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SECTION A

Answer ALL questions.

For questions 1-10, in Section A, 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 ¢ and then mark your new answer with a

1 A radioactive source emits alpha radiation, beta radiation and gamma radiation.

cross X.

Which of the following is correct?

N

(|
(|
(|

T O = »

Alpha radiation is the most ionising.
Beta radiation is the least penetrating.
Beta radiation is the most ionising.
Gamma radiation is the least penetrating.

(Total for Question 1 = 1 mark)

During an earthquake, steel-framed buildings remove energy from the oscillation of

the building.

Which of the following is the reason for this?

N

(|
(|
(|

A

B
C
D

Steel is a ductile material.
Steel is an elastic material.
Steel is a stiff material.

Steel is a strong material.

(Total for Question 2 = 1 mark)
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P and Q.

Intensity

3 The graph shows how intensity of radiation varies with wavelength for two stars,

Which of the following could be deduced from the graph?

L] Luminosity of P > Luminosity of Q
Mass of P > Mass of Q

Radius of P > Radius of Q

S O = »

0
0
0

Temperature of P > Temperature of Q

Wavelength

(Total for Question 3 = 1 mark)

simple harmonic motion.

Which of the following graphs shows how a varies with x?

a a

4 A simple pendulum consists of a mass attached to a string. The pendulum is set into

The acceleration of the mass is @ and the displacement of the mass is x.

5 ) B O
c O = »

(Total for Question 4 = 1 mark)
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7

5 The dashed circles on the diagram represent gravitational equipotentials about the
planet Mars.

The gravitational potential at X is —5.5MJ kg .

The gravitational potential at Y is —3.7MJ kg .
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A meteor of mass 250kg falls from Y to X.

Which of the following is the change in gravitational potential energy of the meteor as

it falls?

L] A 450MJ
L] B 920MJ
L] C —450MJ
L] D -920MJ

(Total for Question 5 = 1 mark)

6 A mass is hung on a spring. The mass is set into vertical oscillation with frequency of
oscillation f.

The mass on the spring is doubled.

What is the new frequency of oscillation?

O a L
2

S
|:|B\/5

O C Jar
O b 2

(Total for Question 6 = 1 mark)
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( )
7 The universe is currently expanding, but the ultimate fate of the universe is unknown.
Difterent conditions would result in a different ultimate fate for the universe.
Which row of the table correctly links a condition with the ultimate fate of the universe?
Condition Ultimate fate of universe
L A Density of universe is equal to Universe eventually contracts
the critical density y
] B Density of universe is greater Universe eventually contracts
than the critical density Y
] cC Mass of URIVETSE 13 cqual to the Universe expands forever
critical mass
] D Mass of URIVETSE 15 greater than Universe expands forever
the critical mass
(Total for Question 7 = 1 mark)
8 Epsilon Indi is a main sequence star.
Which row of the table gives a possible surface temperature and luminosity for
Epsilon Indi?
Surface temperature/K Luminosity/L_
L A 3000 140
] B 4700 0.14
I C 5900 1400
] D 10000 0.014
(Total for Question 8 = 1 mark)
J
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Questions 9 and 10 refer to the following information.

The graph shows how the force F' varies with time ¢ for an object performing simple
harmonic motion.

F

Four graphs of different quantities plotted against time, for the same period of time, are
shown below.

The scale on the x-axis is the same for each graph.

OTA\//\ OTV/\\//t KN ~ .1 ~

NN N N\

A B C D

9 Which graph shows how the displacement of the object varies with ¢?
LJ A

1 B
I c
1 D

(Total for Question 9 = 1 mark)

10 Which graph shows how the velocity of the object varies with #?

L A
1 B
I c
1 D

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions in the spaces provided.
11 Helium gas can be used to fill balloons.
A cylinder of helium gas contains 1.20 x 10°* molecules. The temperature of the gas
is 293 K.
Calculate the internal energy of the helium gas.
Internal energy = ...
(Total for Question 11 = 2 marks)
. J
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12 Bronze is a mixture of tin and copper. Tin melts at a much lower temperature
than copper.

2.7kg of solid tin at a temperature of 295K is added to 10.5kg of molten copper at a
temperature of 1520K.

The tin melts and mixes with the molten copper to form molten bronze.
Calculate the final temperature of the molten bronze.

specific heat capacity of molten copper = 572Jkg 'K
specific heat capacity of solid and molten tin = 214Jkg' K™
specific latent heat of fusion of tin = 5.92 x 10*Jkg '

Final temperature = ...

(Total for Question 12 = 4 marks)
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13 A student is investigating two simple pendulums.

Each pendulum has the same mass. One pendulum has a length L. The other pendulum

has a length %
He hangs both pendulums from the same fixed support.

The student displaces each pendulum, giving each pendulum the same initial amplitude,
as shown. He then allows each pendulum to oscillate freely.

/ fixed support

The student suggests that the maximum kinetic energy of the pendulum with a length %
will be four times the maximum kinetic energy of the pendulum with a length L.

Evaluate the student’s suggestion.

(Total for Question 13 = 5 marks)
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14 Microbes at the bottom of a lake release methane gas. The gas rises to the surface of the
lake as bubbles.

A methane bubble with a diameter of 1.5 x 10~ m is released at the bottom of the lake
where the water temperature is 6°C.

The water temperature at the surface of the lake is 18°C.
At the bottom of the lake, the pressure due to the depth of water is 1.56 x 10’ Pa.

As the bubble rises through the water, the diameter of the bubble increases, as shown.

Not to scale

Bubble just before it reaches surface

V______ 2%

< d

Bubble at bottom of lake
1 1
1.5 x 10°m

Calculate the diameter d of the bubble just before it reaches the surface of the lake.

atmospheric pressure = 1.02 x 10°Pa

(Total for Question 14 = S marks)
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( )
15 Sirius is the brightest star in the night sky. Canopus is the second brightest star.
(a) Show that the luminosity of Sirius is about 9.7 x 10”7 W.

radius of Sirius = 1.18 x 10°m
surface temperature of Sirius = 9940 K

3)

(b) A teacher claims that, from Earth, Sirius appears twice as bright as Canopus.
Assess the accuracy of this claim.

luminosity of Canopus = 4.12 x 10°"W
distance of Sirius from the Earth = 8.15 x 10"°m
distance of Canopus from the Earth = 2.93 x 10"*m

(Total for Question 15 = 7 marks)
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16 The diagram shows some equipment that could be used to calibrate a thermistor.

ohmmeter

/

thermistor

beaker of water

tripod

Describe a method a student could use to obtain a calibration curve for the thermistor
from 0°C to 100°C.

You should identify any extra equipment that would be needed.

(Total for Question 16 = 6 marks)
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17 Arcturus is a red giant star.

When the spectrum of radiation received from Arcturus is analysed, the spectrum is
found to be shifted compared with the radiation received from the Sun.

Part of the spectra of radiation from Arcturus and the Sun is shown.

N

1)

Sun

Arcturus

Relative
intensity

| | |
883.0 883.5 884.0 884.5

A/ nm

(a) (1) Explain why the spectrum of radiation received from Arcturus is shifted
as shown.
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(i1)) Determine the speed of Arcturus relative to the Sun.

Speed of Arcturus = ...

(b) When light from galaxies is analysed, a shift towards greater wavelengths in the
spectra of radiation is observed.

Describe how astronomers use a knowledge of these shifts to determine the
distances to distant galaxies.

3)

(Total for Question 17 = 8 marks)
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18 In the 17th century, Galileo observed the planet Jupiter through a telescope and
discovered a number of moons orbiting this planet.

(a) Galileo made observations of the movement of these moons for 8 days.
The largest moon is Ganymede.

Deduce whether 8 days would have been enough time for Galileo to be sure that
Ganymede was orbiting Jupiter.

radius of orbit of Ganymede = 1.07 x 10°m
mass of Jupiter = 1.90 x 10°'kg
1 day = 8.64 x 10*s
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(b) (1) Show that the gravitational field strength at the surface of Ganymede is
about 1.4Nkg .

radius of Ganymede = 2640km
mass of Ganymede = 1.48 x 107 kg

(i1) The radius of Ganymede is about 50% larger than the radius of the
Earth’s Moon.

Explain what can be deduced about the mass of the Earth’s Moon from
this information.

The gravitational field strength at the surface of the Earth’s Moon is similar to
the gravitational field strength at the surface of Ganymede.

(2)

(Total for Question 18 = 8 marks)
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19

The photograph shows a spring balance.

spring balance

/ spring

\ scale

A scientist calibrated the spring balance. She added known masses to the balance and
determined the extension of the spring.

(a) A mass of 550g was added to the balance and the spring extended by 11.9 cm.

(i) Show that the stiffness of the spring is about 45N m .
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(i1) The spring balance can be used to determine the mass of a small animal without
causing harm to the animal.

The animal is placed in a bag. The bag is hung from the spring balance, as shown.

(Source: © Nature Picture Library / Alamy Stock Photo)

The spring extended by 5.8 cm when the bag with the animal was hung from the
spring balance.

When the mass of the animal was being determined, the bag started to oscillate
with simple harmonic motion.

Calculate the frequency of oscillation of the bag.

4)
Frequency of oscillation= ... ...
(b) When the mass of one animal was being determined, the amplitude of oscillation of
the bag was observed to increase to a large value.
Explain this observation.
(2)

(Total for Question 19 = 9 marks)
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Main sequence stars, such as the Sun, fuse hydrogen into helium.
(a) The Sun emits radiation with a peak intensity at a frequency of 6.1 x 10"*Hz.

(1) Show that the surface temperature of the Sun is about 6000 K.

(i1)) The Hertzsprung-Russell diagram below is incomplete.

10°
10*

102 —
L/L

Sun

102

10-%

| | | |
40000 20000 10000 5000 2500

T/K
Label the position of the Sun on the diagram with a cross and an S.

(ii1) Add to the diagram to indicate the areas where the following stars are located:
A Main sequence stars
B Red giant stars
C White dwarf stars

You should identify each area clearly using the letters A, B and C.

1)
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*(b) Explain the conditions that were required to bring about and maintain fusion in the
core of the Sun.
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(Total for Question 20 = 13 marks)
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21 In 2023, scientists made a previously unknown isotope of uranium. This isotope,
uranium-241, is very unstable and decays to an isotope of neptunium via ~ decay.

(a) (i) Complete the nuclear equation for the decay of uranium-241.

(2)
(i1)) The mass of a nucleus of uranium-241 is 241.06033 u.
Show that the binding energy of a nucleus of uranium-241 is about 3 x 10°]J.
mass of neutron = 1.68 x 10 ' kg
()
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(b) The half-life of uranium-241 is 40 minutes.
The half-life of uranium-242 is 17 minutes.

Initially, a sample has the same number of uranium-241 atoms as uranium-242
atoms. The sample is left for a time of 30 minutes.

Deduce whether the number of uranium-241 atoms will now be twice the number of
uranium-242 atoms.

(Total for Question 21 = 13 marks)

TOTAL FOR SECTION B = 80 MARKS
TOTAL FOR PAPER =90 MARKS
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Gravitational constant
Gravitational field strength
Permittivity of free space
Planck constant

Proton mass

Speed of light in a vacuum
Stefan-Boltzmann constant

Unified atomic mass unit

Moment of force

Work and energy

Power

G=6.67 x 107" N m? kg™

g=9.81 Nkg! (close to Earth’s surface)
£, =8.85x 10" Fm™

h=6.63x103]Js
m =167 x 10" kg

c=3.00x10ms!

0=5.67x10*Wm?K*

u=1.66 x 102" kg

Unit 1
Mechanics
. . . ) (u +v)t
Kinematic equations of motion s = T
v=u+at
— + l 2
S =ut ) at
vi=u?+ 2as
Forces XF=ma
F
&= —
m
W=mg
Momentum p=my

moment = Fx

AW = FAs
1
E = Emv2
AEgraV: mgAh
E
P: -
t
w
P=—
t

( )
List of data, formulae and relationships
Acceleration of free fall g=981ms? (close to Earth’s surface)
Boltzmann constant k=138x 102 JK!
Coulomb’s law constant k= 1/4ne,
=8.99 x 10° N m? C?
Electron charge e=-1.60x10"C
Electron mass m, =9.11 x 107" kg
Electronvolt leV=1.60x10"]J
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Materials

. m
Density = —

Stokes’ law F=6nnry

B>
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e

Hooke’s law

1
Elastic strain energy AE = SF Ax
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Unit 2
Waves SREEAS
Wave speed v =1
T
Speed of a transverse wave v=,[—
on a string K
. _ P 1
Intensity of radiation 1= Y] 3
Refractive index n sinf = n,sind, §§§§:§§§
n=—
v
. . 1
Critical angle sinC= —
n
Diffraction grating nA =dsin6
Electricity
L /4
Potential difference V=—
Q
. V
Resistance R = 7
Electrical power, energy P=VI
P=1IR
L/2
pP=—
R
W= Vit
o pl
Resistivity R ==
A
AQ
Current 1= Al
I =nqvA
Resistors in series R=R +R,+R,
Resistors 1 llel L_1 + ! + !
esistors in paralle —=—+—+—=
R R R R
Particle nature of light
Photon model E=hf
. . . 1
Einstein’s photoelectric hf =g+ Emvim
equation
' h
de Broglie wavelength A= ;
\ J 8K
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4 A
Unit 4
Further mechanics
Impulse FAt = Ap
Kinetic energy of a E - p_2
non-relativistic particle K om
Motion in a circle vV = or
=2
)
‘}2
a=—
r
a=rw?
Centripetal force F=ma= mTvz
F = mra?
Electric and magnetic fields
Electric field E= r
Q
Coulomb’s law F = 00,
Ame,r?
F-_9
4me,r?
-V
d
Electrical potential V= Q2
4neyr
Capacitance C= %
Energy stored in capacitor W= %QV
w=1cp?
2
W= %%2
Capacitor discharge 0 =Qe""
L J
27
mm AT N Turn over >



Resistor-capacitor discharge

In a magnetic field

Faraday’s and Lenz’s laws

Nuclear and particle physics

In a magnetic field

Mass-energy

— —t/RC
1 Ioe

V =V gtRC

0

InQ, — !

RC

In Q

lnI=lnIO—L

RC
o
RC

F = Bqgvsin 0

F = Bllsin

_ —d(Ng)
&= dr

In V=In V,—

BO
AE = c*Am
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( )
Unit 5
Thermodynamics
Heating AE = mcAf
AE = LAm
Ideal gas equation pV = NkT
Molecular kinetic theory Im<c®>=2kT
Nuclear decay
Mass-energy AE =c’Am
Radioactive decay A= AN
N _ N
dr
4-In2
%
N=Nge™"
A=A, o M
Oscillations
Simple harmonic motion F=—kx
a=-wx
x = A cos wt
v =—Aw sin ot
a = —Aw’cos wt
r—t_2¢
f o
w =2nf
Simple harmonic oscillator T'=2n %
T =2n L
g
L J
29
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( )
Astrophysics and cosmology
o F
Gravitational field strength g=—
m
Gravitational force F = Gm12m2
r
Gravitational field g= G_}zn
r
Gravitational potential Viar = —Gm
-
Stefan-Boltzmann law L=0AT*
Wien’s law AT =2.898 x 10° mK
Intensity of radiati I = L
ntensity of radiation A
Redshift of electromagnetic
radiation
Cosmological expansion v=Hd
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