
higher resonant frequencies might be expected in humans or other mammals.

# You will be awarded marks for the quality of your written communication.

[Total: 12]
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11 This question is about calculating the age of stars using the radioactive decay of uranium-238.

(a) A sample containing 1.0 x 10°® kg of uranium-238 contains 2.5 x 10'® uranium-238 atoms.

The activity of the sample is 12 Bq.
Show that the half-life of uranium-238 is about 4.5 billion years.

1year=32x10"s

[3]

(b) A small sample of rock contains 10 atoms of uranium-238. Estimate, without calculation,
the number of atoms of uranium-238 that would have been present in that rock at the time
when the Solar System is believed to have formed, 5.6 billion years ago, and explain how

you obtained that estimate.
Explain clearly why a precise calculation would not have given an accurate answer of the

number originally present.

[4]

[Turn Over
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(c) Astronomers have observed the spectrum of a very old nearby star to determine how much

(d)

(e)

uranium-238 it contains. This value is compared with the amount that is thought to have
been present when the star was formed.

Recent observations suggest that the amount of uranium-238 in the star has fallen to 12 %
of its original value.

Calculate the age of the star in years.

ageofstar=....ccccooviiiriiiiiiiiiiiei, years [2]

The Hubble Law, based on observation of cosmological red shifts, suggest that the universe

is much older than the age of the stars measured by finding how much uranium-238 it
contains.

Explain the meaning of the term cosmological red shift.

1]
The Hubble Law suggests that the age of the universe is of the order 1/Hy, where Hj is the

Hubble parameter. Estimating the value of H is an extremely important task. Values for Hy
have ranged from 1.6 x 10" s" t0 3.2 x 10"® s™.

(i) Estimate the minimum and maximum age of the universe in years from the value of Hj.

MINIMUM Q€ = ..ivviiiii i eeeeens years

maximum age =

(i) Explain how data from the uranium-238 method of finding the age of stars can be used
to help astronomers choose between these values of Hj.

1]

[Total: 13]

[Section B Total: 45]
Paper Total [60]
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Section A
Question Max
Number Answer Mark
1(a) Bv (1]
(b) AV [1]
2(a) AY 1]
(b) Bv ]
3 AV [1]
4 v'method: V =2 x 8.3 x 310/1.5 x 10°
v'evaluation: = 3/2 x 102 m 3 [2]
5(a) AV 1]
(b) cv ]
6 Calculation of rate of change =2.7x7.3=19.7kgms” v
Force on clown is rate of change of momentum v
Clear Newton lll/ conversation of momentum argument v/ [3]
7(a) First line of table: 2.4 x 10, 4.8 x 10° v/
2nd line of table: 2.2 x 102, 4.4 x 10, 4.7 x 102 v [2]
(b) Any sensible point v': e.g. to test theories against real situations, to
predict outcomes when experimental evidence is not available. [1]
Total Section A [15]
8(a) Straight line v/
Through origin v [2]
(b) M, (2n)*/T? R = GMpMy/R? worked through to T/R® = (2n)/ GMs v
rearrangement to find My v
Substitution of correct values My v
Calculation to give My v ecf possible
M, = 47%(1.5 x10"")%/ (6.67 x10™"" x (3.2 x107)?) = 1.8 x 10* kg [4]
(d) Kepler's (3") Law was empirical/ Newton’s (gravitational) was analyticalv’
Kepler's law was limited to orbits / Newton’s is applicable to wider
applications e.g. tides, space flightv’
Any one point. Must be comparison between K’s approach and N’s
approach for the mark [1]
Total [10]
9(a) Calculating energy as 108 kJ (can be implicit) v
Temp change calculated to 65 K v [2]
(b) BF gives proportion of particles with sufficient energy to join vapour/
probability of a particle having sufficient energy. v
As T increases —E/KT becomes smaller therefore BF increases v
';herefore greater chance/proportion of molecules entering vapour state
QWC: appropriate form and style v [4]

(c)

Pressure exerted by molecular collisions, force given by Ap/At. v/
Pressure given by F/A v

Increase in number of molecules increases Ap/At. v

Increase in temperature increases Ap/At. v

[4]




Section A
Question Max
Number Answer Mark
QWC: Clear organised answer v
There will be a number of paths to mark-worthy points.
High quality answers needed for award of marks.
Total [10]
10(a)(i) Period = 1/2500 =4 x 10 s v/ [1]
(i) Period v amplitude v" sinusoidal shape v [3]
(iii) a=4n’x1x107 v
=247ms? v [2]
(iv) Mark on crest or trough v/ [11]
(b) driving frequency matches natural frequency of oscillator v/
amplitude of oscillations at resonance will be greater for a specific
amplitude of driving wave. v
Suggested circumstances should consider and justify variations in the
auditory canal e.g. longer a.c. gives lower resonant frequency or changes
in speed of sound (due to density of medium) in e.g. less dense air, water
Stated and justified difference in a.c. / medium v/
Consisten explanation of consequence v
Clear understanding must be displayed.
QWC: clear organisationv’ [5]
Total [12]
11(a) Calculating A =4.8 x 1078 v/
Half life = 0.693/ =1.44x 10" s v
= 4.5 billion years v
Allow implicit working [3]
(b) Stating 5.6 is a little more than a half lifev’
Initial number is a bit more than double 10 (accept 21 to 25) v/
Reason why estimate is the best that can be done:
Radioactive decay is random v/
Need large numbers in random processes for predictable resultsv'. [4]
(c) 0.12=¢e™ >1In0.12=-48x10"%t
=1.4x10 ' years v'method v'evaluation
Allow ecf for evaluation mark
1 mark for time in seconds [2]
(d) Lengthening of wavelength with expansion of spacev’
Allow energy arguments. [1]
(e)(i) Min = 9.8 x 10° yrv" max =1.9x 10" yr v/
Allow values in seconds [2]
(i) Shows younger age is not correct v/ [1]
Total [13]
Section B Total [45]
Paper Total [60]
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