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For questions 1-10, select one answer from A to D and put a cross in the box X. If you change your
mind, put a line through the box 4 and then mark your new answer with a cross X.

Answer ALL questions.

1 Ultrasound can be used to investigate the structure of organs of the human body using
the pulse-echo technique.
The level of detail obtained depends on the wavelength and the length of the pulses.

Which line of the table shows a change to wavelength and a change to pulse length that
would each improve the level of detail?

o O W >

Wavelength

Pulse length

decrease

decrease

increase decrease
decrease increase
increase increase

(Total for Question 1 = 1 mark)

2 Anobject is placed in front of a lens.

Which row of the table shows a combination that will produce a real image of

the object?

o O W >

Focal length of
lens/cm

Object
distance/cm

=5

10

=5

2

10

(Total for Question 2 = 1 mark)
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K Questions 3 and 4 refer to the following information.
KRS
K . : . . : .
:"3?2 A horizontal force F is applied to a horizontal spring, fixed at one end.
The stiffness of the spring is k and the elastic strain energy stored is E.
A second, identical spring is added and the same force is applied to the combination of springs, as shown.
8 —>F
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3 What is the stiffness of the combination of springs?
k
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(Total for Question 3 = 1 mark)

4 What is the elastic strain energy stored for the combination of springs?
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5 A mass of 24 kg is suspended from a steel wire of length 1.5m. The wire has
cross-sectional area 3.1 x 10°m?.

The Young modulus of steel is 1.8 x 10 Pa.

Which of the following gives the extension of the wire?

24 x1.5

]
1.8x10" x3.1x107°

24 x 9.81x1.5
1.8x10" x3.1x107°

N

1.8 10" x3.1x10°
24 x1.5

N

1.8 10" x3.1x10°
24 x9.81x1.5

N

(Total for Question 5 = 1 mark)

6 The diagram shows a source of sound waves and an observer.
source observer

Which row of the table shows a situation which would result in a decrease in the
frequency of sound observed?

Source Observer

moves to the right at 20ms™ | moves to the left at 20ms™!

moves to the right at 20ms™' | moves to the right at 20ms!

moves to the right at 20ms™! stationary

stationary moves to the right at 20ms™!

(Total for Question 6 = 1 mark)
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7 The photoelectric effect provides evidence for the particle nature of
electromagnetic radiation.

Which of the following observations of the photoelectric effect could also be explained
using the wave nature of electromagnetic radiation?

[J A The emission of photoelectrons is instantaneous.

[] B The maximum Kinetic energy of photoelectrons depends on frequency.
[J C The rate of emission of photoelectrons depends on intensity.

[J D Thereis a minimum frequency for emission of photoelectrons to occur.

(Total for Question 7 = 1 mark)

8 The acceleration of free fall at the surface of the Earth is 9.81ms™2.
The mass of the Earth is M and the diameter of the Earth is D.
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9 A mass is suspended from a spring and allowed to come to equilibrium.
The mass is displaced vertically and moves with simple harmonic motion.
The graph shows how the resultant force on the mass varies with time.

Force

\/ Time

Which of the following graphs shows how the velocity v of the mass varies with time t
over the same time interval?

\' \'

O O w >

(Total for Question 9 = 1 mark)
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10 The diagram represents an arrangement used to generate standing waves on a string.
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string
pulley

vibration /!_u_‘

generator

~__ Masses on
mass hanger

A standing wave pattern with two nodes is obtained as shown.
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Which of the following single changes could produce a standing wave pattern with
three nodes?
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decreasing the mass on the mass hanger
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A
B decreasing the frequency of the vibration generator
C
D

decreasing the mass per unit length of the string

(Total for Question 10 = 1 mark)
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11 A simple pendulum consisting of a thread and a bob is set up next to a horizontal rod.

The bob is displaced to the left and released. When the bob reaches the equilibrium
position the thread strikes the horizontal rod. For half of the cycle, only the lower part

of the pendulum moves.

The diagram shows the swing of the pendulum.

2z

@ rod
thread

bob

The diagram below shows the dimensions of the pendulum.

7

67cm

24cm

P 6 7 0 9 7 A 0 8 3 2

PMT!

SLRRK
LR
Joteotetess

<
peteetore
v

03

<
RS
%

X
X
o

S0

%

6%,

EIRSLS
P
S HE
AL R
SRR

<
it
KV
258

S
¥ 2o
fedsien

L5

55
o
5%

Teta
by
20058

00000000000000000’0.0.0000000000000000000
53

<%
2REHRS

I,
S EEIELIILIIL
oot e tete o tete e e tetetotetetotete!

hatetete!
%

o:e 0
%o TN
KIS
T
%:%J:
SRR




PMT

RS

o5

IR
90
%%’

QKL

S

%%
<

LR

SERRRKR

X

Determine the frequency of the oscillations of the pendulum.
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12 Latte is a type of coffee made with hot frothy milk. The milk is heated by pumping
steam into it.

Calculate the maximum mass of milk that could be warmed to a temperature of 65 °C by
absorbing 15 g of steam at 100 °C.

initial temperature of milk = 4.0°C

specific heat capacity of milk = 3900Jkg'K™!

specific heat capacity of water = 4200Jkg ' K™!

specific latent heat of vaporisation of water = 2.3 x 10°Jkg™!

Maximum MassS = .

(Total for Question 12 = 4 marks)

10

p 6 7 0 9 7 A 0 1 0 3 2

PMT!

SLRRK
LR
Joteotetess

XK
XX
s
T8
S
0%

S
%!
Ny
Y
253

G
<
n
|
%

15%%
1}
XX

00
=4
b ?
X

SO
9
$<
Eords
x5

O
SRRLKS
% %\
Socotedse:
ISR

J
o’

06
XL
Patee!
ETH
Lot

%
%
f‘
S
030

Ca
>4
IS

R
™1 %7
’ \J-
02019

NSt tete
e

QG ICIIIIIIIHHIIIIAIA

X

ERLEIKLIKLAL
K RCIKIERIIKIE LI R IR IIRIK KK

R RAIR KKK RLR LK KKAR

<
o
X %
et
o

o:e 0
%o TN
KIS
T
%:%J:
SRR




PMT

<

R
RSB
000

3
X AKX
X ICK K
<
5
X

N
Sosesesed
QKKK
KK

LR

%
SERRRKR

%%
<

X

*13 The energy radiated by stars is released by nuclear fusion.
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14 A student investigated the terminal velocity of steel spheres falling through oil.

The student obtained the following results.

radius of steel sphere = 1.50 mm
volume of steel sphere = 1.41 x 10¥m?3
mass of steel sphere = 1.10 x 10*kg
maximum speed of sphere = 0.849ms"!

The student had the following table.

Type of oil | Density at 26°C/kgm™

Viscosity at 26 °C/Pas

Corn 918

0.0447

Hazelnut 918

0.0504

Sunflower 918

0.0414

(@) Identify which type of oil the student used.
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(b) The values in the table are for oil at 26 °C.
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15 One of the largest stars in our galaxy is VY Canis Majoris. This star’s radius is
1420 times the radius of the Sun. The luminosity of this star is 270000 times the
luminosity of the Sun.

A student states that the surface temperature of VY Canis Majoris must be much greater
than the surface temperature of the Sun.

(a) Determine whether the student’s statement is correct.

surface temperature of Sun = 5780K
luminosity of Sun = 3.85 x 10**W
radius of Sun = 6.96 x 108m

(b) Calculate the wavelength with maximum intensity in the black body radiation spectrum
of VY Canis Majoris.

(2)
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(c) Add the position of VY Canis Majoris to the Hertzsprung Russell diagram to
determine which type of star it is.
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16 The Planck constant can be determined in a school laboratory using light emitting LK
diodes (LEDs). 55

An LED emits light when the potential difference (p.d.) across it is large enough i = 3
to transfer sufficient energy to an electron to result in the emission of a photon. §§~’§§
The electron must have energy greater than or equal to the photon energy. ks
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The minimum p.d. required to produce light from LEDs emitting different frequencies
was measured by increasing the p.d. from zero until light was first seen.
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The graph shows the results.
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(a) Determine the value of the Planck constant given by this graph.
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(b) There are two problems with using LEDs to determine the Planck constant:
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* when the p.d. is increased and the LED first emits light it is difficult to see

» the LEDs do not emit a single frequency but also light of frequencies
slightly above and below the recorded frequency.

Discuss the extent to which these problems are consistent with obtaining a result
from this graph for the Planck constant which is higher than the accepted value.
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(Total for Question 16 = 7 marks)
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17 Astronomers observing stars at the centre of our galaxy have suggested that many of
them are orbiting a supermassive black hole. The mass of this black hole is 9.2 x 10*kg.

(@) Calculate the orbital period for a star in a circular orbit at a distance of 1.9 x 10**m
from a black hole of this mass.

Orbital period = ...
(b) The star SO-2 is in a highly elliptical orbit around the position of the black hole.

At its point of closest approach, SO-2 is at a distance of 1.8 x 102*m from the centre
of the black hole.

At the most distant point of its orbit, SO-2 is 2.7 x 10**m from the black hole.

(i) Show that the change in gravitational potential between the closest and most
distant points in this orbit is about 3 x 102 Jkg'.
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(if) At its point of closest approach, the star is travelling at a speed of 8.1 x 10°ms™.
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Calculate the speed of SO-2 at the furthest point in its orbit using the change in
gravitational potential.
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(c) Trigonometric parallax and Hubble’s law are two methods used to determine
astronomical distances.
Explain whether either of these methods is suitable to determine the distance to SO-2.
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(Total for Question 17 = 11 marks)
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20

The photographs show a wooden pop gun before and after the cork is popped.

The diagram shows a cross-section through the pop gun.

cylindrical cork piston

W )

] ) handle
air wooden cylinder

Initially the piston is at the right-hand end of the cylinder, as shown. Then the cork is
pushed into the other end of the cylinder.

When the handle is pushed in, the pressure of the air in the cylinder increases. This exerts
an additional force on the cork.

Once the additional force is sufficient to overcome the frictional force between the cork
and the cylinder, the cork is pushed out.

(@) Show that the pressure of the air in the cylinder must be about 2 x 10°Pa in order to
push the cork out.

maximum frictional force = 8.8N
cross-sectional area of cork = 9.2 x 10°m?
atmospheric pressure = 1.0 x 10°Pa
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(b) Calculate the temperature of the gas in the cylinder at the instant the cork is expelled.

volume of air in the cylinder with the handle pulled out = 1.1 x 10°m?

volume of air in the cylinder at the moment the cork is pushed out = 6.7 x 10°m?
atmospheric pressure = 1.0 x 10°Pa

initial temperature of air = 19°C
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(c) The formulae sheet for this paper includes the equation
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(d) Calculate the root mean square speed of the molecules of air in the cylinder before
the handle is pushed in.
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(Total for Question 18 = 9 marks)
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19 The lens in the eye of an octopus focuses light onto the retina at the back of the eye. S8

The octopus focuses on objects at different distances from the eye by changing the O
shape of the eye to move the lens closer or further from the retina. o

(@) (i) The power of an octopus lens is 118D. K

Show that the focal length of the lens is about 8.5 mm. S
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(if) Calculate the shortest distance from the eye at which an object may be focused
clearly on the retina. S8
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(iii) The lens in the eye of an octopus is in contact with seawater. The refractive
index of freshwater is less than the refractive index of seawater.
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Deduce what would happen to the shortest distance from the eye at which an
object may be focused clearly if the octopus was in freshwater.
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(iv) Calculate the speed of light in seawater.
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refractive index of seawater = 1.37

Speed of light in seawater = ...
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(b) An octopus can detect the orientation of polarised light.
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State what is meant by polarised light.
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(Total for Question 19 = 11 marks)
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20 The photograph shows a vase made of uranium glass. Uranium glass is radioactive. S8
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Uranium glass usually contains a maximum of 2% uranium. Uranium glass made in the
early part of the 20th century can contain up to 25% uranium.

A student carried out an investigation to determine the percentage of uranium in the glass.
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The student measured the count rate by placing a Geiger Muller (GM) tube against
the vase at a single position. This value was used to calculate the decay rate for the %
whole vase. £
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(a) (i) Show that the decay constant for uranium is about 5 x 1071857}

half-life of uranium = 1.41 x 10""s S
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(if) Calculate the percentage of uranium, by mass, in the glass.
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area of GM tube window = 6.36 x 10°m?

surface area of vase = 0.0177 m?

background count rate = 525 counts in 10 minutes

count rate when GM tube next to vase = 3623 counts in 5 minutes
mass of vase = 149¢g

mass of uranium atom = 238u
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(iii) The uranium decays by emitting alpha particles.
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(b) A uranium nucleus decays to thorium by emission of an alpha particle.

It can be assumed that all the energy of the decay is transferred to kinetic energy of
the alpha particle.

Calculate the speed of the emitted alpha particle.

mass of uranium nucleus = 238.0003u
mass of thorium nucleus = 233.9942u
mass of alpha particle = 4.0015u

Speed of alpha particle = ...

(Total for Question 20 = 15 marks)

TOTAL FOR PAPER =90 MARKS

Every effort has been made to contact copyright holders to obtain their permission for the use of copyright material.
Pearson Education Ltd. will, if notified, be happy to rectify any errors or omissions and include any such rectifications in
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List of data, formulae and relationships

Acceleration of free fall g=9.81ms? (close to Earth’s surface)

7\_
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Boltzmann constant 1.38 x 1072 J K!
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Coulomb law constant =8.99 x 10° N m? C?
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Nuclear and particle physics

In a magnetic field
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Thermodynamics
Heating
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Molecular kinetic theory
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Stefan-Boltzmann law
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Wien’s law

2, T=2898x10° mK

Space

Intensity

_ L
" And?
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